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Fe^COlg
(Diiron nonacarbonyl; diiron enneacarbonyl)

The golden yellow flakes of 31132 Dilron nonacarbonyl, Fe2(CO)9 
Fe2(CO)9are virtually insoluble in all 25 g. -$18 .00
common solvents; everrso, it is the 100 g. — 60.00
most reactive of the three Iron 3iH3Fe(CO)5 250g.-$8.50
carbonyls. For example, onlythis iooog.- 23.00
carbonyl reacts with olefins at low 31128 Fe3(CO),2 25g.-$i9.40

I I I  I I I f f9  u in  O le n  enough temperatures to permit ioog.- 68.00
R l n i la «  W e  a l o l l  isolation of olefln-Fe(CO)4 Write for your free Alfa '69

C ln n l r  f fo n t in ln s a l complexes. It is even possible to Catalog. Alfa Inorganics, Inc.,
O lU lfH  I C b im iU a l  isolate butadiene-Fe(CO)4 starting 80 Congress Street, Beverly,
k n i W I - h n i l l  from Fe2(C ° ) 9 (1 )■ The h '9her Mass. 01915. Tel: (617) 922-0768.I t l lW H  l lU l la  reactivity also permits isolation of

Ask us for any of over 7r-cyclopentadleneiron tricarbonyl, References
2500 inorganic and organometallic C5H6Fe(CO)3, ratherthan the 1. R.k . Kochhar and R. Pettit, j.  Organo-
research chemicals, ultrapure cyclopentadlenyliron tricarbonyl „ metallic Chem. 6,272(1966),
chemicals, and pure metals, and dimer which results from using ' Rpiatpa
you’ll get off-the-shelf, immediate eitheroftheother carbonyls (2). Emerson, advanc es  IN
delivery. With proper control of conditions, o rg anom etallic  cfiem istry . voi. i,

Ask us for technical Fe2(CO)9 can also accomplish the Editpd bV FPG'A' ^P8*3 and R' Westl
assistance, and you’ll get that too. isomerization of dienes, the product (i964)em'C Pr8SS' New Y°rk' New Y°rk
That’s what distinguishes Alfa ■ being conjugated (3). 3. F. Asinger, b . Fell and K. Schrage,
from the order takers. Perhaps the most interesting Chem.Ber.,98,372 (1965).

use of Fe2(CO)9 has been as the 4- G'Fi Enl erson. ¡-. Watts and r , Pettit,
s tah ilize r tthm nnh  rnm n lp v  J ■ Am.Chem. Soc.,87, 131 (1965).Staoilizer (tnrougn com plex 5. G.F. Emerson, K. Ehrlich, W.P Giering
formation) of unstable olefins, most and P.C. Lauterbur, J. Am. Chem. Soc.,
notably butadiene (4) and 88, 3172 (1966).
trlmethylenemethane (5). The 6- b^Pql7Pnd R' Pettiti A d v - Chem.Ser.62
chemistry of the butadiene complex ( ' '
has been particularly rich, due to
Its aromatic nature and Its ability
when decomposed in the presence
of acetylenic compounds to
generate Dewar benzene
derivatives In great variety (6).

Aselected bibliography of 
literature references and patents is 
available on request.

X T  VENTR0N
M  ALFA INORGANICS, INC.

Western Distributor:
Wllshire Chemical Co., Inc.,
15324 So. Broadway, Gardena, Calif,
90247/(213) 323-9232.
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Unretouched photograph of the interior of two opened metal cans of currently A. Contents of can A showing ex- 
marketed ninhydrin aerosols showing corrosion and discoloration from interaction treme turbidity. B. Contents of

°> *"<■ r  B< £ ? =  z
glass package.

NINHYDRIN AEROSOL... In  S h a tte rp ro o f Glass! f l

No metal ever touches the reagent in this all glass and plastic system. I
About 10 years ago we discontinued offering Ninhydrin aerosol be- / fi ' , M
cause of the high incidence of corrosion and contamination in metal [ ]
cans. Our new glass bomb with inert plastic valving enables us to offer | ! j
an immaculate form of this fine reagent. Pierce Reagent Grade Nin- . . .  I
hydrin is used exclusively in this product—it is never adulterated or sub- R 1 W * 9 0 U
stituted w ith practical grade. The glass package is shatterproofed w ith *%J>
an adequate plastic coating and the bottle size is most convenient for a
firm  hand hold. | «*■»«"«<m
21101 NIN-SOL™ SPRAY, Ninhydrin Aerosol '-**1*"!

120 ml, 0.25% Ninhydrin, Pierce Reagent Grade in n-Butanol. H
$2.50/pkg; 6 pkgs, $2.25/pkg; 12 pkgs, $1.95/pkg L 1

CESIUM CHLORIDE . B B

NOW! DENSITY GRADIENT CESIUM CHLORIDE ¡ ¡ 3 ^  . ’ ■
a t Reagent Prices a^ q = o.oi8 • 9 R

Nucleic acid and protein chemists w ill be delighted with Pierce *
Sequanal1M Grade Cesium Chloride. It is an ultra-pure material showing
a maximum absorbance of 0.02 at 260 m/i (60% w/w solution). I t ’s ...j-i—L....  S
chemical purity is such that there need be no fear of contaminating or i
degrading specimens. Excellent fo r either the most exacting analytical | j ■ r
purposes or large prep scale work. And very economical for both. __ ^.j__  ¡K M

No. 11 1547 Cesium Chloride, Sequanal Grade
$8.50/25g; $25/1 OOg; $200/kg B B

t : 4 _  4. _JL 4. _ i i  J l - i  j M

teTifcl- ;  Tti l''I i l l
4 I 1 PIERCE CHEMICAL COMPANY

Box 61105
^ _________ TWX 910-631-3419j  |
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Perhaps needed for a fit kit in July, 1969

fo r making aromatic aldehydes by catalytic hydrogenation [J. Org.
Formaldoxime Chem. 29, 2272 (1964)].

(E a s t m a n  10766) anno j]
React this with the diazonium salt @©0H for putting thiol groups on

(A rN  =  N (C l ) ) .  Resulting aryl oxime P™*®1*18 * • • A , , ■.
(ArCH  =  NO H ) yields product by acid S-Acetylmercaptosuccmic Anhydride 
hydrolysis. Brought to attention in (Eastman I05zs)
1966 with use for preparing 2-bromo- Add as solid to protein solution at pH 7.
4-methylbenzaldehyde [Org. Syn., 46, Remove hydrolyzed anhydride by 
1 3 ] anion exchange or dialysis. Lyophilize

reacted protein. Split the acetyl-S link 
in dilute NaOH. Results in mercapto- 

for making ethyl esters of car- COONa
boxylic acids, notably benzoic, under n
mild conditions succinoylated (HSCHCH.CNH-) pro-

1,1 -Diethoxytrimethylamine O
(E a s t m a n  10620) tein. Also said to work for polyhydrox-
Aiso known as d m  f  diethyl acetal yiic compounds like dextran or poly-

90% yield of ethyl benzoate reported vinyl alcohol [J.A.C.S., 81, 3802 
in 36 hours at 20 C in acetonitrile (1959)].
(available as E a s t m a n  488), or 5 hours ^
at 40 C in dichloromethane (E a s t m a n  §@@41 fo r diazo transfer and W o lff
342), or 1 hour at 80 C in benzene rparran„emt>nt
(E a s t m a n  777). [Angew. Chem., Inter- «arrangement
nat. Ed. 2, 211 and 212 (1963); Helv. p-Carboxybenzenesulfonylazide
Chim. Acta, 48, 1746 (1965)]. (E a s t m a n  10710)

. . c . .. ... .. Used to introduce the diazo function atA nd  fo r condensations with active T  , ... , , , . ,methylene positions flanked by two
methylenes carbonyl groups. There are no separa-
As in cyclopentadiene [Ann., 641, 1 tion problems after the reaction. Does 
(1961)]. the same thing with methine groups but

A n d  fo r cyclization o f guanidine not so cleanly. Several variations on
To give 2,4-diamino-r-triazine [Ber., these reactions allow the synthesis of 
97 61 (1964)]. most diazo ketones and esters. Phenyl

and carbonyl groups flanking methyl- 
_ ene or methine positions lead to forma-

fo r mild brominations tion of diazo compounds or Wolff re-
Tetramethylammonium Tribromide arrangement. Also primary amines can 

(E a s t m a n  10480) be converted into azides via their Grig-
In benzene solution, with dibenzoyl nard salts [/. Org. Chem., 33, 3610 
peroxide present, benzylic hydrocar- (1968)]. 
bons such as toluene (E a s t m a n  325)
are brominated in the benzylic methyl Any Eastman laboratory chemical, as 
group. I f  you do it in acetic acid, the we)1 as E a s t m a n  C h r o m a g r a m ® prod- 
aromatic nucleus gets brominated [/. ucts for thin-layer chromatography,
Org. Chem. 28, 3256 (1963)]. can be ordered from

to make p-nitrobenzyl esters C U R T IN  
o f carbobenzoxv amino acids or their f i s h e r

PePtides H O W E  & n tE N C H
p-Nitrobenzyl p-Toluenesulfonate N O R T H -S T R O N G  j

(E a s t m a n  10764) S A R G E N T -W E L C H  A
Also known as p-nitrobenzyl tosylale V A N  W A T E R S  & ROGERS - i l

Reaction is run on previously prepared WILL
sodium or trialkylammonium salt of :
acid. Yield should be good in acetone
(E a s t m a n  297) or dimethylformamidc I
(E a s t m a n  5870). Protective group is
stable to acid. You can remove it easily * «-

^  The J o u rn a l o f O rga n ic C hem istry
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Selected Single Reports from Quarterly Reports on I U I B I  T C |U ||3 (r) MTAQI IPP Q
Sulfur Chemistry or Intra-Science Chemistry Reports I V I d « "  I d Y I r  IVI t n o U  rv Lo
are Now Available for Individual or Library Purchase. C A P I L L A R Y  M E L T IN G  P O IN T S

Post-paid anywhere in the world*  ra .  r00m tempera,ure , 0 400»C
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By arrangement with the Sulphur Institute and with the organizers
of the Third International Symposium on Sulfur Chemistry, held in BEILSTEIN’S HANDBUCH
Caen, France, in May, 1968, the review lectures from the Sympo
sium will be published in Volume 5 (1970) o f Quarterly Reports on DER ORGANISCHEN CHEMIE
Sulfur Chemistry.

Librarians who have not yet placed subscriptions to Quarterly Re- Friedrich  K o n ra d  B c ils te ill
ports on Sulfur Chemistry are invited to do so as soon as possible .. .. .  . . . .  . .
to assure prompt delivery o f forthcoming issues. I 4  A u t la gC , Berlin/ S p r in g e r , 1 9 18 -4 4

Back issues o f “ QRS”  are still available -  from Volume 1 (1966) to j ^  ^  ^  ^
the current Volume 4 (1969). The annual library subscription rate
for 1966-1970 (Volumes 1-5) is $24.00 per year (post free any- Main series, vols. 1-27, 30-31, pt. 1. First sup-
where in the world). Please note that this also includes one sub- plement, vols. 1-27. Subject and formula indexes
scription to the corresponding Volumes (1-5) o f Mechanisms o f to  v o l8. 1_27 0f main series and first supplement,
ma6?9n70°f SUlfUI ComP°UndS (AnnUal ReP°rtS) “ f°r the 5,6318 vols. 28-29 in 4 pts. Second supplement, vols.

Individual issues of “QRS” and o f “Mechanisms o f Reactions of
Sulfur Compounds” are also available. For complete subscription This work has been published by J. W. Edwards,
information and for total listings o f the contents o f earlier volumes Publisher, Inc., since 1943 by authority of the
o f the above publications please write the Foundation. now-disbanded Office of Alien Property Custo-
Librarians may request specimen copies of Quarterly Reports ^an, Department of Justice. These 25 sets are
on Sulfur Chemistry, to be sent without charge. the last to be sold under their auspices at this ad

vantageous price.

INTRA-SCIENCE CHEMISTRY REPORTS *n,'re ^4 v °k *  *n *3  $850.00

The 1969 volume o f Intra-Science Chemistry Reports presents two t t it  u r y U iA  n r \ C  DTTT3T T C U V n  ttstC
integrated feature reports, covering two main themes: W - E D W A R D S ,  P U B L I S H E R ,  I N C .

Issues 1 and 2 (1969). THE CHEMISTRY A N D  BIOCHEMISTRY ^ n n  A H ^O T , M i c h i g a n ,  U . S . A .
OF STEROIDS. These are the complete summaries o f the special _________________________________________________________________
lectures series presented in Nov.-Dee. 1968 by Leland J. Chinn, ----------------------------------------------------------------------------------------- -
John S. Baran, Paul D. Klimstra, and Raphael Pappo, o f the steroid —
group, G.D. Searle and Company. Includes an overview o f past m n u r M A T i r u u
and current work related to the interests o f this research team. IRRADIATION
Issues 3 and 4 (1969). FREE-RADICAL AROMATIC SUBSTITU- 1 OF POLYMERS
TION AND  RELATED FREE RADICAL REACTIONS. Presents
the lectures and research papers presented at the 1968 Intra- A D V A N C E S  IN C H E M I S T R Y  SERIES NO. 66
Science Research Symposium (Dec. 1968, Santa Monica, California).
Papers by D.H. Hey (medalist address), Gareth H. Williams, N. .  ionization
Kharasch, E.K. Fields and S. Meyerson, J.F. Bunnett, R. Abramo- # Radical formation
vitch, F.R. Mayo, W.A. Pryor, among others are included.

• Crosslin king

Issues 1 and 2 (1969), together, on The Chemistry and Biochem- • Chain scission
istry o f Steroids, Publication ISCR-69-(3)-l,2 may be obtained for • Graft copolymerization
$8.00, postpaid anywhere in the world. Flexibound 8 1/4” x 11” . , Homopolymerization

Issues 3 and 4 (1969), together, on Free Radical Aromatic Sub- —Whatever the effect of high energy radiation on polymers, it is covered in this
stitution and Related Reactions, P u b lica tio n  ISCR-69-(3)-3,4 m ay
be obtained for $8.00, postpaid anywhere in the world. Flexi- Eighteen papers examine all aspects of polymer irradiation-by x-rays, beta
bound 8 1/4”  x 11”  rays, electron beams, or ultraviolet light—and report new research.

The first two papers survey radiation mechanics in polymers and the chemical 
A  permanently-bound library edition o f The Chemistry and Bio- nature of reactive species produced. The remainder report new work in all of
chemistry of Steroids (as above) is  also available by arrangement the areas listed above.
with Geron-X Press. Requests for information on this special book- . . .  . ... , . . . .

. . .  , . , 275 pages clothbound (1967) $8.00
ed itio n  w ill be sent b y return  a ir post. postpaid in U.S. and Canada; plus 20 cents foreign and PUAS.

Librarians who have not as yet entered subscriptions to Intra- set 0f L.C. cards free with library orders.
Science Chemistry Reports may obtain the above issues and pre
vious and continuing ones on a subscription basis ($14.00 per year). ,
Write for full subscription information and titles appearing in ear- '
her volumes. SPecial lssues Sales

American Chemical Society

INTRA-SC IEN CE RESEARCH F O U N D A T IO N  1155 Sixteenth St., N.W.

( ( S f c  P .O .B O X  430 Washington, D.C. 20036
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OXIDATION OF ORGANIC COMPOUNDS
ADVANCES IN CHEMISTRY SERIES 

Nos. 7 5 ,7 6 , and 77
Eighty-three papers from the International Oxidation Symposium at San Fran- Oxidation of 
cisco, arranged by Stanford Research Institute, with Frank R. Mayo as general O ra a n ic  C om D O unds 
chairman. Highlight the problems in oxidation and what needs to be done. a
Each volume individually indexed. ■ ,

Volume I Twelve papers on liquid-phase oxidations, six on base-catalyzed and 1
heteroatom compound oxidations, four on radical initiation and interactions, /  ^
four on inhibition. /  ¿r V

Volume II Sixteen papers on gas-phase oxidations, seven on heterogeneous > 7  (  f  Y x  '
catalysis, eight on applied oxidations and synthetic processes. X  f N j  !  \ \ S  \

Volume III Nine papers on ozone chemistry, five on photo and singlet oxygen V  xS a X .  J  /  jSv 
oxidations, twelve on biochemical oxidations. - \ \  x  /  J  x>

No. 75 Oxidation of Organic Compounds— I 364 pages with index
Cloth (1968) $12.50 ----------- - j f

No. 76 Oxidation of Organic Compounds— II 438 pages with index
Cloth (1968) $13.50 * d* * » c£s m chcmistiiv series

No. 77 Oxidation of Organic Compounds— III 310 pages with index
Cloth (1968) $11.50

Ordered together $35.00

Set of L.C. cards free with library orders.

Other books in the ADVANCES IN CHEMISTRY SERIES on organic, polymer, and coating chemistry include:

No. 74 Deoxy Sugars. Eleven papers cover three aspects of and production. Includes chapters on glass transition, plasti- 
deoxy sugars: synthesis and properties of biologically-derived cizer mobility, processes for phthalates and other plasticizers, 
deoxy sugars, mechanistic aspects of deoxy sugars, and use of and antiplasticizers. 200 pages
physical methods with deoxy sugars including mass spectra, ninth , loeK. „ „
NMR, and electron-impact induced fragmentation. 259 pages wow (I9t>5) $U.UU
with index. No. 34 Polymerization and Polycondensation Processes. An

Cloth (1968) $11.50 l&EC Division symposium with emphasis on unit processes.
Twenty-one papers on addition polymerization, polycondensa- 

No. 66 Irradiation of Polymers. Eighteen papers survey radia- tion reactions, commercial polymerization processes, and 
tion mechanics in polymers, the chemical nature of reactive equipment design. 260 pages
species produced, crosslinking and scission, homopolymeriza- .  nn
tion, graft, copolymerization, and the effects of ultraviolet light raper (196.Z) $iu.uu
radiatlon' 275 pages wlth mdex- No. 23 Metal-Organic Compounds. Of the 34 papers, three

Cloth (1967) $10.00 review organometallics, metal alkoxides, and metal chelates;
31 others detail manufacture, properties, and uses of metal- 

No. 59 Lignin Structure and Reactions. Surveys the past organic compounds of 14 metals. 371 pages
10 years’ research on lignin. In this period quinone methides n t h  , 1Q„ .  tq n n
emerged as the most important reactive intermediates in lignin uotn (1959) $9.00
formation. The current concept of lignin structure is oversim- ..............  , . , .
plified; many fine details are added. 267 pages No- 14 Nomenclature for Terpene Hydrocarbons. The system

that has been accepted by the Nomenclature Committee of the 
Cloth (1966) $10.00 ACS Division of Organic Chemistry and recommended as defini-

,, __ , _ , . . .  „  , tive by IUPAC. Profusely illustrated with figures, charts, and
No. 52 Elastomer Stereospecific Polymerization. Survey of diagrams. 98 pages
catalysis by various systems of organometallics and research
on kinetics and mechanisms of polymerization and on polymer Paper (1955) $5.00
structure and properties. 155 pages

c . th S7 nn No. 9 Fire Retardant Paints. Theory of flame-proofing, effective-
i, ,u u  ness and formulation, and testing of fire-retardant paints, air- 

No. 48 Plasticization and Plasticizer Processes. Seventeen pa- craft coatir|gs< an<1 flame-resistant mastics. 91 pages
pers survey recent studies on plasticizer action, properties, Paper (1964) $4.50

All books postpaid in U.S. and Canada; plus 20 cents foreign and PUAS.

Order from

AMERICAN CHEMICAL SOCIETY 
SPECIAL ISSUES SALES 
1155 SIXTEENTH ST., N.W.
WASHINGTON, D.C. 20036
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Forwarding Address.— Manuscripts for publication should be is not contained in the title), and should indicate the theoretical
addressed to Frederick D . Greene, Editor, Department of Chem- or experimental approach (when appropriate), the principal re-
istry, Massachusetts Institute of Technology, Cambridge, Massa- suits, and major conclusions. Reference to structural formulas
chusetts 02139. or tables in the text, by number, may be made in the abstract.

Correspondence regarding accepted papers, proofs, and re- For a typical paper, an 80-200-word abstract is usually adequate,
prints should be directed to Research Journals Production Office, . . . . . . .  . , . . , , , ,
American Chemical Society, 20th and Northampton Sts., Easton . Organization of M anuscnpts.-A n  introductory paragraph or 
Pennsylvania 18042. Manager, Editorial Production: Charles statement should be given, placing the work m the appropriate
R  Bertsch. context and clearly stating the purpose and objectives of the

’ ‘ r . . _ . research. The background discussion should be brief and re-
Scope and Editorial Policies. The Journal of Organic Chem-  stricted to pertinent material; extensive reviews of prior work

tsf?y mviJes original contributions on fundamental researches m should be avoided; and documentation of the literature should
all branches of the theory and practice of organic chemistry. I t  ¿e selective rather than exhaustive, particularly if reviews can
is not possible to publish all of the work submitted to this journal, be cited.
and, in the selection by the editors of manuscripts for publication, The discussion and experimental sections should be clearly
emphasis is placed on the novelty and fundamental significance distinguished, with a separate center heading for the latter; 
of the work. . . . . . . . . .  . other center headings should be used sparingly. The presenta-

Papers in which the primary interest lies m the implications of tion of experimental details in the discussion section, e.g., physical 
new compounds for medicinal, polymer, agricultural, or analytical properties of compounds, should be kept to a minimum, 
chemistry are generally considered to be published most ap- A ll sections of the paper must be presented in as concise a
propriately in specialized journals, together with information on manner as possible consistent with clarity of expression. In  the
evaluation with respect to the original reason for synthesis. Experimental Section, specific representative procedures should
Papers that deal with synthesis of new compounds by established be given when possible, rather than repetitive individual de
methods and that are primarily of value as a part of the perma- scriptions. Standard techniques and procedures used through-
nent chemical literature are in general more suitable for special- out the work should be stated at the beginning of the Experimen
te d  journals dealing with a specific class of compounds; for tal Section. Tabulation of experimental results is encouraged
compilations of data, the Journal of Chemical and Engineering when this leads to more effective presentation or more economical
Data may be appropriate. , . use of space. Spectral data should be included with other physi-

In the event that new reactions or other significant chemistry cal properties and analyses of compounds in the Experimental
have been developed in the course of a program in which large Section or in tables. Separate tabulations of spectral values
numbers of compounds were prepared, it may be suggested that should be used only when necessary for comparisons and discus-
extensive tables of characterization data be recorded elsewhere. sion.
It is advisable for authors to bear this possibility in mind when
planning manuscripts in such situations. Reproduction of Spectra. Ultraviolet, infrared, nuclear mag-

Manuscripts may be classified as “Articles” or “Notes.” netic resonance, electron spin resonance, and mass spectra (bar
Articles should be comprehensive and critical accounts of work graphs) will be reproduced only if the aspects of interest cannot
in a given area. Notes should be concise accounts of studies of a be discussed adequately in the absence of the actual curves or
limited scope. The standards of quality for Notes are the same graphs, or if the compounds are inherently of special importance
as those for Articles. Improved procedures of wide applicability and can be adequately characterized only by reference to the
or interest, or accounts of novel observations or of compounds of actual curve. W hen presentation of spectra is deemed essential,
special interest, often constitute useful Notes. Notes should not only the pertinent section should be reproduced. These repro
be used to report inconclusive or routine results or small frag- ductions should be prepared as indicated for illustrations,
meats of a larger body of work but, rather, work of a terminal For most spectral data, an indication of band or peak positions
nature. with extinction coefficients, relative intensities, multiplicities,

In  particular, this journal encourages the submission of work as etc., as appropriate, suffices. The solvent or medium should be
full accounts in the form of Articles. Presentation of results in specified. Infrared data for most compounds can be restricted
smaller papers or Notes leads to undesirable fragmentation, to major characteristic bands. The preferred format for report-
especially in the case of continuing studies, and is contrary to the mg spectral values is indicated in the illustrative experimental
journal policy. When several closely related manuscripts are in paragraph given below (under Experimental Section),
preparation at about the same time, these should be submitted Nomenclature should conform with American usage and, in-
simultaneously. This procedure permits editors and reviewers sofar as practical, with the Definitive Rules for Nomenclature, 
to examine the manuscripts in an over-all context and avoids the Sect. A -C , of the International Union of Pure and Applied
possibility of fragmentation of the work. I f  additional papers in Chemistry and with the practices of Chemical Abstracts. The
a series are projected, notification of the editors to this effect, Definitive Rules, Sect. A  and B, may be found in J. Amer. Chem.
with an approximate time table, is advisable and will be appre- Soc., 82, 5545 (1960); “IU P A C  Definitives Rules for Nomen-
ciated. clature of Organic Chemistry,” Sect. A  and B, 2nd ed, Butter-

Republication of Preliminary Communication.— It is under- worth, London, 1966; Sect. C, Butterworth, London, 1965. A
stood that contributions submitted to the journal will not previ- guide to Chemical Abstracts usage is found in Chem. Abstr., 56,
ously have been published elsewhere, and are based upon original Subject Index, In (Jan-June 1962). For cyclic systems, refer-
results. Articles based upon work previously reported as a ence should be made to A. M . Patterson, L. T. Capell, and D . F.
brief preliminary communication will be considered provided Walker, Ring Index, 2nd ed, American Chemical Society, Wash-
that they represent a substantial amplification and, generally, an ington, D . C., 1960; and supplements I—III . Rules of carbohy-
extension of the earlier communication. Extensive recapitula- drate nomenclature are found in J. Org. Chem., 28, 281 (1963).
tion of previously published results or experimental data should Abbreviations for compounds should be defined when first used,
be avoided. In general, trade names should be avoided. Use of linear formu-

If significant data or conclusions in a manuscript have been las for simple molecules to save space in tables and experimental
published previously in preliminary form, reference to the earlier sections is encouraged.
publication must be given. Three reprints or other copies of the Preparation of Manuscripts.— Manuscripts should be sub
preliminary communication are needed for use by the editors and mitted in triplicate and must be typewritten, double spaced on 
reviewers; to avoid delays, these should be submitted with the substantial paper. (Abstracts and footnotes should also be 
manuscript. double spaced to allow room for copy editor’s symbols and desig-

Titles and Abstracts.— W ith the increasing importance of title nations of type size, etc.) Clear, sharp copies made by a perma-
and current awareness compendia, the titles of Articles or Notes nent duplication process are acceptable and are preferred, for
should be carefully chosen to provide the maximum information second and third copies, to carbon copies. Authors should
on the contents. consult recent issues of the journal as a guide to format for typing,

Articles, but not Notes, must be accompanied by an abstract, headings, etc. 
placed before the main body of the text. The abstracts of Authors must assume full responsibility for all aspects of
Articles in this journal are used directly in Chemical Abstracts, manuscript preparation. Extensive changes of minor points, or
and it is therefore most important that they be substantive and rewriting of the manuscript, cannot be undertaken in the edi-
reflect as fully as possible the content of the paper. (C A  torial offices. Authors who are not fully familiar with idiomatic
Indexes are prepared from the full paper as in the past.) The English should obtain help from a colleague in order to prepare
abstract should state briefly the purpose of the research (if this manuscripts in proper style. Papers that appear to require ex-
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tensive revision in grammar or format may be returned to authors ures;” these can be designated “Charts” or “Schemes” as appro- 
without review. priate. Charts and schemes should be footnoted in the manner

Footnotes include both literature citations and explanatory described for tables. Each illustration must be identified 
notes and must, therefore, be numbered in one consecutive series. on back with author, title, and figure number. The figure 
In  the text, footnotes are indicated as unparenthesized super- number (Arabic) must be typed on a separate sheet, together
scripts. The footnotes may be placed, suitably offset, following with the legend. More detailed information on the preparation
the line of text in which they are cited, or they may be grouped in of structural formula charts and illustrations may be found in the
numerical order at the end of the manuscript. A ll nontechnical Handbook for Authors (see below).
information (grant numbers, present address of author to whom Experimental Section.— Clear, unambiguous expression in
inquiries should be directed if this information is not obvious experimental descriptions is highly important. Authors are
from the heading, etc.) should be given in the subdivisions (a, b, encouraged to use the briefest style possible, consistent with
c . . . . )  of footnote 1. Addresses of coauthors should not be clarity, in experimental descriptions. Whole sentence structure
included. must be used, but the author should eliminate superfluous words

In literature references, journal abbreviations should be those and phrases. The title of an experiment should give the full
used by Chemical Abstracts (see “List of Periodicals Abstracted name and formula number of the product prepared, when ap-
by Chemical Abstracts” ). Sample periodical reference, indi- propriate, but this compound may be identified thereafter by
eating arrangement and punctuation: ( 1 ) A. C. Cope, R. W . formula number. Abbreviations or chemical formulas for simple
Gleason, S. Moon, and C. H. Park, J. Org. Chem., 32, 942 (1967). chemicals are encouraged, as well as the use of a structural
Book references must contain name of author, title, publisher, formula number rather than a lengthy chemical name to identify
year of publication, and page. In  referring to a book written a starting material. When a derivative is prepared by a stand
by various contributors, cite author first as (1 ) S. F. Mason in ard procedure, no details beyond melting point, analysis, and
“Physical Methods in Heterocyclic Chemistry,” Vol. I l l ,  A. R. important spectral data need be given. Repetitive descriptions
Katritzky, Ed., Academic Press Inc., New  York, N . Y ., 1963, 0f a general procedure should be avoided. Special attention
p 59. References to the series volumes, Organic Syntheses (ex- should be called to hazardous compounds or operations, 
cept for Collective Volumes) and Organic Reactions, should be in standard abbreviations should be used throughout the Experi-
the format of journal citations, e.g., L. F. Fieser, Org. Syn., 46, 44 mental Section pUase note ^  ^  are *ow med ln  VACS

'  __u Â , u a ± i 'ii -1-) journals without periods. The preferred forms for a few of theTables should be numbered consecutively with Roman numer- ,__ __ ____1 ™ii a a • î a ~a + J i ,i more commonly used abbreviations are mp, bp, mm, nr, ¡xi, ml,als and should be included at the proper places in the manu- ______ _____ +lrt „ 11TT „Ja
«?crint Footnote«? in tahles should bp criven letter He^iffnfltion«? cm, cps, m/i, ppm, tic, VpC (o r glpc), nmr, UV, and ir.script fo o tn o tes  m  tables sfiould be given letter designations x h e  abbreviation for jjter, \ has a period to dist ngu sh it from
and cited m the table by superscript letters. The sequence of . ̂  numeral “one ”
letters should proceed by line rather than by column. If a Analyses must be reported in the usual format for all new com
oo note is cited both in the text and m a table, insert, a lettered in eneral thp deviation of “ calculated” from “found”

i f  the table to refer to the numbered footnote in the text. ^ alues ’should not exceed ±0 .3 % . Molecular formulas de-
Each table should be^provided with a descriptive heading, which, termined by accurate mass measurement ( ± 3  X  10-3 mass units)
together with the individual column headings, should make the acceptable if combustion analyses cannot be obtained because
table as nearly as possible, self-explanatory. In  setting up of samplPe limitations; wherever possible, mass spectral data must 
tabulations, authors are requested to keep in mind the type area , , ' nrt„.i bv rriteria of nuritv
of the journal page (7 X  10 in.), and the column width (approxi- Phvsical constants and sDectral data should be presented in amately 3 7 4 in.), and to make tables conform to the limitations of Rnysical constants and spectral data snouid De presented in a
these dimensions. Arrangements that leave many columns uniform way as illustrated m the following example
partially filled or that contain much blank space should be <In “ “  descriptions, s =  singlet, d =  doublet, t =  triplet,
avoided insofar as possible. m =  multiple!.)

Abbreviations and linear chemical formulas should be used "T h e 'e th e rea l ex tract was d ried  (ifeSO ) ,  con-
liberally in headings and columns of tables; structural formulas 4
should not be used in column headings or in the body of tables but centrated , and d i s t i l l e d  g iv in g  10.23 g (65%) o f
may be used in the main heading. , -  ,o  , \

A. . . , . . .  the acetoxy ketone 12: bp 82-83 (2 .9  mm);
Structural formulas should be prepared with care and with a 2 5  6 o 25

view to the most economical use of space. A ll structures should n °D 1.4266 [ l i t .  bp 80-82 (3  mm); n D 1.4261];
be numbered in boldface Arabic numerals. In  charts, assign 25 _ 0_ ,  r -,25 „ _n , _ „„
numbers consecutively from left to right, top to bottom regardless £  4 ° - 823; |aj £  0.0 (c  6 , CH^OHj; uv m x
of the order in which the compounds are discussed in the text. ( 95rf Et0H) 2 7 5  m„ ( e 2 1 ) ;  i r  ( e e l j  1725 (C =o ),
Repetition of the same structure should be avoided; the number 4
of an earlier structure may be used alone if a compound occurs 1740 cm” (e s t e r  C=0) ; nmr (CC1 ) 8 3.98 ( t ,
several times in formula schemes. Abbreviations such as M e for . . „ „ „
C H 3, E t for C2H 4, Ph (but not 0 ) for CeH5 are acceptable. 2> i  = 6 Hz j cU2 ° ^ c ) j 2.43 ( t ,  2 , J _  6 Hz,

The author should arrange structural formulas in horizontal CH c0) 2 .07 (s ,  3 ) ,  1.97 ( s ,  3 ) ,  and 1.6 (m,
rows so that the display or block will fill a single column width or, 2
for very large groups, an entire page width. I f  this is not done, 4 ) ;  mass spectrum (70 ev ) m/e ( r e l  in te n s ity )
it may be necessary to rearrange the display, with possible loss of .
clarity, to avoid waste of space. I f  a satisfactory arrangement is 158 (5 ) ,  143 (5 ) ,  115 ( 6 ) ,  100 (5 0 ),  99 (1 1 ),
slightly larger than the limits for a one-column presentation, it is n
preferable to stagger or overlap structures in successive rows ' ' ’ \ / •
rather than spread out the display to a full page. In  multi-ring Proofs and Reprints.— Manuscript and proofs are sent to the
structures such as steroids, partial structures showing only the author who submitted the paper. Foreign contributors may 
pertinent points are encouraged. authorize a colleague in this country to correct proofs, but in this

¡structural formulas a,re redrawn by the printer. In structural oase they should bear in mind that reprint orders and page charge 
formula layouts involving odd-shaped rings, bicyclic structures, authorizations are handled at the time the proofs are returned, 
etc., it is important that these structures be drawn exactly as they p  chanre — A nave charve is assessed to cover in Dart the
are to appear in the journal. They should also be consistent ,agfe K^ge+'- A  P-oge ch ,g-e s ass®ss®<̂  t (5 ,cover part tne
throughout, since all o l the structures in a given manuscript may are acce'pted or rejected onlv°on thenot be redrawn by the same person. Any special features or lor publication. Papers are accepted or rejected only on tne
important points in structural drawings should be clearly indi- fbasls ° f I£ent’ -and the ,decl^ n 1°  publlsh a p^PSr-n1S made be-
cated on the manuscript. Where needed, numbers such as nmr fore the charge 18 assessed- The charSe Per PaSe 18 ®°0'
chemical shifts may be included directly on structural formulas. Corrections.— If errors of consequence are detected in the

Although fairly complicated structures can be redrawn in the published paper, a correction of the error should be sent by the 
standard format, unusually complex formulas, or drawings in author to the Editor, F. D . Greene, for publication in the “Addi-
which perspective is crucial, may be better submitted as copy tions and Corrections” section.
suitable for direct photographic preparation of an engraving. Registry Number.— Chemical Abstracts Service (C A S ) is
It  is not necessary to provide such copy for standard structural establishing a computer-based National Chemical Compound 
formula layouts. In  the preparation of engraver’s copy of com- Registry System. Registry numbers are assigned to compounds
plex drawings, careful lettering (e.g., with a Leroy set or similar by CAS after acceptance of a paper and appear in a separate
device) is required. paragraph at the end of the paper and sometimes in tables. [See

Illustrations should be submitted as original inked drawings or Chem. Eng. News, 79-90 (Jan 23, 1967).] 
as high contrast, glossy photographic copies of drawings. Xerox ACS Author Handbook.— Further general information on the
or similar copies are not suitable for reproduction, but may be preparation of manuscripts for ACS journals may be found in the
used for duplicate copies. A ll illustrations prepared as engraver’s “Handbook for Authors,” available from the Special Issues Sales
copy should be numbered as “Figures,” with Arabic numerals. Department, 1155 Sixteenth St., N .W ., Washington, D . C.
Blocks of structural formulas should not be designated as “Fig- 20036.
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The Relative Reactivities of Methanol and Methoxide 
Ion in Addition to 4-Chlorobenzyne1

J. F. Bunnett2 and Chongsuh Pyun  

Metcalf Chemical Laboratories, Brown University, Providence, Rhode Island 

Received December SO, 1968

The relative reactivities of C H 30 _ and C H 3O H  toward 4-chlorobenzyne can be reckoned from the variation 
of the chloroanisole para/meta ratio with N aO C H 3 concentration. The necessary mathematical expression is 
derived, and a set of experimental determinations gives the expected linear plot. Methoxide ion is estimated to 
be 157 times as reactive as methanol toward the carbon in 4-chlorobenzyne meta to chlorine, and 70 times as re
active toward the position para to chlorine.

When 4-chlorobenzyne is generated in methanol The possibility that the altered para/meta ratio in 2 
solution, it adds methanol to form a mixture of m- and M  NaOCH3 is merely due to a salt effect was vitiated
p-chloroanisoles (eq 1). In neutral methanol, the by demonstration that the para/meta ratio is essentially

the same in 2 M  NaCICh in methanol as in the pure

H y  F  J  A Method for Estimating the Relative Reactivities
Y ~ |  + CH OH ° f  Methanol and Methoxide Ion.— On the assumption

J \ v  M -1 that the reactions portrayed in eq 1 and 2 are first
A \  order in CH3OH and CH30 _ , respectively, we may

Clvy i i\  write eq 3 concerning p-chloroanisole and an analogous
L expression concerning its meta isomer.

OCH3

p fJi£ I =  V [A ] [C H ,O H ] +  fcp- [A ] [C H 30 - ]  (3)

p-/m-chloroanisole ratio is about 4.7. However, the
p-/m-chloroanisole ratio decreases as the NaOCIL con- Dividing one expression by the other 
centration in the medium increases; it is about 2.1 in
2 M  NaOCH3 in methanol.3 r  =  (4)

The change in para/meta ratio indicates that orienta- ”1°[c  3 1 +  “ l 3
tion is quantitatively different in the methoxide ion ^  ug define R ag ^  experimental p-/m-chloroanisole
catalyzed addition (eq 2) than in addition of neutral ^  under any conditions (c/. eq 4)> Ro as fcpo/fcm<. the

k . M product ratio in reaction with neutral methanol, and
* , -  . „ „  “/  R~ as K~/km~, the ratio in reaction with methoxide
A +  OCHa +  OHa H\hp ' jon Equation 4 is easily transformed into

methanol, and that methoxide ion is much more re- ( li ~ E7°) ftra0tCH3OHl _  It) km tCH3°  ' <r>)
active than methanol. I f  methoxide ion were less
reactive or even approximately equally reactive, the Rearranging
chloroanisole product ratio would not have changed
much, regardless of what para/meta ratio prevailed in R° — R  km~ [C H 3Q ] (g)
eq 2, because even in 2 M  methanolic NaOCH3 solvent R  — R~ k j  [C H 3OHj

molecules are in great excess.3 „  .
According to eq 6, a plot of (R° — R)/(R — R ) vs.

(1) Financial support by the National Science Foundation is gratefully [CH30 _ ] should be linear with slope equal to (km~/km°) ■
(2) To whom inquiries should be addressed at the University of California, (l/ [C H 3OH]). From the slope, km /km , the ratio of

Santa Cruz, Calif. 95060. methoxide to methanol reactivities toward the aryne
^ ^ PyUD' a"  H- Taka' carbon in 4-chlorobenzyne meta to the chlorine atomis
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Table I
Reactions of 1-(4-Chloro-2-iodophenyl)-2-benzenesulfonhydrazide with N aO C H s in C H 3O H  at 59.4°

,---------------------------Product yields, % --------------------------- ■ R a  -  R

[NaOCH.lat,“  [C H iO -],,6 [Substrate]»,'= p-and m-ohlo- _
M  M  M  roanisoles m-CeHiCH C6H 5CI i  K

Part A

0 iQd 0 0.10 10.2 59.4 0.7 16 6 4.73 0
0.20 0.10 0.10 13.3 63.5 0.9 19.7 3.71 0.64
0.30 0.20 0.10 14.7 64.2 1.4 21.0 3.23 1.35
0 40d 0 30 0.10 15.5 63.4 2.0 21.2 3.01 1.93
0 50 0.40 0.10 16.2 57.4 1.9 24.9 2.85 2.58
0.60 0.50 0.10 16.8 63.5 2.2 22.1 2.72 3.35
0.70 0.60 0.10 17.2 63.7 2.4 22.1 2.65 3.92
0.80 0.70 0.10 17.0 61.5 4.6 23.1 2.58 4.67
0.90 0.80 0.10 17.2 60.1 4.1 23.3 2.52 5.52
1 00 0.90 0.10 18.1 ~60 5.1 22.7 2.50 5.87
2 ood 1.90 0.10 20.2 66.4 ~10 31.2 2.12 “

Part B

0.10 0.08 0.02 18.9 60.4 2.8 23.1 3.76 0.59
0.30 0.28 0.02 19.5 63.5 6.8 25.8 3.04 1.84
0.40 0.38 0.02 20.5 66.1 7.7 27.7 2.85 2.58
0.70 0.68 0.02 16.9 53.1 15.4 33.1 2.58 4.67

« [N aO C H 3] 8t represents the concentration that would have been obtained if there had been no reaction with substrate. ‘ [O C H 3 ]t 
represents the “free” concentration after acid-base reaction with substrate. c The substrate is named in the title of the table. d u 
plicate runs afforded R values differing by not more than 0.02. e p-/??i-Chloroanisole ratio.

easily reckoned. (The solvent concentration is con- CHj0-
sidered as constant.) The corresponding reactivity L j ^  CHj0H’' Q ^ J :-
ratio toward the position para to chlorine is then given NHNHS02C6H5 J
by 4 (8)

kp-/k„° = {R -/R«){km~/k J ) (7) C i ^ - J

In order to use eq 6 and 7, one must know R° and R~. A + 1
The former is easily determined by decomposition of a H
suitable 4-chlorobenzyne precursor in methanol not
containing free methoxide ions. The latter may be This system involves a complication which, fortu- 
estimated from the para/meta product ratio in a con- nately, is of no consequence to its use for our present 
centrated NaOCH3 solution, providing that the data purposes. The m-chloroiodobenzene formed (see eq 8)
indicate the methoxide-catalyzed addition to be pre- undergoes partial loss of iodine under the conditions
dominant at that concentration. employed, forming chlorobenzene and iodide ion.3,7

Although eq 6 and 7 are derived for the specific case This side reaction should not have any effect on the
of 4-chlorobenzyne reacting with CH30~  and CH3OH, reactions of 4-chlorobenzyne. Indeed, the p-/m-
the principle should be valid for other cases in which two chloroanisole ratio in 2 M  NaOCH3-C H 3OH from the
nucleophiles, one the conjugate base of the other, system of eq 8 was earlier shown to be substantially
compete for a suitably constituted aryne. the same as from other 4-chlorobenzyne precursors.3

Choice of Chemical System.— A  precursor which Experiments to Estimate Relative Reactivities.— Our 
would afford 4-chlorobenzyne under a wide range of experiments concerning reactions of 4 with NaOCH3 in
NaOCH3 concentrations was desired. Chlorine deriva- CH3OH are summarized in Table I. This table com-
tives of benzenediazonium 2-carboxylate4 cannot be prises two series of runs, differing in the initial con-
used except in neutral methanol because in basic centration of substrate. Inasmuch as a rapid acid-
methanol dediazoniation to chlorobenzoic acids eclipses base reaction occurs on mixing, the data are best
aryne formation.3 However, l-(o-halophenyl)-2-ben- considered with reference to [OCH3~]f, the free methox-
zenesulfonhydrazides are decomposed to o-halophenyl [(je jon concentration remaining after the acid-base
anions over a wide range of NaOCH3 concentrations,6'6 reaction. The p-/TO-chlorcanisole ratios (R ) in the two
and when the halogen is bromine or iodine the 0- series at nearly equal [OCH3~]f are virtually the same,
halophenyl anion reacts in part to eject halide ion and Qualitatively, the data of Table I  show the same 
form an aryne. (The competing mode of reaction is trend toward lower p-/m-chloroanisole ratios at higher
proton capture from methanol to form an aryl halide.) methoxide concentrations that was noted earlier in a
A  greater fraction of halide ion loss occurs the more less extensive set of data concerning the same substrate.3
easily the carbon-halogen bond is broken, and accord- Quantitatively, a plot of (R° — R )/ (R  — R ~) vs.
ingly the easily accessible l-(4-chloro-2-iodophenyl)-2- [OCH3~]f is linear, as called for by eq 6. I t  is presented 
benzenesulfonhydrazide (4) was chosen as the principal as Figure 1. The slope by linear regression analysis is
4-chlorobenzyne precursor for this study; see eq 8. 6.67, and the correlation coefficient 0.998. From the

density of methanol at 59.4° (0.754 g/ml8), the concen-
(4) M . Stiles and R. G. Miller, J .  A m e r .  C h e m . S o c . , 82, 3802 (1960).
(5) J. F. Bunnett and D. A. R. Happer, J .  O rg . C h e m ., 31, 2369 (1966).
(6) J. F. Bunnett and H. Takayama, J .  A m e r .  C h e m . S o c . , 90, 5173 (7) J. F. Bunnett and C. C. Wamser, ib id . , 89, 6712 (1967).

(1968). (8) “ International Critical Tables,”  Vol. I l l ,  1928, p 27.
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tration of CH3OH is 23.6 M . From this value, the
slope in Figure 1 and eq 6 and 7, km~/km°, is reckoned ~ /
as 157 and kp~/kp0 as 70. These are the relative re- /
activities of methoxide ion and methanol toward the /
carbons meta and para to chlorine in 4-chlorobenzyne. O
These results may alternatively be expressed as rate /
coefficients relative to km° (1.0) as follows: kp°, 4.7; 4 _ /
km~, 1.6 X 102; kp~, 3.3 X 102. x / °

We stress that these results depend on the validity ^ _/
of the assumptions made in deriving eq 6. Chief among i  /
them is the assumption that the neutral and base- 5: /
catalyzed methanol additions are first order in metha- j ®
nol and methoxide ion, respectively. However, it is S /
noteworthy that if the respective reaction rates were 2 ~ ¿5
proportional to [CH3O H ]2 and to [OCH3~][CH 3OH], /
eq 6 would still be valid because [CH3OH] would O
cancel from both numerator and denominator in form- /
ing eq 4. ^

The numerical values of the various rate coefficient /
ratios derived from our data also depend on the R° and / __________ I____________ I____________
R~  values chosen for use in the computations. The 0.3 0.6

values we have used are from the data of Table I, [OCH3-]t, m .
namely, 4.73 for R° and 2.12 for R~. Each of these Figure 1.—Plot used to evaluate km-/kn,°; see eq 6. Data of 
represents the average of two independent determina- Table I: o ,  part A ; • . part B.

tions which differed by not more than 0.02 in R  value.
In other experiments,3 R° and R ~  values differed some- The arguments have been presented previously,3 and 
what according to the aryne precursor and the experi- are not repeated here, 
mental conditions employed. We do not fully under-
stand those variations, but we note that the R° and R~  L I  r  L I  i+
values used in the present computations are close to the 'O—CH3

average of other determinations. H
Orientation of CH3OD Addition.— From decomposi- 8 9

tion of 5-chlorobenzenediazonium 2-carboxylate (5) ,
in methanol-O-d at reflux, p- and m-chloroanisoles were Expenmental Section
obtained in a para/meta ratio of 4.0. The similarity M ateria ls—  l - ( 2-Iodo-4-chlorophenyl)-2-benzenesulfonhydra-
of this product ratio to that in ordinary methanol zide (4) was prepared as previously described, 3 and 5-chloro- 
suggests that sundering of the O -H  bond of the benzenediazonium 2-carboxylate (5) after Stiles, Miller, and

i v i  j / u j r  , ■ , 1, ,1 , , Burckhardt.9 Methanol-O-d was prepared after btreitwieser,
alcohol and/or bond formation by hydroxy hydrogen Verblt; and StangI«. it was estimated from its infrared spectrum
to aryn e  ca rbon  are  not in v o lv ed  p r io r  to o r du rin g  t0 be 94% deuterated on oxygen.
rate-limiting steps. The alternative, previously re- Reactions of 4 with NaOCHa in CH 3O H .— The hydrazide 4
jected on other grounds, 3 of concerted addition via (0.409 g, 0 .001 mole) in a 25-ml round-bottomed flask was mixed 

cyclic transition states 6 and 7 would, of course, be wiffi methanolic N aO C H , (10 ml) with
J ’ 7 gen-free nitrogen at room temperature. 1  he nyarazide dissolved

to form a solution of color varying from pale yellow with 0.1 M  
N aO C H 3 to reddish pink with 2 M  N aO C H 3. A  water-cooled 

FH3— condenser capped by a soda lime drying tube was affixed, and the 
q  jvj2+ -D  —  CH3 flask was placed in a thermostat at 59.4° for 1 hr. To the cooled

||  ̂ || |” n I flask, 1.0 ml of a pentane solution containing 1 X 10 ~6 mole of
bromobenzene and 5 X 1 0 mole of o-chloroanisole and then 
10 ml of pentane were added through the condenser. Water 

Cl Cl (10 m l) was added, the layers were separated, the aqueous layer
5 g 7 was extracted with a further 5 ml of pentane, and the combined

pentane extracts were washed twice with water and dried over 
anhydrous MgSO«. The dried pentane extract was analyzed by

subject to a kinetic isotope effect in regard to the forma- § £ «  * S S T t Z
tion of both isomers, and if each reaction were equally responses were determined to be: chlorobenzene identically
affected one might think the para/meta ratio to be equal to bromobenzene, the three chloroanisole isomers identically
unaffected However, the change of hydrogen isotope equal to each other, and o-chloroanisole/m-chloroiodobenzene
would Change the relative degrees of C -0  and C -H  bond 1 -00/0.78. Comparison of observed peak areas, corrected for
£ P j ■, o+nioc ar.rl molar response, and retention times with those of the bromo-
formation in concerted, cyclic transition states, and benzene ^  O.chloroanisole standards enable quantitative de-
consequently the charge distribution in the transition termination of yields. Iodide ion was determined by titration of
states, and therefore the para/meta ratio. the aqueous extracts with A g N 0 3.

Reaction M echan ism -The facts that the p-/m- No.-M ethanol, 67-56-1; methoxide ion,
chloroanisole ratio is higher for neutral methanol addi- 3315.60.4 A  14091-35-1; 4,14173-17-2. 
tion than for methoxide-catalyzed addition and that
m e th o x id e  io n  is  m o re  r e a c t iv e  th a n  n e u tra l m e th a n o l »>  m . suies, r . g . Miiier, and u. Burckhardt, j . A m e r .  c h e m .  soc., ss,

indicate that additions of both nucleophiles occur step- (10) A Streitwieser, Jr., L. Verbit, and P. Stang, J .  O rg . C h e m ., 29, 3706
wise via rate-limiting transition states such as 8  and 9. (1964).
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Search for Acid Catalysis of the Reaction of Thiophenoxide 
Ion with 2,4-Dinitrofluorobenzene1

J. F. Btjnnett and N orma Sbarbati Nudelman 
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Received January 6, 1969

In  five different kinds of systems designed to elicit evidence of acid catalysis of the reaction named in the title, 
no evidence of such catalysis has been found. N o  evidence was found either of general acid catalysis or of a 
thiophenol term in the rate law ; the latter would appear if there were catalysis by the solvated proton. Inasmuch 
as the separation of fluoride ion from carbon is known to respond to catalysis by acids, we conclude that the 
first step of the intermediate complex mechanism is rate limiting for this reaction. This conclusion is contrary 
to one reached by other workers on the basis of thermochemical calculations.

In recent years the two-step, intermediate complex that step 2, involving expulsion of fluoride ion from the 
mechanism of aromatic nucleophilic substitution2 has intermediate complex, is rate limiting. This was
become generally accepted, and attention has turned contrary to the judgment of Bunnett and Merritt,8
increasingly toward defining the energy profiles for which was based on leaving-group effects, 
reactions involving various nucleophiles, leaving groups, Inasmuch as the separation of fluoride ion from car- 
substituents, or solvents. In part this objective has bon is known to be susceptible to catalysis by acids,10
been approached experimentally, for example, by it is possible to decide on experimental grounds which
studying the incidence of base catalysis in reactions step of eq 1 is rate limiting.11 I f  the first step is rate
involving amine reagents, which gives information as limiting, the over-all reaction should follow a simple
to whether the first or second step is rate limiting.3 second-order rate law, first order in 2,4-dinitrofluoro-

Miller4 * has approached this general problem in a benzene (symbolized ArF) and first order in thio-
different way, namely, by estimation from thermo- phenoxide ion. But, if the second step is rate limiting,
chemical data of the relative energy levels of reactants, the rate law should include terms representing catalysis
intermediates, transition states, and products. As to by the solvated proton and/or general acids,
the transition states (one preceding and one following I f  the second step were general acid catalyzed, the 
the intermediate), his method requires assumptions as over-all rate should in part be proportional to [ArF]-
to the fraction of the bond dissociation energy which [C6H5S -][H A ], where H A is a general acid. I f  it were
must be supplied to attain either transition state from catalyzed by the solvated proton, proportionality in
the intermediate, assumptions which are made with part to [A rF ][C6H6S~][H  + ] or, rather, to [ArF]-
respect to the Hammond postulate.6 * His treatment [C6H5SH] would be expected.12 A  solvent-catalyzed
resembles in some respects that used by Hudson6 to deal term would also be conceivable,
with other problems of reaction energetics. Miller’s
thermochemical predictions have been upheld by later Experimental Section
experimental determinations in some cases but not
in  ap  7 Mat er i al s . — 2,4-Dinitrofluorobenzene (Aldrich Reagent) was

Having had some prior experience8 with the reaction g r i l le d  at reduced pressure mp 28° bp 96° (0 3 mm) and 297-
„ • ,  „  , j .  ., a  , 298° (760 mm). Thiophenol (Aldrich Reagent) was distilled at

of sodium thiophenoxide with 2,4-dmitrofluorobenzene reduced pressure, bp 55-56° (9 mm), and stored in a desiccator
(eq 1), we were interested in Miller’s conclusion9 under nitrogen atmosphere. Reagent grade methanol was further

purified by the magnesium method.13 Acetic acid (Allied Re- 
p agent, A C S ), sodium acetate (Matheson Coleman and Bell
I reagent), chloroacetie acid (Baker Analyzed reagent), tetra-

propylammonium bromide (Eastman Kodak, White Label), and 
I ij C H.-S-  *—-  lithium chloride (Matheson Coleman and Bell reagent) were used

6 J - l  without further purification. p-Toluenesulfonie acid (Baker
i Analyzed reagent) was purified with chloroform after Perron .14

NO, N-Methylpiperidine (Aldrich reagent) was refluxed over sodium
^ rp for 2 hr and distilled over sodium; bp 106-107°. N -M ethyl-

(4) J. Miller, J .  A m e r .  C h e m . S o e ., 88, 1628 (1963); D. L. Hill, K. C. 
, ,  SC,,H- Ho, and J. Miller, J .  C h e m . S o c . ,  B . 299 (1966).

6 5 \  /  I .... (5) G. S. Hammond, J .  A m e r .  C h e m . S o c . , 77, 334 (1955).
/ V /  - 2 _  (6) R. F. Hudson, C h im ia  (Aarau), 16, 173 (1962).
j  !] ---- *■ [ Ij +  F  (1 ) (7) C. F. Bernasconi, J .  A m e r .  C h e m . S o c . , 90, 4982 (1968), summarizes

several cases from his own work and from work of other investigators.
[j j (8) J. F. Bunnett and W. D. Merritt, Jr., ib id . , 79, 5967 (1957).
NO,-  NO, (9) K - c - Ho- J- Miller, and K. W. Wong, J .  C h e m . S o c . ,  B ,  310 (1966).

_________________________________________________  " (10) W. T. Miller, Jr., and J. Berstein, J .  A m e r .  C h e m . S o c . , 70, 3600
(1) This investigation was supported by Public Health Service Research (1948); N. B. Chapman and J. L. Levy, J .  C h e m . S o c . , 1677 (1952); C. W.

Grant No. GM 14647 from the National Institute of General Medical L. Bevan and R. F. Hudson, ib id . , 2187 (1953); A. K. Coverdale and
Sciences. G. Kohnstam, ib id . , 3806 (1960); C. G. Swain and R. E. T. Spalding, J .

(2) J. F. Bunnett, Q u a r t . Rev. (London), 12, 1 (1958); A. J. Kirby and A m e r .  C h e m . S o c . , 82, 6104 (1960).
W. P. Jencks, J. A m e r .  C h e m . S o c . , 87, 3217 (1965); J. F. Bunnett and R. H. (11) C f. K. B. Lam and J. Miller, C h e m . C o m m u n . , 642 (1966).
Garst, ib id . ,  87, 3879 (1965); C. R. Hart and A. N. Bourns, T e tra h e d ro n  (12) A good example of kinetic dependence on [ArSH] which in all proba-
L e t t . , 2995 (1966). bility represents H + catalysis of reaction with ArS” nucleophile has been

(3) J. F. Bunnett and C. Bernasconi, J .  A m e r .  C h e m . S o c . , 87, 5209 reported by G. Illuminati, P. Linda, and G. Marino, J .  A m e r .  C h e m . S o c . ,

(1965); C. Bernasconi and H. Zollinger, H e lv . C h im .  A c ta , 49, 103 (1966); 89, 3521 (1967).
F. Pietra and A. Fava, T e tra h e d ro n  L e t t . , 1535 (1963); C. F. Bernasconi, (13) L. F. Fieser, "Experiments in Organic Chemistry,” 2nd ed, D. C.
J .  O rg . C h e m ., 32, 2947 (1967); J. F. Bunnett and R. H. Garst, ib id . , 33, Heath and Co., Boston, Mass,, 1941, p 360.
2320 (1968). (14) R. Perron, Bull. S o c . C h im .  F r . ,  966 (1952).
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piperidinium chloride was prepared by passing hydrogen Table I
chloride into an ethereal solution of N-methylpiperidine; it was t, _ . _
crystallized twice from methanol; mp 207-208° (lit.“  2 1 1 -2 1 2 °). Reaction of 2,4-Dinitrofluorobenzene with

Chloroacetic acid-sodium chloroacetate buffer was prepared Sodium Thiophenoxide in M ethanol at 25.0°.
by combining a measured volume of standard sodium methoxide Influence of the Thiophenol Concentration“
solution with twice the molar amount of chloroacetic acid. The [CtHsSH], M  kj,, sec 1 k\, 1. mole-1 sec-1
other buffer solutions were prepared by combining weighed Nil 10.44 785
amounts of the various compounds. 2,4-Dinitrophenyl phenyl 0.0196 10 24 770
sulfide was available in the laboratory; it was crystallized from 0 ncoc in aa 7fir
methanol; mp 120-121° .16 The uv and visible spectra of 2,4- 0 225 10 44 7R5
dinitrofluorobenzene and 2,4-dinitrophenyl phenyl sulfide in ' 10.44 785
methanol were determined in a Cary Model 14 spectrophotom- Average 780
eter. The fluoro compound has maxima at 217 my« (e 12,000) ° [ArF]0, 5.60 X 10~*M; [C6H5SNa], 1.33 X 10“ 2 M.
and at 290 my« (e 6900) and the sulfide at 215 m/x (e 19,500), 242

'S L ed u re i^ re e  telimqiles were used, depending C° effident’ 780 mole“ 1 sec"1 at 25.0°, for the reaction 
on the rate of the reaction being measured. In all three, the our PrinclPa  ̂interest.
increase of absorbance at 400 m/i due to 2,4-dinitrophenyl phenyl Table I I  summarizes a series of runs performed in the 
sulfide was measured. The “ infinity” absorbances agreed with presence of a constant concentration of a 1:1 chloro-
thc«e expected for quantitative conversion to that product. acetate buffer and varying concentrations of thio-

Ihe runs in lable IX were conducted by dispensing aliquots , , T „ „  .
of the reaction solution into ampoules which were then sealed and phenol. In these runs a small concentration of thio-
immersed all at once in the thermostat bath. In preparing the phenoxide ion was present owing to interaction with
reaction solutions, the required thiophenol was weighed under chloroacetate ion (eq 2). The amount is controlled by
nitrogen, and the ampoules were flushed with nitrogen before
being sealed. From 12 to 15 ampoules were used per run. C6H5SII +  ClCH2COO_ ( > C6Ii5S~ +  ClCH2COOH (2)
Absorbances were measured in a Cary Model 14 spectrophotom
eter- the equilibrium constant of eq 2, but is linearly propor-

The runs in Table II were followed by direct observation of the tional to the concentration of thiophenol. The fact 
absorbance of the reacting solution in the thermostated cell , , ,rn rr c m  • , .
compartment of a Gilford spectrophotometer. The cuvettes that k ^ j  [CeHjbH] is constant while thiophenol con-
were flushed with nitrogen before and after introduction of the centration is varied tenfold affirms (a) the lack of a
reaction solution. Absorbance was recorded automatically at discernible thiophenol term in the rate law and (b) the
selected times . , . „  lack of a term proportional to [C6H5S -][C 6H6SH],
rurn-Gibson stopped-flow kinetics spectrophotometer, the es- which would represent general acid catalysis by thio-
sential features of which are those described by Gibson and phenol. I  he data of 1 able I I  are a more sensitive test
Milnes.17 for a thiophenol term than those of Table I.

All runs afforded linear plots of log ( A „ — A t) vs. time; kj, 
values were reckoned as —2.3 times the slope as calculated by Table II
the least-squares rhethod.

R e a c t i o n  o f  2 ,4 - D i n i t r o f l u o r o b e n z e n e  w i t h

j  -p..___  •__  T h i o p h e n o x i d e  I o n  i n  M e t h a n o l  a t  2 5 .0 °.Results and Discussion T „  ,,Influence of the Thiophenol Concentration
The reaction of thiophenoxide ion with 2,4-dinitro- IN A Buffered System“

fluorobenzene is fast. In the earlier work of Bunnett loqCsHsSH], 10^ ,  i-y./[ceHtSHL
and Merritt,8 its rate could be measured only at 0° and M _ 8*° L m°le ' 860
then only by employing both the nucleophile and the 3‘ 0 206
substrate at very low concentrations. Ho, Miller, and 3 g0 7 g 0 205
Wong9 used higher concentrations of reactants but 6 0 12 0 0 200
experimental temperatures in the very low range of 10.0 20.0 0.200

82 to 65 . In the present work rates were de- a [ArF]0, 5.72 x  10-4 M; buffer: [chloroacetic acid] =
termined at 25° under concentration conditions typical [sodium chloroacetate] = 0.01 M. 
for experiments designed to afford pseudo-first-order
kinetics, and the exceedingly rapid reaction rate was In Table I I I ,  some runs at constant thiophenol con- 
measured in a stopped-flow kinetics spectrophotometer. centration and varying concentration of 1:1 acetate

The rate coefficients determined in four runs with buffer are summarized. Again a small concentration
constant thiophenoxide ion concentration but different 0f thiophenoxide ion is provided by an equilibrium
thiophenol concentrations are presented in Table I. analogous to that of eq 2. The fact that the pseudo-
It  should be noted that excess thiophenol has no dis- first-order rate coefficient, k̂ , is substantially constant
cernible effect on reaction rate. These data suggest
but do not prove the absence of a thiophenol term in Table III
the rate law. The reactivity of thiophenol conceivably Influence of the Acetate Buffer Concentration
may escape notice when it is in competition with a on the Reaction of 2,4-Dinitrofluorobenzene
substantial concentration of the enormously reactive with Thiophenoxide Ion in Methanol at 25.0°“
thiophenoxide ion. However, the possibility that re- [chjCOOH],6 m [lici], m lo^.sec-' pKhoa»“ 
action with thiophenoxide ion is catalyzed by thio- 0.010 0.090 7.47 9.57
phenol as a general acid is firmly denied by the data 0.010 0.090 7.47 9.57
of Table I. An aspect of these data of general value 0 .0 20 0.080 7.88 9.59
is that they serve to establish the second-order rate 0.050 0.050 7.64 9.58

0.050 0.050 7.82 9.59
™ « ,, “ [ArFJo, 5.72 X 10-4 At; [C6H5SH], 9.72 X 10-3Af. 11 [CH3-(15) A. P. Phillips and J. Mentha, J. Amer. Chem. Soc., 77, 6393 (1955). , m TT /n a a t t i • n „ -n j- •__* _

(16) R. W. Bost, J. O. Turner, and R. D. Norton, ibid., 64, 1985 (1932). COONa] = [CH3COOH] HI all runs. For discussion of the
(17) Q. H. Gibson and L. Milnes, Biochem. J., 91, 161 (1964). P-KhOAc> See accompanying paper . 23
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" T a b l e  V

Reaction of 2,4-Dinitrofluorobenzene with Sodium 
Thiophenoxide in Methanol at 25.4°. Influence of 

2 5 _  Tetrapropylammonium Bromide v s . Lithium Chloride“
[(C.H,)1NBr]t [LiCl], kA. 1.

© M  M  k\f/, see-1 mole“ 1 sec-1

8 0.100 7.85 =fc 0.096 785
0.004 0 096 7.80 ±0.15“ 780

2 0 “  s '  0.010 0.090 7.92 ±0.01“ 792
„O'' 0.050 0.050 9.06 ±0.10' 906
3 0.100 9.70 ±0.30' 970
-----------------------1---------------------- 1— “ [ArF]0, 5.50 X 10- * M ;  [C6H6SNa), 1.00 X 10“2 M .  b Aver-

0 °-os °-1 age of three runs. '  Average of two runs.
[(CiHiJiNBr], M.

0.10 0.05 0
[Lici], m . T h e  o v e r -a l l  r a t e  co e ffic ien ts  in  T a b l e  I V  a re , h o w -

Figure 1.—Rate of reaction of ArF with thiophenoxide ion ever’ c o m p o s ite  e a c h  b e in g  th e  p r o d u c t  o f  a n  e q u i l ib -
provided by thiophenol in N-methylpiperidine—N-methylpiperi- r iu m  c o n s ta n t  ( l o r  d is so c ia t io n  o l t h io p h e n o l to  th io -
dinium chloride buffer (0.01 M ) ,  as affected by changing the p h e n o x id e  io n )  a n d  a  r a t e  co e ffic ien t  ( f o r  th e  a c t u a l
nonreacting salt present from LiCl to tetrapropylammonium s u b s t i tu t io n ).  T h e  p o s s ib i l i t y  o f  a  d i f fe r e n t ia l  s a lt

bromide. Data of Table VI. e ffe c t  o n  th e  d is so c ia t io n  w a s  th e re fo re  a lso  e x p lo re d .

. A  se ries  o f  r u n s  w a s  c a r r ie d  o u t  w it h  c o n s t a n t  t h io -  
s h o w s  th e  a b s e n c e  o f  g e n e ra l a c id  c a ta ly s is  b y  a c e t ic  p h e n o l c o n c e n tra t io n , c o n s ta n t  c o n c e n tr a t io n  o f  1 :1

ac id . T h e  m in o r  t r e n d  in  k^ is  n o t  m u c h  g r e a t e r  t h a n  N -m e t h y lp ip e r id in e : N -m e t h y lp ip e r id in iu m  c h lo r id e

e x p e r im e n ta l e r ro r , a n d  i f  r e a l  m a y  s te m  fr o m  L i C l  b u f f e r  a n d  v a r ia b le  c o n c e n tra t io n s  o f  t e t r a -n -p r o p y l -

h a v in g  a  d i f fe re n t  s a lt  e ffe c t  t h a n  s o d iu m  ac e ta te . a m m o n iu m  b r o m id e  a n d  L iC l ,  b u t  c o n s ta n t  t o t a l  s a lt

I t  s e e m e d  p o s s ib le   ̂t h a t  fo r  c o u lo m b ic  re a so n s  a  c o n c e n tra t io n . A s  s h o w n  in  T a b l e  V I  a n d  a lso  in

ca t io n ic  g e n e ra l a c id  m ig h t  b e  m o re  e f fe c t iv e  t h a n  a  n e u -  F ig u r e  1, th e re  w a s  a  s t e a d y  r ise  in  r e a c t io n  r a t e  a s  th e
t r a l  o n e , a n d  th e re fo re  th e  in f lu e n c e  o f  v a r y in g  1 :1  N -  o rg a n ic  s a lt  t o o k  th e  p la c e  o f  L iC 1 . T h e  r a te s  in  T a b l e

m e t  y  p ip e r id in e . N -m e t h y lp ip e r id in iu m  c h lo r id e  b u f -  V I  a re  a lso  c o m p o s ite  o f  e q u i l ib r iu m  a n d  k in e t ic

e r c o n c e n t r a t io n  a t  f ix e d  th io p h e n o l c o n c e n tra t io n  w a s  e ffe c ts , ju s t  a s  th o se  in  T a b l e  I V  a re , b u t  th e  m a g n it u d e

ex p  o re d , w i t h  L i C l  p re s e n t  as  n e e d e d  to  m a in ta in  0 f  th e  k in e t ic  d if fe re n t ia l s a lt  e ffe c t  is  k n o w n  f r o m  th e

c o n s ta n t  s a lt  c o n c e n tra t io n . R e s u lt s  a re  s h o w n  in  d a t a  o f  T a b l e  V .  In a s m u c h  as  th e  o v e r -a l l  r a t e  in c re a s e

I  a b le  I V .  I n  th is  c a se  th e re  is  a  c le a r  t r e n d ;  th e  r a t e  in  T a b ie V I  ( 6 3 % )  is  g r e a t e r  th a n  in  T a b l e  V  ( 2 3 % ) ,  a

in c re a se s  w it h  in c re a s e  in  b u f f e r  c o n c e n tra t io n . T h is  d i f fe re n t ia l  s a lt  e ffe c t  o n  th e  a c id -b a s e  e q u i l ib r iu m  is
s u g g e s t s  g e n e ra l a c id  c a ta ly s is  b y  th e  N -m e t h y l -  d e m o n s t r a t e d
p ip e r id in iu m  io n , b u t  th e  p o s s ib i l i t y  th a t  i t  re p re se n ts  a

d iffe re n c e  in  spec ific  s a lt  e ffe c ts  b y  N -m e t h y lp ip e r i -  T a b l e  V I
d in iu m  c h lo r id e  a n d  L i C l  m u s t  a lso  b e  c o n s id e re d . t> „  . „

R e a c t io n  o f  2 ,4 -D in it r o f l u o r o b e n z e n e  w it h

T h io p h e n o x id e  I o n  in  M e t h a n o l  a t  25.0°.
Table IV  Influence of Tetrapropylammonium Bromide v s .

Reaction of 2,4-Dinitrofluorobenzene with Lithium Chloride at Constant Buffer Concentration“
Thiophenoxide Ion in Methanol at 25.0°. KCaEWiNBr], m  [LC1], M  k$, sec->

Influence of N-Methylpiperidine- 0.100 1.77 ±0.06
N-Methylpiperidinium Chloride Buffer Concentration 0.005 0.095 1.83 ±0.04

with Compensation by Lithium Chloride“ 0.0125 0.087 1.91 ±0.04
[NMP],6 M  [LiCl], M  kp, sec-1 W «K 0,C M  0.025 0.075 2.05 ±0.02

0.010 0.09 1.06 ±  0.01 2.31 0.050 0.050 2.32 ±  0.04
0.020 0.08 1.25 ±  0.03 1.96 0.100 2.88 ±  0.04
0-050 0.05 1.58 ±  0.02 1.55 “ [ArFL, 5.50 X 10~4 M ;  [C6H6SH], 1.47 X 10~2 M ;  [N-
0.100 2.21 ±0.16 1.11 methylpiperidine] = [N-methylpiperidine hydrochloride] =

“ [ArF]„, 5.72 X 10~ *M ;  [C6H6SH]o, 1.18 X 10“2M. 6 NMP °-01 M ' 
stands for N-methylpiperidine; [NMP-HC1] = [NMP] in all
runs; each entry is the average of two runs. ' K c is¡the acid T h e  genesis o f this effect is p ro b a b ly  fa v o ra b le  
dissociation constant of N-methylpipendimum ion; for discussion T j  u- • c ■ ± J ,, , . ,
see the accompanying paper.23 L o n d o n  d ispersion  fo rce in teractions betw een  the h igh

p o la r iz a b i l i t y  th io p h e n o x id e  io n  a n d  th e  o r g a n ic

Ac n m T * ,, , ~  , , c a t io n  o f  r a t h e r  h ig h  p o la r iz a b i l i t y .  T h e  e ffe c ts  o f

T iC l  , n L  ™  , w V P0SS;  y  t h a t  * h T 11 e ffV L o t L o n d o n  fo rc e s  o n  a c id -b a s e  e q u i l ib r ia  h a v e  b e e n  d is -
d 2  «  f  ‘  h r s e  0 rg r °  T ro"  m lg h  b '  cu sse d  b y  G r u n w a ld  a n d  P r i c e , »
d if fe re n t , a  se ries  o f ru n s  w a s  p e r fo r m e d  w i t h  c o n s ta n t  t + „ r „ t  , , , .

a - 1TV, • t , ,• , . , ,  I t  w a s  th e re fo re  to  b e  e x p e c te d  th a t  in  a  s e t  o f  r u n s
s o d iu m  th io p h e n o x id e  c o n c e n tra t io n  a n d  v a r ia b le  c o n - . ,, f  T  , , . , ,  , ,

n . , „ „  , • , . ,  , a n a lo g o u s  to  th o se  o f  t a b l e  I V ,  b u t  w i t h  t e t r a -n -centrations of tetra-n-propylammomum bromide and „  i __ • , •, ’ ,. ,
TiPl hut nnnctont o u  + +• rpi p r o p y la m m o m u m  b r o m id e  as  th e  c o m p e n s a t in g  e le c -
L i L l ,  b u t  c o n s ta n t  t o t a l  s a lt  c o n c e n tra t io n . T h e s e  ru n s  t -r>i i • +• «• %  c u
Q„a o n m m cn L n ri u , t >„k i \t T t  ■ ■ , , ,, t r o iy te  in s te a d  o f L iC l ,  t h e  k in e t ic  e ffe c t  o f  c h a n g in gare summarized m Table V. There is indeed a small ___, .. , ,  , , , j  T
offont nf tic  • „„n + , , ,i , ... ,. the buffer concentration would be much reduced. Ineffect of the organic salt to accelerate the substitution „  i ■ rp ,, TrTT ,, , ,
a s  c o m p a re d  to  t h e  e f fe c t  o f  L iC l ,  b u t  th e  e f fe c t  is f  T J  ’ t T “ , T f  “  T S
q u a n t i t a t i v e ly  in su ffic ie n t  to  a c c o u n t  fo r  th e  t r e n d  o f  S m a“  e£teCt'  * h e  “ te  P “ t t e m  m 'B“  , l s 0  b e  b ™ b e d  

th e  k̂ p v a lu e s  in  T a b l e  I V .  ( 18) E. Grunwald and E. Price, J. Amur. Chem. Soc., 86, 4517 (1964).
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as ran d o m  variation . I t  is thus ev iden t th a t  te tra -n - Table IX
p ro p y lam m o n iu m  b rom ide  affects o ve r -a ll su bstitu tion  Reaction of 2,4-Dinitrofluorobenzene with

ra te  to  ap p rox im ate ly  the sam e extent as N -m e th y l-  Thiophenoxide Ion in Methanol at 25.0° in
p ipe rid in iu m  ch loride does. T h e  tren d  in  T a b le  I V  the Presence of p-Toluenesulfonic Acid (PTS)**
there fore does not w a rra n t  in terp reta tion  as genera l îoqPTS], [Licij, 10»^, io^ iptsj,
ac id  cata lysis  o f the substitu tion . M M  8ec“‘ Msec-* pXphsH4

1.36 0.10 19.39 2.64 10.56

T a b l e  V I I  3 ,44 0 10 6 972 2 40 10 58
„  13.6 0.10 1.653 2.25 10.59
R e a c t io n  o f  2 ,4 -D in it r o f l u o r o b e n z i ;n e  w it h  j 3g q 01 g 222 1 12 10 91

Thiophenoxide Ion in Methanol at 25.0°. 3 4 4  0 0097 3 167 1 09 10 92
Influence of N-Methylpiperidine- 1 3 ' 6 o '0086 0 7944 1 08 10 92

N-Methylpipeiudinium Chloride IIOFFER Concentration « [A rF ],  5.72 X 10- M ;  [C 6H 6S H ], 0.117 M . b See ac-
W!TH Compensation by Tetrapropylammonium Bromide» c o m p a r in g  p a p e r «  for discussion of pXPh8H values.

[N M P ],'M  [(CiHiRNBr], M  k+, sec“*
0.005 0.095 2.90 ±  0.20e
0.0125 0.087 3.05 ±  0 .0 1 d v a t e d  p r o to n  c o n c e n tra t io n s  as  s h o w n  in  e q  5. A t

0.025 0.075 3.42 ±  0.02° c o n s ta n t  th io p h e n o l c o n c e n tra t io n , th e  p ro d u c t ,  k^-
0.050 0.050 3.52 ±  0.04e [ H + ], s h o u ld  b e  c o n s ta n t .

0 100 3.07 ±  0 .02rf T h e  e x p e r im e n ts  o f  T a b l e  I X  in v o lv e  th r o u g h o u t  a

“ [A rF ]0, 5.50 X 10— M ;  [C 6H 6S H ], 1.43 X 10— M .  4 See c o n s ta n t  th io p h e n o l c o n c e n tra t io n , 0 .1 1 7  M .  I n  th e
footnote b, T ab le  IV . c A verage of three runs. d Average of firs t  se t  o f  th re e  e x p e r im e n ts , L i C l  is  p re s e n t  a t  th e

two runs. c o n s ta n t  le v e l o f  0 .1 0  M  a n d  p -t o lu e n e s u lfo n ic  a c id

. . . , Trri , concen tration  is v a r ied  ten fo ld , fro m  1.36 X  10—  to
A  series o f runs lik e  those o f  T a b le  V I I  w as  also L 3 6  x  10~ 3 M .  T h e  p ro du ct, k J P T S ] ,  decreases

p e r o rm ed  in  the  ^ l v e n t  w a te r  m eth ano l (9 6 :4 ) .  som ew h at w ith  increase in  concen tration  o f the stron g
esu ts are  listed in  T a b le  V I I I .  T h e re  w as  o n ly  ran - ac i(J. l n the second set o f th ree experim ents, L iC l  is

dom  va ria t io n  o f ra te  as bu ffe r  concen tration  ch an ged  presen t a t  a  lo w er  concen tration  level, ap p rox im ate ly
0 -fo ld . A g a in  there  is no evidence fo r  genera l ac id  0.01 M ,  b u t  ad ju sted  to  m ain ta in  to ta l e lectro lyte

ca ta  ysis. concen tration  constan t a t  0.01 M .  p -T o lu en esu lfon ic

a c id  c o n c e n tra t io n  is  v a r ie d  as  in  th e  fir s t  set. I n  th e  

Table V I I I  s e c o n d  set, th e  p ro d u c t ,  ¿ ¿ [P T S ] ,  is c o n s t a n t  w it h in
Reaction of 2,4-Dinitrofluorobenzene with e x p e r im e n ta l e rro r .

Thiophenoxide Ion in Water-M ethanol (9 6 :4 ) I f  f f , e re  w e r e  a  th io p h e n o l t e rm  in  th e  r a t e  la w ,  e q  5
AT 25.8°. I nfluence of N-Methylpiperidine-  w o u ld  n e e d  to  b e  r e p la c e d  b y  e q  6. T h e  p ro d u c t ,

N-Methylpiperidinium Chloride Buffer Concentration

with Compensation by T etrapropylammonium Bromide« k j , = fcAXPhSH[C6H 6S H ]/ [ I I + ] +  /c°[C6H 5S H ] (6)
[NM P ],1 M  [(C>H7)4NBr], M  kj,, sec-
0 005 0.095 0.978 ±  0 018C /¿¿[H— ], w o u ld  o b v io u s ly  in c re a s e  w i t h  in c re a s e  o f

0.0125 0.087 0.996 ±  0.029*' s o lv a t e d  p r o to n  c o n c e n tra t io n  to  th e  e x te n t  t h a t  th e

0.025 0.075 0.981 ±  0.026<1 th io p h e n o l t e rm  c o n t r ib u te d . T h e  e x p e r im e n ta l fa c t
0.0625 0.0375 0.975 ±  0.0021 t h a t  th is  p r o d u c t  is  c o n s ta n t  (t h e  lo w e r  se t  o f  th re e

0.100 0.966 ±  0.0051 e x p e r im e n ts  in  T a b l e  IX )  o r  t h a t  it  s l ig h t ly  d e c re a se s

0 [ArFJo, 2.25 X 10— M ;  [C6H6SH], 1.92 x  10— M .  b See (th e  u p p e r  se t  o f  th r e e ) s h o w s  t h a t  th e  th io p h e n o l te rm ,
footnote b, T ab le  IV . c A verage of four runs. d Average of j f  th e re  is  o n e , m a k e s  n o  d e te c t a b le  c o n t r ib u t io n  to  th e
two runs. r e a c t io n  ra te .

T h e  p r e c e d in g  p a r a g r a p h  in v o lv e s  th e  im p lic it  a s -  
A lt h o u g h  th e  d a t a  o f  T a b le s  I  a n d  I I  g a v e  n o  in d ic a -  s u m p t io n  t h a t  p -t o lu e n e s u lfo n ic  a c id  is fu l l y  d is so c ia te d

t io n  o f  a  t e rm  in  th e  r a t e  la w  p r o p o r t io n a l  to  th io p h e n o l ¡n  m e th a n o l a t  th e  c o n c e n tra t io n s  e m p lo y e d . I n  v ie w

c o n c e n tra t io n , a  m o re  r ig o ro u s  s e a rc h  fo r  s u c h  a  t e rm  0 f  th e  f a (q  t h a t  th e  h ig h e s t  c o n c e n tra t io n  u s e d  w a s

w a s  c o n d u c te d  b y  c a r ry in g  o u t  th e  r e a c t io n  in  th e  o n ly  1.36 X  1 0 — M ,  th is  seem s  a  r e a s o n a b le  a s s u m p tio n ,

p re se n c e  o f  a  s t r o n g  a c id , p -t o lu e n e s u lfo n ic  a c id  j f  th is  a s s u m p t io n  w e r e  n o t  v a l id ,  r e la t iv e ly  less  d is -

( P T S ) .  S u c h  a  s t r o n g  a c id  s t r o n g ly  rep re sse s  d is so c ia -  s o c ia t io n  w o u ld  o c c u r  a t  th e  h ig h e s t  c o n c e n tr a t io n  o f
t io n  o f  t h io p h e n o l to  th io p h e n o x id e  io n , b u t  th e  la t t e r  th is  a c id  t h a n  a t  th e  io w es t j r e p re s s io n  o f  th io p h e n o l
is  so  r e a c t iv e  t h a t  its  r e a c t io n  w i t h  2 ,4 -d in it ro f lu o ro -  io n iz a t io n  w o u ld  b e  le ss  a t  th e  h ig h e s t  p -t o lu e n e s u lfo n ic

b e n z e n e  is  n e v e r th e le s s  m e a s u ra b le .  T h e  e x p e r im e n ts  a c id  conC e n tra t io n , a n d  th e  p r o d u c t ,  / c J P T S ] ,  w o u ld

p e r fo r m e d  a r e  s u m m a r iz e d  in  T a b l e  I X .  in c re a s e  as  th e  c o n c e n tra t io n  o f  th e  s t r o n g  a c id  in -
I f  e q  3 a n d  4  b o t h  o b ta in , th e  p s e u d o - f i r s t -o r d e r  r a t e  c re a sed . T h e  fa c t  t h a t  th is  p r o d u c t  re m a in s  c o n s ta n t

co e ffic ien t , k^,, s h o u ld  d e p e n d  o n  th io p h e n o l a n d  s o l -  o r  d e c re a se s  s o m e w h a t  d e m o n s t ra te s  t h a t  th e  a s s u m p -

XphSH =  [C eH sS -H H + l/ lC eH sS H ] (3 ) t io n  is  v a l id .
T h e  d iffe re n c e  in  th e  p ro d u c t ,  /c^ ,[P T S ], b e t w e e n  th e  

— d [A rF ]/d<  =  fc^[ArF ] =  /cA[A rF ][C sH sS  ] (4 ) d r s ^ a n d  s e c o n d  sets  o f  e x p e r im e n ts  in  T a b l e  I X  is

kj, =  ¿A-KphSH[CelRSH] / [H +] (5 ) a t t r ib u t e d  to  a  s a lt  e ffe c t  o n  th e  r a t e  a n d / o r  e q u i l ib r iu m
--------------------- c o n s ta n ts  in v o lv e d .  T h e  c a u se  o f  th e  m o d e ra t e  d e -

(19) The rate coefficient for reaction of ArF with sodium thiophenoxide . ,, -, . 7 rrrn m  n ± i.
in water-methanol (96:4) at 2S° was determined to be 512 1. mole-* sec-*. Crease HI the p rodu ct, / c J P T S ], W lthm  the first Set IS
From this value and the data in Table VIII, it is evident that the thiophenol not evident.
was essentially fully dissociated under the experimental conditions employed, C on c lu sion s . I n  five  d ifferent k inds o f SVStemS, We
as was anticipated from the pH’s of thiophenol and N-methylpiperidine in , . _ 0 . . , . e , .
water. nnve son an t ev idence tor ncid cnt^lysis o i tne reaction
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of thiophenoxide ion with 2,4-dinitrofluorobenzene. Inasmuch as Ho, Miller, and Wong9 had concluded 
But in no case was any evidence of such catalysis found. from thermochemical calculations that the second step
There was no evidence of catalysis by general acids of eq 1 is rate limiting, the present results require
and no evidence of a thiophenol term, which would reconsideration of the basis of those calculations. In
represent catalysis by the solvated proton. their discussion of the results of those calculations, Ho,

Inasmuch as the separation of fluoride ion from car- Miller, and Wong put considerable emphasis on a
bon is known to respond to catalysis by acids, it follows report from their own laboratory21 that thiomethoxide
straightforwardly that separation of fluoride ion from ion is about 3700 times as reactive with p-fluoronitro-
carbon is not involved in the rate-limiting step of this benzene as with p-iodonitrobenzene. However, the
reaction. Therefore the first step of the mechanism same reactions have more recently been studied by
shown in eq 1 is rate limiting. Di Nunno and Todesco,22 who report the reactivity

This straightforward conclusion can be accepted, difference to be less than sixfold. The latter authors
however, only after certain subtle features of the system did not redetermine activation parameters; they should
have been considered. The compounds whose solvoly- be redetermined, in order to verify the excellent agree-
sis is known to be catalyzed by acids are stable sub- ment between calculated and experimental activation
stances, and it is likely that the transition states for enthalpies reported by Ho, Miller, and Wong.9’21
separation of fluoride ion from carbon involve a large Although the one-step, SN2-like  ̂mechanism for 
extent of C -F bond rupture. In view of the high activated aromatic nucleophilic substitution is seldom
basicity of the fluoride ion, the energetic advantages of advocated any more, we note in passing that it also
associating the departing fluoride ion with a proton are would call for the reaction of present interest to be
obvious. catalyzed by acids. These experiments thus constitute

But the intermediate in eq 1 is not a stable substance. further evidence against the one-step mechanism.
The transition state for ejection of fluoride ion from it Our experimental results contribute incidentally to 
is therefore likely to involve a lesser degree of rupture of another topic in solution kinetics. The data of Tables
the C -F  bond, and a lesser degree of association of a IV -V II  demonstrate that the kinetic effects of salts in
proton with it. In terms of the Brpnsted catalysis law, methanol solution may be quite different from one
a lower a value should be associated with step 2 of another, and that “ constant ionic strength” even at
eq 1 than, say, with alkyl fluoride solvolyses. Indeed, the modest level of 0.1 M  is no guarantee of equality
if ejection of fluoride ion from the intermediate occurs of salt effects in this solvent.
with exceptional ease, not only general acid catalysis Finally, the data of Tables I I - IV  and IX  contain 
but even catalysis by the solvated proton may be un- information as to the acid dissociation constants of
detectable. On this reasoning it might be contended thiophenol, acetic acid, chloroacetic acid, and N-
that separation of fluoride ion from the intermediate methylpiperidinium ion in methanol. Use of this re-
would not necessarily require acid catalysis, and there- action for the determination of pK a values is developed 
fore that our data do not compel the straightforward in the accompanying paper.23 
conclusion drawn above.

The flaw in this hypothetical contention is that if
fluoride ion separates with such exceeding ease from Registry No.—Thiophenoxide ion, 13133-62-5; 2,4- 
the intermediate, then expulsion of fluoride ion should dinitrofluorobenzene, 70348. 
occur faster than expulsion of thiophenoxide ion, in 
which case the first step of eq 1 is rate limiting. I f  the
second step is to be rate limiting, there must be an is rate controlling is to claim that the S n I  reactivity of a certain a-arylthio 

^ . . . . a  . j  fluoride is less than that of the corresponding a-fluoro thiophenoxide. In-
appreciable energetic b£HT16r to SGp&r&tlOIl OI llUOriClG asmuch as the S n I  reactivity of fluorides is much greater than that of 
ion from carbon, and in that case its separation should thiophenoxides and inasmuch as oc-ArS substituents increase S n I  reactivity
be acid catalyzed. The straightforward conclusion that P erea s  a-F substituents decrease Sn I  reactivity this claim seems quite

J  °  . . . unacceptable. The preceding two sentences, suitably amplified, seem to me
the first Step of ec[ 1 IS rate limiting thus survives t0 be a better argument against the interpretation of Miller, et a l . ,  than is 
S c r u t in y .20 the work of the present manuscript.”  We agree with this referee’ s theoretical

analysis, but we feel that experimental evidence is ultimately more decisive. 
(20) A referee comments that the conclusion of Ho, Miller, and Wong,9 (21) J. Miller and K . W. Wong, J .  C h e m . S o c . , 5454 (1965).

that the second step is rate limiting, is extremely implausible on its face. (22) L. Di Nunno and P. E. Todesco, T e tra h e d ro n  L e t t . , 2899 (1967).
We quote him: “ To  claim that the second step of the reaction in question (23) J. F. Bunnett and N. S. Nudelman, J .  O rg . C h e m ., 34, 785 (1969).
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The reaction of thiophenoxide ion with 2,4-dinitrofluorobenzene (A rF ) is a suitable basis for a kinetic method 
for determining pICs of weak acids in methanol. In a thiophenol solution buffered by the weak acid, the con
centration of thiophenoxide ion and therefore the pseudo-first-order rate coefficient are governed by the piC and 
composition of the buffer. This method is wholly independent of other pK  determinations, but gives results (for 
thiophenol, acetic acid, chloroacetic acid, pyridine, and N-methylpiperidine) in good agreement with the better 
determinations by other methods. This method is easily employed in a laboratory well equipped for spectro- 
photometric kinetics. It should also be applicable in other waterlike solvents and solvent mixtures.

Ionic equilibria in methanol, ethanol, and many of acid dissociation constants which is independent of
partially aqueous solvent mixtures are similar in char- other methods, involves few assumptions, and is
acter to those in water. Although ion association convenient to apply in a laboratory well equipped for
effects are more serious in these solvents, pK a’s of weak rate measurements in solution.
acids can nevertheless be determined in them by The Reaction of Thiophenoxide Ion with 2,4-Dinitro-
methods which are familiar in aqueous chemistry.2,3 fluorobenzene.— Thiophenoxide ion reacts rapidly with
Determinations by means of conductance measure- 2,4-dinitrofluorobenzene (symbolized ArF), according
ments,3a or potentiometric measurements using the to eq 1. In methanol at 25.0°, the second-order rate
hydrogen electrode,3b or differential titrations using
the glass electrode30,4 are all sound in principle, but ? c,Hr'?
chemical factors limit the scope of each method. k,
Also, their instrumentation requirements make some F Jf +  C6H-S-  —*■ F J  +  F~ (1)
of them difficult to apply in particular laboratories.

pK & determinations by indicator methods3'1,3 are NO, NO,
both sound in principle and convenient in practice, if
a good spectrophotometer is available. However, they coefficient (kA) is 780 1. mole-1 sec-1. This value stems 
require knowledge of the pK & of an indicator whose from determinations reported in Table I  of an ac-
acid dissociation constant is within one or two powers companying paper.12 The rate coefficient is unaffected
of ten of the acid under study, and in a new solvent or by the presence of excess thiophenol, and the reaction
solvent mixture some other type of measurement is is not catalyzed by the general acids or bases of car-
generally required to establish the indicator pA a’s. boxylate or tertiary amine buffers, or by the solvated

Despite the availability of these good methods, the proton.12
situation is not entirely satisfactory even in the familiar P-Kc of Thiophenol.- The reactivity of thiophen- 
solvent, methanol. For example, pK a’s reported for oxide ion is so great that reaction 1 occurs at a mea-
thiophenol within the last 15 years differ by more than surable rate even in a methanolic solution of thiophenol
3pKa units,6-10 and each extreme is “ confirmed”  by containing p-toluenesulfonic acid (PTS) at the level
independent measurements in another laboratory! ° f  10 ~4 to 10-3 M . Data are reported in Table IX  of

Kinetic methods for the determination of pKa’s the accompanying paper.12 In this system, dissociation
are not generally held in high regard.118 For the most of thiophenol (eq 2) is strongly repressed by the solvated
part they have concerned acid-catalyzed hydrolysis __^
reactions, and it is possible that their low repute stems C6H5SII ^—  CsHsS +  H+ (2)
from the unawareness of early workers of the distinction
between specific lyonium ion catalysis and general acid protons furnished by the virtually complete dissociation 
catalysis or of the significance of salt and medium effects p-toluenesulfonic acid. The data cited show, as
on reaction rates. discussed elsewhere,12 that the reaction observed is

We now describe a kinetic method for determination entirely that of eq 1.
The pseudo-first-order rate coefficient, k is governed

(1) This investigation was supported by Public Health Service Research b y  the rate Coefficient for reaction 1 and the dissociation
Sciences^0* ° M 14647 fr°m the Nati°naI In8titUte °' Genera' Medi°a‘ constant of thiophenol (X PhSH), according to the rela-

(2) I. M. Kolthoff and S. Bruckenstein in "Treatise on Analytical Chem- tionship nOW presented aS eq 3. Knowing kj, and the
istry,”  Part I, Vol. 1, I. M. Kolthoff and P. J. Elving, Ed., The Interscience
Encyclopedia, Inc., New York, N. Y ., 1959, Chapter 13. k $  =  &A-Kph8H [C 6H 5S H ]/ [H +] (3 )

(3) E. J. King. "Acid-Base Equilibria,”  The Macmillan Co., New York,
N. Y ., 1965: (a) Chapter 2; (b) Chapter 3; (c) Chapter 4; (d) Chapter 5. two Concentration terms from experiment, and kjy as

(4) E. Grunwald, J .  A m e r .  C h e m . S o c . , 73, 4934 (1951). i -i i t i a t s  j.u
(5) i. m . Kolthoff and l . s. Guss, ib id . ,  60, 2516 (1938). d e s c r ib e d  a b o v e ,  w e  c a n  c a l c u la t e  K phSH- r  r o m  t h e
(6) pi.'s reported recently for CeifsSii in CHiOH are 8.65,18.3,8 ii.63,s data in the second set of three experiments in the cited

“ i,10;®-" „  , _  m Table IX , pK PhSH is reckoned as 10.92 at n 0.01, and
(7) R. F. Hudson and G. Klopman, J .  C h e m . S o c . , 1062 (1962). } ^  + r i p  * i A tr7  a a  1 13
(8) J. G. David and H. E. Hallam, T r a n s .  F a ra d a y  S o c . , 60, 2013 (1964). t r o m  t h e  h rS t  S e t OI t h r e e  p/VphSH IS 1 0 .5 7  a t  0 .1 .
(9) J. Hine and W. H. Brader, Jr., J .  A m e r .  C h e m . S o c . , 75, 3964 (1953).
(10) B. W. Clare, D. Cook, E. C. F. Ko, Y . C. Mac, and A. J. Parker, (12) J. F. Bunnett and N. S. Nudelman, J .  O rg . C h e m ., 34, 2038 (1969).

ib id . ,  88, 1911 (1966). (13) n  represents the total concentration of 1:1 electrolytes. We hesitate
(11) C f. A. Albert and E. P. Serjeant, "Ionization Constants of Acids and to call it "ionic strength” because of the demonstrated inequality of salt

Bases,”  Methuen and Co., Ltd., London, 1962: (a) p 12; (b) p 135. effects in this system.
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The former value is in excellent agreement with as 7.33. This is the average value from the five runs;
pKphsH =  10.9 at y. 0.01 or less, determined by Clare, the individual values ranged from 7.31 to 7.34. This
et al.,w by an indicator method. I t  is close to one other compares with p A c =  7.7 from indicator measurements
determination in the recent literature, but quite far reported by Clare, et al.,10 and 7.4 as repoited by
from two others.6 Ogston and Brown.15

As a check on these determinations, similar experi- pA„ of Pyridine.—Relevant experimental data are
ments were performed utilizing sulfuric acid instead set forth in Table I I  of this paper. The principles dis-
ofPTS . Results are presented in Table I. In reckoning cussed above again apply, but a new factor is super-
pAphsH, sulfuric acid was treated as a monoprotic acid. imposed, namely, the variation of A PhSH and fcA as
The averate p A PhSH at ^ 0.1 is 10.56, in superb agree- LiCl is replaced as an electrolyte by an amine hydro-
ment with that obtained (10.57) with PTS as the chloride. This factor is discussed in an accompanying
proton source. A t a 0.01, the average p A PhSH in Table I  paper.12 Because of it, the A 0 values reckoned from
is 10.84; this compares with 10.92 when PTS was the the four experiments of Table I I  are not constant, even
strong acid. though the “ ionic strength”  is constant. A  plot of A 0

vs. the square root of buffer concentration16 is presented 
Table I as Figure 1; it is approximately linear, and the intercept

Reaction of 2,4-Dinitrofluorobenzene with Thiophenoxide of the line drawn gives a A c of 5.6 X  10 6 i f f  at zero
I o n  i n  Methanol at 25.0° in the Presence of Sulfuric Acid“ buffer concentration and a LiCl concentration of 0.10

io^ -  M . p A 0 is then 5.25. Rochester17 has reported p A a
ioqHiSO.1, [Lici], io^, [iLS0<t 1011JfrhSH' d for pyridine, determined by an indicator method, as

0.2426 0.100 9.98 2.42 2.67 10.57 5.37 and p A c in 0.1 M  NaCl as 5.7.
0.9705 0.100 2.54 2.46 2.72 10.57
2.426 0.100 1.09 2.63 2.92 10.54 Table II

13.70“ 0.100 0.200 2.62 2.90 10.54 Reaction of 2,4-Dinitrofluorobenzene with
1.31“ 0.0100 1.03 1.35 1.49 10.83 T hiophenoxide Ion in M ethanol at 25.0° in
3.27“ 0.0097 0.441 1.44 1.60 10.80 the Presence of Pyridine-P yridinium Chloride Buffers“
9.706 0.0090 0.132 1.29 1.42 10.86 [Pyridine],5 [LiCl], [CtHsSH], l i n k  4,, lO'Kc,“

13.10“ 0.0760 0.0951 1.25 1.38 10.86 m  M  M  sec“ 1 M

« [C 6H 5SH ], 0.116 M . b [A rF ] = 1.13 X 10 ~z M . “ [A rF ] = 0.0080 0.0920 0.118 4.95 4.95
5.65 X 10~4 M . d Average pAphsn are 10.55 at m 0.1, and 10.84 0.0200 0.0800 0.123 5.10 5.01
at m 0.01. 0.0400 0.0600 0.119 5.98 4.14

0.100 Nil 0.118 7.30 3.36
The fact that these measurements agree so well with « [A rF ], 5.72 x  10“ 4 M . b [C 5H 5N -H C1 ] = [C 5H 5N ] in all 

those in which PTS was the strong acid is of special experiments. “ Extrapolation to zero buffer concentration (and
significance because it shows that bisulfate ion is only [L iC l] 0.10 M )  gives K , for pyridinium ion 5.6 x  10“6 M .

slightly dissociated in methanol. We were unable to
find any data in the literature concerning the second pA 0 of N-Methylpiperidine.—We now consider the
dissociation of sulfuric acid in methanol. data of Table IV  of an accompanying paper.12 Again

pA c of Acetic Acid.—In an acetate-buffered solution, because of the dependence of A PIiSh  and /cA on whether
the solvated proton concentration is governed by the the electrolyte is LiCl or amine hydrochloride, A c is
composition of the buffer and the dissociation constant, not constant as the electrolyte composition is varied,
A hoac, of acetic acid. I f  thiophenol in known amount even though the total concentration of 1:1 electrolyte
is also present, the solvated proton concentration is held constant. A  plot of K c vs. the square root of
governs the thiophenoxide ion concentration, which in buffer concentration16 is approximately linear (Figure
turn governs k  ̂for reaction with ArF. As thiophenox- 2), and the intercept gives a A 0 value of 2.8 X 10“ 10 M
ide ion is consumed by ArF, the equilibria quickly at zero buffer concentration and 0.10 M  LiCl. p A c is
shift to restore its original concentration. The applica- then 9.56. To our knowledge, the pA  of N-methyl-
ble mathematical expression is that of eq 4. From piperidine in methanol has not previously been de-

iv rcH s iiire iin A n -i termined. However, we note that the p A c difference
kt = A Py  6 rpR m orn------ *4) between N-methylpiperidine and pyridine in methanol

H0Ac 3 is 4.3 according to our measurements, while the dif-
knowledge of kA, A PhSH, and the experimental under ference in water is 4.9.18 An actual equality of dif-
various concentration conditions, one can reckon ferences would not be expected because of differential
A hoac- solvation effects.

Appropriate data are set forth in Table I I I  of an On the Dissociation of HF in CH3OH.— In several
accompanying paper.12 The average p A  h o  Ac is 9.58 at runs, the rate of reaction of 2,4-dinitrofluorobenzene
n 0.1. Some other p A ’s reported for acetic acid are (initial concentration 5.6 X 10-4 M )  with thiophenol
9.65,14a 9.34,14b 9.65,6 9.6,10 9.62,14c 9.68,14d and 9.72.14e in N 2-flushed, unbuffered methanol was measured.

pA c of Chloroacetic Acid.— By the same principles, Representative runs are presented in Table I I I  of 
and from the data of Table I I  of an accompanying this paper. 
paper,12 pA c for chloroacetic acid at n 0.01 is reckoned

(15) A. G. Ogston and J. F. Brown, T r a n s .  F a ra d a y  S o c . , 31, 574 (1935). 
(14) (a) N. Bjerrum, A. Unmack, and L. Zechmeister, K g l .  D a n s k e  V id e n -  (16) This extrapolation procedure has been utilized because it is empiri-

skab . S e ls k a b , M a t .  F y s . M e d d . , 5 (11), 34 (1925); C h e m . A b s t r . , 19, 3196 cally useful. The intercepts in plots of vs. the first power of buffer concen- 
(1925); (b) L. D. Goodhue and It. M. Hixon, J .  A m e r .  C h e m . S o c . , 56, tration led to nearly the same K G values.
1329 (1934); (c) M. Kilpatrick and R. D. Eanes, ib id . , 75, 586 (1953); (17) C. H. Rochester, J .  C h e m . S o c . ,  B ,  33 (1967).
(d) I. D. Tabagua, T r .  S u k h u m s k . G os . P e d .  I n s t . ,  16, 119 (1962); C h e m . (18) D. D. Perrin, “ Dissociation Constants of Organic Bases in Aqueous
A b s t r . , 60, 14373 (1964); (e) R. Gaboriaud, C o m p t .  R e n d .,  C , 263, 911 (1966). Solution," Butterworth and Co. Ltd., London, 1965, pp 139, 141.
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Figure 1.— Dissociation of pyridinium ion; plot of K 0 vs. 'Q.

[C sHeNH+C l-jV^. —1.2 _ X  O

C___ 1_____lX
-----------------------------------------------------  100 Time, sec. 200

3 —
^  '-------- Figure 3.— Reaction of A rF  with thiophenol in unbuffered
. methanol. First-order kinetic plot for a typical run; initial

'■< _______  concentrations: ArF, 5.6 X 10-4 M ;  C6H 5SH, 4.30 X  10- 1  M .
o  i _  ~~----- -- The first-order rate coefficient is 5.57 X  10~3 sec-1.

------------ *-------------------------- 1----- To our knowledge, the pK & of H F  in methanol has not
[N-Methyipiperidinium chloride] .̂ been measured. However, Chapman, et al.,ls obtained

kinetic evidence showing that aniline hydrofluoride is 
Figure 2. Dissociation of jV-methylpiperidinium ion; plot of j j dissociated to free aniline in ethanol, whereas 
K cvs. square root of N-methylpiperidinium chloride concentration. . . . .  , , „ . , . , . , , ,

piperidine hydrofluoride is not appreciably dissociated
in that solvent.

T able I I I  _ .„ ^  Discussion
Reaction of 2,4-Dinitrofluorobenzene with

T hiophenol in Unbuffered M ethanol at 25.0°“ In this study, this new method for determining p A ’s
[C.HsSH], obsd 1 0 -tv, sec-i, expected in methanol has been applied to four acids or bases in

m  103 ,̂ sec-. if no hf dissocV addition to the key acid, thiophenol. In one case no

0 044 0,28 0 56 comparison pK  is available, but in all of the other four
0 Q92 0’ 0' cases the p A ’s determined in this work are in good
q '2 2 q j j 'g agreement with the better determinations in the litera-
0'360 2  1 5 = 1 6  ture. On the basis of its performance, this method
0 . 5 4 0  7.6 2.0 appears to be at least as accurate as any of the others.

° All solutions were bubbled with Ns, and cuvettes were flushed Remarkably few assumptions are involved in this
with N2. 6 Based on AphsH 1.2 X  10-11 M . c Average of two method. The chief one, as we have applied it, has been 
runs. neglect of activity coefficient effects. The values we

have determined are therefore concentration dissociation 
constants, designated K c. Thermodynamic dissocia- 

In these runs, two solute acids were present: thio- tion constants, A a, referred to infinite dilution in
phenol and HF, the latter a by-product of the formation methanol, could no doubt be determined by this method
of 2,4-dinitrophenyl phenyl sulfide. I f  the HF were if measurements were made at a series of electrolyte
extensively dissociated, the solvated protons generated concentrations so as to allow extrapolation to infinite
by the reaction would soon be present in concentration dilution.
(ca. 10-4 M ) about two orders of magnitude greater Limitations.— Qualitatively, this method would be
than from dissociation of the thiophenol. The increased difficult if not impossible to apply if the acid under
solvated proton concentration would repress dissocia- study or its conjugate base were reactive enough with
tion of the thiol and cause a pronounced decrease in either 2,4-dinitrofluorobenzene (ArF) or thiophenoxide
slope of plots of log (A  co — A t) vs. time. However, ion to compete substantially with the reaction of eq 1.
these first-order kinetic plots were for the most part For example, we would anticipate complications in
good straight lines. An example is presented as Figure applying this method to certain primary and secondary
3. In this example, only a modest decrease in slope amines which are quite reactive with ArF. Piperidine,
occurs, and then only commencing in the second half- for instance, is about V 120 as reactive as thiophenoxide
life. Moreover, if [H + ] is assumed to be ca. 10~4 M, ion with ArF in methanol.20 On the other hand, it was
the observed k̂  values are about two orders of mag- applied easily and successfully to determination of p A c
nitude greater than they ought to be wi*h respect to for chloroacetic acid; although the latter undoubtedly
the known values of kA and Aphsu- Thus HF, even at reacts with thiophenoxide ion, the reaction rate is
the concentration level of 10 ~4 i f ,  is but slightly dis- evidently too low to interfere.
sociated in methanol. Quantitatively, this method is limited to acids

I f  HF is assumed not to dissociate at all, the k̂  stronger than thiophenol and, at the other extreme, by
values predicted from knowledge of [C6HsSH], RpbSH, the very low rate of reaction of thiophenol with ArF
and &a are close to those observed; see Table I I I .  when the solvated proton concentration is as high as
The discrepancies between predicted and observed
values are perhaps due to adventitious acidic or basic (i») n . b. chapman and r . e. Parker, j . c h e m .  s o c . ,  3 3 0 1  (1 9 5 1 );

... , i * i  . 1  • 1 r r  j  j. „  N. B. Chapman, R. E. Parker, and P. W. Soanes, ib id . , 2109 (1954).
impurities, to which this unbuffered system should be (20) F< Bunnettr T. Kato, and N. S. Nudelman, J .  O rff. C h e m ., 34, 785
quite Sensitive. (1969); N. S. Nudelman, unpublished observations.
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10_3 M ; cf. Table I. I t  is thus useful for determination convenience of application, suffers from the disadvan- 
of p K ’s approximately in the range of 3-10. No doubt tage in a new solvent that first the pK & of the indicators
its range could be extended at the weak acid limit by be used must be determined. Conventionally, that
using an aliphatic mercaptan instead of thiophenol. In would imply conductimetric or potentiometric measure-
water, alkanethiols have pKJs about four units greater ments preceding the actual photometric work with the
than thiophenol.ub However, in that case it might be indicator. With this kinetic method, the same general
necessary to determine the pK  of the thiol in methanol type of technique, photometric kinetics, is used
by reaction with ArF in a buffered solution (e.g., throughout, 
acetate buffer) rather than in a solution of PTS or

SUlTheCodo?'of thiophenol or .»other thiol might be Experimental Section
thought a severe disadvantage. In our experience, odor For the most part, materials and methods were as described
problems can virtually be eliminated if most transfers in an accompanying paper.1* Pyridine (Aldrich reagent) was 
r  , . ,, . J , , ..  , . , refluxed over sodium for 2 hr and distilled over sodium; bp
are made in the fume hood, if transfers are made 1 1 5 0. Pyridine-pyridinium chloride buffer was prepared by
neatly, and particularly if all thiol-containing residues mixing a standard solution of hydrogen chloride in methanol
and rinsings are first poured into a jar containing water (titrated after L& zl621) with twice its molar amount of a stan-
and an oxidizing agent (e.g., K M n04) rather than dard solution of pyridine in methanol. The ampoule technique
j -  „„¿u. ; j-i__1, was used for the runs of Table I  and direct observation of re-
chrectly into the laboratory Sink. . acting solutions in a Gilford spectrophotometer for those of

Other Solvents.—Although our determinations were Tables I I  and I I I .  
all made in methanol, this method should be applicable
with equal ease and rigor to other waterlike solvents Registry^No. Methanol, 67-56-1; 2,4-dinitrofluoro- 
including especially mixtures of water with organic benzene, 70-34-8; thiophenoxide ion, 13133-62-5;
cosolvents. The indicator method, which is perhaps thiophenol, 108-98-5. 
the chief rival of this kinetic method in regard to (21) n . lasz16, Gydgyszeriszet, 215 (1966).

Reactions of Chloro Olefins with Difluoramine1
Kurt Baum

Environmental Systems Division, Aerojet-General Corporation, Azusa, California 91703

Received December 5, 1968

The reaction of 2-chloro-2-penten-4-one with difluoramine and fuming sulfuric acid gave 2,2,4,4-tetrakis- 
(difluoramino)pentane, 2-chloro-2,4,4-tris(difluoramino)pentane, and 2-chloro-3,4,4-tris(difluoramino)pentane. 
cis-3-Chlorocrotonic acid gave 3-chloro-3-(difluoramino)butyric acid but ethyl 3-chlorocrotonate did not react.
l,l-Dichloro-l-buten-3-one gave l,l-dichloro-3,3-bis(difluoramino)-l-butene when a very large excess of difluor
amine was used and N-[2,2-dichloro-l,2-bis(difluoramino)ethyl] acetamide with less difluoramine. A  possible 
mechanism for the formation of the latter compound is presented. The reaction of 1,1-dichloroethylene with 
difluoramine and fuming sulfuric acid gave l,l-dichloro-l-(difluoramino)ethane and l-chloro-l,l-bis(difluor- 
amino)ethane.

In a previous paper2 it was demonstrated that gem- fluoramine and fuming sulfuric acid to give three prod-
bis(difluoramino) alkanes can be prepared in a reversi- ucts which could not be separated by distillation
ble reaction of ketones and aldehydes with difluoramine (Scheme I). The components, comprising 90, 5, and
in the presence of sulfuric acid. Acrylic acid and its 5% of the sample (15, 0.9, and 0.9% yields), were
esters underwent Michael addition of difluoramine separated by gas chromatography and were identified
under these conditions, whereas methyl vinyl ketone by elemental analysis and ir and nmr spectra as 2,2,4,-
underwent Michael addition and subsequent replace- 4-tetrakis(difluoramino)pentane, 2-chloro-2,4,4-tris(di-
ment of the carbonyl group. This investigation has fluoramino)pentane, and 2-chloro-3,4,4-tris(difluor-
been extended to chlorinated substrates with the amino)pentane, respectively. The expected product of
prospect of exploring chemical similarities between Michael addition of difluoramine to 2-chloro-2-penten-
chlorine and difluoramino groups. Halogenlike elec- 4-one is 2-chloro-2-difluoramino-4-pentanone, and re-
tronic effects of difluoramino groups have been dis- placement of the carbonyl group with two difluoramino
cussed previously.3 The reversibility of the gem-bis- groups would give 2-chloro-2,4,4-tris(difluoramino)-
(difluoramino) alkane formation shows that difluor- pentane. Ionization of chloride ion from this product
amino groups as well as halogens can act as leaving and alkylation of difluoramine by the resulting car-
groups in sulfuric acid. Graham, Freeman, and bonium ion would give 2,2,4,4-tetrakis(difluoramino)-
Johnson4 have also obtained a low yield of 2,2-bis(di- pentane. The formation of 2-chloro-3,4,4-tris(difluor-
fluoramino)propane from 2-chloro-2-(difluoramino)- amino)pentane can be rationalized on the basis of a
propane and difluoramine in sulfuric acid. 1,2-hydride shift in a chlorocarbonium ion followed by

2-Chloro-2-penten-4-one was found to react with di- alkylation of difluoramine by the resulting secondary
(1) This work was supported by the Office of Naval Research and the Ad- C a rb on iu m  io n

vanced Research Projects Agency. . - . . , , • . , .
(2) k . Baum, j. Amer. chem. Soc., 9o, 7083 (1968). 1 be reaction of m-3-chiorocrotomc acid with re-
(3) k . Baum, j. O rg. chem., 32, 3648 (1967). fluxing difluoramine (bp —23°) in the presence of fum-
(4) W. H. Graham, J. P. Freeman, and K. E. Johnson, private communica- • • . , ., ^ ^

tion. mg suliurie acid gave the Michael adduct, 3-chloro-3-
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Schem e  I bis(difluoramino)ethyl]acetamide was isolated in 24%
91 9 ^1 y F2 yield. This product could be formed from the di-

C H 3C = C H C C H 3 — ™ F 2  > C H 3C C H 2C C H 3 fluoraminocarbinol resulting from addition of difluor-
H2SO4, soj | | amine to the carbonyl group. Loss of fluoride and

NF2 NF2 migration of the vinyl group would give a fluorimonium
H+’ IH+’ i°n, which is also a protonated N-fluoroamide. Ioniza-

— Y - hci  tion of the “ allylic”  fluorine of the latter and the alkyla-
NF2 ¡/ s '  NF2 tion of difluoramine by the resulting carbonium ion

± 1  ^  t  I center would give l,l-dichloro-l-difluoramino-2-N-ace-
C H 3 C C H 2 C C H 3 G H 3C C H 2C C H 3 tylimmoethane. The addition of difluoramine would

Cl NF2 NF2 NF2 then give N-[2,2-dichloro-l,2-bis(difluoramino)ethyl]-
■ I acetamide (Scheme I I I ) ,
j  | hNF2

H + NH2 NF2 NF2 Scheme III

c h .| c*h |c h , ch .Ach ,Ach . c c - c h c c h . c c - c h Ac h ,
Cl n f 2 n f 2 n f 2 11 I

O OH
| hnf2 F ("f

H NF2 NF2 y

C H a C — C H — C C H a  C12C = C H - C C H 3 — >- C12C = C H N = C C H 3  ------- >
| |  | + |  - H +

Cl n f 2 oh  OH
F

Scheme  I I  C12C = C H N C C H 3  — ^  C l2C C H = N C O C H 3 - ^ 5 -
C l  C l ¡1 + - H  +
I H+ I + O

c h 3c= chcooh  — > c h 3c= chc= oh
1 HNFj

¿ H  N F 2C12C C H = N C 0 C H 3 ------ >  . N F 2 C12C C H N H C 0 C H 3

I  A f 2

Cl Cl Difluoraminocarbinols have been prepared by the
rw  nrw m m  .HNF; nu uncatalyzed addition of difluoramine to carbonyl

3| 2 + 1 compounds6 and are assumed to be intermediates in the
NF2 oh  formation of ^em-bis(difluoramino) alkanes in the pres

ence of sulfuric acid. 2 Alkyldifluoramines rearrange to 
(difluoramino)butyric acid, in 59% yield (Scheme II ) .  fluorimonium ions under the same conditions, 3’6 and in
Ethyl 3-chlorocrotonate, on the other hand, did not this example the high mobility of vinyl groups in nucleo-
react under these conditions, and the starting material philic rearrangements7 serves to make rearrangement
was recovered. The stability of 3-chloro-3-(difluor- competitive with hydroxyl removal. The ionization
amino)butyric acid in sulfuric acid, and the failure of of the “ allylic” fluorine of the resulting N-fluoroamide
chlorine to leave, is attributed to protonation of the is similar to that of vinyldifluoramines formed by the
carboxy group; subsequent chloride ionization would addition of tetrafluorohydrazine8-10 or difluoramine11

give a doubly charged cation. Failure of ethyl 3- to acetylenes. In the latter reaction a product of di-
chlorocrotonate even to add difluoramine is probably fluoramine alkylation by the resulting fluoriminocar-
due to the greater stability of the protonated starting bonium ion was isolated (Scheme IV ).
material, rendering the carbonium-ion center unreac-
tive. Schem e  IV

The reaction of l,l-dichloro-l-buten-3-one with di- NF2 NF
fluoramine took two entirely different courses, depend- T, „ __r ,., HNi> „ „ „  I ~F_ HNF*
• ,1  t  , • c i» i  Jtvv_y— b i t  IxLyXT— U x t   ^  i i U n b l i  ---------^
m g  u p o n  th e  c o n d it io n s . I n  th e  p re s e n c e  o f  fu m in g  s u l -  h  +

furic acid and such a large excess of liquid difluoramine NF2 NF NF2
that the latter was essentially the solvent (weight ratio I I! Beckman I
of substrate/difluoramine/acid, 1:9:6.3), 1,1-dichloro- RCH—CR rearrangemen£ RCNHCR
3,3-bis(difluoramino)-l-butene was isolated in 57% H O

yield. -------------
(5) J. P. Freeman, W. H. Graham, and C. O. Parker, J. Amer. Chem. Soc., 

NF2 90, 121 (1968).
HNF2 | (6) K. Baum and H. M. Nelson, ib id . ,  88, 4459 (1966).

C12C = C H C C H 3 ------------ C12C = C H C C H 3 (7) P. A. S. Smith, “ Molecular Rearrangements,”  Vol. 1, P. de Mayo,
Jl H2SO4, SO3 | Ed., Interscience Publishers, New York, N. Y., 1963, p 574.
0  NF2 (8) R. C. Petry, C. O. Parker, F. A. Johnson, T. E. Stevens, and J. P.

Freeman, J. Org. Chem., 32, 1534 (1967).
When this reagent ratio was changed to 1:1.3:6.2, 0 ) g . n . Sausen and a . l. Logothetis, ib id . , 32, 2261 U967).

no 1,l-dichloro-3,3-bis(difluoramino)- 1-butene was ob- AmerLaT^c^em^Toc^ty4̂ 'chica^nrsepfige^41011"1 MeetiDS °f **
tained, but a product identified as N-[2,2-dichloro-l,2- GD k . Baum, j . Amer. chem. S o i,  to , 7089 (1968).
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In  the presence of a high concentration of difluor- 2 ,2 ,4 ,4 -Tetrakis(difluoramino)pentane, 2-Chloro-2,4,4-tris-
amine, removal of the hydroxyl group of the difluor- (difluoramino )pentane and1 2-Chloro-3,4)4-tris(difluoramino)pen-

am in oca rbm o l an d  a lk y la tio n  o f d inuoram ine to g ive  w ith 18 g of difluoramine and 10 ml of 20%  fuming sulfuric acid
the gem ina l d e riv a tiv e  is fa v o re d  over fluo rim on iu m - for 4 hr at ambient temperature with stirring in a 200-ml reactor
ion  fo rm ation . T h e  fa ilu re  o f l , l -d ic h lo r o - l -b u t e n -3 -  fitted with needle valves. 2 Difluoramine was vented and the
one to  u n d e rgo  sim ple 1,4 ad d ition  o f d ifluo ram ine is in  product, insoluble in the acid, was taken up in 50 ml of pentane

, 2 e j-i • , c ■ 1 j  and treated with sodium sulfate. Distillation through a 25-cm
accord  w ith  reports of the resistance of co n ju gated  Holzmann column gave li3 0  g 0f colorless liquid, b P 30» (1 mm).
co-dichlorovinyl compounds to acid-catalyzed addl- Gas chromatography (8 ft X  V* in. column, 10% dioctyl phthal-
tions.12,13 The reactivity of the double bond of 1,1- ate on Fluoropak 80, 95°, 75 ml/min H e) gave three components
dichloro-3,3-bis(difluoramino)- 1 -butene is reduced by with retention times of 56, 66, and 81 min, comprising 90, 5,
the steric and inductive effects of the two adjacent di- “ d ° f  Ple- Th® components were characterized as
„  . 2,2,4,4-tetrakis (difluoramino )pentane (15% yield), 2-chloro-2,-
nuorammo groups. 4,4-tris(difluoramino)pentane (0.9% yield), and 2-chloro-3,4,4-

The ability of a  dichlorovinyl group to undergo di- tris(difluoramino)pentane (0.9% yield),
fluoramine addition and of the adduct to undergo sub- The proton nmr spectrum of 2,2,4,4-tetrakis(difluoramino)- 
stitution of chlorine was demonstrated using a simpler pentane consisted of a quintet (J  =  3 eps) at S 1.77 for the

, , , mi ,• c j -n  • j  r , • „  methyls and a broadened singlet at 2.90 for the methylene,
substrate. The reaction of difluoramine and fuming The flvuonne spectrum consiste(f of a singiet at 0* _ 28.24. The
su lfu ric  ac id  w ith  1 ,1 -d ich loroethy lene at the reflux infrared spectrum showed strong N F  bands at (ju) 10.0 and 11.1.
tem peratu re  o f d ifluoram ine gave  an  8 %  y ie ld  o f 1 ,1 -d i- Anal. Calcd for C5H SN 4F8: C , 21.74; H , 2.90; N , 20.3. 
ch lo ro -l- (d if lu o ra m in o )e th an e . W h e n  the reaction  w as  Found: C,21.80; H , 3.20; N , 20.0.
conducted in a closed reactor at ambient temperature The Proton spectrum of 2-chloro-2,4,4-tris(difluoramino)- 
„ , , . , . , j? 1 1 j*  V i  i pentane consisted of a quintet {J =  2.5 cps) at 5 1.79 for O H 3-
for a prolonged period, a mixture of 1,1-dichloro-l- C (N F 2)2, a triplet (J  =  2 cps) at 1.97 for C H 3C (N F 2)C1, and a
(difluoramino)ethane (7.2% yield) and l-chloro-l,l-bis- broadened singlet at 2.93 for the methylene. Infrared bands in
(difluoramino)ethane (3.3% yield) was obtained. The the N F  region were at (p ) 10.0 (s), 11.13 (s), and 11.45 (m ). 
compounds had little difference in boiling point, but Anal. Calcd for CsHgClNgFV C, 23.13; H ,3 .09 ; N ,  16.2;

were separated by gas chromatography. Further ex- ’The proton nmr gp; ctmm’ of g-chlom -sU^-tbs(difluoram ino)- 
tension of the reaction time, however, did not result in pentane consisted of a quintet (J  =  2.5 cps) at 5 1.91 for C H 3C-
replacement of the remaining chlorine. (N F 2)S, two doublets (J  =  6.3 cps) at 1.58 and 1.62 attributable

to C H 3CH CI in two diastereomers, a poorly resolved multiplet 
C H 2= C C l 2 ■— >- C H 3CCI2N F 2 — >  CH sCCKNFih  at 4.55 for C H 3CHCI, and a broad multiplet at 4.13 for C H (N F 2).

Infrared bands in the N F  region were at (p ) 10.06 (s), 10.30 (s),

These results can be related to the fact that the di- 10f 5 and „  „ nn M
n ■ ■ Anal. Calcd for C 5H 8C 1N 3F 6: C, 23.13; H , 3.09; N , 16.2;
nuorammo group is more electronegative than chlo- F>44.0. Found: C, 23.59; H , 3.28; N ,  15.7; F , 43.7.
rine,14 yet can provide mesomeric stabilization of adja- 3-Chloro-3-(difluoramino)butyric Acid.— a's-3-Chlorocrotonic
cent positive charge.3 Since both chlorine and di- acid (2.4 g, 0.020 mol) was added dropwise to 27 g of refluxing
fluoramino groups were shown to function as leaving difluoramine and 10 ml of 20% fuming sulfuric acid. After 4.5

• • • j  „ „  , 11 rtj. a i  hr, the excess difluoramine was removed and the solution was
g ro u p s  m  su lfu ric  acid , one w o u ld  expect the ch lorine qu’enched ^  5Q ml of ice. The product was extracted with

o f l -c h lo ro -l,l-b lS (d if lu o ra m in o )e th a n e  to u n dergo  su b - three 20-ml portions of methylene chloride, dried, and distilled
stitution in the presence of a large excess of difluor- to give 2.05 g (59% yield) of colorless liquid which solidified in
amine. Molecular models indicate, however, that in the receiver: mp 29-30°, bp 68° (0.2 mm).

the bis (difluoramino) carbonium ion both difluoramino 0?nlcd-r-for *7,’ S ’ iV S  , N ’
grou ps  cannot b e  in  the sam e p lan e ,_ as requ ired  fo r  The proton nmr spectrum consisted of a tripiet (./ =  2  cps) at
m esom eric stabilization . T h e  a d d it iv ity  o f the in d u e - 5 2.07 for the methyl, a broadened singlet at 3.16 for the methy-
tive  effect o f tw o  d ifluoram ino  grou ps  b u t  not the lene, and a singlet at 11.74 for the OH. The fluorine spectrum
m esom eric effect serve to  fa v o r  the a lte rn ative  reverse consisted of an A B  quartet (J ff =  563 cps) with <f>*A —32.63

reaction to give the unstrained difluoraminochlorocar- ai\,7? B i o' m , . . , ,, When ethyl 3-chlorocrotonate was treated as above, it was
bomum ion. recovered unchanged in 70% yield.

E x te n s iv e  attem pts  w ere  not m ade  to  optim ize y ie lds  l,l-Dichloro-3,3-bis(difluoramino)-i-butene—  1 ,1 -Dichloro-l-
in  this w o rk . I t  is ap paren t th a t experim enta l Condi- buten-3-one12 (3.0 g, 0.028 mol) was added dropwise with stirring
tions h ave  a  p ro fo u n d  effect not o n ly  on  y ie ld s  b u t  on  to 27 g of refluxing difluoramine and 10 ml of 20% fuming sulfuric
,1 , i  i i , ,  j  mu 1 1 , , acid. After 3 hr, 50 ml of pentane was added and the unreacted
the ty p e  o f p rodu cts  fo rm ed. T h e  ten den cy  to w a rd  difluoramine was rem0Ved The pentane layer was separated,
rearrangement at lower difluoramine concentrations, as dried over sodium sulfate, and distilled through a 25-cm Holz-
observed for the l,l-dichloro-l-buten-3-one reactions, mann column to give 3.64 g (57% yield) of l,l-dichloro-3,3-bis-
may have more general synthetic utility in difluoramine (difluoramino)-l-butene, bp 51° (18 mm),
rpnntinns Anal. Calcd for CJhNaFuCk: C, 21.14; H , 1.76; N ,  12.3;
reactions. F , 33.5. Found: C, 20.91; H , 2.04; N , 12.2; F , 34.1.

The proton nmr spectrum consisted of a quintet (/  =  2.5 cps) 
Experimental Section at 5 1.97 for the methyl and a broadened singlet at 6.31 for the

olefinic hydrogen. The fluorine spectrum consisted of a singlet 
Difluoramine. The previously described procedure for the at ■£* —30.02. The infrared spectrum showed an olefin band at

generation of difluoramine was used. 2-3 Explosion shielding (M) 6.15 and N F  bands at 9.92, 10.15, 10.40, 10.70, 11.02, 1 1 .3 ,
adequate to withstand detonation of the quantity of difluoramine and 1 1 .7 .
used is essential. Manipulations were conducted remotely. N-[2,2-Dichloro-l,2-bis(difluoramino)ethyl]acetamide.— 1 ,1 -
Similar care is required in handling the potentially explosive Dichloro-l-buten-3-one (20 g, 0.144 mol) was added dropwise
products. with stirring to 27 g of difluoramine and 65 ml of 20% fuming
-------------------- sulfuric acid. After 3 hr, 60 ml of pentane was added and the

(12) 1. M. Heilbron, E. R. H. Jones, and M. Julia, J. Chem. Soc., 1430 excess difluoramine was removed. The acid layer was drained
( 1949). onto 200 ml of ice and the mixture was extracted with three 30-ml

(13) P. Straus, L. Kollek, and W. Heyn, Ber., 63, 1877 (1930). ------------------
(14) R. Ettinger, J. Phys. Chem., 67, 1558 (1963). (15) M. Julia, Ann. Chim. (Paris), [12] 6, 595 (1950).
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portions of methylene chloride. Distillation of the pentane ethane (7.2% yield), retention time 27 min, and 33% 1-chloro-
layer gave no products. The methylene chloride solution was l,l-bis(difluoramino)ethane (3.3% yield), retention time 18 min
dried over sodium sulfate and the solvent was removed. An Anal. Calcd for C2H 3C12N F 2: C, 16.00; H , 2.00; N  9.34- 
undistillable oil (14.6 g ) remained. Crystallization and re- F , 25.3. Found: C , 15.80; H , 2.26; N , 8.91; F , 25.3. 
crystallization from cyclohexane gave 8.8 g (24% yield) of N -  The proton nmr spectrum of l.l-dichloro-l-(difluoramino)- 
[2,2-dichloro-l,2-bis(difluoramino)ethyl]acetamide, mp 92-93°. ethane in CC14 consisted of a triplet (J  =  2.2 cps) at S 2.31, and

Anal. Calcd for C4H 5N 3F40C12: C, 18.60; H , 1.94; N , the fluorine spectrum consisted of a broadened singlet at d>*
16.3; F, 29.4. Found: C, 19.04; H , 2.04; N , 16.2; F, 28.4. —43.4. Infrared bands in the N F  region were at (p ) 9 90 (s)

The proton spectrum showed a singlet at S 2.19 for the methyl, 10.35 (w ), 11.0 (s), and 11.8 (m ).
a broad doublet (J  =  9 cps) at 6.86 for the N H , and a five-line Anal. Calcd for C2H 3N 2F4C1: N , 16.8. Found: N , 17.3.
pattern centered at 6.19 for N H C H (N F 2). The latter signal is The proton nmr spectrum of l-chloro-l,l-bis(difluoramino)-
interpreted as double doublet splitting (J  =  22.3, 11.3 cps) by ethane in CC14 consisted of a quintet (./ — 2.3 cps) at S 1.61
the nonequivalent N F 2 fluorines and doublet splitting by the N H . and the fluorine spectrum consisted of a broadened singlet’ at
Near equality of coupling to the N H  and one of the fluorines </>* -2 7 .7 . Infrared bands in the N F  region were at (M) 9.9 (m ),
results in overlapping to give five evenly spaced lines. When 10.25 (s), 11.0-11.4 (vs).
D 20  was added to remove the amide hydrogen, the S 6.86 doublet In another experiment 3.0 g (0.031 mol) of 1,1-dichloroethylene 
disappeared and the 6.19 signal reverted to a doublet of doublets was added to 6 g of refluxing difluoramine and 4 ml of 20% fuming
(J  =  11.8, 23.4 cps). The fluorine nmr spectrum in DCC13 sulfuric acid. After 1 hr, 15 ml of ra-decane was added and the
showed a doublet”  (J  =  23 cps) at 4>* —42.66 for N F 2CC12 acid layer was quenched with ice. Distillation of the n-decane
which is interpreted in terms of the rotational nonequivalence of solution gave 0.35 g (8%  yield) of l,l-dichloro-l-(difluoramino)-
the two fluorines, with the outer members of the resulting A B  ethane, bp 35° (250 mm), identical with the above product,
quartet invisible over the background. The other difluoramino
group, attached to an asymmetric center, gave an A B  quartet, Registry N o — Difluoramine 10405-27-3• 2 244

-  n l S  ‘ eVakiBWfcrim inoipentane, ’ 19955-08-9; ' 2-chiok-
The infrared spectrum showed the expected amide bands, and 4,4,4-tns (difluoramino)pentane, 19955-09-0; 2-chloro-
bands in the N F  region at (ji) 9.73 (s), 10.13 (m ), 10.56 (m ), 3,4,4-tris(difluoramino)pentane, 19955-10-3; 3-chloro-
11.18 (s), 11.42 (s), 11.80 (s), and 12.0 (s). 3-(difluoramino)butyric acid, 19955-11-4; 1,1-dichloro-

1 > 1 -Hichloro-1-(difluoramino)ethane and 1-Chloro-l l-bis- 3,3-bis(difluoramino)-l-butene, 19955-12-5; N-[2,2-
(difluoramino)ethane.— 1,1-Dichloroethylene (3.0 g, 0.031 mol) i , 1 0 , . , '  \ ,, n  . . , . ’
was added to 27 g of difluoramine and 10 ml of 20% fuming sul- dlchloro-l,2-blS (difluoramino) ethyl jacetamide, 19955-
furic acid in a 500-ml glass reactor fitted with needle valves2 13-6; l,l-dichloro-l-(difluoramino)ethane, 19955-14-7;
and the mixture was allowed to stand at ambient temperature for l-chloro-l,l-bis(difluoramino)ethane, 19955-15-8.
18 hr. Difluoramine was removed and the product was ex
tracted with 50 ml of pentane. Distillation through a 25-cm Acknowledgment— The author is grateful to Dr. H
Holzmann column gave 0.51 g of colorless liquid, bp 30° (160 i\/r _________ „i, „„„ » ,  rr  T e i
mm). Gas chromatography (10 ft X  ‘/4 in column, 10% di- M ' Nelson for nmr analyses Mr. K. Inouye for ele-
octyl phthalate on Fluoropak 80, 60 ml/min He, 25°) showed mental analyses, and Mr. r . J. Gerhart for assistance
that the distillate consisted of 66% l,l-dichloro-l-(difluoramino)- in the synthesis work.

Reactions of Nitro and Nitroso Compounds with Difluoramine1

Kurt Baum
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Nitro and nitroso compounds were used as alkylating agents for difluoramine in the presence of strong acid.
1,1-Dibromo-l-nitrobutane, 1,1-dichloro-l-nitrobutane, 1-bromo-l-fluoro-l-nitropropane, and <*,a-dibromo-a- 
nitrotoluene gave l,l-dibromo-l-(difluoramino)butane, l,l-dichloro-l-(difluoramino)butane, 1-bromo-l-di- 
fluoramino-l-fluoropropane, and ff,a-dibromo-a-(difluorammo)toluene, respectively. Prolonged reactions con
verted the dibromo derivatives into l-bromo-l,l-bis(difluoramino) compounds. 2-Halo-2,4,4-trinitropentane 
gave 3,5-dimethylisoxazole and 2,2,4,4-tetrakis(difluoramino)pentane, rationalized by a mechanism involving 
intramolecular nitro O alkylation. 1-Chloro-l-nitrosocyclohexane and 1-nitro-l-nitrosocyclohexane gave 1,1- 
bis(difluoramino)cyclohexane with fuming sulfuric acid but, with B F 3-H 3P 0 4 as catalyst, 1-nitro-l-nitrosocyclo- 
hexane gave nitrocyclohexane and l-nitroeyclohexyl-N'-fluorodiimide N-oxide. The latter was shown not to be 
an intermediate in the sulfuric acid catalyzed reaction. Unstable nitroso derivatives were prepared from 1- 
chloro-l-nitroalkanes, which reacted with difluoramine and fuming sulfuric acid to give l-chloro-l,l-bis(difluor- 
amino)alkanes. Alkyl nitrites acted as nitrosation agents toward difluoramine.

In a study of reactions of carbonyl compounds with give N'-fluorodiimide N-oxides,3 but acid-catalyzed 
difluoramine in sulfuric acid, several nitro ketones were reactions have not been reported previously. In the
examined.2 Although 5-nitro-2-pentanone, 5,5-dinitro- present study, the scope of utility of nitro and nitroso
2-hexanone, and 5,5,5-trinitro-2-pentanone gave compounds as alkylating agents for difluoramine was
the corresponding ^em-bis(difluoramino) alkanes with explored.
nitro groups intact, 5-methyl-5-nitro-2-hexanone gave aqa-Dihalonitro Compounds.— 1,1-Dihalo-l-nitroal-
2-difluoramino-2,5,5-trimethyltetrahydrofuran, ration- kanes were found to react readily with difluoramine and
alized on the basis of a carbonium-ion intermediate fuming sulfuric acid to give l,l-dihalo-l-(difluor-
resulting from the protonation of the nitro group and amino)alkanes (Scheme I). Thus, l,l-dichloro-l-(di-
loss of nitrous acid. Nitroso compounds are known to fluoramino)butane, l,l-dibromo-l-(difluoramino)bu-
react with difluoramine in the presence of pyridine to tane, 1-bromo-l-difluoramino-l-fluoropropane, and

(1) This work was supported by the Office of Naval Research and the ^ - d ib r o m O - a - (d i f lu o r a m in o ) t o lu e n e  W ere p rep a red
Advanced Research Projects Agency.

(2) K. Baum, J . Amer. Chem. S oc ., 90, 7083 (1968). (3) T. E. Stevens and J. P. Freeman, J .  O rg. Chem., 29, 2279 (1964).
j

S c m «  m u w < l '1' n w n

Vol. 84, No. 7, July 1969 N itro and N itroso Compounds 2049



Scheme I 2,4,4-trinitropentanes were expected to undergo re-
X X O X placement only of the 2-nitro and possibly the halo-

e An o , A -  r A - J oH h A* +  HNO, f  “ ■ , Th» » “ ¡ng materials were prepared by adding
I | + | bromine and chlorine m situ to the adduct ol the sodium
Y  Y  Y  salt of 1,1-dinitroethane and 2-nitropropene.8 The

— H2O chloro and bromo compounds both reacted with
HNF2 +  HN02 ------> NF2NO > N2F4 +  NO difluoramine in fuming sulfuric acid to give the same

X X products, 2,2,4,4-tetrakis(difluoramino)pentane6 (5-8%
Rrl + 4 - HNF __ V RPNF 4- H+ yield) and 3,5-dimethylisoxazole (26-34% yield).

| 2 | 2 Even when reaction conditions were used that resulted
Y  Y  in the recovery of some unreacted starting materials,
R -  n3j j7i x  — Y  — Br no ° ^ er Pr°ducts were isolated. The isoxazole also
R = C2H5■ X = B r f Y°= F gave 2,2,4,4-tetrakis(difluoramino)pentane, but it is
R = C6H6; X = Y ’= Br not known whether the reaction proceeded entirely

through this intermediate.
from 1,1-dichloro-l-nitrobutane, 1,1-dibromo-l-nitro- A  possible path for the formation of 3,5-dimethyl-
butane, 1-bromo-l-fluoro-l-nitropropane, and a, a- isoxazole is given in Scheme II. Protonation of the
dibromo-a-nitrotoluene, respectively, in yields of 33-• Scheme II
6l%- _ n n

Transient blue-purple colorations in the solutions U\ + / H
were indicative of nitrosyl difluoramine, formed by the N02 NO, N NO,
nitrosation of difluoramine. Nitrosyl difluoramine has ntj I J, h+ J, J, -hno2
been prepared reversibly from NO and N 2F4 at low CH3CCH2CCH3 * c 3 1 2| 3
temperatures.4 X N02 X N02

l,l,l-Bromodinitroalkanes and chlorodinitroalkanes q

did not react with difluoramine in fuming sulfuric acid. ,
l-Iodo-l-nitrocyclohexane5 was degraded under these qjj3 o-N+ CH3
conditions, but did not react with neat difluoramine. CH C'CIK CH __> SC \/  ~N0%

The reaction of vinylidene chloride with difluoramine 31 21 3 y/ k o ,  - hx
and fuming sulfuric acid gave l,l-diehloro-l-(difluor- X NO,
amino)ethane and l-chloro-l,l-bis(difluoramino)eth- q

ane.6 The reaction of dihalonitroalkanes with di- /
fluoramine thus provided a convenient source of start- /°“-\ HNF /0-]\
ing material to determine the scope of reactivity of CH3C^ ^CCH3 _n — > H3CC^ ^CCH3
halogens in a,a-dihalodifluoramines toward substitu- C 1 ' C
tion. Only the dibromo derivatives were found to H H
undergo halogen substitution. In fact, to obtain a most basic nitro group and loss of nitrous acid would
sample of l,l-dibromo-l-(difluoramino)butane free of give a halocarbonium ion. Intramolecular alkylation
the bis(difluoramino) derivative, it was necessary to 0f tiie oxygen of a nitro group, followed by loss of nitro-
quench the reaction (conducted at —10 to —20°) nium ion and H X  would give 3,5-dimethylisoxazole
within 10 min. On the other hand, the corresponding N-oxide, which could be reduced to the isoxazole by di-
dichloro derivative gave no chlorine substitution prod- fluoramine. Amine oxides are deoxygenated by a
uct after 4 days in a sealed reactor at ambient tempera- variety of reagents,9 and, since isoxazoles are resistant
ture. a,a-Dichloro-o:-(difluoramino)toluene was pre- to oxidation,10 the deoxygenation of this oxide should
viously prepared from benzotrichloride and difluor- pe particularly facile. Difluoramine has been shown
amine in trifluoroacetic acid.7 In the present work the to act as a reducing agent toward reagents such as ferric
same product was obtained using fuming sulfuric acid jonii and diazonium salts.12
and no chlorine substitution took place under forcing Nitroso Compounds.^—The only product isolated 
conditions. Likewise, no further substitution products from the reactions of 1-chloro-l-nitrosocyclohexane or
could be obtained from 1-bromo-l-difluoramino-l- 1-nitro-l-nitrosocyclohexane with difluoramine and
fluoropropane. The greater reactivity of 1,1-dichloro- fuming sulfuric acid was l,l-bis(difluoramino)cyclo-
l-(difluoramino)ethane compared with the butane and
toluene analogs must be attributed to steric factors. X^^NO NF2̂ ^N F2

l ] HNFi »  [ j
R C B r2N F 2 — HNJ"  >  R C B r (N F 2)2 H2S0f,S03

HjSOi, SOj

R  =  C3H , (13% yield) X =  C1 or NO,
R  =  C6H 6 (72% yield) _____________

(8) S. S. Novikov, et o l .  [D o k l .  A k a d .  N a u k  S S S R ,  125, 560 (1959)] re- 
2~Halo~2j4j4-trinitrOpentan.es.' Because ol tile dem- ported a similar synthesis of 2-bromo-2,4,4,4-tetranitrobutane by adding 

onstrated inertness of grem-dinitro compounds, 2-halo- nitroform to 2-nitropropene and brominating the resulting acidic oci-nitro
compound.

(4) C. B. Colburn and F. A. Johnson. I n o r g .  C h e m ., 1, 715 (1962). (9) P. A. S. Smith, “ The Chemistry of Open-Chain Organic Nitrogen
(5) An undistillable oil prepared according to L. W. Seigle and H. B. Compounds,”  Vol. II, W. A. Benjamin, Inc., New York, N. Y., 1966, p 27.

Haas, J .  O rg . C h e m ., 5, 100 (1940). Analytically pure material was obtained (10) K. K. Kochetkov and S. D. Sokolov, A d v a n . H e te r o c y c l .  C h e m ., 418
by low temperature crystallization. (1963).

(6) K. Baum, ib id . ,  34, 2046 (1969). (11) K. J. Martin, J .  A m e r .  C h e m . S o c . , 87, 394 (1965).
(7) W. H. Graham and J. P. Freeman, J .  A m e r .  C h e m . S o c . , 89, 716 (12) K. Baum, J .  O rg . C h e m ., 33, 4333 (1968).

(1967).
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hexane, even when the reaction, in the latter case, was Experimental Section
quenched within 5 min. Difluoramine.—The previously described2’14 apparatus for the

With the objective of isolating possible intermediates, difluoramine reaction was used. Adequate explosion shielding is 
the reaction of 1-nitro-l-nitrosocyclohexane with di- essential for the difluoramine reactions and for isolation of the 

fluoramine was repeated using a more selective catalyst, products. .

the boron trifluoride complex of phosphoric acid.7’12 tan;  (4 0  g> 0 02v32 mol) was added with stirring to 27 g of
Under these conditions,13 l,l-bls(dlfluoramino)cyclo- bifluoramine and 11 ml of 20% fuming sulfuric acid in a 500-ml
hexane was not formed, but nitrocyclohexane and 1- reactor fitted with glass and Teflon needle valves.2 The reaction
nitrocyclohexyl-N'-fluorodiimide N-Oxide were isolated. was allowed to proceed for 1 hr at the reflux temperature of
These products could be formed from a common inter- difluoramine; a purple color developed during this period The

v  Z ' 1 i i i /* vn  • at r\ j valves were closed and the reaction was continued at room
mediate, the adduct of difluoramine to the IN O  bond, temperature for 2 hr. The mixture was drained onto 100 ml of
by cleavage of either the N -F  or the C -N  bond ice and extracted with three 30-ml portions of methylene chloride.
(Scheme I I I ) .  The solution was dried over sodium sulfate and distilled through

a 25-cm Holzmann column to give 2.80 g (61% yield) of 1,1- 
Schem e  I I I  dichloro-l-(difluoramino(butane, bp 45° (40 mm).
x  ( s Anal. Calcd for C4H 7N F 2C12: C, 26.97; H , 3.96; H , 7.86;

F ) F F, 21.4. Found: C , 27.10; H , 4.03; N , 7.65; F , 20.7.
\  /  The proton nmr spectrum showed an irregular triplet (J  =  6

Y  ijT  cps) at 5 1.03 for the methyl and complex multiplets at 1.82 and
(b) I N II 2.21 for the methylenes. The fluorine spectrum consisted of a

N 0 2̂ N 0  N 0 2* ^ N  0  H NO. X —► 0  broadened singlet at 4>* —41.92. Infrared bands in the N F
HNF, -HF region were (m) 9.90 (m ), 10.98 (m ), 11.30 (s), and 11.69 (m ).

I \ "  I J  ,, ) ’ I J  l,l-Dibromo-l-(difluoramino)butane.— To 6 g of refluxing
p£> a difluoramine and 5 ml of 20% fuming sulfuric acid, 1.0 g (0.00384

1(-pathb) mol) of 1,1-dibromo-l-nitrobutane was added dropwise with
stirring. After 10 min, the mixture was drained onto 100 ml of 
ice. The product was extracted with two 20-ml portions of 

I 2 methylene chloride, dried over sodium sulfate, and distilled
through a 25-cm Holzmann column to give 0.48 g (47% yield) of 

\ ] , l,l-dibromo-l-(difluoramino)butane, bp 24° (1 mm).
I I  +  JNf2l\U Anal. Calcd for C 4H 7N F 2Br2: C , 17.98; H , 2.62; N , 5.24.

Found: C , 18.21; H , 2.60; N , 5.26.
A  sam p le  o f l-n it ro c y c lo h e x y l-N '-f lu o ro d iim id e  N -  The proton nmr spectrum consisted of a triplet (J  =  7 cps)for 
. ,  1 , , , •,, ,-n f  u  ■ the methyl at 5 1.05, a distorted triplet at 2.52 for C H 2CBr2N F 2,

oxide w a s  trea ted  w ith  d ifluo ram ine  m  fu m in g  su lfu ric  and a mJ tiplet centered at 1 M  for the other methylene. The
acid to determine if this compound could be an inter- fluorine spectrum consisted of a broadened singlet at <t>* -5 6 .0 .
mediate in the formation of l,l-bis(difluoramino)cyclo- Infrared bands in the N F  region were (m) 10.0 (s), 10.80 (w ),
hexane. The unchanged starting material was re- 10-93 (m ), 11.09 (m ), 11.40 (s), and 11.78 (m ).
covered. The reaction thus appears to involve initial i-Bromo i-difluoramino i-fluoropropane.-A  n a tu re  of AO g 

, , . , . 1 1 . (0.268 mol) of 1-bromo-l-fluoro-l-mtropropane,16 14 ml of 20%
solvolysis of a protonated mtro or nitroso group, or of fuming sulfuric acid, and 27 g of difluoramine was stirred at
the hydroxylamine function postulated above. When ambient temperature and autogenous pressure for 30 min.
one group is replaced, the remaining one becomes Decane (40 m l) was added and difluoramine was removed. The
sufficiently reactive that intermediates are not isolated. decane solution was heated at 77° for 1.5 hr at 22-mm pressure 

ml . ,. , , . , , . . , • and the product, 1.9o g of colorless liquid, was collected in a
This reaction was used to prepare l-chloro-l,l-blS- _ 80°trap . Elemental analysis and gas chromatography showed

(difluoramino)alkanes not obtainable from the dichlo- that the product consisted of 98% 1-bromo-l-difluoramino-l-
ronitroalkanes. The 1-chloro-l-nitro-l-nitrosoalkanes fluoropropane (37% yield) and 2%  n-decane. Distillation of the
have not been reported previously. Nitrosation of mixture at 50° (209 mm) did not change its composition. An

aqueous solutions of the sodium salts of 1-chloro-!- “ f  “  ( “ f l S  “ e T S S S A ' #  5
mtropropane and 1-chloro-l-mtrobutane at 0 gave mi/min helium, 63°, retention time 118 sec),
dark blue oils which were too unstable for the isolation Anal. Calcd for C 3H 5N B rF s: C, 18.77; H , 2.62; N , 7.30. 
of analytical samples. Reactions of the crude oils with Found: C, 19.07; H , 2.19; N , 7.72.
difluoramine in fuming sulfuric acid gave l-chloro-1,1- The proton nmr spectrum consisted of a triplet (/„H -  7.6 cps)

bis(difluorammo)propaue and l-chloro-l,l-bis(difluor- cpg) of doublets (Jn r  =  16.5 cps) of triplets (J hnf. =  1.5 cps) at
amino)butane, respectively. 2.39 for the methylene. The fluorine spectrum consisted of a

broad symmetrical band at <#>* — 34.3 for the N F 2 and a quintet 
Cl [  C l 1  Cl (,/FF =  16.5 cps =  ./ch.f) at 102.0 for CF . Infrared bands in
I HNOi I HNFj I the N F  region were (m) 10.10 (s), 10.49 (s), 10.75 (m ), 10.80 (m ),

R C = N 0 2 ------ >  R C N 0 2 H!S0< s >3 R C N * 2 11.00 (s), 11.25 (s), and 11.73 (s).
Jtq  2 *’ 3 l-Bromo-l,l-bis(difluoramino)butane.— 1,1-Dibromo-l-nitro-

L  -I 2 butane (4.0 g, 0.0153 mol) was added to 27 g of difluoramine and
R  =  C2H s or C3H 7 11 ml of 20% fuming sulfuric acid in a glass pressure reactor.

The mixture was stirred at atmospheric pressure for 2 hr and then 
A lk y l Nitrites.— Octyl nitrite reacted with liquid at autogenous pressure at ambient temperature for 2 hr. Bro-

difluoramine to give a blue-purple solution indicative mine color in this solution became pronounced. Pentane (100
of nitrosyldifluoramine. Removal of the difluoramine m l) was added and difluoramine was removed. Distillation of
left n -octanol. N o  ca ta ly st  w as  necessary  fo r  this re - the pentane solution gave 0.47 g (13% yield) of l-b rom o-l,l-

^  i i -j. j.- 1 bis(difluoramino)butane, bp 36 (lo  mm),
action. T h e  n itrite  thus acted  as a  n itrosation  agen t AnaL Calcd for C 4H 7N 2F4Br: C , 20.08; H , 2.93; N , 11.70.
rather than an alkylating agent toward difluoramine. Found: 0 ,20.52; H , 3.15; N , 11.40.

The proton nmr spectrum consisted of an irregular triplet at 5 
(13) Methylene chloride was used as a solvent for the l-nitro-i-nitroso- o .99 for the methyl and multiplets at 2.3 and 1.8 for the methy- 

cyclohexane; thus the catalyst was present as a separate phase. The di- --------------------
imide N-oxide was obtained in one uncatalyzed reaction, but this result was (14) K. Baum, J .  O rg . C k e m ., 32, 3648 (1967).
not repeatable. ( 15> K - Baum, paper in preparation.
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lenes. The fluorine spectrum consisted of an A B  quartet, 0 *a The nmr spectrum showed an A B  quartet centered at 5 4.00
-3 5 .1 1 ,0*b -46 .27  (J ab =  604 cps). Infrared bands in the N F  (Jab =  16.8 cps, inner member separation (6.2 cps) for the
region were (m) 9.80 (m ),9.93 (m ), 10.62 (s), 10.80 (sh), 11.38 (s), methylene, a sharp singlet at 2.22 for C H 3C (N 0 2)2, and a slightly
11.5 (sh), 12.2 (m ), and 12.3 (m ). broadened singlet at 2.15 for C H 3C N 0 2C1.

a-Brom o-a,«-b is  (difluoraminojtoluene.— «,a-D ibrom o-«-nitro- Reactions of 2-Chloro-2,4,4-trinitropentane and 2-Bromo-2,4,4-
toluene (5.0 g, 0.0170 mol) was added dropwise with stirring to trinitropentane with Difluoramine —  2-Chloro-2,4,4-trinitropen-
27 g of refluxing difluoramine and 12 ml of 20% fuming sulfuric tane (5.0 g. 0.0207 mol) in 10 ml of methylene chloride was stirred
acid. After 4 hr, 50 ml of methylene chloride was added and at ambient temperature, under autogenous pressure, with 14
difluoramine was removed. The methylene chloride solution ml of 20% fuming sulfuric acid and 27 g of difluoramine for 18
was dried over sodium sulfate and distilled to give 3.35 g (72% hr. The mixture was drained onto 250 ml of ice and extracted
yield) of a-bromo-«,a-bis(difluoramino)toluene, bp 32° (0.4 mm). with four 30-ml portions of methylene chloride. The methylene

Anal. Calcd for C7H 5N 2F 4Br: C, 30.77; H , 1.83; N , 10.25; chloride solution w'as dried and distilled through a 25-cm Holz-
F, 27.8. Found: C, 30.90; H , 1.84; N , 10.40; F , 28.3. mann column to give 0.60 g of colorless liquid, bp 37-50° (13

The fluorine nmr spectrum consisted of an A B  quartet, $*a mm), and 0.53 g, bp 50-58° (13 mm). Gas chromatography 
— 42.17, 4>*b —45.04 (J pf =  601 cps). Infrared bands in the (10% six-ring polyphenyl ether on Chromosorb W , 110°) and
N F  region were (m) 9.95 (m ), 10.19 (m ), 10.28 (m ), 10.50 (m ), nmr analysis showed that the first fraction consisted of 0.064
10.70 (m ), 11.05 (s), 11.25 (s), and 11.50 (vs). g (0.123 mmol) of 2,2,4,4-tetrakis(difluoramino)pentane6 and

a,<*-Dibromo-a-(difluoramino )toluene and a-B rom o-«,«-b is- 0.537 g (5.53 mmol) of 3,5-dimethylisoxazole while the second
(difluoramino)toluene.— «.«-Dibromo-a-nitrotoluene (15 g, 0.051 fraction consisted of 0.39 g (1.41 mmol) of 2,2,4,4-tetra-
mol) was added dropwise with stirring to 58 g of refluxing difluor- kis(difluoramino)pentane and 0.14 g (1.45 mmol) of 3,5-di
amine and 36 ml of 20% fuming sulfuric acid. After 4 hr, 100 ml methylisoxazole (total yields, 8 and 34%, respectively). In-
of pentane was added and difluoramine was removed. The frared spectra were identical with those of authentic samples,
pentane solution was dried over sodium sulfate and distilled to The reaction of 2-bromo-2,4,4-trinitropentane (5.0 g, 0.0175
give 5.52 g (40% yield) of a-bromo-a,«-bis(difluoramino)toluene mol) with difluoramine as above gave a 5%  yield of 2,2,4,4-
and 4.98 g (32.5% yield) of a,a-dibromo-of-(difluoramino)toluene, tetrakis(difluoramino)pentane and a 26.5% yield of 3,5-di
bp 53° (0.25 mm). methylisoxazole.

Anal. Calcd for C7H 5Br2N F 2: C, 27.91; H , 1.66; N , 4.65; Reaction of 1-Chloro-l-nitrosocyclohexane with Difluora-
F, 12.62. Found: C, 28.02; H , 1.63; N , 4.70; F , 12.80. mine.— 1-Chloro-l-nitrosocyclohexane (5.0 g, 0.040 mol) was

The fluorine nmr spectrum consisted of a singlet at ¡t>* —57.5. added dropwise to 27 g of refluxing difluoramine and 10 ml of
Infrared bands in the N F  region were (m) 10.0 (m ), 10.73 (w ), 20% fuming sulfuric acid. The blue color of the nitroso com-
10.96 (m ), 11.52 (s), and 12.34 (s). pound disappeared instantaneously. After 2 hr, the reaction

a,a-Dichloro-a-(difluoramino)toluene.— Benzotrichloride (15.0 was quenched with 100 ml of ice and the product was extracted
g, 0.078 mol) was treated with 40 g of refluxing difluoramine and with three 30-ml portions of methylene chloride and dried over
36 ml of 20% fuming sulfuric acid for 4 hr. Pentane (100 ml) was sodium sulfate. Distillation through a 25-cm Holzmann column
added and difluoramine was removed. Distillation of the pentane gave 2.06 g (31% yield) of l,l-bis(difluoramino)cyclohexane,
solution gave 10.55 g (64% yield) of a,a-diehloro-a-(difluor- identical vith an authentic sample.2
amino)toluene, bp 38° (0.4 mm). Reaction of 1-Nitro-l-nitrosocyclohexane with Difluoramine

Anal. Calcd for C7H5N F 2C12: 0 ,39 .63; H , 2.36; N , 6.60; and Fuming Sulfuric Acid.— A  solution of 5.0 g (0.0316 mol) of 1-
F, 17.9. Found: C , 39.60; H , 2.02; N , 6.64; F, 17.8. nitro-l-nitrosocyclohexane in 15 ml of methylene chloride was

The fluorine nmr spectrum consisted of a singlet at <t>* -44 .88 . added witb stirring to 27 g of refluxing difluoramine and 11 ml
The infrared spectrum showed N F  bands at (m) 9-98 (m ), 10.65 of 20%  fuming sulfuric acid. The nitroso color disappeared
(w ), 10.83 (m ), 11.14 (s), 11.40 (vs), and 11.80 (s). instantaneously. Five minutes after the addition was completed,

1- Iodo-l-nitrocyclohexane.5 Nitrocyclohexane (3.87 g, 0.030 the mixture was worked up as above to give 1.92 g (31% yield)
mol) was dissolved in 6.6 ml of 5 N  sodium hydroxide at 50°. 0f i ji.b is(difluoramino)cyclohexane.2
The solution was cooled to room temperature and was added Reaction of 1-Nitro-l-nitrosocyclohexane with Difluoramine
dropwise to a solution of 7.62 g (0.030 mol) of iodine and 4.98 g and Boron Trifluoride-Phosphoric Acid Complex.— Boron tri-
(0.030 mol) of potassium iodide in 30 ml of water. After 10 min, fluoride complex of phosphoric acid (2 m l) was added dropwise
the dark oil which separated was crystallized from pentane at to a solution of 5.0 g (0.0316 mol) of 1-nitro-l-nitrosocyclohexane
-8 0 °  and recrystallized twice. The residual solvent was re- in 27 g of refluxing difluoramine. After 45 min, 80 ml of methy-
moved at 20 mm. The product, 1-iodo-l-nitrocyclohexane (5.4 lene b lo n d e  was added and difluoramine was removed. The
g. 64% yield), was an amber oil at room temperatuie. methylene chloride solution was dried over sodium sulfate and

Anal. Calcd for C 6H ioN02I: C, 28.25; H , 3.93; N , o.50. distilled to give 1.50 g (39.4% yield) of nitrocyclohexane, bp
Found: C, 28.19; H , 3.82; N , 5.32. . 30° (3 mm), and 3.22 g (53.4% yield) of 1-nitrocyclohexyl-N'-

This compound did not react with difluoramine m the absence fl,iorodiimide N-oxide, bp 69° (3 mm),
of catalysts and, in the presence of sulfuric acid, no products ^  Calcd for C6h 10N 3O3F : C, 37.70; H , 5.23; N , 22.0; 
extractable from water were formed F, 9.95. Found: C, 38.09; H , 5.57; N , 21.7; F, 10.0.

2- Bromo-2 4 4-trinitropentane. '-Nitropropene 17 4 g, 0.2 The um ghowed a nitro band at 6 4 (  )  an a
mol) was added with stirring to a solution of 8 8 g (0.22 mol) of ^  and bandg in the N F  region at 9 .70 (m)> 9.90 (s),
sodium hydroxide and 24.0 g (0.20 mol) of 1,1-dimtroethane m 1A .a , ,  in’ no , ,  n  ah
200 ml of water at 5 . A  yellow salt precipitated. Bromine , */• . \ ,
/q q  r\ A o a  i n  a a  a  a  ~  «  n . n  o c ; m ; n  n m . ; ^  n f  1-Chlor0-1,1-bis(difluoramino)propane.— 1-Chloro-l-nitropro-(32.0 g, 0.20 mol) was added dropwise over a 25-min period at /. f  , . , c A
0 -5°. The solid product was filtered, washed with water, and Pa“e0 ( 10’(] , g ’(  0-°,81 dissolved in a solution of 5.0 g
recrystallized from 200 ml of ethanol to give 34.3 g of white solid, ( ° - 125 mo )  of sodlu“  ^d rox ide  in 40 ml of water at 0-5 with 
mp 54-55°. Concentration of the ethanol gave an additional d ; 5 hr) ' . solution was added dropwise to a
4.8 g, mp 53-54° (68% total yield). Partlal £ “  “ tr?us acld S0‘ut;0I\P rePa,red by fo w ly  adding

Anal. Calcd for C 5H gN 30 6Br: C, 20.99; H , 2.80; N , 14.69. 8’6 «• 0.122 mol) of sodium nitrite to a solution of 15 g of con-
Fmind- C 90 R7- H  9 07- N  14-36 centrated sulfuric acid in 100 ml of water with intermittent

The nmr’ spectrum ’consisted’of singlets at 5 4.06, 2.29, and cooling in *  bath-f A  dark bl« e oil (7‘6 8> seParf  ed„; J *
2.12, assigned to the C H 2, C H 3C (N 0 2)2, and C H 3C N 0 2Br, was extracted with 2o g of pentane and stored overnight at - 8 0  .
respectively. The pentane solution was added dropwise to 27 g of refluxing

2-Chloro-2,4,4-trinitropentane.— The slurry prepared from difluoramine and 13 ml of 20% fuming sulfuric acid. After 4 hr,
dinitroethane, sodium hydroxide, and 2-nitropropene, as above, the mixture was drained onto 200 ml of ice. The pentane layer
was saturated with chlorine. A  green oil which separated was was separated and the aqueous layer was extracted with 25 ml
diluted with 80 ml of methylene chloride and washed with sodium pentane. The pentane solution was dried and distilled to
bicarbonate solution and with water. Distillation gave 28 g of § 've 6-2 g of colorless liquid, bp 31 (60 mm). Gas chroma-
green oil, bp 82° (0.06 mm). Crystallization and recrystalliza- tography (10 ft X  Vo-m. column, 10% Ucon 50HB100 on
tion from ethanol gave 5.9 g (12.2% yield) of 2-chloro-2,4,4- Fluoropak 80, 70°) was used to isolate the major component (60%
trinitropentane, a white solid, mp 31-31.5°. of the sample).

Anal. Calcd for C 6H 8N 30 6C1: C, 24.85; H , 3.31; N , 17.39. Anal. Calcd for C 3H 6N 2F 4C1: C, 20.3; H , 2.82; N , 15.8. 
Found: C , 24.59; H , 3.32; N , 16.99. Found: C, 20.4; H , 3.33; N , 16.1.
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The proton nmr spectrum consisted of a triplet (J  =  7.0 cps) Reaction of n-Octyl Nitrite with Difluoramine.— n-Octyl 
at 5 1.26 for the methyl and a quartet (J  =  7.0 cps) at 2.45, with nitrite (5.0 g, 0.0314 mol) was added dropwise to 27 g of refluxing
additional coupling detectable to the fluorines. The fluorine difluoramine. A  purple solution was formed, which became
spectrum consisted of an A B  quartet with 0 *a —29.91, <#>*b colorless after 30 min. After 4 hr, difluoramine was removed
— 36.91 ( J ab =  611 cps). and the residue was distilled to give 3.14 g (77% yield) of n-

l-Chloro-l,l-bis(difluoramino)butane.— 1-Chloro-l-nitrobu- octanol, bp 54° (1 mm), infrared spectrum identical with that of
tane (5.0 g, 0.0364 mol) was dissolved in a solution of 1.64 g an authentic sample.
(0.041 mol) of sodium hydroxide in 50 ml of water at 0 -5° (2 hr)
and 3.79 g (0.055 mol) of sodium nitrite was added. A  25% Registry No.— Difluoramine, 10405-27-3; 1,1-di-
sdfuric acid solution (20 m l) was added slowly at 0 -5 °. A  dark chloro-l-(difluoramino)butane, 19955-19-2; 1,1-di
blue oil (6.2 g ) separated and was stored overnight at —80 in 25 , , \ ,-a \, , _ , ,
g of pentane) bromo-l-(difluorammo)butane, 19955-20-5; 1-bromo-

The pentane solution was added to 10 ml of 20% fuming sul- 1-difluoramino-l-fluoropropane, 19955-21-6; 1-bromo-
furic acid and 27 g of refluxing difluoramine. After 4 hr the l,l-bis(difluoramino)butane, 19955-22-7; tx-bromo-
mixture was drained onto 100 ml of ice and pentane layer was a ,a-bis(difluoramino)toluene, 19955-23-8; cqa-dibromo-
separated The aqueous layer was extracted with two 50-ml a.(difluoramine)toluene, 19955-24-9; l-chloro-l,l-bis-
portions of methylene chloride. The combined organic solution , ;  ’
was distilled to give 0.82 g of colorless liquid, bp 33-34° (35 mm). (ainuorarnmo) butane, iyy55-z5“U, a,a-dichloro-a:-
Gas chromatography (10 ft x  V, in. column of 10% Ucon 50- (difluoramino)toluene, 14092-53-6; 2-bromo-2,4,4-tri-
HB100 on Fluoropak 80, 70°) was used to trap the major com- nitropentane, 19955-54-5; 2-chloro-2,4,4-trinitropen-
ponent (90% of the sample, 10% yield), identified as l-chloro-1,1- tane, 1 9 9 5 5 .5 5 .6 ; l-nitrocyclohexyl-N'-fluorodiimide

1A n a rrcTlcdfofc!H,N2F<Cl: C, 2 4 .7 ; H, 3.60; N, 14.4. N-oxide, 19955-56-7; l-chloro-l,l-bis(difluoramino)-
Found: C, 24.9; H , 3.89; N, 14.0. propane, 19955-57-8.

The proton nmr spectrum consisted of an irregular triplet at
s 1.01 for the methyl, a multiplet at 1.78 (approximately a Acknowledgment.— The author is indebted to Mr.
septet) for C H 3C H 2, and a multiplet at 2.24 for the other methy- F. J. Gerhart and Mr. H. F. Shuey for assistance in the
le™ 3oTl fluT e, ^ Ctrum r istf  l anAtB <ll'arteV * A synthesis work, to Dr. H. M. Nelson and Mr. L. A.— 30.42, 0*b —37.35 ( J ab =  609 cps). The infrared spectrum .A. . . . , 1 . at- -rr T ,.
Showed peaks in the N F  region at („) 9.80 (m ), 10.60 (s), 1 1 .2-  Mauden for nmr analyses, and to Mr. K. Inouye for 
11.4 (s), 12.03 (m ), and 12.30 (m ). elemental analyses.

Heterocyclic Ring-Closure Reactions. II.1 Reactions of 
a-Mercapto Acids with Cyanogen21

S. C. M utha213 and Roger Ketcham20
Department of Pharmaceutical Chemistry, School of Pharmacy, University of California,

San Francisco, California 94122

Received October 10, 1968

The reaction of a-mercapto acids with cyanogen has been studied and shown to give 2-[(S-carboxyalkyl)- 
thioimidyl]-A2-thiazolin-4-one in good yields. The reaction product undergoes unusual N-methylation in 
addition to esterification when treated with diazomethane and could be cyclized to afford bicyclic symmetrical 
4,4'-diketo-A2-bithiazolinyl, which could be converted into its dienol diacetate. Proof of structure has been 
obtained by X -ray  crystallography and supporting evidence obtained from uv, ir, nmr, and p X a determinations 
and dipole moment measurements.

Cyanogen reacts with mercaptans in the presence of cyanogen, since the geminal mercapto and carboxylic
catalytic amounts of ?i-butylamine at low temperature acid groups could react separately or in conjunction,
to yield S,S'-disubstituted dithiooxaldiimidates. 1’ 3 When 2 mol of mercaptoacetic acid (la) were treated
This is a general reaction for the preparation of dithio- with 1 mol of cyanogen, a white crystalline product,
oxaldiimidic esters. henceforth referred to as the monocyclic product, was

Primary aliphatic amines react with cyanogen to obtained. This substance analyzed for condensation
yield symmetrically disubstituted oxamidines, 4 whereas of these three molecules accompanied by loss of 1 mol
secondary amines normally give only cyanoformami- of water (C6H 6N 2S2O3). This indicated that the ex-
dines and under vigorous conditions oxamidine deriva- pected diaddition product (2a) was formed but reacted
tives.5 But when ethylenediamine and its C-alkyl de- further to afford a monocyclic product. Cyclization of
rivatives are allowed to react with cyanogen the product 2a can result in formation of 3a having a five-membered
obtained was characterized as bis(A2-2-imidazolinyl).6 ring or 4a having a six-membered ring. When it is 

In the light of these results it was interesting to in- dissolved in water and treated with 5% aqueous sodium
vestigate the behavior of a-mercapto acids (1) with bicarbonate, carbon dioxide is liberated, indicating the

presence of a strongly acidic function. I t  has a neutral
ization equivalent of 109 when titrated with sodium hy- 

$  t ) “ X RN L “ ;tute0rot Mental^heaith S  mh droxide (potentiometric titration) and has two acidic
08787. (b) a portion of the ph.D. thesis of s. c. m . (c) To whom in- functions of apparent pK & =  4.1 and 6.7 (50% acetone
quiries should be sent. in water). I t  gives a red color when treated with a

(3) H. M. Woodburn and C. E. Sroog, J .  O rg . Chem., 17, 371 (1952). , . r r • ui u* U • a * xk^
(4) H. M. Woodburn, B. A. Morehead, and C. M. Chih, ib id ., 15, 535 S o lu tio n  o f  f e m e  c h lo r id e , w h ic h  in d ic a te s  th a t  th e

(1950). compound may be phenolic although there are other
(5) H. M. Woodburn, B. A. Morehead, and W. H. Bonner, ibid., 14, p o s s ib ilit ie s  f o r  C om p lex  fo r m a t io n  w ith  th e  VanOUS

(6) H. M. Woodburn and r . c. o'Gee, ibid., 1 7 , 1235 ( 1952). functional groups in either of the two structures. The

Vol. 34, No. 7, July 1969 Heterocyclic R ing-Closure Reactions 2053



uv, ir, and nmr spectra do not distinguish unambigu- acetic anhydride for 1 0  min a white crystalline product, 
ously between the two structures 3a or 4a. mp 152-175°, was obtained. Repeated crystallization

A  1-mol sample of the monocyclic compound (3a or from dioxane raised the melting point to 180-183°.
4a) reacts with 2 mol of diazomethane and gives a prod- Elemental analysis indicated the molecular formula
uct (5a or 6a), mp 71-72°, which analyzes for C6H 4N 2S2O2, resulting from loss of 1 mol of water in
C8H10N 2O3S2. The ir spectrum showed two peaks at agreement with formation of a second ring. (Hence-
1740 and 1720 cm-1, indicating two different carbonyl forth, this product will be referred to as the bicyclic
groups. Unexpectedly, there was no band at 3230 cm-1 product, 7a or 8a). At this stage considerable infor-
corresponding to the imino N -H  group. Disap- mation on the bicyclic product (7a or 8a) could be
pearance of a group of small bands between 3000 and brought to bear on the question of formation of five- or
2500 cm-1 indicated that the acid had been converted six-membered rings. The fact that cyanogen reacts
into the ester. The nmr spectrum of this ester in deu- with mercaptoacetic acid to yield a monocyclic product,
teriochloroform showed a singlet at 3.84 ppm (methyl- which under vigorous conditions loses a second mole of
ene group on the sulfur side chain, 3.88 ppm in the un- water to give a bicyclic product, suggests formation of
methylated compound), a singlet at 3.71 ppm (methyl first one and then a second six-membered ring. Once
ester), and another singlet at 3.06 ppm integrating for one six-membered ring was formed, subsequent closure
two, three, and three protons, respectively, and an AB of the second six-membered ring under similar condi-
quartet ( J a b  =  16 cps) at 3.56 ppm assigned to ring tions might be more difficult since it would give rise to a
methylene protons (3.92 ppm in the unmethylated com- rigid fused bicyclic system. That is, the conforma-
pound) integrating for two protons. Disappearance of tional requirements of the first six-membered ring would
the = N H  frequency in the ir spectrum coupled with decrease the ease of formation of the second ring. In
appearance in the nmr spectrum of a singlet at 3.06 ppm the case of the five-membered ring system, the existence
integrating for three protons leads to the assignment of of the first ring should have no obvious effect on forma-
this signal to the N -C H 3 group. tion of the second ring. The nmr data also favor a six-

The uv spectrum of this compound in ethanol showed membered fused bicyclic structure (8a), since conforma-
an absorption maximum at 220 mp (e7800) which is dif- tional differences in the geminal protons are more log-
ferent from that of the parent compound. One would ically expected in the puckered six-membered ring com-
have expected the uv spectra to be similar since both pound than in the relatively more coplanar five-mem-
contain the same chromophore. The differences might bered ring compound. The carbonyl frequency at 1775
be explained if the carboxylic acid containing side chain cm-1 in the ir spectrum is in better accord with a five-
were zwitterionic. membered bicyclic structure (7a), since the carbonyl

Further proof for concurrent N  methylation and es- frequency of five-membered cyclic ketones is observed
terification was obtained from the reaction of diazo- between 1770 and 1800 cm-1. Dipole moment data
methane on the analogous monocyclic product (3c or 4c) (2.6 D ) are consistent with either 7a or 8a. I f  the di-
obtained from a-mercaptoisobutyric acid (lc) and cy- enfd diacetate of the bicyclic compound could be pre-
anogen. In this case also two methyl groups are in- pared its nmr spectrum might indicate whether it is
troduced although there is no possibility of enol forma- composed of five-membered rings (aromatic) or fused
tion, hence the possibility of O methylation of the enol six-membered rings (less aromatic). The reaction of
is eliminated. A ll the above facts are consistent with a-mercaptoisobutyric acid with cyanogen would yield a
either structure (3a or 4a). In order to know more product incapable of enolization, whose dipole moment
about this unusual N  methylation some model com- would indicate whether the product has five- or six-
pounds such as S,S'-dibenzyl dithiooxaldiimidate, S,S'- membered rings.
dimethyl dithiooxaldiimidate, and S,S'-dicarbomethy- 0n refluxing the bicyclic product (7a or 8a) with 
oxymethyl dithiooxaldiimidate were treated with acetic anhydride and pyridine, a product (9a or 10a),
diazomethane. In each case no reaction was observed mP 215-26°, was obtained (Scheme I ) which analyzed
and starting material was recovered. Therefore, no f° r C10H 8N 2O4S2, indicating that two acetyl groups have
explanation can be offered for this N  methylation ac- been incorporated in place of the two enolic hydrogens,
companying esterification, except that the carboxylic The bicyclic product (7c or 8c) from the a-mercapto- 
acid group apparently facilitates the reaction. This isobutyric acid-cyanogen reaction product (3c or 4c)
suggests that the zwitterion may be required. has a sharp melting point 109-110° and does not exhibit

In order to obtain further information bearing on the keto-enol tautomerism because of the replacement of
question of formation of a five- or a six-membered ring, geminal hydrogens by methyl groups. The dipole
it was thought that, if a second ring could be closed, moment of this compound was found to be 3.2 D and
3a or 4a would give rise to bicyclic product 7a or 8a, re- could be best explained by the structure having free
spectively. Although both structures are symmetrical, rotation around the central C-C bond. This is strong
7a has free rotation around its central C-C bond where- evidence that the bicyclic product has structure 7c.
as 8a is more rigid; therefore, the former should have an However, the conformational differences for the methyl
appreciable dipole moment and the latter should have groups indicate that the rings are not flat, and that
no dipole moment so long as the enol form does not there may  sti11 be two six-membered rings,
exist in significant concentration. Molecular models of . For unequivocal assignment of structure, the dienol 
8a indicated that some of its conformations would have diacetate (9b) of the bicyclic product obtained from
dipole moments. Thus one might be able to assign thiolactic acid and cyanogen was subjected to X-ray
a structure to the condensation product of mercapto- diffraction studies,7 which conclusively proved that the
acetic acid and cyanogen. (7) X-Ray crystallographic studies were done by Dr. K. J. Palmer of

On refluxing the monocyclic product (3a or 4a) with sIpTrlteiy^011*1 ReSear°h Laboratory' Albany' Calif" and wiU be pubIished
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molecule has a center of symmetry and has two five- commented that the product could also have structure
membered rings joined by a C-C bond, and is repre- 12 but concluded that this is highly improbable al-
sented by structure 9b (Figure 1). Thus it has been though possible. In 1944, Lehr and Erlenmeyer10 con-
proved that the reaction of cyanogen and a-mercapto densed the dithioamide of adipic acid with ethylenedi-
acids gives rise to a monocyclic product (3a) containing amine and obtained l,4-bis(A2-2-imidazolinyl)butane
one five-membered ring which on treatment with di- and concluded that Forsell's product was bis(A2-2-imid-
azomethane affords 5a and on dehydration a bicyclic azolinyl). They also condensed the dithioadipamide
product (7a) having two five-membered rings is ob- with a-bromoacetophenone and obtained a,co-di[4-
tained, and that the dienol diacetate (9a) is a deriva- phenylthiazolyl-(2)]butane. Karrer and coworkers11
tive of 7a. condensed dithiooxamide with chloroacetone and on the

The results of the X-ray diffraction studies (Figure 1) basis of Lehr and Erlenmeyer’s work10 assigned struc-
have not only provided the proof of structure for the ture 13 to the reaction product. In 1952, Woodburn
above compounds, but also supply confirmation for a and O’Gee reported that condensation of ethylenedi-
number of structures proposed in the literature begin- amine with cyanogen yielded a product identical with 11
ning in 1891. In each of these cases the same question and, quoting Lehr and Erlenmeyer,10 also assigned the
of two five-membered rings or two fused six-membered structure bis(A2-2-imidazolinyl). Forsell,8,9 Lehr,
rings exists. In none of these cases was an unequivocal and Erlenmeyer10 and Woodburn and O’Gee6 ignored
proof of structure provided. the possibility of formation of 12 or a tautomer thereof.

Forsell8 reported that the thermal condensation of di- The model compound (dithioadipamide) used by 
thiooxamide with ethylenediamine affords bis(A2-2- Lehr and Erlenmeyer for assignment of structure to the
imidazolinyl) (11). The assignment of this structure condensation product of Forsell is not as unique as di-
was completely arbitrary. In a later publication9 he thiooxamide, while the latter has the possibility of form-

(8) G. Forsell, B e r . , 24, 1846 (1891). (1°) H. Lehr and H. Erlenmeyer, H e lv . C h im .  A c ta , 27, 489 (1944).
(9) G. Forsell, ib id . ,  25, 2132 (1892). (11) P- Karrer, P. Leiser, and W. Graf, ib id . , 27, 624 (1944).
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^__ A__ y  __________________________  instead of hexane because of the low solubility of a-mercapto
__________ .—  ----------------------------  acids in hexane.

--------- - 2- [(S-Carboxymethyl)thioimidyl] -A2-thiazolin-4-one (3a).—
CRYSTAL STRUCTURE O F j n a 300-ml three-necked flask, fitted with a D ry  Ice-acetone

4,4'-DIACETOXY-5,5'-DIMETHYL-2,2BITHIAZOLYl condenser, a magnetic stirring bar, and a gas inlet tube cooled
to -8 0 ° ,  were placed 18.4 g (0.2 mol) of mercaptoacetic acid,
2 drops of n-butylamine, and 200 ml of anhydrous ether. Cyano- 

ca gen gas (5 g, 0.1 mol, previously frozen and weighed) was passed
C.O. into the above solution. After addition of cyanogen was com-

N> ° ' 0  uh e plete (20 min) the reaction mixture was maintained at - 8 0 °  for
v 2 hr, and then allowed to warm to room temperature. A t this 

1/ °> stage the reaction became slightly exothermic and the reaction
C <h i f  product precipitated as a white solid, which was collected, washed

n F isM j: with ether> and crystallized from acetone or acetic acid to give
j g g  g (7 7 % ) of a white crystalline material: mp 164-165° dec; 

<g mu ' 5 c7 ir 3230 (N H ), 3000-2400 (OH , C 0 2H  dimer), 1730 (ring C = 0 )
e» and 1700 cm -1 ( C = 0  of C 0 2H ); nmr (acetone-d6) & 4.4 (broad

s, 2, N H  and COaH ), 3.92 (A B  quartet, 2, J  =  15.5 Hz, ring 
C H 2), and 3.88 (s, 2, S -C H 2); uv max (95% E tO H ) 314 mM 
(e 7540) and 365 (10), 314 (7850, in acid), 365 (7900, in base); 
neut equiv (potentiometric titration), 109 (calcd 109); pK a =

---------- _ _ _ _ ---------------------- 4.1 and 6.7 (50% aqueous acetone).
_____________________ ______  Anal. Calcd for C 3H 6N 20 3S2: C, 33.04; H , 2.77; N , 12.84;

S, 29.34. Found: C, 33.36; H , 2.78; N , 12.76; S, 29.38.
Figure 1.— The molecule has a center of symmetry. The 2 - [S -(2 -Carboxyethyl)thioiinidyl]-A2-thiazoUn-4 -one (3b).—

angles are shown on the left side, the interatomic distances on This product (monocyclic) could not be isolated in pure state
the right. The number within each circle is the value oof the from the reaction of thiolactic acid and cyanogen. It was always
y parameter. The unit cell dimensions are a =  13.125 A, b =  accompanied by 4,4;-dihydroxy-5,o,-dimethyl-2,2 /-bithiazolyl (bi-
4.830 A, c =  10.995 A, and/3 =  94.09°. Space group P2i/c. cyclic). However, its presence was shown by treating this

mixture with diazomethane whereby the monocyclic product 
, , . ,, c „ „ „  was methylated and dissolved, whereas the unreactive bicyclic

m g  fiv e - or s ix -m em bered  rings the fo rm er can  on ly  fo rm  product remained behind. The N-methylated ester (5b) of the
five -m em bered  rings an d  hence is not com pelling  ev i- monocyclic product thus obtained could be characterized. The
dence fo r  the fo rm ation  of 11. T h e re fo re , the possi- procedure described below is one which gave rise to the above-
b ility  o f structures such as 12 cannot b e  ru led  out. T h e  mentioned mixture. .
„ m e  a rgu m en t can  b e  need in the assignm ent o f struc-

tu re  to  the condensation  p ro d u ct o f d ith iooxam ide  an d  in 20Q ml of anhydrous ether maintained at -8 0 ° .  The reaction
ch loroacetone an d  the poss ib ility  o f a lte rnate  structu re  mixture was continuously stirred at - 8 0 °  for 2 hr and then
14 cannot b e  excluded . allowed to warm to room temperature. A t this stage the color

less reaction mixture became pale yellow. On removing the 
/— \ ether under vacuum, there was obtained 24 g of solid, mp 190-

H N - ^ N  220°. The heterogenous nature of the product could be ob-
| served by the presence of both yellow and white crystals. A ll

attempts to separate the white product (presumably the mono- 
y y  i ;  w cyclic product) from yellow product (bicyclic) were unsuccessful,

e.g., fractional crystallization from a variety of solvents (benzene, 
^  ^  acetone, ether, and ethanol) and chromatography on activated
O f  florisil and alumina (neutral).

/  " 5,5-Dimethyl-2-[S-(2-carboxyisopropyl)thioimidyl]-A2-thia-
J  zolin-4-one (3c).— Into a stirred solution of 10 g (0.083 mol) of

a-mercaptoisobutyric acid and 2 drops of m-butylamine in 100
I. | | T |  ml of anhydrous ether maintained at —80° was passed 2 .2  g

S (0.042 mol) of cyanogen gas. The reaction mixture was stirred
\ = J  ■' at -8 0 °  for 2 hr and then allowed to warm to room temperature,

prr '  Ether was removed on a rotary evaporator leaving behind a
3 white crystalline product, mp 170-174°. Two crystallizations

* "  from methanol afforded 9.6 g (80% ) of a white crystalline prod-
^  uct: mp 177-178°; ir 3280 (N H ),  3000-2400 (O H  of COOH
O n  m echanistic  an d  stru ctu ra l g rounds, the reaction  dimer)> l7 2 0  (ring c = 0 ) ;  and 1675  cm-i  (c = 0  of C O O H );

o f m ercaptoacetic  ac id  an d  cyan ogen  is not m u ch  d iffe r- nmr s 4 .4  (broad, s, 2, N H  and C O O H ), 1.96 (s, 3) and 1.73
ent fro m  th a t  o f eth y lened iam ine  an d  cyan ogen , a n d  (s, 3) (ring C H 3 groups), and 1.63 (s, 3) and 1.58 (s, 3) (side
d ith iooxam ide  an d  ch loroacetone, hence the resu lts in  chain C H 3); neut equiv (potentiometric titration), 275.1 (calcd

one case p ro v id e  su p p o rt fo r  fiv e -m em bered  r in g  stru c - for c 10H I(N 2O3S2: C, 43.80; H , 5.15; N ,
tures in  the other s im ila r cases. T h u s  the X - r a y  d if- 10 22 ; s , 23.35. Found: C, 43.98; II, 5.30; N ,  9.99; S,
frac tion  studies su p p o rt fo rm ation  o f structures con- 23.12. 
ta in in g  tw o  fiv e -m em bered  rings. -------------------

crons, intensities as the molar extinction coefficient (*). The infrared spectra 
were determined using a Perkin-Elmer 337 spectrophotometer. Potassium 

Experimental Section12,13 bromide was used for solids. The nuclear magnetic resonance spectra were
measured in deuteriochloroform unless indicated otherwise, with tetra- 

Reactions of a-Mercapto Acids with Cyanogen (Synthesis of methylsilane as the internal standard, using a Varian A60-A spectrometer.
Monocyclic Products).— The procedure is the same as that re- Chemical shifts are reported as 5 values (part per million); coupling constants
ported earlier, 1.3 except that the reaction is carried out in ether (J values) are given in cycles per second. Potentiometric titrations were
______________  done on a Metrohm Herisau potentiograph at 25° in 50% aqueous acetone.

(12) Melting points were measured using a Thomas—Hoover capillary Dipole moment measurements were made on a WTW dipolimeter DE01
melting point apparatus, and are corrected. Elemental analyses were using DLF-2 cells at 25° in dioxane. Calculations were done by the method
carried out by the micro-analytical laboratory of the University of California of Kumler and Halverstadt13 using an IBM 360 computer,
at Berkeley. The ultraviolet spectra were determined in 95% ethanol using (13) I. F. Halverstadt and W. D. Kumler, J. Amer. Chem. Soc., 64, 2933
a Carey Model-11 spectrophotometer. Absorption is reported in millimi- (1942).
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Reactions of Monocyclic Compounds with Diazomethane. dioxane the melting point could be improved to 180-182° • ir
2-[N-MethyI-(S-carbomethoxymethyl)thioimidyl]-A2-thiazolin-4- 1775 c m '1 (ring C = 0 ) ;  nmr (pyridine-*) 5 4.2 (A B  quartet 
cne (5a). To an ice cold suspension of 2.2 g (0.01 mol) of 3a nonequivalent ring methylene protons) (deuterium oxide ex-
m 15 ml of anhydrous ether was added an ethereal solution of change resulted in disappearance of the A B  quartet)- uv max
ciazomethane14 (0.9 g, 0.021 mol) in small portions until evolu- (95% E tO H ) 314 mja (« 7850) and 365 (1700), 314 (8200 in acid)
tion of nitrogen ceased and the solution acquired a pale yellow 365 (8100 in base); neut equiv (potentiometric titration), 100
color. As reaction proceeds the suspended starting material (calcd 100.05); pATa =  6.7; dipole moment 2.6 D .
dissolves and at the end a clear solution is obtained. The sol- Anal. Calcd for C6H ,N 20 2S2: C, 36.01; H , 2.01; N , 14.00-
vent was evaporated leaving behind a white crystalline product S, 31.98. Found: C, 36.20; H, 2.19; N, 14.20; S, 31.98.
and an oil. The residue was dissolved in methanol and set 4,4'-Dihydroxy-5,5'-dimethyl-2,2'-bithiazolyl (7b).— Cyanogen
aside for crystallization. On cooling it afforded 2.3 g (92% ) of a gas (5 g, 0.1 mol) was passed into a stirred solution of 21.2 g
white crystalline product, mp 69-71°. Two crystallizations (0.2 mol) of thiolactic acid and 2 drops of n-butylamine in 200
from methanol afforded a product: mp 71-72°; ir 1780 (ring ml of anhydrous ether maintained at —80°. The reaction mix-
C = 0 )  and 1700 (ester C = 0 ) ,  1600 cm-1 (C = N ) ;  nmr 5 3.84 ture was stirred at —80° for 2 hr and then allowed to warm to
(s, 2, S -C H 2) and 3.71 (s, 3, methyl ester), 3.56 (A B  quartet, room temperature. The reaction mixture was then refluxed on
2, J  =  16 Hz, ring C H 2), 3.06 (s, 3, N -C H 3); neut equiv (po- a water bath for 30 min and ether removed at the water pump
tentiometric titration), 247 (calcd 246); pK a =  6.65. leaving behind a yellow solid. Two recrystallizations from

Anal. Calcd for C8HioN20 3S2: C, 39.23; H , 4.09; N , 11.38; dimethyl sulfoxide yielded 20 g (87% ) of a yellow crystalline
S, 26.00. Found: C, 39.53; H , 4.36; N , 11.38; S, 25.60. product: mp 242-243° dec; ir 3500-2500 (H  bonded O H ) and

5-Methyl-2-[N-methyl-S-(2-carbomethoxyethyl)thioimidyl]- 1580 cm-1 (conjugated C = C ) ;  nmr (T F A ) 5 2.20 (s, C H 3);
A2-thiazolin-4-one (5b).— The reaction product of thiolactic neut equiv (potentiometric titration), 114 (calcd 114); p K a = ’
acid and cyanogen (3b) (5 g ) was suspended in 20 ml of anhydrous 6.7.
ether. To this suspension was added an ethereal solution of Anal. Calcd for CsHiN20 2S2: C, 42.11; H , 3.53; N , 12.28;
0.42 g of diazomethane in small portions until the evolution of S, 31.56. Found: C, 42.28; H , 3.64; N , 12.20; S, 31.72.
nitrogen ceased. As the reaction proceeded part of the mixture 4,4'-Diketo-5,5,5',5'-tetramethyl-2,2'-A2-bithiazolinyI (7c).—  
dissolved and part remained in suspension. The reaction mix- 5,5-DimethyI-2-[S-(2-carboxyisopropyl)-thioimidyl]-A2-thiazolin- 
ture was filtered at this stage and a yellow product, mp 242-243°, 4-one (2.8 g, 0.01 mol) was refluxed in 5 ml of acetic an-
was collected. This yellow product was identical in all respects hydride for 10 min and set aside for crystallization. On cooling
with the bicyclic product (7b) obtained from cyanogen and thio- it afforded 2.1 g (81.5%) of a white crystalline product, mp 105- 
lactic acid. The filtrate on evaporation afforded a crystalline 108°. Two recrystallizations from benzene yielded a product
product, mp 95-97°. This was recrystallized from methanol to of mp 109-110°; ir 1780 cm "1 (ring C = 0 ) ;  nmr 5 1.93 (s) and
afford 1.37 g of colorless needles, mp 98-99°, and represents and 1.68 (s) (nonequivalent methyl groups); dipole moment
1.25 g of the corresponding unmethylated compound. On the 3.2 D .
basis of this yield of N-methylated ester, the percentage of Anal. Calcd for C i0H i2N 2O2S2: C, 46.88; H , 4.72; N ,  
monocyclic product in the mixture (5 g ) was estimated to be 10.93; S, 24.98. Found: C, 47.01; H , 4.78; N , 10 75- s ’
25%: ir 1780 (ring C = 0 ) ,  1720 (ester C = 0 ) ,  1610 cm -1 24.72.
(C = N ) ;  nmr 5 4.07 (q, 1, J  =  7 Hz, C H  next to C H 3), 3.8 Syntheses of Dienol Diacetates. 4,4'-Diacetoxy-2,2'-bithi-
(s, 3, methyl ester), 3.71 (q, 1, J  =  7 Hz, CH  next to C H 3), azolyl (9a).— 4,4'-Diketo-2,2'-A2-bithiazolinyl (1 g, 0.005 mol)
3.1 (s, 3, = N C H 3) and 1.63 (d, 3, J  =  7 Hz, C H 3), 1.36 (d, 3, was dissolved in a mixture of 3 ml of acetic anhydride and 1 ml
J  — 7 Hz, C H 3). of pyridine and gently refluxed for 30 min. On cooling it

Anal. Calcd for C i0H hN 2O3S2: C, 43.80; H , 5.15; N , afforded 700 mg (50% ) of a white crystalline product, mp 210-
10.22; S, 23.35. Found: C , 43.93; H , 5.40; N , 10.18; S, 212°. Two recrystallizations from benzene afforded a product
23.50. of mp 215-216°; ir 1750 (acetoxy C = 0 ) ,  1210 c m '1 (C -0

5,5-Dimethyl-2-[N-methyl-(S-carbomethoxyisopropyl)thio- stretch); nmr a 6.5 (s, 1, aromatic C H ), 2 (s, 3, acetoxy C H 3); 
imidyl]-A2-thiazolin-4-one (5c).— To an ice cold solution of 2.8 uv max (95% E tO H ) 345 m/i («25,200).
g (0.01 mol) of 3c in 15 ml of anhydrous ether was added an Anal. Calcd for C i0H 8N 2O4S2: C, 42.26; H , 2.84; N , 9.86; 
ethereal solution of diazomethane (0.9 g, 0.021 mol) in small S, 22.52. Found: C, 42.21; H , 2.73; N , 9.71; S, 22.60. 
portions until gas evolution ceased and the solution became 4,4'-Diacetoxy-5,5'-dimethyl-2,2'-bithiazolyl (9b).— 4,4'-Di-
yellow. The solvent was evaporated leaving behind a white hydroxy-5,5'-dimethyl-2,2'-bithiazolyl (5 g, 0.02 mol) was dis-
crystalline product. Two recrystallizations from methanol solved in a mixture of 8 ml of acetic anhydride and 2 ml of pyridine
afforded 2.85 g (95% ) of crystalline product: mp 120-121°; and gently refluxed for 20 min. On cooling it afforded a white
ir 1780 (ring C = 0 )  and 1710 cm-1 (ester C = 0 ) ;  nmr 5 3.70 crystalline product, mp 240-241°. Two recrystallizations from
(s, 3, methyl ester), 3.06 (s, 3, = N C H 3), 1.96 (s, 3, C H 3) and benzene yielded a product of mp 242-243°; ir 1750 (C = 0 ) ,
1.73 (s, 3, C H 3) (nonequivalent geminal methyl groups of the 1210 cm-1 (C -0  stretch); nmr S 2.33 (s, 3, acetoxy group), 2.28
ring), 1.60 (s, 6, geminal methyl groups on side chain). (s, 3, methyl); uv max (95% E tO H ) 346 m/i (e 25,300).

Anal. Calcd for C 12H 18N 20 3S2: C, 47.68; H , 6.00; N , Anal. Calcd for C 12H 12N 20 4S2: C , 46.16; H , 3.87; N ,
9.27; S, 21.96. Found: C , 47.52; H , 5.91; N , 9.02; S, 21.80. 8.97; S, 20.50. Found: C .4 6 .2 4 ; H , 4.07; N , 9.14; S,

Syntheses of Bicyclic Compounds. 4,4'Diketo-2,2'-A2-bi- 20.60.
thiazolinyl (7a).— 2-[(S-Carboxymethyl)thioimidyl]-A2-thiazolin-
4-one (4.36 g, 0.02 mol) was refluxed in 10 ml of acetic anhydride t> • i. at r , Acn in  -  -> m oon  ro o
for 10 min. The reaction mixture was cooled and set aside for ^ g i s t r y  No -Cyanogen 460-19-0; 3a, 19639-58-8; 
crystallization. It afforded 3.8 g (95% ) of a white crystalline 3b, 19639-59-9; 3c, 19639-60-2; 5a, 19639-61 3;
product, mp 152-175°. On repeated recrystallization from 5b, 19639-62-4; 5c, 19639-63-5; 7a, 19639-64-6;

~  7 T v f. . _. .. ,,T 7b, 19639-65-7; 7c, 19639-66-8; 9a, 19639-67-9;
(14) A. I. Vogel, A Textbook of Practical Organic Chemistry, Long- ’ 1ncon  „

mans, Green & Co., London, 1956, pp 971 and 973. 91), 19639-Oo-U.
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Rearrangements of 5-Nitronorbornenes. II. 6-Phenyl- and 
6-Methyl-5-nitro-2-norbornenes

W ayland E. N oland, R ichard B. Hart,111 W illiam A. Joern, lb and R. Gerald Simon10 

School of Chemistry, University of Minnesota, Minneapolis, Minnesota 55455 

Received July 12, 1968

Rearrangement of the salts of 6-phenyl- (Sa) and 6-methyl-5-nitro-2-norbornenes (5b) in aqueous methanolic 
hydrochloric acid gave isomeric rearrangement products 6a and 6b. Hydrogenation of 6a and 6b over platinum 
gave dihydro derivatives 9a and 9b and over Raney nickel gave dihydrodeoxo derivatives 12a and 12b, the 
hydrogenolysis in the latter cases supporting the assignment of hydroxamide structures to 6a and 6b. Ozonolysis 
of 6a to the known l-phenylpropane-l,2,3-tricarboxylic acid (19), and an independent synthesis of the 3 epimer 
(17) of the dihydrodeoxo derivative (12a) of 6a, established the structure of 6a as l,2,3-ds-3a-c¿s-4,6a-CTS-hexa- 
hydro-l-hydroxy-3-phenylcyclopenta[fe]pyrrol-2-one. B y  analogy the corresponding 3-methyl structure is as
signed to 6b. The lactam structure of 12a was extremely resistant to acidic hydrolysis or reduction with L iA lH 4, 
but epimerized (to 17), particularly under alkaline conditions, whereas 12b did not epimerize, but was readily 
hydrolyzed (to amino acid hydrochloride 41) and reduced with L iA lH 4 to the amine, l,2,3-«s-3a-ds-4,5,6,6a- 
c?'s-octahydro-3-methylcyclopenta[b]pyrrole (42). The mechanism of formation of the rearrangement products 
is discussed.

I t  has been shown previously in this laboratory that ment of the sodium or potassium salt of the 6-phenyl
the product of rearrangement under acidic conditions derivative (5a) in aqueous methanolic hydrochloric
of the sodium salt of 5-nitro-2-norbornene (1) is acid gave a crystalline product (6a), isomeric with the
2,3,4,4a-cfs-5,7a-m-hexahydrocyclopenta[e]-l,2-oxazin- starting material, in yields as high as 43-57%. The
3-one (2).2 Two key degradation products, of interest transformations 6a — 18 shown in Scheme I ,3 and the
in the discussion which follows, are the dihydro deriva- additional data included in the Experimental Section,
tive (3), derived from hydrogenation over platinum, are consistent with the assignment to 6a of a hydrox-
and the tetrahydro derivative (4), derived from hydro- amide structure [-C (= 0 )N (0 H )- ] ,  in contrast to the
genation over Raney nickel. In order to determine the cyclic hydroxamate structure established for 2.
effect of substitution on the rearrangement, we have Ozonolysis of the phenyl rearrangement product (6a) 
now subjected the salts of the 6-phenyl (5a) and 6- at —78° in methanol, followed by oxidative work-up
methyl (5b) derivatives of 1, which, like 1, are available with performic acid, gave in 55% yield a key degrada-
from the Diels-Alder reaction of cyclopentadiene with tion product, the known l-phenylpropane-l,2,3-tri-
the appropriate nitroolefins, to the acidic rearrange- carboxylic acid (19), identical with a synthetic sample
ment. prepared via sodium ethoxide catalyzed condensation of

Phenyl Rearrangement Product (6a).—Rearrange- mandelonitrile with ethyl cyanoacetate, and then with
ethyl chloroacetate, according to the procedure of 

h Chatterjee and Barpujari.4
) \ NaOH add to Hci Among the most likely structures for the phenyl

H)° t (0.34 Nat end)̂  rearrangement product are 6a, 20a, 2la, and 22. I f  the
\ l /  CHjOh  -20 to -io° ” intermediate nitronic acid of 5a is considered as the

°" 30-42% N-oxide of an oxime, which might undergo a Beckmann-
^ type rearrangement, then structures 20a and 21a are

1 potentially derivable from migration of the 4 and 6
[ | f carbons of 5a, respectively, to nitrogen. Structure 20a

H!_Pt ¡ is also derivable by a ring reclosure reaction, as will be
93%/ h discussed later in the Mechanism Section. Structure

H 3 22 is the phenyl-substituted analog of the unsubstituted
Fe k o rearrangement product2 (2), and is potentially derivable

|_ in a manner completely analogous to that of 2 by a ring
; (j v  reclosure reaction through oxygen acting as the nucleo
li (I phile. Structure 6a is potentially derivable by an

2 H-_Ni analogous ring reclosure reaction through nitrogen
92% I----- rather than oxygen acting as the nucleophile. Struc-

^ OH ‘ ture 22, although consistent with the ozonolysis prod
uct, can be eliminated immediately because it is not a 

__________  4 hydroxamide, would not give a positive ferric chloride
(1) (a) Taken in large part from the Ph.D. thesis of Richard B. Hart, te s t, an d , b y  a n a lo g y  w ith  2 (w h ic h  g a v e  a t e t r a h y d r o

University of Minnesota, August 1964; Dissertation Abstr., 26, 695 (1965). d e r iv a t iv e ) ,  W ou ld  n o t  b e  e x p e c te d  to  g iv e  a  d ih y d rO -
It is a pleasure to acknowledge support of much of this work through fellow- , , , x . . ,
ships to R. B. H. from the George Macpherson Fellowship of the Graduate UGOXO (O f ClGOXO) QGriVRtlVG. 1 IlG h yd rO X R m id e  StrUC-
School of the University of Minnesota (academic year 1962-1963), the Sun tui*6 21a Can b e  e l im in a te d  b ecau se , w i th  a n it r o g e n
Oil Co. Fellowship (academic year 1963-1964), the National Science Founda
tion Summer Fellowships (summers of 1962, 1963, and 1964), and the Mon
santo Co. (second summer session 1961); taken in part from initial explora- (3) Hydrogenolysis of hydroxamides and alkoxamides over Raney nickel
tory studies by (b) William A. Joern, M.S. degree research, University of at low pressure is well known. For numerous illustrations see, for example,
Minnesota, 1959-1960; and (c) R. Gerald Simon, research, University of W. E. Noland and R. J. Sundberg, J. Org. Chem., 28, 3150 (1963); Tetrahedron
Minnesota, Jan-Feb 1961. Lett., 295 (1962).

(2) (a) Paper I: W. E. Noland, J. H. Cooley, and P. A. McVeigh, J. (4) N. N. Chatterjee and G. N. Barpujari, J. Indian Chem. Soc., 17, 292
Amer. Chem. Soc., 81, 1209 (1959); (b) ibid., 79, 2976 (1957). (1940).
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rather than a carbonyl attached to the benzyl carbon, Schem e  I I I
it could not give rise to the substituted phenylacetic Ph
acid structure present in the ozonolysis product. The | || I h .o

hydroxamide structures 6a and 20a are consistent with + BrCHC00Et " *
the ozonolysis product, and with the epimerization and I____ I 25
benzylation data, which seem to require that the phenyl 24 Ph
substituent be on a carbon a to a carbonyl group for the . . . __I
necessary enolate anion to form (Scheme I I ) .  Efforts [ j CHCOOEt
were then directed toward differentiating between the
two possible structures (6a and 20a) for the phenyl ^
rearrangement product. " ‘ '

1. K 0 H

Sch em e  I I  R  92% 2.h2so,

|sh/H iVho £HNi f
o3,ch3oh h .o ., h cool i <133atm CHCOOH

1!________N -78° * iF  " 1----- -----NH 100° I----- L
: ^ O H  H m  0

h 6 r h
H _ l _
!PhH HOOC C H Experimental Section). Thus it follows that the

mnH = HOOC—C—H dihydrodeoxo derivative has structure 12a and its
l  I precursor, the phenyl rearrangement product, must
^OOH 9H- have structure 6a.

known COOH Methyl Rearrangement Product (6b).'—Rearrange-
cll-erythro 19 55% ment of the sodium salt of 6-methyl-5-nitro-2-nor- 

h ' ’ bornene (5b) in aqueous methanolic hydrochloric
/ \  ph 1%. Ph acid also gave a crystalline product (6b), isomeric

^  if j P'-H with the starting material, in 40% yield. The trans-
^  H / — formati ons 6b —► 30 shown in Scheme IV, and the bright

I O II °H purple ferric chloride tests given by 6b and 9b (like 6a
0 and 9a), show that 6b has a hydroxamide structure like

20a 21a the phenyl rearrangement product (6a). The methyl
H dihydrodeoxo derivative 12b, having a less acidic hydro-
¡§VP f\ gen a to the carbonyl group, does not epimerize or

x  t~ A  Ph undergo C benzylation under the basic conditions where
|____I ^  \  P 'H  the phenyl derivative 12a does. Also in contrast to

! O ' h " " c) 12a, in which the phenyl substituent sterically prevents
H hydrolysis or hydride reduction at the carbonyl group,

22 23 12b hydrolyzed in refluxing concentrated hydrochloric
acid to the amino acid hydrochloride 29, and reduced 

Because of the complex functionality of the rearrange- with lithium aluminum hydride to the cyclic secondary 
ment product, efforts were directed toward independent amine 30.
syntheses of the simpler dihydrodeoxo derivatives 12a By analogy with structure 6a established for the 
and 236 derivable from 6a and 20a. Synthesis of the phenyl rearrangement product, the methyl rearrange-
epimer (17) of the dihydrodeoxo derivative 12a was ment product is assigned structure 6b rather than the
accomplished from the pyrrolidine enamine of cyclo- alternative hydroxamide structures 20b and 21b (anal-
pentanone (24), as shown in Scheme I I I .  The product ogous to 20a and 21a), although all three structures are
(17, mp 128.5-129.5°) was different from the dihydro- consistent with the chemical data presented,
deoxo derivative (12a, mp 171-172°) and, although it Effect of Reaction Conditions.—The rearrangement 
had the proper melting point, it was also first thought to product (2) from 5-nitro-2-norbornene (1) was obtained
be different from epimer 17 because of substantial under milder conditions of acidity (2.6 N  HC1 at the
differences in the infrared spectra in Nujol.la These start and 0.3 N  at the end) than the rearrangement
differences led to the incorrect formulation of the products 6a (from the 6-phenyl derivative 5a; 12 A
phenyl rearrangement product (6a) and its derivatives HC1 at the start and 7.2 N  at the end) and 6b (from the
(7-18) in the Hart thesisla as the alternate structure 20a 6-methyl derivative 5b; 12 A  HC1 at the start and 6.2
and its corresponding derivatives (including 23). Hart A  at the end), which were isolated under similar condi-
round subsequently, however, that the nmr spectra of tions. Developmental worklb'° carried out on the
the two samples of 17 in chloroform-d were identical, rearrangement of the salt of the 6-phenyl derivative
and that the differences in the Nujol infrared spectra (5 a) showed that the reaction is favored by (1) high
were attributable to the existence of dimorphic forms, acid concentration (6-12 A  HC1), (2) slow addition of
both of which were isolated at various times from the salt solution to the acid, (3) the presence of meth-
epimerization of the dihydrodeoxo derivative (see the anol as a solubilizing agent, (4) probably by reaction

 ̂ _ , , , t . ... . . . temperatures in the range of 0-10°, and (5) use of
23 are described in the Hart thesis.14 freshly prepared salt. The latter factor is probably
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Schem e  IV  Schem e  V

K\ NaOH, \  v
____\  CH, TO, add t0 HC1 \ \

\ l  CH.OH (6.2 N at end) , 2f Z  \  R i ----------\  R
^ ---------->- ------------------*  -  OH 2H* \  -OH” ' \

-is» -s 5 — »• — <- 3C_^ s \ / 6 — *■ 4s===i 6  yNP ,cr
n o 2 |l ■#

N  n !
5b / + K >  /  +

H  HO OH HO

!ct%  o t .h 31 32

r r V  * *  J y o  v  o -
L 4 — NN  ~  L---------------

H  ° H H  0 H  *------- K o 'N H  - h - \  r  A

6b, 40% 9b H A  / \ R

N H 2-NiJ H2-Ni A /  2 / T S + /

X  H ^  H » > > -  H 0 - | i  \

r f r  d v  ^  ■
'---------------NH  A  0H

| . PhCH2Cl, “
LiAlH* /  H \  NaH, 6a, R =  Ph
22 hr/  12b 53*\D M F b, R =  CH3

/ 94*  % \  c, R =  H

“ CH, ?CH
| V -'H concd ! \ .3'H i-butoxide to give 3-cyclopentene-1-acetamide (36a) or

68% hci 3-cyclopentene-l-acetic acid (36b) in which, as they
I--------1------ NH  reflux I--------------- N \  have noted, the electron flow (35) is just the reverse of

^  jij C H T h  th a t  w h ic h  w e  h a v e  p o s t u la t e d 2 fo r  th e  r in g -f is s io n

,, process 31 -*■ 32.
30 28

K 0

Y > ™ C O O H  \  B - H .  \  p h L

^V .r Q '~
H Y r 36

29 0  ~0  36a, R =  NH2

\ K 34 35 b ,R  =  OH

y;----CH:i \ CH Hydrolysis of the protonated nitrile oxide (32) should
¿ ¿ I T n/  1 give the corresponding hydroxamic acid (33). This

x N " \ n Tr"N intermediate could then react along one of several
I IT '"'OH  subsequent pathways, depending on steric and possibly

0 electronic factors.
20b 21b One possible reaction pathway (type 1 rearrange

ment), which has not so far been observed when an 
favored because of a slow autoxidation of the nitro alternate pathway is present (as in our examples), would
compound salt to nitrite,6 which otherwise probably be nucleophilic attack by the hydroxamic nitrogen on
leads during the acidification to increased amounts of the same (now positive) carbon from which the original
nitrosation by-products (such as pseudonitroles). ring fission occurred. In our examples this would be

Mechanism.—The mechanism previously proposed2 the allylic, original C-4 bridgehead carbon in 5. This
to account for formation of the unsubstituted rear- pathway would regenerate a bicyclic system, giving one
rangement product (2) can be adapted to account for (20a, 20b) of the two types of hydroxamide suggested
all three rearrangement products. The mechanism earlier also as possible products of a Beckmann-type
probably proceeds through the doubly protonated rearrangement. The type 1 rearrangement has been
nitronate anion (31), the conjugate acid of the nitronic observed in the acid-catalyzed rearrangements of the
acid, which undergoes ring opening and elimination of a-nitro ketones 3-endo-nitro-2-bornanone8 (37) and
hydroxide ion to give an allylic carbonium ion-nitrile 3/3-hydroxy-16-nitroandrost-5-en-17-one (39, a 1:1 mix-
oxide, or its conjugate acid (32) (Scheme V). Cristol ture of the 16a- and 16/3-nitro epimers) and its 5,6-
and Freeman7 have reported a ring fission reaction of dihydro derivative, which have been shown to give N-
5-norbornen-2-one (34) with sodium amide or potassium hydroxycamphorimide9 (38) and 3j8,N-dihydroxy-16,17-

secoandrost-5-ene-16,17-dioic imide (40) and its 5,6-
(6) (a) G. A. Russell, J. Amer. Chem. Soc., 76, 1595 (1954). (b) For

additional examples, see W. E. Noland, Chem. Rev., 55, 137 (1955). (8) A. A. Griswold and P. S. Starcher, J. Org. Chem., 30, 1687 (1965).
(7) S. J. Cristol and P. K. Freeman, J. Amer. Chem. Soc., 83, 4427 (1961). (9) H. O. Larson and E. K. W. Wat, J. Amer. Chem. Soc., 86, 827 (1963).
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d ih y d r o  d e r iv a t iv e ,10 r e s p e c t iv e ly . H a s s n e r  a n d  L a r k in 10 fa sh io n , b u t  th r o u g h  n it r o g e n  ( t y p e  2 b  r e a r r a n g e m e n t )

h a v e  s u g g e s t e d  t h a t  th e se  r e a r r a n g e m e n ts  m a y  a lso  r a t h e r  t h a n  o x y g e n , g iv in g  5 :5  fu s e d  r in g  p ro d u c t s

p ro c e e d  t h r o u g h  c le a v a g e  to  a  n it r i le  o x id e  (a n a lo g o u s  (6 a , 6 b ) .  S in c e  th e  y ie ld s  o f  r e a r r a n g e m e n t  p ro d u c ts

to  3 2 ) a n d  th e n c e  to  a  h y d r o x a m ic  a c id  in t e rm e d ia t e  (4 3 - 5 7 %  o f  6 a , a n d  4 0 %  o f  6 b )  e x c e e d e d  th e  a m o u n t s  o f

(a n a lo g o u s  to  3 3 ).  I n  th e se  e x a m p le s , th e  a c id i t y  o f  5 -e x o -n it ro -6 -e n d o -s u b s t itu te d  m in o r  s te re o is o m e rs  p r e s -

th e  h y d r o g e n  a  to  b o t h  th e  c a r b o n y l  a n d  n it r o  g r o u p s  is  en t  in  th e  s t a r t in g  m ix t u r e s ,12 th e  p r o d u c t s  m u s t  b e

s u ff ic ie n t ly  g r e a t  t h a t  i t  is  n o t  n e c e s s a ry , a s  in  o u r  e x -  d e r iv e d  f r o m  th e  m a jo r  s te re o iso m e rs  S a  a n d  S b . I t

a m p le s , t o  firs t  f o r m  th e  s a lt  in  o rd e r  to  g e n e ra te  th e  fo l lo w s  f r o m  th e  m e c h a n is m  p r o p o s e d  t h a t  th e  6 -e x o

n it ro n ic  a c id  u p o n  a c id if ic a t io n ; w i t h  th e  a -n it r o  k e -  s u b s t itu e n t s  in  5 a  a n d  5 b  b e c o m e  th e  3 -s u b s t itu e n ts  in

to n e s  th e  n it ro n ic  a c id  m u s t  fo r m  d ir e c t ly  b y  a c id -c a t a -  6 a 14 a n d  6 b  a n d  th e ir  d e r iv a t iv e s  a n d  r e m a in  trans  t o

ly z e d  en o liz a t io n . T h e  r e a r r a n g e m e n ts  a lso  p ro c e e d  th e  3 a -h y d r o g e n  a t  th e  a d ja c e n t  r in g  ju n c t io n . T h u s ,

w i t h  b e n z o y l  c h lo r id e  u n d e r  S c h o t t e n -B a u m a n n  re a c -  e p im e r iz a t io n  o f  th e  d ih y d ro d e o x o  d e r iv a t iv e  12a to  17

t io n  c o n d it io n s , g iv in g  th e  b e n z o a te  o f  3 8 ,9 a n d  w i t h  r e lie v e s  th e  s e r io u s  p m '- l ,3 - s t e r i c  in t e r a c t io n  b e t w e e n

a c e t ic  a n h y d r id e ,  g iv in g  th e  3/3,N - d i  a c e ta te  o f  40  o r  it s  t h e  in w a r d -p o in t in g  3 -p h e n y l a n d  4 -h y d r o g e n  s u b s t i -

5 ,6 -d ih y d r o  d e r iv a t iv e .10 H a s s n e r  a n d  L a r k i n 10 h a v e  tu e n ts  in  1 2 a .16,16

m a d e  th e  p la u s ib le  s u g g e s t io n  t h a t  th e se  e x a m p le s  m a y

a lso  p ro c e e d  t h r o u g h  th e  n it r i le  o x id e  m e c h a n ism , in  E x p e r im e n t a l  S e c t io n

w h ic h  a n  a c y l g r o u p  re p la c e s  a  p r o to n  as  c a t a ly s t  a n d  a n

a n h y d r id e  m o le c u le  (o r  m o re  p r o b a b ly  a n  a c y la t e  io n  U ltriw io let ™  “  X  Y  ‘ S b

its  c o n ju g a t e  a c id )  re p la c e s  a  w a t e r  m o le c u le  a s  a  CO- Spectronic 505 or C a ry  M odel 11 recording spectrophotometers,
c a t a ly s t .  T h e  o p p o s it e  t y p e  o f  r in g  c lo su re  r e a c t io n  to  In frared spectra were determined on Beckm an IR 5 , Perkin-
th e  t y p e  1 r e a r r a n g e m e n t  to  fo r m  b ic y c lic  s y s te m s , in  E lm er 21, or Un icam  SP-200 spectrophotometers. N uc lear
w h ic h  a  n u c le o p h ilic  c e n te r  (d o u b le  b o n d )  in  a r in g  a t -  magnetic resonance (nm r) spectra were determined on a V arian
, , , .  -i i , ... . , , , , A -60 spectrometer. M icroanalyses were performed largely at
ta c k s  a n  ex ocych c  e le c t ro p h ilic  c en te r , h a s  b e e n  s tu d ie d  the Un% ersity of M innesota by  M rs . O lga Ham erston and D r .

e x te n s iv e ly  b y  B a r t le t t  a n d  c o w o rk e r s .11 T . S . P rokopov and their assistants, particularly M rs . K ath leen
„ „  „ „  Nelson Juneau and Lawrence L .  Landucci, and at the Scandina-

3\ /  3 '1 ,CH, v ia n M icroanalytical Laborato ry  in H erlev, Denm ark .
v Y  The Potassium  Salt of 5-Nitro-6-phenyl-2-norbornene.— 5-
\  CH  coned /\  Nitro-6-phenyl-2-norbornene17 (60.0 g, 0.279 m ol) was added

3 HCi .— A - V '  ■1 dropwise w ith  vigorous stirring at room temperature to a solution
s '  > j __ / Y = 0  of potassium hydroxide (17.3 g, 0.308 mol) in methanol (300 m l).

J V -N  The resulting yellow  solution was stirred for 12 hr. T hen  the
|P ^ "O H  methanol was removed carefully in a  rotary evaporator, keeping

N 0 2 O the temperature below  40°, leaving a  red gum m y residue. This
_ _  2g residue was cooled and washed w ith  ether-acetone (> 3 :1 ,

200-300 m l) at 0 °, causing form ation of a yellowish white solid 
CH 3 CH3 (66.4 g, 9 4 % ): vZnj ° '  (cm ’ 1)  3280 and 3140 (m , O H ),  1615

O O (s, C = N ) ,  1590 (m s, C = C ) .  The solid was insoluble in ether
I] II bu t somewhat soluble in water. I t  was used in the next step

HC1 without further purification,
j | nr„ tr i  I Rearrangem ent of the Salt of 5-N itro-6-phenyl-2-norbornene in
}  75?i ’ Aqueous M ethanolic Hydrochloric Acid. l,2 ,3 -cfs-3a-cis-H exa-

gg hydro-1 -hydroxy-3-phenylcyclopenta[6]pyrrol-2-one (6 a ).— A  solu-
tion of the potassium salt of 5-nitro-6-phenyl-2-norbornene (89.0

A  seco n d  n n ss ib lc  re a c t io n  n a t h w n v  ( t v n e  2 r e -  g, 0.351 m ol) in water (200 m l) and methanol (300 m l) at 0 ° was
. P  . P  y  '  ^ P  added dropwise w ith vigorous stirring over 2 hr to concentrated

a r r a n g e m e n t ) ,  w h ic h  is o b s e rv e d  m  o u r  e x a m p le s , hydrochloric acid (800 ml, 9.60 m ol) cooled to 0 ° in an ice-salt
in v o lv e s  r in g  c lo su re  t h r o u g h  n u c le o p h ilic  a t t a c k  a t  th e  bath , never allowing the temperature to rise above 5 °. D u rin g
o th e r  e n d  o f  th e  a l ly l ic  c a r b o n iu m  io n  s y s te m , a t  th e  the addition, the reaction solution became opaque and light
o r ig in a l  C -2  v in y l  c a r b o n  in  5. T h u s ,  r in g  c lo s u re  blue-green, and a  considerable amount of blue-green oil form ed,

through the hydroxamic oxygen (type 2a rearrange- (12 N  HC1 at the start and 3.3 N  at the end) than used previously in the
ment) would give the hydroxamate type of structure isolation of 2: John m. oison, senior thesis research, University of Minne-
(22) previously observed2 (2) in the unsubstituted case. sota’ fal1 1967' NSF Undergraduate Academic Year Research Participant.
rpi • ,* ,i , i  i i From the sodium salt of 1 under conditions of acidity the same as those used
T h is  r e a c t io n  p a th w a y  w a s  n o t  o b s e r v e d  w h e n  th e  in the isolation of 6a (12 N  HC1 at the start and 7.2 N  at the end) an oily
6 -e x o -p h e n y l12 (5 a )  o r  m e th y l  (5 b )  s u b s t itu e n ts  a re  product, mp 95.5-96°, was isolated (in 54% crude yield), which is different
p re s e n t in  5, as th e  p ro d u c ts  (6 a , 6 b )  a re  h y d ro x a m id e s . fro” 2 and gives a positive ferric chloride test, suggesting that it is hydroxa-

,, m ide6c(R =  H). The nature of this new product is currently under investi-
Instead, tor reasons which may relate to protonation of gation.
th e  o x y g e n  in  th e  m o re  s t r o n g ly  a c id ic  m e d ia  em - O4) Based on the stereochemistry of 6a deduced above, the ozonolysis
p lo y e d ,13 r in g  c lo su re  o ccu rs  in  th e  c o r re s p o n d in g  f>™duct triacid (19) should be the dl-erytkro stereoisomer It  is fortunate
r  ^ ^  o  from the viewpoint of the proof of structure, that the synthetic sample had

the same stereochemistry as the ozonolysis product, since both dl-erythro and
(10) A. Hassner and J. Larkin, J. Amer. Chem Soc., 85, 2181 (1963). dl-threo stereoisomers are theoretically possible.
(11) (a) P. D. Bartlett, S. Bank, R. J. Crawford, and G. H. Schmid, (15) The nmr spectra support the stereochemistry assigned to 12a and

ibid., 87, 1288 (1965); (b) P. D. Bartlett and G. D. Sargent, ibid., 87, 1297 its epimer 17. In 12a Jz,za = 10 Hz, consistent with the very small dihedral
(1965); (c) P. D. Bartlett, W. S. Trahanofsky, D. A. Bolon, and G. H. angle between the nearly eclipsed 3- and 3a-hydrogens, since the Karplus
Schmid, ibid., 87, 1314 (1965). equation predicts a coupling constant of 10 Hz when the dihedral angle is

(12) W. E. Noland, B. A. Langager, J. W. Manthey, A. G. Zacchei, zero.16 In epimer 17, «/j,3a = 4 Hz. while the dihedral angle should be about
D. L. Petrak, and G. L. Eian, Can. J. Chem., 45, 2969 (1967). 120°, which again is consistent with the prediction of a coupling constant of

(13) The type of rearrangement product formed (such as 22 or 20) may 4 Hz.16
depend on the conditions of acidity employed. As noted in the section on (16) (a) M. Karplus, J. Amer. Chem. Soc., 85, 2870 (1963); (b) N. S.
Effect of Reaction Conditions, product 2 was isolated previously2 under Bhacca and D. H. Williams, “Applications of NM R Spectroscopy in Organic
markedly lower conditions of acidity than 6a or 6b. I t  has recently been Chemistry,”  Holden-Day, Inc., San Francisco, Calif., 1964, pp 49-51.
shown also that 2 is the crystalline product (isolated in 25% yield) from (17) W. E. Parham, W. T. Hunter, and R. Hanson, J. Amer. Chem. Soc.,
rearrangement of the sodium salt of 1 under higher conditions of acidity 73, 5068 (1951).
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coating the walls of the flask and the stirrer. A t the end of the 155°. Three recrystallizations from methylene chloride-
addition, the blue-green reaction mixture was allowed to come petroleum ether gave fine white needles: mp 156.5-158°;
to room temperature and was stirred for 18 hr. A t the end of El0H m./u (log e) 247 infl (2.18), 253 (2.23), 259 (2.29),
this time the mixture had become light yellow and a brownish 265 (2.17), 268 infl (1.88); < w o1 (cm -1) 2680 (m, O H ), 1668
white precipitate was present, but there was none of the blue- (s, C = 0 ) ,  1522 (m ); nmr (12% w/w in CH Ch-d ) r  8.50 (m,
green oil observed earlier. The precipitate was filtered and dried, 5.2, 2.5 C H 2), 7.82 (m, 1.0, 0.5 C H 2), 6.99 (m, 0.9, 3a-CH ), 5.87
giving a brown amorphous solid (43.6 g, 78% ). This solid was (d, 1.2, J  =  10 Hz, 3 -C H ) superimposed on part of 5.70 (m,
dissolved in ethanol-benzene (1:1, 500 ml), producing a black 0.7, 6a-CH ), and 2.67 (5.1, C 6H 5). The hydroxyl proton was not
solution, which was treated repeatedly with charcoal until the determined. The compound gave a bright purple color with
color became light yellow. The solution was concentrated to ethanolic ferric chloride solution.
250 ml and allowed to cool, causing separation of fluffy white Anal. Calcd for C I3H i5N 0 2 (217.26): C, 71.86; H , 6.96;
needles (32.7 g, 43% ), mp 198-201° dec. Four recrystalliza- N , 6.45. Found: C, 71.74; H , 7.05; N , 6.49. 
tions from ethanol-benzene gave fine white needles: mp 202- Oxidation of 9a with chromic acid in acetic acid gave benzoic
204° dec; X“2 Et0H (a toluene chromophore18) m/x (log e) 248 acid (26% ) as the only recognizable product.1* Attempted
infl (2.18), 253 (2.24), 259 (2.30), 265 (2.18), 268 infl (1.86); hydrolysis of 9a in refluxing concentrated sulfuric acid for 24 hr
j w °1 (cm -1) 2640 (m, O H ), 1667 (s, C = 0 ) ,  1531 (m w); nmr (92% recovery) or in refluxing ethanolic aqueous sodium hy-
(14% w/w in (C H 3)2SO ) t 8.25 (m, 2.0, C H 2), 6.7 (m, 0.8, droxide for 4 hr (76% recovery) was unsuccessful, giving un-
3a-CH ), 5.97 (d, 1.0, J  — 11 Hz, 3 -CH ), 5.40 (bd, 1.0, J  =  8 changed 9a.1“ The compound was also recovered unchanged
Hz, 6a-CH ), 4.09 (m, 2.0, C H = C H ),  2.73 (m, 5.0, C 6Ha), and (93% ) after being heated in polyphosphoric acid solution at
0.19 (s, O H ). The compound was insoluble in sodium bicarbon- 115-120° for 15 min, and then poured into cold water.1“ At-
ate solution, but soluble in 5%  sodium hydroxide solution and tempted reduction of 9a with lithium aluminum hydride in
gave a bright purple color with ethanolic ferric chloride solution. refluxing ether for 12 hr was also unsuccessful, giving unchanged

Anal. Calcd for C i3H i3N 0 2 (215.24): C, 72.54; H , 6.09; 9a in 87% recovery.1“
N , 6.51. Found: C, 72.31; H , 6.32; N , 6.37. Acetyl Derivative of 8. l,2,3-CTs-3a-cis-4,5,6,6a-cis-Octahydro-

MethylDerivative of 6a. l,2,3-cis-3a-cis-4,6a-as-Hexahydro-l- 2-oxo-3-phenylcyclopenta[6]pyrrol- 1-yl Acetate (10). A. From
methoxy-3-phenylcyclopenta[b]pyrrol-2-one (7).— Am ixtureof 1,- Acetylation of 9a.— A  solution of l,2,3-ws-3a-cis-4,5,6,6a-cis-
2,3-CTS-3a-m-4,6a-m-hexahydro-l-hydroxy-3-phenylcyelopenta- octahydro-l-hydroxy-3-phenylcyclopenta[b]pyrrol-2-one (0.20 g,
[6]pyrrol-2-one (1.00 g, 4.65 mmol), potassium carbonate (0.55 0.92 mmol) and anhydrous sodium acetate (0.05 g ) in acetic
g, 3.98 mmol), and methyl iodide (6.67 g, 47.0 mmol) in acetone andydride (10 ml, 106 mmol) was stirred at room temperature for
(50 ml) was refluxed on a steam bath for 12 hr. Then more 5 hr. The solution was then poured into cold water (15 ml) and
methyl iodide (6.67 g, 47.0 mmol) was added and refluxing was stirred. The warm solution resulting from exothermic hydrolysis
continued for 6 more hr. The acetone and excess methyl iodide of the acetic anhydride was cooled in an ice bath and scratched
were evaporated on a steam bath in a steam of air, leaving a vigorously, causing separation of white needles (0.18 g, 75% ),
yellow semisolid residue. The residue was extracted with hot mp 108-110°. Several recrystallizations from methylene
water (25 ml). The resulting yellow oil was dissolved in methyl- chloride-petroleum ether (bp 60-68°) gave fine white needles:
ene chloride and the aqueous layer was extracted with more mp 108-109°; x“5  Et0H m/t (log e) 247 (2.17), 252 (2.24), 258
methylene chloride. The methylene chloride solutions were (2.31), 264 (2.17); jv7 '  (cm -1) 1785 and 1706 (s, C = 0 ) .
combined, dried (MgSCh), and evaporated, leaving a yellowish Anal. Calcd for CisHnNCh (259.29): C , 69.48; H , 6.61;
white solid (0.65 g, 61% ), mp 107-111°. Two crystallizations N , 5.40. Found: C, 69.34; H , 6.76; N , 5.47. 
from methylene chloride-petroleum ether (bp 60-68°) gave long B. From Hydrogenation of 8.— A  solution of l,2,3-cis-3a-as-
white needles: mp 113-114°; x“2 Et0H m/i (log e) 248 infl 4,6a-ei's-hexahydro-2-oxo-3-phenylcyclopenta[6]pyrrol-l-yl ace-
(2.20), 253 (2.25), 259 (2.30), 265 (2.19), 268 infl (1.84); i f  tate (0.13 g, 0.51 mmol) in 95% ethanol (35 m l) was hydro-
(cm-1) 1695 (s, C = 0 ) ;  nmr (22% w/w in C H C l3-d) t 8.00 (m, genated at 2 atm over platinum oxide at room temperature for
2.2, C H 2), 6.74 (m, 1.4, 3a-CH ), 6.12 (s, 3.3, O C H 3) super- 24 hr. Filtration of the catalyst and evaporation of the solvent
imposed on the upfield half of 6.04 (d, downfield half 0.4, J  =  11 left a light green solid (0.11 g, 82% ), mp 100-103°. Two crys-
Hz, 3 -CH ), 5.33 (bd, 1.0, /  =  8 Hz, 6a-CH ), 4.08 (m, 2.0, tallizations from methylene chloride-petroleum ether (bp
C H = C H ),  and 2.76 (m, 4.7, CeHs). The compound was in- 60-68°) gave white needles, mp 108-109°. There was no de
soluble in 5%  hydrochloric acid and 5%  sodium hydroxide solu- pression in mmp 108-109° with the sample prepared by acetyla
tion, and gave no color reaction with ethanolic ferric chloric tion of 9a, and the infrared spectra in Nujol were identical,
solution. Deoxo Derivative of 6a. l,2,3-cis-3a-as-4,6a-cfs-Hexahydro-3-

Anal. Calcd for ChH i5N 0 2 (229.27): C, 73.34; H , 6.59; N , phenylcyclopenta[b]pyrrol-2-one (11).— l,2,3-cfs-4,6a-cis-Hexa-
6.11. Found: C, 73.18; H , 6.47; N , 5.98. hydro-l-hydroxy-3-phenylcyclopenta[b]pyrrol-2-one (1.00 g, 4.65

Acetyl Derivative of 6a. l,2,3-as-3a-as-4,6a-cfs-Hexahydro- mmol) was added to a mixture of iron filings (0.80 g, 14.3 mg-
2-oxo-3-phenylcyclopenta[6]pyrrol-l-yl Acetate (8).— A  solution atom) in boiling glacial acetic acid (25 m l), and the resulting
of l,2,3-cfs-3a-a's-4,6a-cis-hexahydro-l-hydroxy-3-phenylcyclo- dark red mixture was refluxed for 48 hr. Most of the acetic acid
penta[bjpyrrol-2-one (0.50 g, 2.32 mmol) and anhydrous sodium was removed by distillation, water (200 m l) was added to the
acetate (0.1 g ) in acetic anhydride (15 ml, 159 mmol) was stirred residue, and the mixture was cooled in an ice bath and basified
at room temperature for 24 hr. The solution was poured into cold with 2 N  sodium hydroxide solution. The red, gelatinous iron
water (25 ml) and stirred to hydrolyze the excess acetic anhy- ( I I I )  hydroxide was removed by gravity filtration and the light
dride, causing an exothermic reaction. The warm solution was yellow filtrate was extracted exhaustively with methylene chlo-
cooled in an ice bath, causing precipitation of a white solid ride. The extracts were dried (M gS 0 4) and evaporated, leaving
(0.52 g, 87% ), mp 115-117°. Three crystallizations from meth- a yellowish white solid (0.75 g, 81% ), mp 120-124°. Two
ylene chloride-petroleum ether (bp 60-68°) gave white needles: crystallizations from ethanol-water gave white needles: mp
mp 118-119°; (cm-1) 1785 and 1704 (s, C = 0 ) .  124.5-126°; x£ * Et0H mM (log *) 242 (2.00), 248 (2.06), 253

Anal. Calcd for C15H 15N 0 3 (257.28): C, 70.02; H , 5.88; N , (2.19), 259 (2.30), 265 (2.18), 268 (1.98); <¿ 7 ' (cm -1) 3330 (m,
5.44. Found: C, 69.99; H , 5.61; N , 5.66. N H ),  1689 and 1653 (s, C = 0 ) ;  nmr (21% w/w in CH CI3-d) r

Dihydro Derivative of 6a. l,2,3-cis-3a-cis-4,5,6,6a-cis-Octa- 7.56 (m, 2.0, C H 2), 6.99 (m, 1.1, 3a-CH ), 6.65 (d, 1.0 , J  — 7
hydro-l-hydroxy-3-phenylcyclopenta[b ]pyrrol-2-one (9a).— A  so- Hz, 3 -CH ), 6.45 (bd, 0.9, J  =  8 Hz, 6a-CH ), 4.23 (m, 2.0,
lution of l,2,3-cfs-3a-cis-4,6a-as-hexahydro-l-hydroxy-3-phenyl- C H = C H ),  2.70 (4.9, C 6H 5), and 1.60 (bs, N H ).  An ethanolic
cyclopenta[6]pyrrol-2-one (0.50 g, 2.32 mmol) in methanol (100 ferric chloride test was negative.
ml) was hydrogenated at 2 atm over platinum oxide at room Anal. Calcd for C i3H i3N O  (199.24): C , 78.36; H , 6.58; N ,
temperature for 36 hr. Filtration of the catalyst and evaporation 7.03. Found: C , 78.19; H , 6.50; N ,  7.01.
of the pink solution left a reddish orange oil. The oil was dis- Dihydrodeoxo Derivative of 6a. l,2,3-cis-3a-cis-4,5,6,6a-cfs-
solved in methylene chloride and precipitated with hot petroleum Octahydro-3-phenylcyclopenta[b]pyrrol-2-one (12a).— A  solution
ether (bp 60-68°), giving a pink solid .(0.45 g, 89% ), mp 153- of l,2,3-cis-3a-cis-4,6a-a's-hexahydro-l-hydroxy-3-phenylcyclo-
-------------------- ■ «  non penta[61pyrrol-2-one (2.00 g, 9.28 mmol) in methanol (200 ml)

(18) ®*,|>ort' o/q“ ,, 1Qn 7t  (w g r  v, «  t ■ h s was hydrogenated at 2 atm over Raney nickel at room tempera-(2.15), 262 (2.28), 265 (2.10), 269 (2.19) [T. W. Campbell, S. Linden, S. /  & ,. K
Godshalk, and w . G. Young, J. Amer. Chem. Soc., 69, 880 (1947)]; x ^ E*OH ture for 24 hr. Filtration of the catalyst and evaporation of the
m/x (log e) 249 (2.11), 256 (2.27), 260 infl (2.33), 262 (2.40), 265 (2.24), 269 solvent left a white solid (1.85 g, 99% ), mp 168-171 . Four
(2.33) [A. Fehnel and M. Carmack, ib id . , 71, 84 (1949)]. crystallizations from methylene chloride-petroleum ether (bp
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60-68°) gave fine white needles: mp 171-172°; C l  El0H mp fu l.10 Solutions of 12a (0.15 g, 0.75 mmol) in methanol (25 ml)
(log e) 243 (1.88), 248 (2.08), 253 (2.21), 259 (2.30), 265 (2.18), and sodium nitrite (2.8 g, 41 mmol) in water (50 ml) were mixed,
268 infl (1.88); vL“l '  (cm -1) 3150 (mw, N H ),  1684 (s, C = 0 ) ;  cooled to —2° in an ice-salt bath and added slowly to 3.3 N
nmr (15% w/w in C H C l3-d) r 8.5 (m, 6.2, 3 C H 2), 7.0 (m, 0.9, hydrochloric acid (13.8 ml) also at —2°, the temperature not
3a-CH ), 5.92 (d, 1.9, /  =  10 Hz, 3 -CH ) superimposed on 5.86 being allowed to rise above 3°. Only unchanged 12a was re-
(m, 6a-C H ), 2.65 (5.3, C6H 5), and 2.11 (bs, 0.7, N H ).  That the covered, as a white solid, mp 170-171°. There was no depression
3 proton is coupled to the 3a proton was shown by a standard in mmp 170-171°, with the starting material, and the infrared
field sweep decoupling experiment with H 2 =  3 mG and a dif- spectra in Nujol were identical.
ference frequency of +6 4  Hz, which collapsed the doublet at Denitrosation of 14 to 12a.— A  solution of l,2,3-cfs-3a-cfs-
5.92.19 The compound was soluble in concentrated hydrochloric 4,5,6,6a-cfs-octahydro-l-nitroso-3-phenylcyelopenta[6]pyrrol-2- 
acid but insoluble in aqueous sodium hydroxide. An ethanolic one (1.45 g, 6.29 mmol) in concentrated hydrochloric acid (25
ferric chloride test was negative. ml) was refluxed for 24 hr. The solution was cooled and poured

Anal. Calcd for C 13H 15N O  (201.26): C, 77.58; H , 7.51; N , into cold water, causing precipitation of a yellowish white solid
6.96. Found: C, 77.72; H , 7.66; N , 7.11. (1.05 g, 83%), mp 144-150°. Three crystallizations from meth-

Similar hydrogenations with Raney nickel also gave the di- ylene chloride-petroleum ether (bp 60-68°) gave a sample, mp
hydrodeoxo derivative 12a from the dihydro derivative 9a (92% ) 171-172°. There was no depression in mmp 171-172° with the
in methanol, from the acetyldihydro derivative 10 (95% ) in 95% sample of 12a prepared from hydrogenation of 6a over Raney
ethanol, and with platinum oxide from the deoxo derivative 11 nickel, and the infrared spectra in Nujol were identical.
(46% yield after separation of some unchanged 11), as shown by p-Nitro Derivative of 12a. l,2,3-cis-3a-cis-4,5,6,6a-a's-Octa-
mixture melting point and infrared comparison in Nujol of the hydro-3-(p-nitrophenyl)cyclopenta [6] pyrrol-2-one (IS ).— A  solu-
products with the sample prepared from hydrogenation of 6a. tion of sodium nitrate (0.40 g, 4.7 mmol) in concentrated sulfuric
Attempted oxidation of 12a with chromium trioxide in glacial acid (20 ml) was added dropwise with stirring to a solution of
acetic acid at 0° gave unchanged 12a in 100% recovery, but boil- l,2,3-cis-3a-cis-4,5,6,6a-cis-octahydro-3-phenylcyclopenta[b]pyr-
ing with alkaline potassium permanganate solution gave benzoic rol-2-one (1.00 g, 4.97 mmol) in concentrated sulfuric acid (30
acid (51 % )-la ml) at 0° over a period of 0.5 hr. The resulting light yellow

The lactam carbonyl group of 12a was extremely resistant to solution was stirred for 1 hr at 0° and then poured over chipped
hydrolysis and to reduction with lithium aluminum hydride, ice, causing precipitation of a light yellow solid (0.98 g, 80% ),
probably because of the steric hindrance of the adjacent phenyl mp 135-150°. Three crystallizations from methylene chloride-
substituent. Attempted hydrolysis gave unchanged 12a from petroleum ether (bp 60-68°) gave pale yellowish white needles:
concentrated sulfuric acid at room temperature for 45 min (86% mp 201-203°; x“„”Et0H mp (log e) 273 (4.03); ¿ 7 '  (cm -1)
recovery) or from refluxing concentrated hydrochloric acid for 3140 (m, N H ),  1694 (s, C = 0 ) ,  1517 and 1350 (s, N 0 2).
20 hr (96% ).la Attempted reduction with lithium aluminum Anal. Calcd for C i3H hN 20 3 (246.26): C, 63.40; H , 5.73; 
hydride gave unchanged 12a under the following conditions: N , 11.38. Found: C, 63.11; H , 5.80; N , 10.80, 11.53.
(a) in ether for 24 hr (67% recovery), (b ) with aluminum chloride The ultraviolet spectrum is similar to that of p-nitrotoluene
in ether for 5 hr (70% ), (c) in tetrahydrofuran for 24 hr (89% ), [X7b,7EtOH mp (log e) 273 (3.98)] -21'22
and (d ) in dioxane for 18 hr (38% ).11 p-Amino Derivative of 12a. 3-(p-Aminophenyl)-l,2,3-cfs-

Octahydrodeoxo Derivative of 12a. 3-Cyclohexyl-1,2,3-cfs-3a- 3a-cis-4,5,6,6a-cis-octahydrocyclopenta|6]pyrrol-2-one (16).— A
cis-4,5,6,6a-eis-octahydrocyclopenta[6]pyrrol-2-one (13).— A  so- solution of l,2,3-ds-3a-cis-4,5,6,6a-«s-octahydro-3-(p-nitrophen-
lution of l,2,3-cis-3a-«s-4,5,6,6a-CTS-octahydro-3-phenylcyclo- yl)cyclopenta[6]pyrrol-2-one (0.25 g, 1.01 mmol) in 95% ethanol
penta[b]pyrrol-2-one (5.00 g, 24.9 mmol) in 95% ethanol (200 (100 ml) was hydrogenated at 2 atm over platinum oxide at
m l) was hydrogenated at 133 atm over Raney nickel (3 g ) in an room temperature for 48 hr. Filtration of the catalyst and evapo-
Aminco manganese-steel bomb. The temperature was raised ration of the solvent left a cream-colored solid, which was dis-
gradually to 150° over a period of 2 hr (during which the pressure solved in methylene chloride and filtered to remove a small
rose to 193 atm after 45 min), and heating was continued at this amount of insoluble material. Hot petroleum ether (bp 60-68°)
temperature for 2.5 more hr, with constant shaking. Cooling, wras added to the filtrate, causing precipitation of a pink solid
filtration of the catalyst, evaporation of the solvent to one-third (0.21 g, 96% ), mp 185-203°, having an infrared spectrum in
of its original volume, and addition of hot water (50 ml) caused Nujo l identical with that of the analytical sample. Six crystal-
precipitation of a white solid (4.90 g, 95% ), mp 155-157°. lizations from methylene chloride-petroleum ether gave cream-
Three crystallizations from ethanol-water gave white needles, colored needles: mp 206-208°; C l  Et0H mp (log e) 241 (4.02),
mp 157.5-159°. The ultraviolet spectrum in 95% ethanol 290 (2.9); (cm -1) 3360, 3300, 3160 (w, m, m, all N H ),
contained only rising end absorption; v”“]01 (cm -1) 3150 (ms, 1692 (s, C = 0 ) .
N H ), 1678 (s, C = 0 ) .  Anal. Calcd for CuH 16N 20  (216.27): C, 72.19; H , 7.46;

Anal. Calcd for C i3H 21N O  (207.31): C, 75.31; H , 10.21; N , N , 12.95. Found: C, 72.15; H , 7.27; N , 13.11.
6.76. Found: C , 75.39; H , 10.32; N , 6.70. Epimer of the Dihydrodeoxo Derivative. l,2,3-frarcs-3a-cis-

Attempted oxidation of 13 with chromic acid in acetic acid at 4,5,6,6a-a's-Octahydro-3-phenylcyclopenta[6] pyrrol-2-one (17). 
room temperature for 1 hr was unsuccessful, giving unchanged A . From Refluxing Ethanolic Aqueous Sodium Hydroxide.— A  
13 in 80% recovery.1“ solution of l,2,3-cfs-3a-cis-4,5,6,6a-cfs-octahydro-3-phenylcyclo-

N-Nitroso Derivative of 12a. l,2,3-as-3a-cis-4,5,6,6a-w's- penta[6]pyrrol-2-one (0.50 g, 2.48 mmol) and sodium hydroxide
Octahydro-l-nitroso-3-phenylcyclopenta[6]pyrrol-2-one (14).— A  (0.60 g, 15 mmol) in ethanol (30 ml) and water (20 ml) was
solution of l,2,3-cfs-3a-cis-4,5,6,6a-cfs-octahydro-3-phenylcyclo- refluxed for 6 hr. The resulting deep yellow solution was acidified
penta[6]pyrrol-2-one (1.00 g, 4.97 mmol) in concentrated hydro- with 10 N  sulfuric acid (6 ml), causing the solution to become
chloric acid (8 ml) was cooled to 0° in an ice bath. A  solution of colorless. The ethanol was evaporated on a steam bath, and
sodium nitrite (1.60 g, 23.3 mmol) in water (10 ml) was added keeping and cooling the residual solution caused precipitation of
dropwise with stirring, the temperature being maintained at 0°. a white solid (0.47 g, 94% ), mp 120-123°. Three crystalliza-
The resulting yellow solid was filtered, washed repeatedly with tions from methylene chloride-petroleum ether (pb 60-68°) gave
water, and dried (0.95 g, 83% ), mp 89-92°. Three crystalliza- white needles: mp 124-125°; x“2 Et0H mp (log e) 242 (2.00),
tions from 95% ethanol gave yellow needles: mp 92-94°; 248 (2.09), 253 (2.22), 259 (2.31), 262 infl (2.20), 265 (2.19),
C l  Et0H mp (log <=) 251 (3.78), 430 (1.7), 451 (1.7); C l° ' cm-1 268 (2.02); v*“* 1 (cm-1) 3300 (m, N H ),  1690 and 1658 (s, C = 0 ) ;
1757 (s, C = 0 ) ,  1497 (ms, N = 0 ) ,  1347 (ms). nmr (11% w/w in CH C l3-d) r  8.32 (6.1, 3 C H 2), 7.17 (bm, 1.1,

Anal. Calcd for C,3H uN 20 2 (230.20): C .67 .81 ; H , 6.13; 3a-CH ), 6.68 (d, 1.0, J  =  4 Hz, 3 -CH ), 5.83 (m, 1.1, 6a-CH ),
N , 12.17. Found: C , 68.13; H , 6.02; N , 11.95. 2.69 (5.0, C6H 5), and 2.31 (b, 0.7, N H ).

The electronic spectrum of 14 is similar to that of l-nitroso-2- Anal. Calcd for C i3H i5N O  (201.26): C, 77.58; H , 7.51; N ,  
pyrrolidinone [Xm„  mp (log «) 252 (3.8), 423 (1 .8 )]20 and the 6.96. Found: C, 77.48; H , 7.51; N , 7.22.
N-nitroso derivative of 2 [x“7(Et0H mp (log e) 261 (3.64), 402 
(1.97), 418 (2.11), 439 (2.06)].20 Attempted nitrosation of 12a 
in dilute, aqueous methanolic hydrochloric acid was unsuccess-
______________  (21) W. A. Schroeder, P. E. Wilcox, K. N. Trueblood, and A. O. Dekker,

Anal. Chem., 23, 1740 (1951). This reference reports for o-nitrotoluene:
(19) We are indebted to Richard F. Spreeher for carrying out this ex- XmaxEt0H (log c) 257 (3.73).

periment. (22) For m-nitrotoluene: XmaxEt0H m/» (log e) 264 (3.83); G. N. Jean and
(20) R. Huisgen and J. Reinertshofer, A n n . Chem., 575, 197 (1952). F. F. Nord, J .  Org. Chem., 20, 1370 (1955).
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E p im eriza tion  o f 1 2 a was also observed  (a )  during a ttem p ted  m m ol; ob ta in ed 2 3 ' 26 in  9 9 %  y ie ld , bp  8 5 -8 9 ° (14 m m ), n 2So
H o fm a n n  rearrangem en t in  m ethanolic  aqueous sod ium  h yd rox- 1.5126) in  d ry  m ethanol (300 m l)  and th e  so lu tion  w as refluxed
id e  con ta in in g  brom ine (6 7 %  y ie ld  o f 17), (b )  during a ttem p ted  fo r  18 hr. W a te r  (15 m l)  was added  and the so lu tion  was
redu ction  w ith  lith iu m  alum inum  h yd rid e  fo r  7 days in  re flu x ing re fluxed  fo r  1 ad d ition a l hr. T h e  cooled  solu tion  was d ilu ted
e th er (5 3 % ),  ( c )  in  re flu x ing h yd raz ine  fo r  12 hr (8 4 % ),  and (d )  w ith  w a te r  (800 m l)  and ex trac ted  w ith  m eth ylen e  chlo-
in  re fluxing h yd rob rom ic  ac id  in  a ce tic  ac id  fo r  4 days (9 0 % ).  r id e , and the extracts  w ere  d ried  (M g S 0 4) and e va p o ra ted , leav-

B. From Refluxing Ethanolic Aqueous Potassium Hydroxide. ing a red  o il. F ra c tion a l d is t illa tion  a t  reduced  pressure ga ve
Isolation of a Dimorphic Form.— A  solu tion  o f l,2 ,3-c fs-3a-cfs- a ligh t y e llo w  o il (38.7  g , 4 3 % ):  bp  148-152° (0 .3 -0 .4  m m );
4 ,5 ,6 ,6a -e i's-octahydro-3 -ph en ylcyclopen ta [6 ]pyrro l-2 -on e (0 .75 . n 21 d 1.5188; v (c m -1 ) 3420 (w , C = 0  o v e r to n e ),  1724 (s,
g , 3.73 m m o l) and potassiu m  h yd rox id e  (1 .00 g , 17.8 b road , C = 0 ) .
m m o l) in  ethanol (30 m l)  and w a te r  (20 m l)  was re flu xed  2,4-Dinitrophenylhydrazone of 26.— A  solu tion  o f  e th y l 2-oxo-
fo r  3 hr. T h e  so lu tion  w as cooled  to  room  tem p era tu re  and a-ph en y lcyc lopen tan eaceta te  (0 .50  g , 2.03 m m o l) in  9 5 %  e th an o l
n eu tra lized  b y  d ropw ise  ad d ition  o f concen tra ted  su lfuric ac id , ( 1 0  m l)  was added  to  a w a rm  solu tion  o f 2 ,4 -d in itroph eny l-
causing p rec ip ita t ion  o f a w h ite  solid  ( K 2S 0 4; soluble in  w a te r, h yd raz in e  (0.41 g , 2.07 m m o l) and concen tra ted  su lfuric  ac id
insoluble in  m eth y len e  ch loride, leaves  a  residue upon ign it io n ). (2  m l)  in  w a te r  (3  m l)  and 9 5 %  eth an o l (10 m l) ,  and the solu tion
T h e  solid  was filte red , and the f iltra te  was d ilu ted  w ith  w a te r was a llow ed  to  coo l to  room  tem peratu re , p rodu cin g  a ligh t ye llow
and extrac ted  rep ea ted ly  w ith  m eth y len e  ch loride. T h e  extracts  p rec ip ita te  (0 .79 g , 9 1 % ),  m p 196-198°. F ou r c rysta lliza tion s
w ere  d ried  (M g S 0 4), eva p o ra ted  a lm ost to  dryness, and d ilu ted  fro m  m eth an o l-ch lo ro fo rm  ga ve  fine y e llo w  need les: m p  198-
w ith  petro leu m  ether (b p  6 0 -6 8 ° ),  causing separation  o f a w h ite  200 °; d o1 (c m -1) 3300 (w , N H ) ,  1726 (s , C = = 0 ) ,  1520, 1344,
p rec ip ita te  (0 .67 g , 8 9 % ),  m p  120-124°. T h ree  c rysta lliza tion s  1314 (s, N 0 2).
from  m eth y len e  ch lo r id e -p e tro leu m  ether g a ve  w h ite  needles, Anal. C a lcd  fo r  C 2iH 22N 406 (426 .24 ): C , 59.15; H ,  5 .20; N ,  
m p  126.5-128.5°, h av in g  an in frared  spectrum  in N u jo l d ifferen t 13.14. Fou n d : 0 ,5 9 .1 0 ;  H ,  5.18; N ,  13.24.
from  th a t o f th e  sam ples described  in p a rt A ,  n o t on ly  in th e  B. Saponification of 26 to the Acid. 2-Oxo-a-phenylcyclo-
"f in g e rp r in t reg ion ”  b u t a lso in  the fac ts  th a t th ere  is a sing le  pentaneacetic Acid (2 7 ).— A  solu tion  o f e th y l 2 -oxo-a-phenylcyc lo -
band in th e  carbony l reg ion  w h ile  the N H  absorption  is sp lit: pen taneaceta te  (10.0  g , 40.6 m m o l) and aqueous 1 0 %  potassium
< w ° ' (c m -1) 3160 and 3050 (m , N H ) ,  1695 (s, C = 0 ) .  h yd rox id e  (91.2 g , 164 m m o l) in  the m in im u m  am ou n t o f ethanol

Dibenzyl Derivative of the Dihydrodeoxo Derivative or of Its was refluxed  fo r  24 hr. T h e  so lu tion  was coo led , ac id ified  w ith
Epimer. l,3-«s(?)-Dibenzyl-l,2,3,3a-cfs-4,5,6,6a-cfs-octahydro- d ilu te  su lfuric ac id , and extrac ted  w ith  e th er. T h e  e th er ex trac t
3-irares(?)-phenylcyclopenta[&]pyrrol-2-one (18). A. From the was ex trac ted  exh au stive ly  w ith  sa tu rated  sod ium  b icarbon ate
Dihydrodeoxo Derivative.— Sodium  h yd ride  d ispersed in o il solu tion , and th e  b ica rbon ate  extracts  w ere  ac id ified  w ith  d ilu te
(2.1 g , con ta in ing 0.96 g , 40 m m ol o f N a H )  was added  to  a solu- su lfuric acid  and ex trac ted  w ith  e th er. E va p o ra tio n  o f the e ther
tion  o f l,2 ,3-c js-3a-ci's-4 ,5 ,6 ,6a-cfs-octahydro-3-phenylcyclopen- le ft  a y e llo w  o il, w h ich  c rys ta llized  a fte r  be in g k ep t fo r  a tim e ,
ta [6 ]p yrro l-2 -on e  (4 .00 g , 19.9 m m o l) in N ,N -d im e th y lfo rm a m id e  g iv in g  a sam p le (6 .36 g ) ,  m p  142-145°. E va p o ra tio n  o f th e
(75 m l),  and the m ix tu re  w as s tirred  fo r  15 m in . B en zy l ch loride o rig in a l reaction  solu tion  ga ve  an oth er crop  o f ye llow ish  w h ite
(2.53 g , 20.0 m m o l) was added  and th e  m ix tu re  was re fluxed  fo r  crystals  (1 .85 g ) ,  m p 141-145°. T h e  com bined  crops (8.21 g ,
3 hr. A d d it io n a l b en zy l ch loride (2 .53 g , 20.0 m m o l) w as added  9 2 % ) w ere  recrysta llized  to  constant m_eItin gpo in t fro m  a ce ton e-
and re flu x ing w as con tinued  fo r  12 m ore  h r. T h e  bu lk  o f th e  w a te r , g iv in g  w h ite  needles: m p  143.5—145 ; »'max1 (cm  *) 2700
N ,N -d im e th y lfo rm a m id e  was rem oved  b y  d is t illa tion  at reduced  (m w , b road , O H ),  1738 and 1701 (s, C = 0 ) .
pressure, le a v in g  a dark  b row n , viscous o il. W a te r  (25 m l) and Anal. C a lcd  fo r  C ^H ^O s (218 .24 ): C , 71.54; H ,  6.47.
m eth y len e  ch loride (75 m l)  w ere  added , and the m eth y len e  chlo- F ou n d : C , 71.52; H ,  6.63.
rid e  la y er w as separa ted , d ried  (M g S 0 4), and concen trated . C. Reductive Amination and Lactamization of 27 to the
T h e  resu lting  d ark  b row n  o il w as d isso lved  in a m in im um  o f Epimer of the Dihydrodeoxo Derivative. l,2,3-frans-3a-cw-
benzene and ch rom atographed  on a lum ina w h ich  had been  packed  4 ,5 ,6 ,6a-cfs-Octahydro-3 -phenylcyclopenta[6 ] pyrrol-2-one (1 7 ).
w e t  w ith  p etro leu m  ether (b p  6 0 -6 8 ° ).  E lu tion  w ith  petro leu m  — T h e  com pound was prepared  accord in g to  th e  genera l m ethod
ether and m ixtu res w ith  benzene rem oved  n oth in g, b u t e lu tion  o f B e rth o  and R o d l 26 fo r  the m od el com pound , o c tah yd rocyc lo -
w ith  benzene rem oved  a ye llow ish  w h ite  so lid  (1 .56 g , 2 1 % ),  p en ta [6 ]p yrro l-2 -on e. A  so lu tion  o f 2 -oxo-a-ph en y lcyc lopen tan e-
m p 101-102.5°. T h ree  crysta lliza tion s  fro m  e th an o l-w a te r g a ve  acetic  ac id  (2 .00 g, 9.15 m m o l) in  concen trated  am m oniu m  hy-
fine w h ite  needles: m p  102-103°; r l T 1 (c m -1) 1679 (s, C = 0 ) .  d roxide  (15 m l)  was satu rated  a t - 1 0 °  w ith  liqu id  am m on ia .

Anal. C a lcd  fo r  C 21H 27N O  (381 .49 ): C , 85.00; H , 7 .13; N ,  T h e  cold  solu tion  w as p laced  in  a  m anganese-stee l bom b  and
3.67. Fou nd : C , 84.68; H ,  7.27; N ,  3.83. cooled  to  D r y  Ic e -a ce to n e  tem peratu re . R a n ey  n icke l (0 .5  g )

A t te m p te d  redu ction  w ith  lith iu m  alum inum  h yd ride  in re- w as added  and the bom b  was sea led , charged  w ith  h yd rogen  at
flux ing e ther fo r  8  h r was unsuccessful, g iv in g  unchanged 18 in  133 a tm , and heated  gra d u a lly  to  100 w ith  constant shaking.
9 0 %  re co v e ry .1“ T h e  bom b was then  heated  qu ick ly  to  150 and k ep t a t th is

B From the Epimer of the Dihydrodeoxo Derivative. 1,2,3- tem peratu re  fo r  2 hr. T h e n  th e  bom b  was a llow ed  to  cool,
trans-3a.-cis-4:,5,6 ,6a-cis-O ctahydro-3  - p h en y l cyc lop en ta  [6 ] p y rro l- opened , and th e  ca ta lys t rem oved  b y  filtra tio n . T h e  d ark  b row n
2 -one ( 1 . 0 0  g , 4 . 9 7  m m o l) was added  to  a  m ix tu re  o f sod ium  filtra te  was eva pora ted  in  a ro ta ry  e va p o ra to r, le a v in g  a b row n
h vd rid e  d ispersed in o il (0 .50 g , con ta in ing 0.24 g , 10 m m ol o f so lid , w h ich  was washed w ith  w a te r, filte red , and d ried  (0 .35 g,
N a H )  and N ,N -d im e th y lfo rm a m id e  (25 m l) ,  and th e  m ix tu re  1 9 % ),  m p  112-123°. T h ree  crysta lliza tion s  fro m  m eth ylen e
was s tirred  fo r  15 m in . B en zy la tion  w ith  tw o  portions  o f b en zy l ch lo rid e -pe tro leu m  eth er (b p  60-68 ) g a ve  w h ite  needles (11 % ) ,
ch loride (0 .63 g , 4 .98 m m ol each ) separated  b y  3 hr o f re flu x ing , m p 128.5 -129 .5 °. T h e re  was no s ign ifican t depression  m m m p
fo llow ed  b y  an ad d ition a l 24 hr o f re flu x ing and w ork -u p  in the 125 .5 -128 .5 °, w ith  the d im orph ic  fo rm  (m p  126.o 128.o ) o f
genera l m anner described  fo r  b en zy la tion  o f th e  d ih yd rod eoxo  the ep im er o f th e d ih yd rod eoxo  d e r iv a t iv e  (p a r t B), and the
d e r iv a t iv e  (p a r t A  a b o v e ),  g a ve  fro m  ch rom atograp hy  a ye llow ish  in frared  spectra  in  N u jo l w ere  id en tica l. T h e  nm r spectru m  o
w h ite  so lid  (0  53 g  2 8 % ),  m p  9 8 -1 01 °. T h ree  crys ta lliza tion s  a 1 0 %  b y  w e igh t so lu tion  in  C H C l3-d was id en tica l w ith  th a t ot
from  e th an o l-w a te r g a ve  w h ite  needles, m p  102-103°. T h e re  the o rig in a l d im orph  o f th e ep im er (p a rt A ) ,  and th e  u ltra v io le t
was no depression in m m p 102-103° w ith  th e  sam ple p repared  spectra  111 9 5 %  eth an o l w ere  a t e o e ^  7  N
from  the d ihyd rod eoxo  d e r iv a t iv e , and th e  in frared  spectra  m  Anal. C a lcd  (201 .26 ). _ O , 77.58, i i ,  7.51, JN,
N u jo l w ere  id en tica l. 6 -96 - F ou n d : C , 77.33; H ,  7 .50; N ,  7.02.

Independent Synthesis of the Epimer of the Dihydrodeoxo Ozonolysis of 6a. l-Phenylpropane-l,2,3-tricarboxylic Acid
Derivative A. Ethyl 2 -Oxo-a-phenylcyclopentaneacetate (26). (19). A. Followed by Perform«: Acid Oxidation at Room
— T h e  genera l m eth od  is th a t o f S to rk  and cow orkers . 23 E th y l Temperature.— A  stream  o f ozon ized  o xygen  fro m  a W elsb ach
a-b rom ophen y laceta te 24 (99.5 g , 410 m m ol; n 26n 1.5336; C «  T -23  ozon izer was bubbled  th rou gh  a w e ll-s tirred  suspension o f
(c m -1) 1740 (s, C = 0 ) )  w as added  d ropw ise  to  a so lu tion  o f l , 2 ,3 - « s - 3 a -m - 4 ,6 a -m -h e x a h y d ro - l-h y d ro x y - 3 -p h en y lcyc lop en -
fresh ly  prepared  l- ( l- c y c lo p e n te n - l- y l)p y r ro lid in e  (50.0  g , 364 ta [6 ]p yrro l-2 -on e  (4 .00 g , 18.6 m m o l) m  m ethanol ( 00 m l)  at

—78 until all the solid had disappeared and the solution had 
become dark blue. The resulting cold solution was then flushed

(23) G. Stork, A. Brizzolara, H. Landesman, J. Szmuszkovicz, and R. with oxygen for 0 5 hr and allowed to come to room temperature.
Terrell, J. Amer. Chem. Soc., 86, 207 (1963). _________

(24) (a) R. Anschutz, G. Hahn, and P. Walter, Ann. Chem.. 354, 127 . . . .
(1907)- (b) C. S. Marvel, E. J. Prill, and D. F. DeTar, J. Amer. Chem. Soc., (25) M. E. Kuehne, ibid., 81, 5400 (1959).
69 52 (1947) (26) A. Bertho and G. Rodl, Chem. Ber., 92, 2218 (1959).
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T h e  m eth an o l was ca re fu lly  rem oved  a t room  tem peratu re  in  a y e llo w  solid  in 7 6 %  y ie ld , m p 184-188°, h av in g  an in fra red  spec-
r o ta ry  eva p o ra to r  under h igh  vacu u m , le a v in g  a ligh t y e llo w , trum  in  N u jo l id en tica l w ith  th a t o f th e pu rified  sam ple. T w o
viscous o il. T h e  o il was d isso lved  in  9 0 %  fo rm ic  ac id  (25 m l),  recrysta lliza tion s  from  ace ton e-a ce ton itr ile  and tw o  fro m  w ater
and  3 0 %  h yd rogen  perox id e  (8 .00 g , 70.5 m m o l) in  9 0 %  fo rm ic  g a ve  fine w h ite  needles, m p  204-206° [lit . (n o  y ie ld  s ta ted 4) m p
acid  (15 m l)  w as added  d ropw ise w ith  v igorou s s tirrin g . T h e  1 9 9 °,28 204° *]; m on ohydra te  m p  (ra p id  h ea tin g ) 110°, decom -
resu lting  y e llo w  solu tion  was stirred  a t room  tem peratu re  fo r  poses s tron g ly  a t 125.29
24 hr. T h e  fo rm ic  acid  was care fu lly  rem oved  a t room  tem pera- Rearrangement of the Sodium Salt of 6-Methyl-5-nitro-2-nor- 
tu re  in  a ro ta ry  eva p o ra to r under h igh  vacuum , le a v in g  a viscous bomene in Aqueous Methanolic Hydrochloric Acid. 1,2,3-cis-
b row n  o i l . T h e  o il was d isso lved  in  sa tu rated  sod ium  b icarbon ate  3a-cfs-4,6a-ds-Hexahydro-1 - hydroxy - 3 - methylcyclopenta [b] pyr-
solu tion  (75 m l) ,  w ashed  w ith  ether, and ac id ified  w ith  concen- rol-2-one (6b).— A  solu tion  o f 6 -m ethyl-5 -n itro-2-norbornene 30

tra ted  h yd roch loric  acid . T h e  ac id ified  so lu tion  w as ex trac ted  (12.0  g , 78.3 m m o l) and aqueous 2 0 %  sodium  h yd rox id e  (31.2  g ,
w ith  e th er in  a continuous liq u id - liq u id  ex trac to r fo r  24 hr. T h e  155 m m ol o f N a O H ) in  m ethanol (20 m l)  was k ep t o ve rn igh t in
ether ex trac t was d ried  (M gS O < ) and eva p o ra ted , le a v in g  a ligh t a freezer (a t  ab ou t — 1 5 °). T h e  cold  so lu tion  was then  added
ye llo w  g lassy o il, w h ich  crys ta llized  on scra tch ing to  a lig h t  dropw ise w ith  v igorou s  s tirr in g  over 0.5 hr to  concen tra ted  h yd ro 
y e llo w  solid  (2 .58 g , 5 5 % ),  m p 175-185°. T h ree  recrysta lliza - ch loric acid  (75 m l, 900 m m o l) cooled  to  — 5 ° in an ic e -sa lt b ath ,
tions from  a ce ton e-a ce ton itr ile  and one fro m  w a te r g a ve  fin e  T h e  y e llo w  solu tion  was a llow ed  to  com e to  room  tem peratu re  and
w h ite  needles, m p  202 -203 °. T h e  in frared  spectrum  in  N u jo l was w as s tirred  fo r  24 hr. T h e  n ow  dark  red  solu tion  was d ilu ted  to
id en tica l w ith  th a t o f the sam ple iso la ted  b y  p erfo rm ic  acid  ox ida- tw ice  its vo lu m e  w ith  cold  w a ter and was ex trac ted  exh a u stive ly
tio n  under exo therm ic  cond itions. T h e re  was no depression  in  w ith  m eth y len e  ch loride. T h e  extracts  w ere  d ried  (M g S 0 4) and
m m p 202 -204 ° w ith  the syn th etic  sam ple, and the in frared  eva pora ted , leav in g  a dark  red o il. T h e  o il was con tinu ously
spectra  in  N u jo l w ere  id en tica l. tr itu ra ted  w ith  sm all am ounts o f h o t petro leu m  eth er (b p  9 0 -

B. Followed by Performic Acid Oxidation under Exothermic 1 00 °) un til the extracts  w ere  no longer colored , le a v in g  a b lack , 
Conditions.— l,2 ,3 - « s -3 a - «s -4 ,6 a - c is -H e x a h y d ro - l-h y d r o x y -3 -  fou l sm elling, ta rry  residue. T h e  extracts  w ere  con cen tra ted  on
p hen y lcyc lop en ta [b ]p yrro l-2 -on e  (6 .00 g , 27.9 m m o l) in  m eth an o l a ro ta ry  e va p o ra to r, leav in g  a ligh t y e llo w  o il (5 .30 g )  w h ich ,
(300 m l)  was ozon ized  in the m anner described  in p a rt A ,  g iv in g , upon bein g k ep t fo r  a tim e, p a rt ia lly  c rys ta llized  to  a y e llo w
a fte r  evapora tion  o f th e  m ethanol, a ligh t p ink , viscous o il. w a x y  solid . T r itu ra t ion  w ith  a v e r y  sm all am ount o f cold  (0 ° )
T h e  o il was d isso lved  in 9 0 %  fo rm ic  ac id  (25 m l) ,  and 3 0 %  ether g a ve  a w h ite  so lid  (4 .78 g , 4 0 % ),  m p  8 0 -8 5 °. F ou r crys-
h yd rogen  perox ide  (12.0  g, 106 m m o l) in 9 0 %  fo rm ic  acid  (15 m l)  ta lliza tion s  fro m  m eth y len e  ch lo rid e -pe tro leu m  ether (b p  6 0 -
was added  dropw ise w ith  v igorou s  s tirr in g . T h e  resu lting y e llo w  6 8 ° )  g a ve  flu ffy  w h ite  needles: m p  8 8 -8 9 .5 °; >v“io1 ( c m '1)
solu tion  was h ea ted  gra d u a lly  to  5 3 °, a t  w h ich  p o in t the reaction  b road  O H  band  obscured b y  C H  bands, 1686 and 1664 (s, C = 0 ) ,
becam e qu ite  exotherm ic , and the tem peratu re  rose ra p id ly  to  1524 (m );  nm r (2 1 %  w /w  in C H C l 3-d ) r  8.87 (d , 3 .0, J = 7 H z ,
110°. A f te r  the in itia l reaction  had subsided, th e  solu tion  was C H C H 3), 7.62 and 7.51 (2 .1 , C H 2), 7 .42-6 .82  (m , 1.9, 3 a -C H  and
refluxed  fo r  1 hr, during w h ich  it  becam e qu ite  dark . T h e  fo rm ic  3 -C H ),  5.35 (f in e ly  sp lit d, 1.1, J  = 7 H z , 6 a -C H ),  and 3.98 (s,
acid w as rem oved  in a ro ta ry  eva p ora to r, lea v in g  a viscous b row n  1 .9, C H = C H ) .  T h e  h yd roxy l p ro ton  was n o t determ ined . T h e
tar. T h e  tar was ex trac ted  w ith  satu rated  sod ium  b icarbon ate  com pound ga ve  a b r igh t purp le  color w ith  ethano lic  ferr ic
solu tion  (75 m l),  causing m ost o f  th e ta r to  d isso lve  bu t leav in g  ch loride.
beh ind  a dark  b row n  gu m . T h e  b ica rbon ate  solu tion  w as Anal. C a lcd  fo r  C jH n N O z  (153 .18 ): C , 62.72; H , 7.24; N ,  
w ashed  w ith  benzene and ch loro form , ac id ified  w ith  concen trated  9.14. F ou n d : C , 62.37; H , 7.34; N ,  8.93. 
h yd roch lo ric  ac id , and extrac ted  as described  in  p a rt A ,  g iv in g  a O zonolys is  o f 6b and w ork -up  in  the m anner described  fo r  th e
tan  solid  (1 .66 g , 2 4 % ),  m p 170-190°, h av in g  an in frared  spec- p h en y l d e r iv a t iv e  g a ve  an acid ic, reddish  b lack  o il (16 w t  % ) .
tru m  in  N u jo l id en tica l w ith  th a t o f the an a ly tica l sam ple. F ou r A n  a ttem p t to  characterize  the o il b y  fo rm a tion  o f an am ide b y
crysta lliza tion s  from  ace ton e-a ce ton itr ile  and one from  ace to n e - trea tm en t w ith  th ion y l ch loride and then am m onia g a ve  no solid  
w a te r g a ve  fine w h ite  needles: m p  2 03 -205 °; (c m “ 1) 3070 produ ct.
(ms) and 2640 (m , O H ),  1704 (s) and 1670 (ms, C = 0 ) .  Dihydro Derivative of 6b. l,2,3-«s-3a-ci's-4,5,6,6a-cfs-Octa-

Anal. C a lcd  fo r  C n H ^O e (252 .22 ): C , 57.14; H , 4.80. hydro-1-hy dr oxy-3-me thy Icy clopenta [6 ] pyrrol-2-one (9b).— A  so-
F ou n d : n eu tra liza tion  equ iva len t, 88.5; C , 57.14; H , 4.88. lu tion  o f l,2 ,3 -c fs-3a-c fs -4 ,6a-c is-h exah ydro-l-hydroxy-3 -m eth yl-

T h e  in frared  spectrum  in  N u jo l was id en tica l w ith  th a t o f th e  c yc lop en ta [6 ]p y rro l- 2 -one (0 .15 g , 0.98 m m o l) in  9 5 %  ethanol
sam ple iso la ted  b y  perfo rm ic  acid  ox ida tion  a t room  tem peratu re . (50 m l)  was hyd rogen a ted  a t 2 a tm  ove r p la tin u m  ox ide  a t room
T h ere  w as n o  depression in  m m p, 203—205°, w ith  th e  syn th etic  tem peratu re fo r  6  hr. F iltra t ion  o f th e ca ta lys t and eva pora tion
sam ple, and th e  in frared  spectra  in N u jo l w ere  id en tica l. o f the so lven t le ft  a c lear o il, w h ich  upon coo ling  and scra tch ing

Synthesis of the Ozonolysis Product. l-Phenylpropane-1,2,3- c rys ta llized  to  a w h ite  solid  (0 .14 g , 9 2 % ),  m p  101 -105 °. F ou r
tricarboxylic Acid (1 9 ). A. Mandelonitrile.— T h e  com pound recrysta lliza tion s  from  m eth ylen e  ch lo r id e -p e tro leu m  ether (bp
was ob ta in ed 27 in 8 4 %  y ie ld  as a y e llo w  o il: ¡ w  (c m “ 1) 3410 6 0 -6 8 ° ) g a ve  fine w h ite  needles: m p 106-107°; i/ ™ 01 (c m “ 1)
(s, O H ) ,  2250 and 2210 (w , 0 = N ) ,  1701 (s, C = 0 ,  p ro b a b ly  b road  O H  band  obscured b y  C H  bands, 1687 and 1653 (s , C = 0 ) ,
from  unreacted  b en za ld eh yd e ). 1530 (m );  nm r (1 2 %  w /w  in C H C l 3-d ) r  8.89 (d , 3r2, /  =  7 H z ,

B. Diethyl2,3-Dicyano-3-phenylpropane-1,2-dicarboxylate.—  C H C H 3), 8.40 (m , 5.0, 2.5 C H 2),  7.84 (m , 0.8, 0.5 C H 2), 7.3
T h e  com pound was p rep a red 4 b y  sod ium  eth ox ide  ca ta lyzed  con- (m , 2.0, 3 a -C H  and 3 -C H ),  and 5.80 (b , 1.0, 6 a -C H ).  T h e
densation  o f b en za ldeh yde (lib era ted  in situ from  m an d e lon itr ile ) h yd ro xy l p ro ton  was n o t determ ined . T h e  com pound g a ve  a
w ith  e th y l cyan oaceta te , fo llow ed  b y  n ucleoph ilic  add ition  o f b r igh t purp le  color w ith  e thanolic  ferr ic  ch loride solu tion , 
cyan ide  ion  (a lso d erived  fro m  the m an d e lon itr ile ) and nucleo- Anal. C a lcd  fo r  C 8H 13N 0 2 (155 .19 ): C , 61.91; H , 8.44; N ,  
p h ilic  a tta ck  o f  th e resu lting an ion  on e th y l ch loroaceta te . 9 .03. F ou n d : C , 61.76; H , 8.48; N ,  9.23.
T h rou gh  an apparen t om ission in p r in t, th e  o rig in a l re feren ce 4 Dihydrodeoxo Derivative of 6b. l,2,3-ds-3a-cis-4,5,6,6a-cis-
fa ils  to  m ention  th a t th e  p rodu ct, a fte r  d ilu tion  w ith  w a te r, was Octahydro-3-methylcyclopenta[b]pyrrol-2-one (12b). A . ' From
w ork ed  up b y  extraction  w ith  ether. In  the p resent w ork , th e  Hydrogenation of 6b.— A  solu tion  o f l,2 ,3 -c is -3a -cfs-4 ,6a -«s-h exa -
ex trac t was subsequently d ried  (M gS O O , the ether eva pora ted , h yd ro -l-h yd roxy -3 -m eth y lcyc lop en ta [6 ]p yrro l-2 -on e  (0 .50 g , 3.26
and the viscous orange residue d istilled , g iv in g  the p rodu ct in  m m o l) in 9 5 %  ethanol (50 m l)  was h yd rogen ated  a t 2 a tm  ove r
3 5 %  y ie ld  as a viscous, g lassy syru p : bp  165-175° (0 .2 -0 .35  R a n ey  n icke l a t room  tem peratu re  fo r  2 0  hr. F iltra t io n  o f th e  ca t-
m m ); ¡v “  (cm  4) 3470 (m w , C = 0 ,  p ro b a b ly  an o ve r to n e ),  a ly st and evapora tion  o f the s o lv e n t le ft  a w h ite  solid  (0 .44  g, 9 7 % ),
3370 (w , O H , poss ib ly  fro m  the ethanol s o lv e n t ), 2240 (m , m p  8 0 -8 5 °. T h ree  c rysta lliza tion s  from  m eth y len e  ch lo r id e -
C = N ) ,  1740 (v s , b road , C = 0 )  [ l i t . 4 y ie ld  3 9 % , bp  205-207° petro leu m  ether (b p  6 0 -6 8 ° ) ga ve  w h ite  p la tes : m p  8 5 -8 6 °,
(4  m m ) ] . w h ich  ga ve  a depression in m m p 4 8 -5 5 °, w ith  the s ta rtin g  m a-

C. 1-Phenylpropane-1,2,3-tricarboxylic Acid (19).— T h e  com - te r ia l; (c m “ 1) 3170 (m s, N H ) ,  1678-1655 (s, b road , C = 0 ) ;
pou nd  was p repared  from  th e  d ie th y l d icvan o  ester b y  hyd ro lys is  nm r (1 2 %  w / w  in  C H C l 3-d ) r  8.85 (d , 3 .4, J  =  7  H z ,  C H C H 3),
firs t in  b o ilin g  aqueous (1 :1  b y  v o lu m e ) su lfuric ac id  and then  in 8.32 (6 .1 , 3 C H 2), 7.3 (m , 1.9, 3 a -C H  and 3 -C H ),  5.91 (m , 0.9*
1 5 %  sod ium  h yd rox id e  so lu tion  accord ing to  th e  procedure o f
C h a tte r je e  and B a rp u ja r i . 4 I t  w as ob ta in ed  as a ligh t red  o il 
w h ich  crys ta llized  on cooling and scra tch ing, g iv in g  a ligh t
_______________  & 5 (28) H. Stobbe and R. Fischer, Ann. Chem., 315, 239 (1901).

(29) J. Hecht, Monatsh. Chem., 24, 367 (1903).
(27) L. F. Fieser, “ Experiments in Organic Chemistry,”  3rd ed, D. C. (30) E. E. van Tamelen and R. J. Thiede, J .  Amer. Chem. Soc., 74, 2615

Heath and Co., Boston, Mass., 1957, pp 97-99. (1952).
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6 a -C H ),  and 2.53 (b , 0 .7, N H ) .  A n  ethanolic  ferr ic  ch loride test methylcyclopenta[5 ]pyrrole (30).— A  solu tion  o f l,2 ,3 -c is -3 a -«s -

was n eg a tiv e . 4 ,5 ,6 ,6a -c is -octah yd ro -3 -m eth y lcyc lopen ta [b ]p yrro l-2 -on e  ( 1 . 0 0

Anal. C a lcd  fo r  C sH i3N O  (139 .19 ): C , 69.03; H ,  9.41; N ,  g, 7.19 m m o l) in d ry  e ther (25 m l)  was added  dropw ise under

10.06. Fou n d : C , 69.25; H ,  9.41; N ,  9.98. n itrogen  a t a ra te  to  m a in ta in  a s tea d y  re flu x  to  a suspension o f
C om pound  12b d id  n o t ep im erize , b e in g recovered  unchanged lith iu m  alum inum  h yd rid e  (0 .62 g , 16.3 m m o l) in d ry  e ther (25

in 6 7 %  y ie ld  from  reflu x ing e th an o lic  aqueous sod ium  h yd rox id e  m l) .  T h e  m ix tu re  w as then  re fluxed  fo r  20 hr, s tirred  a t room
fo r 6  h r under cond itions w h ich  caused th e  phen y l d ih yd rod eoxo  tem peratu re  fo r  2  hr, coo led  in  an ice  b ath , and th e  excess lith iu m
d er iv a t iv e  (12a) to  ep im erize  to  17.la alum inum  h yd rid e  was d es troyed  b y  cautious ad d ition  o f cold

B. From Hydrogenation of 9b. A  solu tion  o f l ,2 ,3 -m -3 a -  w a te r. T h e  ether la y er was decan ted  and th e  so lid  residue was
a s -4 ,5 ,6 ,6 a -c is -oc tah yd ro-l - h yd ro xy -3 -m e th y lc y c lo p en ta  [6 ] p y r- ex trac ted  tw ice  w ith  w arm  ether. T h e  extracts  w ere  com bined
rol-2-one (0 .10 g , 0 .64 m m o l) in  9 5 %  ethanol (20 m l)  was h y- w ith  th e  e ther decan ta te , and th e  ether w as rem oved  in a ro ta ry
drogenated  a t 2 a tm  o ve r  R a n ey  n icke l a t room  tem peratu re  fo r  e va p o ra to r a t room  tem peratu re , le a v in g  a y e llo w  o il. T h e  o il
24 hr. F iltra t io n  o f the ca ta lys t and eva pora tion  o f  the so lv en t was d isso lved  in  5 .6 %  h yd roch lo ric  ac id  (25 m l) ,  w ashed  w ith
le ft  a w h ite  so lid  (0 .075 g , 8 4 % ),  m p  7 6 -8 2 °. T h ree  c rys ta lliza - e ther, basified  w ith  aqueous 5 %  sod ium  h yd rox id e , and extracted
tions fro m  m eth y len e  ch lo r id e -p e tro leu m  ether (b p  6 0 -6 8 ° ) exh a u s tiv e ly  w ith  ether. T h e  e ther extracts  w ere  d ried  (K O H )
ga ve  colorless p lates, m p  8 5 -8 6 °. T h e re  was no depression in  and eva p o ra ted  in  a ro ta ry  eva p o ra to r a t room  tem peratu re ,
m m p 8 5 -8 6 ° w ith  th e  sam ple p repared  from  h yd rogen a tion  o f le a v in g  a colorless o il (0 .85 g , 9 4 % ):  n 24d  1.4776; y” *‘ ( c m " 1)
6b (p a rt A  a b o v e ),  and the in frared  spectra  in  N u jo l w ere  3240 (s , N H ) ,  1695 (m , N H ) .

iden tica l. p-Toluenesulfonyl Derivative of 30. l,2,3-as-3a-as-4,5,6,6a-
Monobenzyl Derivative of the Dihydrodeoxo Derivative. 1- os-Octahydro- 3 - m ethyl-1 - (p - toluenesulf onyl )cyclopenta [6] pyr-

Benzyl-l,2,3-cis-3a-cfs-4,5,6,6a-cis-octahydro-3-methylcyclopen- role.— p -To lu en esu lfon y l ch loride (0 .16  g , 0 .84 m m o l) w as added
ta[o]pyrrol-2-one (28).— Sodium  h yd ride  d ispersed in o il (0 .74 g , to  a suspension o f l,2 ,3 -«s-3a -c i's -4 ,5 ,6 ,6a-c fs -octahyd ro-3 -
con ta in ing 0.35 g , 14.6 m m ol o f N a H )  w as added  to  a solu tion  o f m e th y lc y c lop en ta [6 ] p y rro le  (0 .10 g , 0.80 m m o l) in  aqueous 5 %
l,2 ,3 -c is -3a -as-4 ,5 ,6 ,6 a -c fs -octah yd ro -3 -m ethy lcyc lopen ta [6 ]p yr- sod ium  h yd rox id e  (5  m l, 6 . 2  m m o l).  T h e  m ix tu re  was s tirred  
rol-2-one (1 .00 g , 7.18 m m o l) in  N ,N -d im e th y lfo rm a m id e  (25 m l),  a t room  tem peratu re  fo r  8  h r, g iv in g  a p rec ip ita te  (0.21 g , 9 4 % ),
and the m ix tu re  was s tirred  fo r  15 m in . B e n zy l ch loride (0.91 g , m p  106-109°. T w o  crysta lliza tion s  from  e th a n o l-w a te r  ga ve
7.19 m m o l) was added  and th e  m ix tu re  w as re fluxed  fo r  3 hr. w h ite  p la tes : m p  110-111°; y” "io1 ( c m -1) no N H ,  1338 and 1160
A d d it io n a l b en zy l ch loride (0.91 g , 7.19 m m o l) was added  and (s , C = 0 ) .

re fluxing was continued fo r  24 m ore  hr. W ork -u p  and chrom atog- Anal. C a lcd  fo r  C i5H 2iN 0 2S (2 79 .3 9 ): C , 64.48; H , 7.58; 
ra p h y  in the m anner described  fo r  p reparation  o f the d ib en zy l N ,  5.01; S, 11.48. Fou n d : C , 64.11; H , 7 .5 9 ; N ,  4.83; S,
d e r iv a t iv e  18 ga ve  a lig h t y e llo w  liqu id  (0 .87 g , 5 3 % ).  D is tilla - 11.79. 
tion  under h igh  vacuum  g a ve  a colorless liqu id : bp  80-100°
( 0 .0 0 1 m m ); n30D 1.5388; r"“ ‘ (c m “ 1) 3400 (m w , C = 0  o ve r-  Registry No.— 6a, 19759-07-0; 6b, 19759-08-1;
to n e (? ),  1669 (s, C = 0 ) .  7, 19759-09-2; 8, 19759-10-5; 9a, 19759-11-6; 9b,

Ancil. C a lcd  fo r  C isH ioN O  (229 .31 ): C , 78.56; H ,  8 .35; N ,  19759-12-7; 10, 19759-13-8; 11, 19759-14-9; 12a,
6.11. Fou n d : C , 78.62; H ,  8.34; N ,  6.13. i o v e o i k o  i o k  i o v k o  i n  i 1 0 -7 ^ ^ - 7 0 1

Hydrolysis of the Dihydrodeoxo Derivative with Concentrated 19/09-ID -U , 12D, iy/p y -1 0 -1 , Id , 19/66-/2-1 ; 14,
Hydrochloric Acid. 2-cis- Amino-«-methylcyclopentaneacetic Acid 19765-73-2; 15, 19765-74-3; 16, 19765-75-4; 17,
Hydrochloride (29).— A  solu tion  o f l,2,3-cfs-3a-ci's-4,5,6,6a-cf.s- 19765-76-5; 18, 19765-77-6; 19, 19765-78-7; 26 (2,4-
octah yd ro -3 -m eth y lcyc lopen ta [6 ]p yrro l-2 -on e  (0 .30 g , 2.16 m m o l) dinitrophenylhydrazone), 19755-90-9; 27, 19775-91-0;
in concen trated  h yd roch lo ric  acid  ( 2 0  m l)  was re fluxed  fo r  16 2 g  19759. 17.2 ; 29, 19759-18-3; 30 (p-toluenesulfonyl
hr. th e  so lven t was rem oved  m  a ro ta ry  e va p o ra to r, le a v in g  . ’  ’  ’ 1 J
w h ite  needles (0 .28 g , 6 8 % ) ,  m p  184-191°. T h ree  recrysta lliza - deny), 19759-19-4. 
tions from  absolu te e th an o l-e th er g a ve  w h ite  needles: m p  189.5-
191°; >Va“i01 (c m -1) 2570 (m ),  2450 (m w ),  2 0 2 0  (m w ),  1990 (m w ),  Acknowledgment.— In addition to the acknowledg-
1890 (w ) ,  1621 (s ),  1572 (m ),  1532 (s ),  a ll N H 3+, and 1720 ments in ref la, the senior author is grateful to the
(s, C = 0 ) .  Chemistry Department of the University of Wisconsin

N ^ s .  Foimd^'c^lfl16!^02!!1 s^TT^n ' 7.33.^'^' H’ 8’33’ at Madison for its hospitality during the writing of
Reduction of the Dihydrodeoxo Derivative with Lithium much of this paper while he held a single quarter leave

Aluminum Hydride. l,2,3-CTS-3a-m-4,5,6,6a-a's-Octahydro-3- from the University of Minnesota.
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T h e  reac tion  ra te  constants fo r  th e  reac tion  o f severa l 2 -ha lo-5-n itropyrid ines and 2 -halo-3 -n itrop yrid in es  h ave  
been  determ ined . T h e  p lo t  o f k4, vs. m o la r ity  o f su lfuric ac id  shows a m axim um , tp va lues from  th e  B u n n e tt -  
O lsen p lo t  in d ica te  th a t a s low  p ro ton  transfer to  w a te r is in vo lv ed . Som e lim ita tion s  fo r  p reparation  o f halo- 
pyrid ines  b y  an ac id -ca ta lyzed  halogen  exchange are ind icated .

A  mechanism has been proposed for the hydrolysis of sulfuric acid from a weight buret to a fixed amount of
2-halo-5-nitropyridines to 2-hydroxy-5-nitropyridine in the halonitropyridine. Readings were taken, and the
acid solution.3 This mechanism was based on four cuvette carefully rinsed to ensure that no sample was
considerations: (1) the reaction is an aromatic nucleo- lost before the next addition of sulfuric acid. This
philic substitution reaction; (2) the reaction is acid procedure was followed for all the substrates except
catalyzed; (3) there is a deuterium isotope effect; 2-bromo-5-nitropyridine. The Davis and Geissman
and (4) four molecules of water are involved in the procedures were carried out by different investigators
transition state. The reaction rate constants in this at Wooster with variations on the technique of adding
earlier investigation were determined by wet chemical known volumes of concentrated sulfuric acid to an
methods, so the rate constants could not be conve- aliquot of the sample. This technique was not satis-
niently measured at very low substrate concentrations. factory for the Katritzky or Bunnett and Olsen method,
Spectrophotometric methods, with the requirement of for slight changes in the value of the absorbance caused
very low substrate concentrations, can be applied to disproportionate changes in the calculated pK &. The
this system at both high and low acid concentrations results are displayed in Table I.
and hence at both high and low percentage protonation The order of pK & is roughly that expected. The 
of the pyridine nitrogen. steric inhibition of resonance of ortho group in the 2-

The previous kinetic relationships between the halo-3-nitropyridines would be expected to decrease the
activity of water, « h o h , and the protonated substrate electron-withdrawing effectiveness of the 3-nitro group
were deduced from a plot of (k^/F) vs. ( u H o h )  71 > where as compared to the 5-nitro group. The chloro-substi-
kj, was the observed pseudo-first-order rate constant tuted compounds are the least basic in both the 3-nitro
and F  was the fraction of the pyridine protonated. A  and the 5-nitro series; this is in the order of the elec-
linear plot was obtained with n =  4 for the substrate 2- tronic effects of the halogens.
chloro-5-nitropyridine. Our interest in studying other There are some differences in these pK a values. For 
closely related substrates was to find answers to some 2-chloro-5-nitropyridine, the Bunnett-Olsen pK & is
of the following questions. Is the power of 4 on « hoh somewhat lower than the other values. The ratio
applicable to other 2-halo-5-nitropyridines? Will the (C'bhVCb) =  1.0 occurs between H 0 =  2.96 and H 0 =
2-halo-3-nitropyridines show the same kinetic relation- —2.78. The extrapolation of a plot of [H 0 +  log (H +) ]
ship with respect to aHoh? Can the o-nitro group vs. H 0 +  log [(Cbh+)/(Cb) ] with the same data does not
replace one or more of the waters of solvation? How yield a K pa of the above range. The more negative
good is the bromo- and iododechlorination reaction; value of —2.85 seems to be more consistent with the
can one prepare the corresponding bromo and iodo remainder of the data.
compounds in a pure state from 2-chloro-5-nitropyridine The rate data are displayed in Table II. In Table 
and 2-chloro-3-nitropyridine. To answer these ques- I I I  the variation of k̂ , with temperature and the 
tions, 2-halo-5-nitropyridines and 2-halo-3-nitropyri- Arrhenius activation energies are given, 
dines were synthesized (or purified) and their reaction The H 0 data were taken from the review of Long and
rates with aqueous sulfuric acid were investigated. Paul.7 The more recent data of Noyce and Jorgensen8

were not needed, since our experiments were in the 
Results range of lower acidities where the two functions have

. the same value. (H +) was taken to be the molarity of
p £ a  Determination.— The pK & s of the halomtro- the sulfuric acid. The fraction protonated was calcu-

pyridines were determined by the method of Davis lated as F  =  h0/(h0 +  i f slI,)
and Geissman4 or Katritzky3 or Bunnett and Olsen.8 The first te m p te d  correlation of the pseudo-first- 
The pK a s were determined by adding concentrated order rate constants with pK& and aH0H was a plot of

(1) Participant in the Undergraduate Research Participation Program of log (^ H O h )*  T he slop© of SUCh Et plot
the National Science Foundation, 1966, 1968. Would give “ n ”  the power O il Q̂HOH* These plots

(2) Taken in part from the Independent Study thesis of James McFarland, i i • i p . i i *  i i ^ „ T
1964, John Wood, 1968, and Wayne Bowman, 1962. showed evidence of CUPVature at both high and low per

(3) J. D. Reinheimer, J. T . Gerig, R. Garst, and B. Schrier, J. Amer. Cent protonation. The Central portion of SUCh plots
Chem. Soc., 84, 2770 (1962).

(4) C. T. Davis and T. A. Geissman, J. Amer. Chem. Soc., 76, 3507 (1954).
(5) C. D. Johnson, A. R. Katritzky, B. J. Ridge well, N. Shakir, and A. (7) F. A. Long and M. A. Paul, Chem. Rev., 57, 1 (1957).

M . White, Tetrahedron, 21, 1055 (1965). (8) D. S. Noyce and M. J. Jorgenson, J. Amer. Chem. Soc., 84, 4312
(6) J. F. Bunnett and F. P. Olsen, Can. J. Chem., 44, 1899 (1966). (1962).
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T a b le  I

PjKa AND <p FOR SUBSTITUTED P y RIDINES AT 30°

<------------------------------------------pAa------------------------------------------ - tfh
Davis & Bunnett & Bunnett & from®

Compound Ho method Geissman Olsen Olsen pK a

2-Ch loro-5 -n itro  - 2 . 8 5  - 2 . 9 5 “ - 2 . 4 2  0 .6 6  (2 5 ° )  0 .7 6

2-B rom o-5-n itro  — 2 .4 0 “ — 2 .5 0 “ — 2 .6 0 “ 0 .6 8

2-Iodo-5 -n itro  — 1 .43  — 1.70  — 1 .40  0 .6 4  0 .62

2-Ch loro-3 -n itro  — 2 .4 4  — 2 .3 9  0 .6 3  0 .6 7

2-B rom o-3-n itro  — 2 .0 5  — 2 .2 5  — 2 .0 2  0 .6 8
0 .6 9  (2 5 ° )

“ T em p era tu re  was 25 °. 6 T em p era tu re  was 80 ° unless n o ted  o therw ise. “ P lo t  o f lo g  (k+/F) vs. [H0 — lo g  ( H +) ]  w h ere  F  =
ho/ (ho +  K m * ) -

T able I I  Table I I I

Rate Constants at 80° fo r  2-Halo-x-nitropyridines Rate Constant at Different Temperatures

MsiSOi ty , sec-1 for 2-Halo-z-nitropyridines

2 -Iodo -5 -n itropy rid in e  Activation
0 892 5 .31  X  10 - 6  Molarity Temp, °C kf, sec"1 energy, kcal

1 .784  11 .9  X  10 - 6  2 -Iodo -5 -n itropy rid in e

2 .689  17.6  X  10~ 6 1 .78  102.3  7 .5 6  X  10 " 4

3 .142  19.3  X  10 “ 6 89 .9  2 .7 8  X  10 “ 4

3 .594  19.0  X  10 “ 6 80 .1  1 .19  X  K T 4

4 .047  17.9  X  10 “ 6 6 0 .0  0 .1 95  X  10 ' 4 21 .3

4 .500  16 .2  X  10 “ 6 3 .5 9  102 .3  1 1 .8  X  10 “ 4

5 .404  10 .2  X  10 “ 5 8 9 .9  4 .5 8  X  10 " 4

6.311 6 .0  X  10 “ s 80 .1  1 .9 0  X  10 " 4

2-B rom o-3 -n itropyrid in e  a t 80.8° 6 0 .0  1 .02  X  10 - 4  21 .9

1 .50  10 .5  X  lO " 6 5 .4 0  102.3  6 .2 3  X  10 “ 4

2 .4 5  20 .1  X  10 “ 6 8 9 .9  2 .61  X  10~ 4

3 .3 8  2 9 .3  X  10 “ 6 80 .1  1 .02  X  10 " 4

4 .1 6  3 1 .6  X  10 ~ 6 6 0 .0  0 .1 4 4  X  10 “ 4 23 .1

5 .1 0  3 0 .4  X  10 - 6  2 -B rom o-3 -n itropyrid in e

6 .0 3  2 1 .5  X  10 ” 6 2 .4 5  100 .7  7 4 .2  X  10 ~ 5

6  91 14.0  X  10~ 6 8 0 .8  2 0 .1  X  10 ~ 6

7 .8 2  7 .4 5  X  10 ~ 6 7 0 .7  8 .91  X  10 " 5 2 0 .1

2 -B rom o-3 -n itropyrid in e  a t 25° 6 .9 1  100 .7  6 4 .8  X  10 5

1 .50  4 .1 5  X 1 0 “ 7 8 0 .8  1 4 .0  X  lO " 6

2 .4 5  8 .1 0  X  10 “ 7 7 0 .7  5 .1 9  X  10 " 5 2 1 .4

3 .3 8  11 .8  X  1 0 ^  2 -C h loro-3 -n itropyrid in e

4 .1 6  12.5  X  lO " 7 3 .3 6  100 .2  10.1  X  10 " 4

5 10 12.1  X  lO " 7 8 0 .2  2 .1 6  X  lO " 4

6  03 8 . 6  X  10 - 7 59 .6  0 .3 68  X  lO “ 4 2 0 .6

6 .91  5 .5  X  10 “ 7 4 .3 2  100.2  12 .5  X  10 “ 4

7 .8 2  3 .0  X  lO ” 7 8 0 .2  2 .6 7  X  10 " 4

2 -C h loro-3 -n itropyrid ine  a t 80.2° 59 .6  0 .479  X  10 4 2 0 .5
1 . 4 4  6 .5 5  X  10 “ 6 5 .2 8  100 .2  12 .2  X  10 " 4

2 40 1 3 .0  X  10 “ 6 8 0 .2  2 .7 4  X  10 ~ 4

3 .3 6  2 1 .6  X  lO “ 6 5 9 .6  0 .481  X  10 ~ 4 2 0 .0

4 .3 2  2 6 .7  X  10 “ 6 6 .2 4  100.2  10 .5  X  10 ~ 4

5  28 2 7 .5  X  10 “ 5 80 .2  2 .2 7  X  10 ~ 4

6  24 2 2 .7  X  10 ~ 6 59 .6  0 .343  X  10 " 4 21 .1

7 .2 0  13.8  X  10 “ 6 2 -B rom o-5 -n itropyrid :n e

s ’ l 6  6 . 8  X  lO ' 6 3 .3 6  9 9 .9  8 .5 4  X  10 “ 4

2-B rom o-5 -n itropyrid in e  80 .0  1 .90  X  10 4

2 .4 0  1 .23  X  10~ 4 60 .1  3 .1 8  X  10 6 1 9 .4

3 .3 6  1 .90  X  10~ 4 4 .3 2  9 9 .9  1 .13  X  10 ' 3

4 .3 2  2 .4 6  X  10 ~ 4 8 0 .0  2 .4 6  X  10 " 4

5  28 2 .6 6  X  10 “ 4 60 .1  4 .0 0  X  10 ~ 5 19 .7

6 .21  2 .11  X  10 - 4 5 .2 8  9 9 .9  1 .47  X  10 “ 3

6  24 2 .1 2  X  10 ~ 4 80 .1  2 .6 7  X  10 4

7 .2 0  1 .52  X  10 - 4 60 .1  4 .21  X  10 “ s 2 0 .7

8 .1 6  0 .751  X  10 ~ 4

9  1 2  0 .4 38  X  10 4 T h e  concentration of the protonated species and stoi
chiometric concentration are obtained from the spectra 

approximated a straight line; these plots were regarded in the acid solution. A  similar plot, log {k+/F) vs. 
as unsatisfactory. [Ho +  log (H +)], was also made for each substrate.

The next approach was to apply the empirical method Bunnett and Olsen have argued that the use of F  — 
of Bunnett and Olsen.6 Their plot of [log — log [ho/ (h 0 +  A « h +) ] is not as accurate as the use of F  =  

(C'bhVC 'J  ] vs. [Ho +  log (H+) ] does not use the pK &. ( C Bh  */CJ. The latter F  may be obtained from pro-
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2 4 6 a
M H as 0 .,

F igu re  1.—kt (s ec -1 ) vs. iliE fiS O i: • ,  2 -b rom o-5 -n itropyri- 
d in e ; ■ , 2 -ch loro-3-n itropyrid ine ; ■ , 2 -iodo-5 -n itropyrid in e ; + ,  , ,
2 -brom o-3 -n itropyrid ine . --------------------------------------------------------------------------- —

- 1.0 - 2.0 -3.0
Ho + LOG H+

tonation data directly without the intervention of a
pK & to determine K su+. Further, if the substrate does F igu re  2 -“ [L o g  h* ~  Iog (S H + /-S>‘ )] vs. [H„ +  lo g  ( H + ) ] : • ,  
not obey the acidity function that is applied, the p A a 2 -brom o-5 -m trop yn d m e (8 0 ° ) ;  + ,  2 -b rom o-3 -m tropyrid in e

that is determined may or may not give the proper F  (8 0 ° ).  

from (h0/(h0 +  A SH+)]. In the present case, both
pyridine and pyridine N-oxides are Hammett bases.9 tion. I f  k# =  fcF(aHOH)", where k is the rate constant,
Both types of plots were linear, and their slopes are in a composite k$ results. A t low acid concentrations,
reasonable agreement. These results are displayed in where ohoh changes slightly with changing acid concen-
Table I, columns 5 and 6. tration, (F ) is the major factor with its larger value

(with increasing acid concentration) controlling the 
Discussion over-all rate. However, at higher acid concentrations,

The acid-catalyzed bromodechlorination reaction is the de<;reasing « hoh becomes more important and the
only a fair method for the preparation of the bromoni- overall irate decreases with increasing acid concentra-
tropyridines from chloronitropyridines. The reaction ' during a particular experiment, both uHoh and
is acid catalyzed, for no reaction took place in the (R) remain constant.
absence of acid and only partial exchange in the pres-  ̂1S in êres m̂S to note that the maximum is not the
ence of acid.1» '11 However, iododechlorination is effec- f  sult of complete protonation of the substrate. The
tive for the preparation of 2-iodo-5-nitropyridine from 2- fraction protonated at the maximum value of k+ varies
chloro-5-nitropyridine. This was also an acid-cata- irom, °J33 for 2-bromo-3-mtropyridine to 0.42 for
lyzed reaction; refluxing 2-chloro-5-nitropyridine with 2-iodo-5-mtropyndine. These maxima occur between 
K I in methyl ethyl ketone gave no product. There is 3 and 5 M  sulfuric acid
some indication that the halodechlorination reaction .here does not seem to be a good basis for the corn-
may be quite sensitive to the nature of the nucleophile parison of the rate constants of these reactions. The
For example, NaHF2 gave a 3% yield but K H F2 gave maximum values for A* seem to be the most reasonable
a 74% yield in the fluorodechlorination of 2-chloro- comparison. Chlorine and bromine are replaced at
pyridine with no solvent.12 It  is possible that the use approximately equal rate, with iodine the slowest,
of Csl or some other alkali metal halide could give Thls is the order expected for an activated aromatic
higher yields than we have been able to achieve. nucleophilic substitution.13

The pseudo-first-order rate constants for the halo- Attempts to evaluate the role of water in the reaction 
nitropyridines vs. acid concentration are given in were made with two plots. The method of Bunnett
Figure 1. The shape of this curve may be qualitatively and 01sen gave reasonable straight lines with slopes
understood on the basis of two competing effects; which varied from 0.64 to 1.76. These slopes (<p) are
protonation of the substrate and the activity of water in the range in which rate-determining proton transfer
I f  the active species in solution is the protonated sub- to water ls lndicated- I t  is of interest to note that the
strate, the rate should increase as the fraction pro- slo?e ° !  the lme dePends uPon the value of the p K a
tonated (F) increases. The activity of water the which is used. Before the pK & of 2-chloro-3-nitro-
nucleophile, decreases with increasing acid concentra- Pyridine was determined, several rough estimates of

— 2.12, —2.25, and —2.50 were made and the kinetic 
OlNx / x  data [log (H+) +  Ho vs. log (k^/F)] were plotted. The

| 0 _ a  ■*—*- 1 l r| lines for each plot were equally good, with slopes (<p)
N + of 0.58, 0.62, and 0.67, respectively. In another plot,

+ jj -1 the Bunnett-Olsen plot was made for the same substrate
-------------- with (80°) and also kj, (25°). The experimental

(9) c. d . Johnson, a . r . Katritzky, and b . j. Ridgeweii, j. Amer. chem. data for 2-bromo-3-nitropyridine were measured at
^ a o u T S c  T N M , nu _ 80.8° and were extrapolated to 25.0° in order to use the
( 1952). tlo and p A a data that were obtained the the lower tem

pi) Y. Yamamoto, J. Pharm. Jap., 71, 662 (1951).
(12) M. M. Boudakin, J. Heterocycl. Chem., 4, 381 (1967). (13) J. F. Bunnett and R. E. Zahler, Chem. Rev., 49, 173 (1951).
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perature. The plots were both linear, but <pso.a =  0.68 concentrations. The infinity samples were found to have the
and <p26 o =  0.69. This difference is not regarded as calculated absorbance within 2% in all cases; generally the agree-
highly significant. I t  has been suggested by Yates and ™ en t was to  ! % ;  Q u a lita t iv e ly  th e  spectru m  o f  th e p rodu ct was 
t > - j  , ,  , ,  , i . -i , , , J th e  sam e as th a t o f th e au thentic  sam p le— this com parison  was
Riordan that kinetic data at temperatures other than m ade fo r  the in fin ity  sam ples o f b o th  2 -h yd roxy -5 -n itropyrid ine

25° can be combined with acidity function data and and 2 -hyd roxy-3 -n itrop yrid ine . T h e  p rodu ct was show n to  be

Ahoh data at 25° without serious error for weakly basic stab le  to  th e  k inetic  cond itions b y  p lac ing  an au then tic  sam p le o f

substrates. Our observations do suggest that the th e  2 -hydroxy-3 -n itropyrid ine  in  the k in e tic  m ed iu m  a t 1 0 2 ° fo r
u . ,■ ? ,. , c rr j  u ,• j. 24 hr. 1  he absorbance o f th e sam p le d id  n o t change. A l l  p ipets

combination of a poor estimate of pA a and collection of and th erm om eters h ave  been  cai ib ra ted . A l l  ra te  constants

data far removed from 25 may cause considerable w ere determ ined  b y  a least-squares regression analysis. T h e

differences in the slopes obtained (see Figure 2). ra te  constants reported  in  T a b le  I I  are th e average  o f tw o  or m ore

Some conclusions which may be drawn from this experim ents; those in T a b le  I I I  are s in g le t experim ents, 
body of data are as follows. R e p a ra t io n  o f Substrates. H yd ro ly s is  o f 2-Ch loro-3-n itro-

/i\ rm i , • , • , , r  . p yn d m e .— 2-C h loro-3 -m tropyrid in e  (1 g )  was d isso lved  in 8  m l
(1) The hydrolysis reactions of 2-halo-5-mtropyri- o f 9  M  su lfuric ac id . T h e  m ix tu re  was re fluxed  fo r  3  h r. Sodium

dines and 2-halo-3-nitropyridines have the same h yd rox id e  solu tion  (6 M ) was added  to  the cooled  m ix tu re  un til
mechanism. a p rec ip ita te  fo rm ed ; the s till ac id ic  solu tion  was filte red . T h e

(2) The mechanism involves a rate-determining pro- product was isolated in 91% yield [0.89 g of 2-hydroxy-3-nitro-
tn n  t r a n s f e r  t o  w a t e r  T h e  m e c h a n is m  o f f e r e d  in  r e f  3 P yn d m e , m p  220-224 ( l i t . 10 m p  224 ) ] .  In  a second experim ent,
t o n  t r a n s f e r  t o  w a t e r ,  m e  m e c h a n is m  o t t e r e d  in  r e i  6 2 0  g  o f 2 -ch loro-3 -n itropyrid in e  was added  to  2 0 0  m l o f g lacia l

IS s u p p o r t e d ,  b u t  t h e  n u m b e r  o f  w a t e r s  o f  h y d r a t i o n  acetic  acid  and 200 m l o f concen trated  H C I and refluxed  fo r  3 hr.

cannot be as definite as these authors have indicated. T h e  so lven t was d istilled  a w a y , and the p rodu ct filte red . T h e

(3) The role of the 3-nitro group in contrast to that of produ ct was recrysta llized  fro m  m eth an o l to  g iv e  a p rodu ct, m p

the 5-nitro group cannot be evaluated from this data. 223 -225 °, in  a  y ie ld  o f 16.0 g  (8 9 % ).  T h in  la y e r  ch rom atograp hy
^  , . i . i r i i i -  c . -  t , on alum ina w ith  benzene show ed no trace  o f the s ta rtin g  m ateria l
On the extreme hypothesis o f  hydiation, 4.5<p should ^be p roduC(;, A t te m p ts  to  h yd ro ly ze  in  basic solu tion  g a ve  a 

give the hydration change for the reaction in terms of viscous o il w h ich  s low ly  crys ta llized  and m e lted  ab o ve  300°. 

number of molecules of water.8 Values of <p for 3- 2-Iodo-5 -n itropyrid ine was p repared  b y  the m ethod  o f R e in - 

nitro compounds are 0.63 and 0.67; for 5-nitro they are h eim er> et al* T h e  fina l p rodu ct was purified  b y  colum n chro- 

0.66, 0.67, and 0.64. There seems to be no difference in alumina with benzene: purified yield 27%; mp
ip (where the same halogen is displaced) With change in 2-B rom o-5-n itropyrid ine.— S evera l a ttem p ts  to  prepare 2-

position of the nitro group. A  greater change in cp brom o-5 -n itropyrid in e  b y  th e  reaction  o f L iB r  w ith  2-chloro-5-

occurs when the iodine atom is displaced. This may n itrop yrid in e  in  d ifferen t solvents g a ve  a p rodu ct o f m p  132-133°.

suggest a steric factor is involved, but there are not A ttem p ts  to  p u r ify  th is m a teria l b y  colum n chrom atography
3 ?  . . , , . , r. , . w ere unsuccessful, f in a l ly ,  the m ethod  o f Y a m a m o to 11 was used,

sufficient data to draw a firm conclusion. 2 -H yd roxy -o -n itrop yrid in e  (2 .5  g ) ,  red  phosphorus (0 . 8  g ) ,  and

0.83 m l o f to lu ene w ere  m ixed  and 3.82 m l o f b rom ine was s low ly  
_  . - _  . added  o ve r a p eriod  o f 2.5 hr w h ile  th e tem peratu re  was main-
R x p e n m e n t a l  s e c t i o n  ta ined  a t 120-130°. T h e  reaction  m ix tu re  w as cooled  and poured

K in e tic  M e th o d s . 2 - Io d o -5 -n it ro p y r id in e .-A  stock  solu tion  °,n ic e ; th ® solid  was filte red  and d ried . P u rifica tion  on  an 

o f the reagen t w as prepared  b y  d isso lv in g  2 -iodo-5-n itropyrid ine  ± ™ 1(ia t C“ 1" m n w d h . benzen°. 8 5  th e  af® n t Tga ve  1  -° g
in  concen trated  su lfuric ac id . A  9 .85-m l sam p le was p ipe ted  in to  o f 2 -b rom o-5 -m tropyn dm e, m p  136.0-138 . In  a second
a vo lu m etr ic  flask, and th e  desired concen tra tion  a tta ined  b y  P reparation , b rom obenzene was su bstitu ted  fo r  to lu ene in  the
su itable d ilu tion  in an ice b a th  (fina l d ilu tion  a t room  tem pera- ab ove  P reparation  to  avo id  the fo rm a tion  o f b en zy l b rom ide
tu re ). N it ro g en  was used to  deaera te  the solu tion  and to  fill the D u r in g  chrom atograph ic  w ork -u p , severa l bands appeared  and
sam ple tubes. Sam ples (10 m l)  w ere  sealed in P y r e x  glass « rude, P rod " cd ™ elted  o ve r  a considerable range, 122-133
am poules wh ich  w ere  then  p laced  in a constan t-tem peratu re b ath . (61%  y ie ld b  W d h  f1urther Pu rifica tion  on th e  a lu m ina colum n
T h e  reaction  was stopped  b y  p lu n g in g  the tu be in to  ice. T h e  alld  aceto " e “  th e e lu tin g  agen t th e  crude p rod u ct separated
tubes w ere  opened and the contents w ere  rinsed in to  a 50-m l 'n to  tw o  bands; the desired  p rodu ct m o ved  w ith  th e  so lven t

, , . n i -J.U n xt tj n , i i.oo-4/AA fro n t ana th e  im p u rity  rem ained  a t th e  o rig in . I  w o  recrysta l-
v o lu m e tn c  flask w ith  9 M  H 2S 0 4; the absorbance a t 2840 A  was m o
determ ined  on  a B eckm an  D .U .  spectroph otom eter. T h e  ra te  l “  ' l̂g r ° m  g a V 6  4 '?  g  (3 4 %  y le W ) ’ m P  138_

constants w ere  d eterm ined  fro m  eq 1. Anal C zM  fo r  C T R B r N A h :  C , 29.58; H ,  1.49; N ,  13.80.

F ou n d : C , 29.57; H ,  1.42; N ,  13.81.
2.303 log  [Aco/(Ao> — A t ) ]  =  k<pt (1 ) 2 -B rom o-3-n itropyrid ine was p repared  b y  the p rocedu re  o f

B errie , N e w b o ld , and S p r in g . 10 T h e  p rod u ct was recrysta llized  
2 -B rom o-3-n itropyrid ine and 2 -C h loro-3 -n itropyrid ine.— T h e  six tim es, m p  122-124° ( l i t . 10 m p  1 2 4 °). T h in la y e r c h ro m a to g -

procedures w ere  the sam e as above , excep t th a t th e  use o f n itrogen  raphy ga ve  no ind ica tion  o f im pu rities , and a b rom ide  analysis
was n ot requ ired . T h e  sam ples w ere  read w ith ou t d ilu tion  on a ind ica ted  a p u r ity  o f 9 8 % .
B eckm an  D .U .  spectroph otom eter w h ich  had a G ilfo rd  p h o to tu b e  B rom odech lorinations  o f 2 -C h loro-5 -n itropyrid ine.— 2-C h loro-
and e lectron ics. T h e  w a ve len g th  was 3480 A .  5 -n itropyrid in e  (13.16 g , 0.0083 m o l)  was d isso lved  in  480 m l o f

2 -B rom o-5-n itropyrid ine.— T h e  procedures w ere  the sam e as anhydrous m e th y l e th y l k etone. L iB r  (36.15 g , 0.415 m o l) and 
ab ove , b u t certain  com plica tions  ensued. T h e  p rodu ct and re- 4 m l o f concen trated  su lfuric acid  w ere  added  and th e  m ix tu re
agen t absorbed a t the sam e w ave len g th s , and th e ir absorp tiv it ies  was refluxed  fo r  1 .5 hr. T h e  reaction  m ix tu re  was coo led , poured
w ere s im ilar. S ince th e  a b so rp t iv ity  changed  s ligh tly  w ith  ac id  on ice, and the organ ic  la y er separated . A f te r  d ry in g , concentra-
concen tration , it  was necessary to  prepare absorbance vs. w a ve - tion  (b y  eva pora tion  o f the so lven t under reduced  pressure) to
leng th  curves fo r  each p rodu ct and reagen t a t each k in e tic  acid  one-th ird  the orig ina l vo lu m e , and coo ling , 13.5 g  (8 0 %  y ie ld ) o f
concen tration . T h e  w a ve len g th  th a t g a ve  the g reatest (Areagent a crude p rodu ct, m p  120-125°, w as ob ta in ed . T h ree  recrysta l- 
— Aproduot) was selected  fo r  analysis. T h is  procedure a llow ed  liza tions fro m  b en zen e-lig ro in  g a ve  a p rodu ct o f m p  132-133°.
one to  “ rea d ”  th e  absorbance o f th e k in e tic  sam ple w ith ou t In  a s im ilar reaction , 0.02 m o l o f 2 -ch loro-5-n itropyrid ine  and
d ilu tion . T h e  m od ified  B eckm an  D .U .  spectroph otom eter was 0.10 m o l o f L iB r  in  60 m l o f g la c ia l acetic  acid  g a ve  3 5 %  y ie ld  
used. T h e  w ave length s  w ere  ap p rox im a te ly  2500-2600 A  in  o f w h ite  crysta ls , m p  130-132°. R ec rys ta lliza t io n  fro m  b en zen e- 
these experim ents. ligro in  g a ve  a p rodu ct m e ltin g  a t 131 .5 -132 .5 °.

P recau tions  and P rod u ct Id en tifica tion .— T h e  su lfuric acid was Iod od ech lorin a tion  o f 2 -C h loro-5 -n itropyrid in e .— T h e  p roce-
standard ized  b y  t itra t io n  aga inst tr is (h yd ro x ym e th y l)m e th y l-  dure o f K lin g sb erg 15 was fo llow ed . 2 -C h loro-5 -n itropyrid in e
am ine. T h e  products w ere  show n to  fo llo w  B e e r ’s la w  a t severa l _______________

(14) K. Yates and J. C. Riordan, Can. J. Chem., 43, 2333 (1965). (15) E. Klingsberg, J. Amer. Chem. Soc., 72, 1031 (1950).
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(25 g )  and  K I  (75 g )  w ere  re fluxed  in  350 m l o f m e th y l e th y l the so lven t was rem oved  b y  eva p o ra tion  to  ob ta in  the so lid
k e ton e . T h e  so lven t was eva pora ted , th e  residue washed w ith  produ ct. T h e  m e ltin g  p o in t o f th e p rod u ct was 118-120°, and
w a te r, and  recrysta llized  fro m  benzene to  g iv e  s ta rtin g  m a teria l. d id  n o t change w ith  recrysta lliza tion . P o ten t io m e tr ic  titra tion

A ttem p ted  B rom odech lorin ation  o f 2 -C h loro-3 -n itropyrid ine.—  o f the halide b y  s ilve r  n itra te  show ed the presence o f b o th  b rom ide
T h e  m o lar ra tio  w as 0.08 m o l o f a ry l ch loride and 0.416 m o l o f and ch loride ions.
L iB r .  In  th ree experim ents, m e th y l e th y l k eton e , g lac ia l acetic

acid , and d im e th y l su lfox ide  w ere  used as the so lven t. S ta rtin g  Registry No.— Sulfuric acid, 7664-93-9: 2-bromo-5-
m ateria l was recovered  w hen  no acid  was added  to  m e th y l e th y l - j - AAon en  *  o  i_i o  *x - t
k eton e. In  each case, th e reaction  m ix tu re  was refluxed  fo r  nitropyndine, 4487-59-6, 2-chlorO“3-nitropyridine, 5470-
severa l hours, then  the p rodu ct isola ted  b y  pou rin g th e  reaction  18-8; 2-iodo-5-nitropyridine, 19755-52-3; 2-bromo-3-
m ixtu re  on  ice. I f  th e  p rodu ct d id  n o t p rec ip ita te  im m ed ia te ly , nitropyridine, 19755-53-4.

The Photochemistry of Unsaturated Nitrogen Containing Compounds.
II* The Mechanism of Benzonitrile and Benzaldimine Formation 
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T h e  photochem ica l reaction  o f b enza lazine (1 ) to  g iv e  b en zon itr ile  and benza ld im ine (2 ) was stud ied  in  th e  pres
ence o f various h yd rogen  donors in  an e ffo r t  to  ob ta in  in fo rm ation  w h ich  w ou ld  determ ine w h eth er th e  m echanism  
fo r  this photochem ica l tran sform ation  is in ter- or in tram olecu lar. T h ese  studies show ed th a t w ith  th e  add ition  
o f e ffe c t iv e  h yd rogen  don a tin g  agents such as b en zh yd ro l and d ecy l m ercap tan  a defin ite  decrease in  p rodu ct 
y ie ld  occurred ; how ever, a lim it in g  va lu e  in  th e  decrease o f th is y ie ld  was reached  b eyon d  w h ich  fu rther add ition  
o f trap p in g  agents had no effect. T h ese  results a re 'in te rp re ted  as in d ica tiv e  o f b o th  in tra - and in term olecu lar 
reaction  bein g o p e ra tiv e  in  th e  photochem ica l conversion  o f b enza lazine ( 1 )  to  b en zon itr ile  and benza ld im ine
( 2 ). M echan ism s fo r  these tw o  processes are p resented  and discussed.

In the previous publication in this series1 it was Scheme I
shown that benzalazine (1) reacted photochemically to Formation of Benzonitrile and Benzaldehyde
produce benzonitrile, benzaldimine (2), and trans- from Benzalazine (l)
stilbene. Benzaldimine (2) was discovered to be an CH=NN=CHC6H

c 6h5ch= n n= ch c6h5 — - — > 1
ch3oh x

C6H5v path B
C6H5CH=NH + C6H5C =N  + C6H5CH=CH C6Hs > = N -  p u  separation of r

2 /  -  , .— ► [C6H5C=N-]jvj--q'  radical pair

H hydrogen abstractionhydrolysis during -*
-----------------►  CrH-CHO from and N-N bond cleavagechromatography 6 u .in second molecule of 1

unstable photoproduct which hydrolyzed to benzalde- j-CcH.C==N.] ^____
hyde during chromatography. Two mechanisms were path a
proposed at the time of the previous study in order to hydrogen ( *" C6H3C =N  -*
rationalize the apparently coupled benzonitrile-benz- transfer >—*- C6H5CH=NH *------
aldimine (2) formation (Scheme I ) ;  unfortunately, it 2
was not feasible at that time with the evidence available hydrolysis during
to make a choice between these two mechanistic chromatography
possibilities.

The fundamental difference between the two path- C6H3CHO
ways under consideration (Scheme I )  exists in the fact
that path A  postulates an intramolecular reaction a change in reaction course in a solution where the
mechanism with a hydrogen transfer which occurs CelRCH— N  radical could be intercepted and could
within the solvent cage (a disproportionation within the undergo reaction before reaching a benzalazine ( 1 )
solvent cage of the photochemically produced radical molecule. As a basis for selection between these two
pair) while path B, in contrast, proposes an intermolecu- possible pathways, a series of irradiations was under-
lar reaction which requires the diffusion of the C6H5- taken in which alcohols with different hydrogen-
C H = N  radical through solution (i.e., escape of the donating abilities were used as reaction solvents; in
radical species from the solvent cage prior to further addition, a number of reactions were also conducted
reaction) to react with a second molecule of benzalazine in which decyl mercaptan was present in the reaction
(1) in a hydrogen abstraction process. Accordingly, mixtures in various concentrations,
reaction via path A  should be effectively insensitive to
the presence of radical trapping agents in solution while Results
a process such as that indicated by path B should show .

I  he data given in Table I  described the Vycor- 
(i) r . w. Binkley, j . Org. chem., 33, 23n ( 1968). filtered irradiations of benzalazine ( 1 )  with four dif-
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Table I

Photochemical Reactivity of Benzalazine (1)“
Trapping ---------  % yield of products6 ----- ■

Run no. Time, hr % completion Solvent agent Benzonitrile Benzaldehyde

2 -M eth y l-2 -

1  1 1  25 p ropanol N o n e  46 44

2  12 26 M e th a n o l' N o n e  40 46

3 10 26 E th an o l N o n e  40 44

4  9 27 2 -Propanol N o n e  35 48
2 . 0 0  m m ol o f

5  10 25 2 -Propanol b en zh yd ro l 25 48
4 . 0 0  m m o l o f

6  10 22 2 -Propan o l b en zh ydro l 25 52

o A ll  runs m ade w ith  a V yc o r  filte r  w h ich  rem oves ligh t o f w a ve len g th  shorter than  210 m m- In  each run 1.00 m m ol o f benza lazine 
was irrad iated. 6 T h e  per cent y ie ld  o f a  p rodu ct is calcu lated  b y  d iv id in g  th e  m illim oles o f p rodu ct b y  m illim oles  o f reac tan t consum ed 
and m u ltip ly in g  b y  100. c P rod u ct y ie ld  is s ligh tly  grea ter then  reported  earlier (re f 1 ) due to  im p roved  iso la tion  procedure.

ferent alcohols as reaction solvents and irradiations in radical reactions absorb light and are photochemically
which a fifth alcohol was present in the reaction mix- decomposed.2 Two different types of compounds were
tures. A  clear decrease in the yield of benzonitrile is found, however, which were acceptable as trapping
apparent as one proceeds from run 1 to run 6 in Table I. agents under the conditions of these irradiations.
The yield of benzaldehyde, on the other hand, shows It  is important to note in connection with the in
little change under these different reaction conditions. terpretation of the experimental results from this work
(Since each molecule of benzalazine is potentially that the yield of benzonitrile and not benzaldehyde is
capable of producing both a molecule of benzonitrile taken as the critical indicator of the ability of a trapping
and one of benzaldehyde, a 100% yield of each of these agent to affect the photochemical conversion of
products is theoretically possible in any reaction.) benzalazine (1). The reason for this choice can be seen

In Table I I  are listed the results of the irradiation of from a consideration of Scheme I. In the proposed
benzalazine (1) in 2-propanol with various amounts of intermolecular reaction mechanism for decomposition
added decyl mercaptan. An inspection of this table of 1 (path B, Scheme I), the mechanism representing
reveals that the addition of the mercaptan causes an the reaction pathway assumed to be sensitive to radical
initial decrease of 10% in the benzonitrile yield when traps, benzonitrile can only arise via diffusion of the
compared to an irradiation run in pure 2-propanol; C6H 5C H = N  radical (or other radical species) through
however, once the nitrile yield reaches 25% it remains solution to abstract a hydrogen atom from a molecule
constant and is not further changed by addition of of benzalazine (1); in contrast, benzaldimine (2), the
more mercaptan. The effect of added decyl mercaptan precursor of benzaldehyde, might arise by hydrogen
on the yield of benzaldehyde is noticeably different from abstraction of the C6H 6C H = N  radical from the solvent
its effect on the benzonitrile yield since the amount of or other hydrogen donor present. Therefore, if path B
benzaldehyde isolated progressively decreases as more is operative, only the yield of benzonitrile is necessarily
mercaptan is added. dependent upon diffusion through solution of a radical

T able II species capable of abstracting a hydrogen atom from
benzalazine (1). In considering B as a pathway for

T he Photochemical Reactivity of Benzalazine understanding benzonitrile production, it is important
to emphasize that a hydrogen transfer resulting in 

Mercaptan % Benzo- Benz- benzonitrile formation can occur from benzalazine (1)
Run concn, mmoi/i. completion nitrile aldehyde to radical species other than the C6H5C H = N  radical;

1 0.00 27 35 45 th e re fo re , in  o rd e r  fo r  th e  h y d r o g e n  d o n o rs  u s e d  in

2 0.10 25 27 44 th is  W o rk  to  b e  e f fe c t iv e  r a d ic a l  t r a p s ,  th e y  m u s t  re a c t

3 0,33 23 24 40 with a C6H 5C H = N  radical or other radicals present to
1 0,66 25 25 40 give stable molecules and new radical species, ones which

,J ”  “ ' “ ’ are not capable of abstracting a hydrogen atom from
Discussion benzalazine (1).

The first method used in attempting to intercept the 
As was described in the introductory portion of this C6H6C H = N  radical consisted of a series of irradiations

paper, the two proposed mechanisms for conversion of using various alcohols and mixtures of alcohols as re-
benzalazine (1) into benzonitrile and benzaldimine action solvents. Unlike ionic reactions of alcohols in
differ in that one occurs entirely within the solvent cage which an oxygen-hydrogen bond is generally more
(path A, Scheme I )  and the other requires escape from readily broken than carbon-hydrogen bond, radical-
this solvent shell (path B, Scheme I). A  logical method induced hydrogen atom abstractions favor loss of a
for distinguishing between these two possibilities con- hydrogen atom attached to the alcohol carbon if such
sists of conducting irradiations of 1 in the presence of a a hydrogen exists;3,4 presumably this phenomenon is
substance capable of intercepting the C6H6C H = N  
radical and, thereby, stopping any intermolecular

. , . . . (, . . , , , . (2) J. G. Calvert and J. N. Pitts, Jr., “ Photochemistry,”  John Wiley &
process involving this species; unfortunately, selection Son8( Inc.t New Y ork, n . y ., 1967, p  603.

of a suitable trapping agent is not an easy task since (3) W. H. Urry, F. W. Stacey, E. S. Huyser, 0. O. Juveland, J. Amer. 

common free radical traps such as 2,2-diphenyl-l- ^ w W 50 (? ' p  ,  , „ „  „  _ . _ T XT. . ^  7 ^  i P (4) W. A. Pryor, Free Radicals, McGraw-Hill Book Co., Inc., New
picrylhydrazyl, galvinoxyl, and 12 used in normal iree y ork, n . y ., 1966, p  219.
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due to the ability of the hydroxyl group to participate the presence of decyl mercaptan and in the presence 
in the stabilization of the radical center being formed.5 of the most effective of the alcohols, benzhydrol.
W ith this fact in mind, methanol, ethanol, 2-propanol, On the basis of the considerations made thus far the 
and 2-methyl-2-propanol were closed as irradiation following facts are clear, (a) The yield of benzonitrile
solvents. Of these four alcohols only 2-methyl-2- in the photochemical reactions of benzalazine (1) is the
propanol has no hydrogen directly attached to an best available indicator of the intervention of hydrogen
alcohol carbon; consequently, it among the four should donors in a potential intermolecular benzonitrile-
be most resistent to free radical attack.4’6 Methanol, benzaldimine (2) forming process, (b) The yield of
ethanol, and 2-propanol, on the other hand, each have benzonitrile decreases as the hydrogen-donating ef-
at least one hydrogen attached to the hydroxyl carbon fectiveness of the medium increases; however, a
and, therefore, are much more effective hydrogen limiting value exists beyond which further dimunition
donors.6,7 Benzhydrol, which was added to two of the in yield does not occur, (c) The limiting value beyond
irradiations in 2-propanol, represents the most effective which further reduction of yield of benzonitrile by
hydrogen donor of the alcohols used since in benzhydrol hydrogen donors does not appear possible is the same
the radical center formed by hydrogen abstraction is whether benzohydrol of decyl mercaptan is used as the
not only adjacent to an OH group but it also stabilized hydrogen-donating agent.
by delocalization involving the benzene rings. Using The first conclusion which reasonably can be drawn 
these five alcohols as hydrogen donors provides at least from these three facts is that since the majority of the
three distinctly different levels of effectiveness in the benzonitrile (25%) arises via a pathway insensitive to
hydrogen-donating ability of the reaction medium. effective hydrogen donors, the major reaction pathway

From an inspection of Table I  it is clear that the yield is, logically, intramolecular. In terms of the mecha-
of benzonitrile decreases as the hydrogen-donating nisms shown in Scheme I, therefore, the predominate
ability of the solvent increases; however, even with mode of reaction can be represented by path A.
benzhydrol present in a fourfold greater concentration Although in path A  a two-step sequence is proposed 
than benzalazine (1), the yield of benzonitrile remains involving first the cleavage of a nitrogen-nitrogen bond
substantial. Comparing run 5 with run 6 of Table I  and, second, the transfer of a hydrogen atom, there are
reveals that a certain limiting value is apparently reached no experimental facts requiring this particular timing,
in the decrease of benzonitrile yield; thus, although It  is possible that these two processes could occur, at
addition of benzhydrol to an irradiation in 2-propanol least in part, simultaneously. It  is also conceivable
reduces the benzonitrile formed, doubling the amount that hydrogen transfer could precede nitrogen-nitrogen
of benzhydrol present from 2.00 (run 5) to 4.00 mmol bond cleavage. The precise timing of these events is
(run 6) does not change the yield further. It  is neces- not known. The important factor is that the major
sary to be careful in placing too great an emphasis on process operative here occurs within the solvent cage
reactions conducted in the presence of benzhydrol and that path A  (Scheme I ) represents a reasonable
since it alone among the alcohols used absorbs light conception for the mode of occurrence of such a re-
during irradiation. (In a control experiment benzhydrol action.
also showed slight photochemical decomposition.) In addition to the portion of benzalazine (1) to 
Although this fact does not necessarily negate the benzaldimine (2) and benzonitrile reaction which gives
effectiveness of benzhydrol in these reactions, it does evidence of being intramolecular, a substantial amount
suggest that independent confirmation of these results of this reaction is decidely influenced by the presence
by a second trapping agent would be valuable. of solvents of different hydrogen-donating abilities and

The second hydrogen donor selected as a trapping also by the addition of radical trapping agents to re
agent was decyl mercaptan. Mercaptans are well action mixture. The fact that a clear minimum in
known for their ability to donate hydrogen atoms in benzonitrile yield is reached beyond which further
radical abstraction reactions;8 in addition, to this hydrogen donor addition has no effect argues well for
necessary qualification the problem of light absorption the existence of an inter- as well as an intramolecular
by the trapping agent is greatly reduced by the selection process. Clearly a reaction exists which is first hindered
of this compound. and then essentially stopped by the addition of hy-

The results of irradiations of benzalazine (1) in the drogen donors. I f  the benzonitrile yield were being
presence of various amounts of mercaptan are shown in decreased simply by an increase in the consumption of
Table II. A  clear and significant parallel exists be- benzalazine (1) due to new reactions in the presence
tween the previously described irradiations using of effective hydrogen donors, the decrease in yield
various alcohols and the results shown for the decyl logically would have continued as greater amounts of
mercaptan irradiations; namely, in each set of re- hydrogen donors were added. Since such a continued
actions the benzonitrile yield decreases until a limiting decrease was not observed, the most reasonable ex
value is reached. This value is the same (25%) both in planation is that, in the absence of effective hydrogen

donors, intermolecular reaction contributes to benzo
ls) S. G. Cohen and H. M. Chao, J. Amer. Chem. Soc., 90, 165 (1968). nitrile formation.
(6) 2-Propanol is probably the most widely used hydrogen atom source It  is  of in t e r e s t  to n o t e  tW O  O th e r  S tu d ie s  On a z in e

Lv^t-ran lr'rhX 'ge^dlnm  “  been referred t0 in atlea8t one photochemistry. The vapor phase irradiation of both
(7) N. J. Turro, “ Molecular Photochemistry,”  W. A. Benjamin, Inc., f o r m a ld a z m e 6 a n d  .iCeTa 1 d .tZi 110 h a v e  b e e n  r e p o r t e d ,

New York, n . y ., 1967, p 144. although only the latter was studied in detail. Similar
A . a  Cope,' ! d a,CJohnntv iie y ' ̂ o n s / in c .’ , N e w !S '  “ ms, ^ 1 6 ^  to benzalazine (1) irradiations, the major products from
167; (b) W . A. Pryor, “ Free Radicals,”  McGraw-Hill Book Co., Inc.,
New  York, N. Y., 1966, p 216; (c) C. Walling, “ Free Radicals in Solution,”  (9) J. F. Ogilvil, Chem. Commun., 359 (1965).
John W iley & Sons, Inc., New York, N. Y ., 1957, p 314. (10) R. K. Brinton, J. Amer. Chem. Soc., 77, 842 (1955).
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a c e t a ld a z in e  p h o t o ly s e s  a r e  a c e t o n i t r i l e  a n d  a c e t a l -  9 0 -9 3 °. F ractions  121-134 ga ve  12.7 m g  o f ben za ldeh yde, identi-

d im in e .  I n  s t u d y in g  t h e  m e c h a n is m  o f  f o r m a t i o n  o f  fied  b y  ir spectroscopy . F ractions  135-154 a fforded  10.7 m g o f

th e s e  p h o t o p r o d u c t s 10 i t  w a s  c o n c lu d e d  t h a t  a c e t o n i t r i l e  b en zom trile , id en tified  b y  ir and u v  spectroscopy .
„ a i u- ■ f . Irradiation of Benzalazine (1) in Ethanol Using a Vvcor Filter
and acetaldimme were formed in these reactions in an — T h e  procedu re and m ateria ls  used w ere  the sam e as those

intramolecular process. The differences in reaction described  fo r  the irrad ia tion  in 2 -m e th y l-2 -p ropanol except
medium and reactant structure make unprofitable at ethanol was used as th e  reaction  so lven t,

this time a comparison of the present work on benz- . F ractions  89-119 g a ve  155 m g  o f b en za laz ine , m p  9 1 °. F rac-»■ r» previr ‘I repTTIn summary, the results from study of the mechanism n itr ile , id en tified  b y  ir and u v  spectroscopy , 

of the benzalazine ( 1 )  to benzonitrile-benzaldimine ( 2 )  Irrad ia tion  o f B en za la z in e  ( 1 )  in  2 -P ropan o l U s in g  a V ycor 

conversion suggest that this reaction is capable of F ilte r .— T h e  procedu re and substances used w ere  th e  sam e as

taking place via both intra- and intermolecular path- those described  fo r  th e  irrad ia tion  in  2 -m eth yl-2 -p ropan o l. T h e  
, „ „ „ 0  m u - , • • , J '1  , on ly  change was th a t 2 -p ropano l w as used as th e  so lven t,
ways. This conclusion is based primarily upon the fact Fractions  91-125 a fforded  162 m g  o f  y e llo w  solid , m p  8 0 -8 5 °,

that addition of radical trapping agents to the reaction recrysta llized  from  hexane to  g iv e  152 m g  o f benza laz ine , m p

mixtures decreases the amount of benzonitrile formation 9 0 -9 1 °. F ractions  126-135 g a v e  13.0 m g  o f b en za ldeh yde,

initially but a definite minimum is reached beyond which id en tified  b y  ir spectroscopy . F raction s  140-160 g a ve  9.5 m g

fu r t h e r  a d d i t i o n  o f  th e  t r a p p in g  a g e n t s  is  in e f f e c t i v e .  O . 0 0

M m o l)  in  2 -Propanol U s in g  a V yco r F ilte r .— B en za la z in e  (208.3

F-sm eri m e n t a l  ^ e r t in n H  m g ’ 1 - 0 0 0  m mo1) and b en zh yd ro l (358 m g , 2.00 m m o l) in  300 m l
P  o f 2 -propanol a t 25 .0 ° w ere  irra d ia ted  in th e  norm al m anner.

Irrad ia tion  o f B en za la z in e  ( 1 ) in  2 -M ethyl-2 -p ropano l U s in g  a T h e  isola tion  schem e was th e  sam e as th a t used in the irrad ia tion  

V ycor F ilte r .— In  a ty p ica l run 208.3 m g (1.000 m m o l) o f benzala- r u a ir l  2 ; m e th yh2-propanol.
z in e 1 2 ( l )  in 300 m l o f 2 -m ethyl-2 -p ropanol a t 25 .0 ° was irrad ia ted  F ractions  60-83 g a ve  320 m g  o f b en zh yd ro l, m p  6 0 -6 5 °. 
w ith  constant s tirrin g  fo r  11 hr using a 100-W  H a n o v ia  h igh - F ractions  95-122 y ie ld ed  146 m g  o f  b en za laz ine , m p  9 0 -9 4 °.
pressure qu artz m ercu ry -vap or lam p  w h ich  had been  low ered  F ractions  123-135 a fforded  14.4 m g  o f b en za ldeh yd e  iden tified
in to  a w a ter-coo led  qu artz  im m ersion  w e ll. A  V y c o r  f ilte r  was . spectroscopy . F ractions  136-154 g a ve  7.5 m g  o f benzo- 
in trodu ced  b etw een  th is ligh t source and  the reaction  m ix tu re . n itr ile , iden tified  b y  ir  and u v  spectroscopy .
P rep u r ified  n itrogen  w as passed th rou gh  the solu tion  fo r  1 hr „  i f S * 1™  o f B en za la z in e  ( 1 . 0 0  M m o l)  and B en zh yd ro l (4 .00
p rio r to  irrad ia tion  and a s low  stream  o f n itrogen  was con tinu ed  M m o l)  U sm g a V yco r F il le r .  T h e  p rocedu re and m ateria ls used
during p hoto lys is . w ere  th e  sam e as in the ab o ve  irrad ia tion  w ith  added  b en zh yd ro l

A fte r  11 hr, th e  s o lv en t was rem oved  b y  d is tilla tion  in vacuo excep t th a t th e b en zh yd ro l concen tration  w as dou bled . T h e
be low  30° p rodu cing a d is tilla te  w h ich  was transparen t in  the isola tion  procedure and results w ere  essen tia lly  the sam e,
u v  spectrum  and le a v in g  a y e llo w  solid . T h is  so lid  was chrom ato- B en za la z in e  ( 1 - 0 0  M m o l)  and D e c y l M ercap tan
graphed  on an 80 X  2.5 cm  floris il colum n s lu rry  packed  in 1 : 9  (1 .00  M m o l)  m  2 -Propanol. B en za lazin e  (208.3 m g, 1.00 m m o l)
e th er-h exan e ; 20-m l fractions w ere  co llec ted . T h e  colum n was and a e c y l m ercap tan  (174 m g, 1.00 m m o l) in  300 m l o f 2 -propanol
e lu ted  as fo llow s : 0.5 1. o f hexane, 0.5 1. o f 1 :99  e th er-hexan e , a t w ere  irrad ia ted  in th e  usual m anner. T h e  isolation
0 . 5  1 . o f 1 : 4 9  e th er-hexan e , 1 . 0  1 . o f 1 :24  e th er-hexan e , 0 . 5  1 . o f procedu re was the sam e as th a t used in the irrad ia tion  run in

1 :12  e th er-hexan e  and 0.5 1. o f 1 : 6  e th er-hexan e . ~2 ~Pon P?A ° ! i
F ractions  90-122 y ie ld ed  156 m g  o f ben za laz ine  ( 1 ) as y e llo w  , f a ° t lons 22-40 a fforded  144 m g  o f  d ecy l m ercap tan , iden tified

crystals, m p  9 2 -9 4 °. F ractions  123-133 a fforded  11.7 m g (4 4 % ) by . lr speo^ OS“ 0 oP y ‘ F ra c t lons 9 °~ 12F Sa ve  167 m g o f y e llo w
o f clear o il w h ich  ga ve  th e  ir spectrum  o f b en za ldeh yde. T re a t-  so lid , m p  85 89 , recrysta llized  fro m  hexane to  g iv e  146 m g  o f
m en t o f these fraction s  w ith  sem icarbazide h yd roch lo rid e  accord- b en za laz ine , m p  89-91 . F ractions  122-135 produ ced  14.1 m g
ing to  the m ethod  o f Shriner, Fu sion , and C u rtin 13 p rodu ced  benz- o f b en za ldeh yde, iden tified  b y  ir spectroscopy . F ractions  136-
a ldehyde sem icarbazone, m p  219-222° ( l i t . 13 m p  2 2 2 °). F ractions  p roduced  , .5 m g o f b en zon itr ile , id en tified  b y  ir and u v

134-170 ga ve  11.8 m g  (4 6 % ) o f a c lear o il id en tica l in ir and iv  spectroscopy .
spectra  w ith  a know n  sam ple o f b en zon itr ile . C on tro l experi- , ^ a^ atl°,n .°* ? t ? Za aZU?e (TO O  M m o l)  and D e c y l M ercap tan
m ents concerned w ith  the s ta b ility  o f th e  reac tan t and produ cts 1 (T m ° r i  m  2 -Propanol.— T h e  p rocedu re and m ateria ls  used
under isola tion  cond itions h ave  been p rev iou s ly  d escr ib ed . 1 w ere  th e  sam e as m the ab ove  irrad ia tion  w ith  added  decy l

Irrad ia tion  o f B en za la z in e  (1 )  in  M e th a n o l U s in g a V yco r m ercap tan  excep t th a t th e m ercap tan  concen tra tion  was dou bled .

F ilte r .— T h e  procedu re and m ateria l in vo lv ed  w ere  th e  sam e as ThTe ls° ! a t.10n P / °cedm;e and results w ere  essen tia lly  th e  sam e,

those described  fo r  th e  irrad ia tion  in 2 -m ethyl-2 -p ropanol. T h e  „  ? ? * * * “ *  ° f  BeT_za!azln,e ( 1J ? 0 0  M m o  ) and D e c 71 M ercap tan
o n lv  change was m eth an o l w as used as the reaction  so lven t. (1 0 ' °  i ? m o l) m  2 -Propan o l.— T h e  p rocedu re and m ateria ls  used

Fractions  81-120 produ ced  160 m g o f y e llo w  solid , m p  8 6 -8 9 °, w ere  tb e  sam e “  m  tb e  ab ove  lrr ad lati<®  w ith  added  decy l
recrysta llized  from  hexane to  g iv e  153 m g  o f benza laz ine , m p  m e rc a p ta n excep t tb a t th e  m ercap tan  concen tra tion  was dou bled .
_______________  In e  iso la tion  procedu re and resu lts w ere  essen tia lly  th e  sam e.

(11) A ll melting points were taken on a Fisher-Johns block and are Registry N o.—1, 588-68-1; 2, 16118-22-2; benzo-
corrected. n i t r i l e  1 0 0 - 4 7 - 0

(12) T. Curtius and R. Jay, J. Prakt. Chem., 39, 45 (1889). ’
(13) R. L. Shriner, R. C. Fusion, and D. Y. Curtin, “ The Systematic A a ____ • .• • , r  n

Identification of Organic Compounds,”  John Wiley & Sons, Inc., New York,  ̂ O 1 <Jg e . Appreciation IS gratefully ex-
n . y „  1956, pp 218 and 283. pressed to the Research Corp. for support of this work.
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The Alkaline Hydrolysis of Yellow Azomethine Dyes
K a z u y a  S a n o

A s h i g a r a  R e s e a r c h  L a b o r a t o r i e s ,  F u j i  P h o t o  F i l m  C o . ,  L t d . ,  M i n a m i a s h i g a r a ,  K a n a g a w a ,  J a p a r t

R e c e i v e d  O c t o b e r  1 ,  1 9 6 8

The reaction of substituted l-{ N-[p-(diethylamino)phenyl]-2-phenylglyoxylimidoyl)formamlides (I )  with 
sodium hydroxide in 50 vol % aqueous acetone was studied. The decomposition is first order in dye but not in 
hydroxide unless dilute. Instead, its reciprocal gives a straight line when plotted against l/[OH~], This, 
together with other evidence such as substituent effects, indicates that the decomposition is preceded by rapid 
establishment of an equilibrium. The equilibrium constant depends largely on the substituent in the anilide 
ring, whereas the rate of decomposition appears to be affected only by the substituent in the benzoyl group.
These observations are consistent with the following two mechanisms. One proceeds through an anilide anion 
which attacks an adjacent water molecule to form a cyclic transition state that breaks down with the formation 
of the substituted benzoic acid. The other mechanism involves the rate-determining attack of hydroxide ion at 
the keto carbon atom of the undissociated substrate.

T h e  fu g i t iv i t y  o f  c o lo r -p h o to g r a p h ic  im a g e  d y e s  h a s  T able I
lo n g  a t t r a c t e d  th e  in te re s t  o f  p h o t o g r a p h ic  ch em is ts . Apparent Rates of Fading of I  at

E f fo r t s  h a v e  b e e n  m a d e  to  c la r i fy  th e  a s p e c t s  o f  th e  25.0°, [OH- ] =  0.026 M

r e a c t io n  o f  th e se  d y e s  in  th e  b u lk  p h a s e .1 R e c e n t ly ,  Compd

D e  H o f fm a n n  a n d  B r u y la n t s 2 h a v e  m a d e  a  k in e t ic  s t u d y  no' x  ° g

o f  th e  a c id  h y d r o ly s is  o f  a  se ries  o f  l - { N - [ p - ( d i m e t h y l -  1 ®  ^ O C H  - 3  20

a m in o )p h e n y l ]  -  2 -  p h e n y lg ly o x y l im id o y l j f o r m a n i l id e s ,  H  P C l * — 3 28

w h ic h  a r e  w id e ly  u se d  a s  im a g e  d y e s  in  c o lo r  p h o t o g -  H  m -C F 3 - 3  43
r a p h y .  T h e y  t r ie d  th e  a lk a l in e  h y d r o ly s is  to o , b u t  5 H  m_B r - 3 . 3 2

“ e n c o u n te re d  a  v e r y  s e r io u s  d i f f ic u lt y .” 2 O u r  p r e l im i -  6 jj o -O C H 3 - 3 .3 2

n a r y  s t u d y 8 w i t h  a n a lo g o u s  l - { N - [ p - ( d i e t h y l a m i n o ) -  7 H  2 -C H 3-6 -O C H 3 - 3 .2 2

p h e n y l ] -2 -p h e n y lg ly o x y l im id o y l } f o r m a n i l id e s  I  h a s  s u g -  8 H  2 ,6 -(C H 3)2 — 3.23

g e s te d  a  r e m a rk a b le  d if fe re n c e  o f  th e  a s p e c ts  o f  th e se  9 p -N H 2 H  a

t w o  re a c t io n s , a n d  th is  h a s  c o n d u c te d  u s  to  a  m o re  10 p -O C H 3 H  - 4 .2 3

d e ta i le d  s t u d y  o f  th e  a lk a lin e  h y d r o ly s is  o f  I .  11 p -C H 3 H  — 3.86
12 m -C H 3 H  - 3 . 3 4

/ = \  / = \  13 p -F  H  - 3 . 3 0

X  ff CO CCONH J  14 p -C l H  - 1 . 0

J 15 ¡ » .N O ,  H  6

V  16 o-O C H 3 H  - 3 . 6 9

A 17 o-C H 3 H  - 3 .3 1

f  ]  18 o -F  H  - 0 . 4

19 o-Cl H 0
! 20 2,4,6-(CH3)3 H a

N(C2H5), 21 c H -4 .43
T 2 2 d H H -3 .17

23* H H -3 .19
. « Too slow reaction. b Too rapid reaction. c (CH3)3CCO-

Results and Discussion instead of X -C 6H4CO-. <i-N(C2H5)(CH2CH2OH) instead of

A ll  the measurements were carried out in 50 vo l %  e-C 6H3(2-CH3)[4-N(C2H3)2] instead of -C 6H4.

a q u e o u s  a c e to n e  u n le ss  o th e rw is e  sp ec ified . T h e

logarithm of the absorbance of the dye solution de- to be affected neither by substituents in the
creases linearly with time, and the slope is independent anilide ring nor by modification of the p-diethylamino- 
of the initial dye concentration, indicating that the henylimino moiety but by substituents in the benzoyl 
reaction is first order in dye. It  is not first order in with a Hammett p value1 exceeding 3. This
hydroxide, however, and at higher alkali concentration tg that the rate-determining reaction occurs at a
the rate rapidly tends to converge to a limiting value ^  close to the benzoyl gr0UP) and hence one may
specific to each dye. The relationship is illustrated in reasonably expect the hydroiytic cleavage of the

i£ ir,e, T , „ , , , b e n z o y l - im in o m e t h y l  b o n d . In d e e d ,  m -n it r o b e n z o ic
T f / e  I  v a lu e s  o f  th e  r a t e  c o n s ta n ts , k  =  a c id  w a g  th e  s o le  i s o la b le  p r o d u c t  o f  th e  h y d r o ly s is  o f

- [ ( lM )d A / d f ) ], where A  is the absorbance at the the corre ding dye. Similarly, aqueous sodium
wavelength of the maximum visible absorption (Xmax) of hydroxide converted 2-benzoyl-2-chloroacetanilide into
the onginai dye solution and t is time m seconds, at a benzoic acid and 2-chloroacetanilide. It  should be

m n o * eii g y  1 °W  A JnCRI!  0,n °  . so d l u m > y d roxidef  n o te d  t h a t  th e  a c id  h y d ro ly s is  o f  th e se  d y e s  w h ic h
(0 . ° 2 6  M )  w h e r e  th e  r a t e  rs a lm o s t  a  h n e a r  fu n c t io n  o f  reR ults in  th e  fo r m a t io n  o f  « ,/ 3 -d ik e to n a m lid e s  is

the hydroxide concentration. The observed rate markedly  retarded by introduction of a 2-methyl group

(1) E.g., R. L. Reeves and L. K. J. Tong, J. Arner. Chem. Soc. 84, 2050 in  t h e  4 - d ie t h y la iX l in o p h e n y l  m o i e t y , 5 w h e r e a s  i t  is
(1962).

(2) E. De Hoffmann and A. Bruylants, Bull. Soc. Chim. Belg., 75, 91 (4) L. P. Hammett, “ Physical Organic Chemistry,”  McGraw-Hill Book
(1966). Co., Inc., New York, N. Y ., 1940, p 184.

(3) K. Sano, Tetrahedron Lett., 3203 (1968). (5) Our unpublished work.
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Figure 1.—Fading rate of 1 at various concentrations of sodium . »  __ ...,
hydroxide at 25.0°. 10 2°(/ (” , 40 M

________________Figure 4.—Effect of solvent composition on A t > / & A  of 9 at
0,0 25.0°; acetone-water ratio; O, 2.0; A, 1.0; •, 0.5. The ab-

sorbances were measured at 430 m^.

l0flT•Ao X  X
\  ^  dye solution), depending on the dye structure. This

range and the decrease itself is too large to be accounted 
for in terms of the change of the electrolyte concentra-

~I 0 E... .1----- .------ .------ ■— : tion. Variation of acetone-water ratio from 0.5 to 2.0
4  8 i2 lto min' brought about a considerable change of the fading rate

Figure 2.—Plot of log A  for 23 against time at various con- of 9, but the ratio A o/AA remained unchanged as
centrations of sodium hydroxide at 25.0°. The absorbances illustrated in Figure 4. Obviously water is not playing
were measured at 4oo mM. an imp0rtant role in the equilibration step.

The ultraviolet and visible absorption spectra of the 
TòY ^  dye solutions in the presence and absence of sodium

3 . s '*  . |5 hydroxide differ slightly. Compound 9 for example
s '  shows peaks at 341 mg (e 26,600) and 437 (19,600) in

2 . y  ^  |0 1:1 (in volume) ethanol-water, and at 340 (24,700) and
s '  434 (14,200) in 1 : 1  ethanol-1 N  aqueous sodium

i . jS  5 hydroxide mixture. Although the difference is small
*  when we consider the possible marked difference of the

. electronic states, the occurrence of a second species is
io 20 30 40 M'1 implied. Rapid equilibration prior to hydrolysis was

( i/Ioh ) observed in the acid hydrolysis of analogous dyes too,
TOY aa but in this case the protonated species was colorless.2

3■ 18
■ 6 Scheme I

. 4 , fci[OH“] __ k%

dye  ̂ —  dye' — >■ product
I kz slow

■ 2 fast

____ *____ _____ _____ ._____ i = fa . (1).
10 20 30 40 M"1 h  ^3 hfe[OH ]

1/lOH‘ J A / T. \
= ———  ( i  4------ fa A  (2)6

Figure 3.—Fading rate and ffo/Aff of 1 (upper) and 4 (lower) Ad ei — e2 \ &JOH ]/
at 25.0° as functions of l/ [OH_] : O, 1 / k ;  • , d 0/A<4. In both
cases the absorbances were measured at 440 mg. (6) These equations were obtained in the following way.

k _ _  1̂ dA  _  _______ 1_______ dpi [dye] +  «[dye'j)
affected only slightly by substituents in the benzoyl A di «[dye] + «[dye']) d(
and anilide rings. 2 Since [dye'l fci[OH-][dye]/i;i, and [OH-] is in large excess

The dye extinction extrapolated to t =  0 does not _____ d[dye]
assume a constant value but decreases with increasing Idyel d<
alkali concentration, and this decrease again tends to According to Scheme i [dye'])
converge to a value specific to each dye (Figure 2 ). ----------di = Mdye]
T h is  d e c re a se  a p p e a r s  to  p a r a l le l  th e  d e v ia t io n  o f  th e  _ , L.. .. , rJ „  ,, , m n - iu  m  ■ , _

r a t e  f r o m  l in e a r it y ,  a n d  in d e e d  th e  r e c ip ro c a l o f th e  obtained from
fractional decrease (A 0/AA, where A 0 =  A [0 h -] = o.i = o _ dddye] + tdye'p _ fcl[0 H-][dye]
and A A  =  A 0 — A t = 0) and that of k gives two di
straight lines of an identical slope-intercept ratio when in an analogous way. At the extrapolated (hypothetical) zero time when 
plotted against l/ [O H ~] (Figure 3) the equilibration is complete but no decomposition has started

The initial dropping of the extinction is too rapid to A  = — + [dreT  ———-, . „  . r̂ , , c ,1 f  AA «([dye] + [dye']) -  («[dye] + «[dye])
be followed. Ihe decrease of the extinction extrapo- _ el[dye'](i + v m o h -])
lated to l/ [O H ~] =  0 varies within the range of 6-40% = «[dye'] -  «[dye']
of the original extinction A 0 (at the Xmax of the original which is identical with eq 2.
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Scheme II attack of the anilide anion on an adjacent water mole-
üi[OH-] cule with simultaneous attack by oxygen on the

dye v kt ~ rï7®' carbonyl group which leads to the fission of the benzoyl-
fast iminomethyl bond (Scheme I I I ) .

Ui[OH-]
' Scheme III

p rod u ct / = \  / = \

- = — H---- ----  (3)6 L '  /)—C°Ç'—Ç= N— \  A
k hfa ^  f c [O H - ]  w  Il I

«1 A  , ki \ i  n o -

â â  =  ¡ r ^ r 2 11 +  m m  ) (same as eq 2) ** 1  slow
fast ( Q

T able II

Rate and Equilibrium Constants at 25.0°, N(C>H-)s

Calculated on Schemes I and II
Compd 10!;b, 10%!, b

no. sec-1 sec-1 ki/kza —
1 3.0 23 7.5 r  i f ^ l
2 4-3 24 s-4 /== y X x
3 1 .7  28 16 (C ;!H,i) 2N — i  N  J X  X
4 1.0 22 21 \ - J  N
5 1 .3  29 22 | V

6  4 .5  2 0  4 .5  J, s_ X  *

7 2 .5  31 13 O ^ N sK '
8  2 . 6  28 1 1  I

9 b b 2 .4 ' A .

10 0 .4 3  2 .6  6 .0  (  A

11 1 .1  6 .1  5 .5

12 2 .5  21 8 . 6  L  Y

13 5 .0  49 9 .7

16 2 .0  8 .5  4 .2  CT

17 3 .6  22 6 .2  / = \  | x

20 b b 16' X  /  V - C 0 N H ~ \ /  A  7 — v  product
21 0.38 2.1 5.3 y X —  I II \=h\Y St
22 3 .2  33 10 H 0  N

23 5 .0  28 5 .6  jl

“ D e te rm in ed  fro m  1 /k vs. l / [O H - ] curves unless otherw ise i j
ind ica ted . T h e  tw o  schemes lead  to  th e  id en tica l h/ki values.
b T h e  reac tion  w as to o  s low  fo r  th e  ra te  m easurem ent. 0 D e - j
term in ed  fro m  A0/AA vs. l / [O H _ ] curves. N (C ,H->,

The features discussed so far lead to the following two
possibilities, namely a consecutive (Scheme I )  and a Since h  involves proton transfer to anilide anion one 
parallel (Scheme I I )  mechanism may reasonably expect a good Brpnsted relation

Here, ei and e2 denote the molar absorptmties of dye between h  and k2/hJ  This is in fact observed (Figure
and dye at the Xmax of the original dye solution, respec- 5 ) and p =  0 .8  suggesting that the protonation is nearly
tively. The expression product does not necessarily complete at the transition state,
mean the fina1 decomposition product. The rate constant h  also involves the attack by a

n Table I I  are summarized the rate and equilibrium partially formed hydroxide ion on the carbonyl group,
constants calculated on these schemes. Most of the Accordingly the Hammett p value is expected to be
equi lbrlura coias4ants bave been calculated from 1/k positive with respect to X  whereas it should be negative
curves and not from A 0/AA curves since the latter with respect to Y. Figure 6  shows reasonable p values
seemed to be subject to greater experimental error at 0f + 3 .0 and -0.9, respectively,
low hydroxide concentration where AA's are consider- A t the base concentration cited in Table I, h  was

a T i,Smf  fCT' , , ,  , . , , , approximately h h [  OR~]/k2. Since h  tends to de-
The data cited in this table can be interpreted by crease as h / h  increases, the seemingly small effect of

either of the two schemes. The equilibrium constant Y  0n k must have been the consequence of this compen-
Ai//c2 is more susceptible to Y  substituent effect than to sation effect
X  substituent effect and to modification of the p- The N-ethyl derivative 24, which is incapable of 
diethylaminopheny moiety In addition, the com- forming an anioilj showed no initial id drop in of
pounds with stencally crowded keto groups such as 16, 1 i l 8
17, and 21 (with the exception of 20) exhibit no ex- C6H5
traordinary /q//c2 value. These facts indicate that the C6H6COCCON
equilibration reaction is not taking place in the vicinity II \
of the keto group in contrast to the decomposition ^  ° 2H5
reaction, and hence that dye' is formed by dissociation C 6H * [p - (C 2H 6)2]

of the anilide hydrogen. 24
Thus, Scheme I  proposes a mechanism involving the m j. N. m^ted and k . j. Pedersen, z. Phys. chem., ios, iss (1921).
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3 + log k3 log.-k
'K3/h

08 /  V  /
y *  o.o ■

0.4 • •

r /  -i.o /
0.0 • o —‘---------- 1-----------1----

.___________ ,___________ ,__  -0.4 0.0 0.4

0.6 1.0 1.4

2 + log k2 /k| F igu re  6.— T h e  H a m m ett p lots  o f k3 aga inst X  (O ) and Y  ( • ) ,
_ .  tem peratu re  =  25.0°.
.figu re  o.— T h e  B rpnsted  re lationsh ip  betw een  k3 and k2/ki,

temperature = 25.0°. O, 1-5; •, 6-8.

extinction. The remarkable resistance of this com- /
pound toward hydrolysis is consistent with the above- J
mentioned reaction pathway. 00

According to Scheme II, fc4 is correlated with X  by a ... f' 1
large Hammett p value of +3.6 (Figure 7). This ^  /
suggests the rate-determining attack of hydroxide ion P
on the carbonyl carbon which results in the formation /
of the intermediate I I I  and in the subsequent cleavage H0 '  ________
of the benzoyl-iminomethyl bond. -0 . 4  0 . 0  0 . 4

cr

j  J jj  F igu re  7.— T h e  H a m m ett p lots  o f ki/fe (O )  and kt ( • )  against
~r Y  Y  and X ,  respective ly , tem peratu re  =  2 5 .0 °; abscissa, lo g

[  fc jfO H '] (slow) “  l0g and l0g

[ I I I ]  — ^  p rodu ct

corresponding 2',4'-disubstituted ones.10 Presumably
, . the liberation of the anilide hydrogen relieves the

I  he extremely slow reaction of 24 can be interpreted gteric strain 
in terms of the absence of the acceleration by intra
molecular hydrogen bonding. A t present we cannot
decide which mechanism is really operating. An Experimental Section
alkaline hydrolysis study of o-acetaminobenzoic ester R a te  M ea su rem en t.— Solutions o f 10~4 M  d ye  in  acetone and

IV , which is now under progress, might offer some in- 1 .0 , 0.40, 0.20, 0.10, 0.075 and 0.05 A  sod ium  h yd rox id e  in
d istilled  w a te r w ere  prepared . O ne vo lu m e  o f the d y e  solu tion  
was m ixed  w ith  one vo lu m e o f fresh  aqueous sod ium  h yd rox id e  

*■0— H CH 3C 0^  / \  to  m ake 1.92 volu m es, and the absorbance was fo llow ed  in  an
Y r  tt rJ  Y t___ p  tt v  n  0  *T op tica l cell th erm osta ted  b y  means o f c ircu la ting w a te r, using

6 4 L  in L 6n 4r , || ^  H ita ch i E P S - I I  spectrophotom eter.

_  C  CO H yd ro ly s is  o f 15.— A  1-g sam ple o f 15 was d isso lved  in  20 m l
HO  II I I OH o f acetone, and to  th e w arm ed  solu tion  was added  4 m l o f 5 A

N — C T h E p -N ^ H s h ] aqueous sodium  hyd rox id e . A f te r  th e  solu tion  had becom e
colorless, 12 m l o f 1 A  h yd roch loric  ac id  was added . m -N itro - 

i v  b enzo ic  acid  th a t p rec ip ita ted  was collec ted , washed w ith  w a ter,
and recrysta llized  fro m  m eth an o l. Id en tifica t ion  was m ade b y  

formation on the possibility of the latter mechanism. in frared  spectrom etry .

It  should be noted that the substrates can exist in con- H yd ro ly s is  o f 2 -B enzoy l-2 -ch loroacetan ilide . A  1-g sam ple o f 

formational isomers at the imino function. Since we 2-benzoyl-2 -ch loroacetan ilide was d isso lved  in  20 m l o f l  A  
, 1 1 -• n •• j. - . sod ium  h yd rox id e  and was heated  on  a  steam  ba th  fo r  10 m m ,
have no knowledge of the geometry of the species during w h ich  p eriod  2 -eh loroacetan ilide began  to  separate ,

undergoing hydrolysis, we may have been discussing the T h e  p rec ip ita tes  w ere  co llec ted , recrysta llized  fro m  aqueous

composite constants of the two possible isomers. m eth an o l, and sub jected  to  m ixtu re m e ltin g  p o in t m easurem ent.

It is surprising that 1- j N- [p-(diethylamino)phenyl]- Th(; alkaline filtrate was acidified with concentrated hydrochloric
„ , , , i- -j n, i ■ , i acid to separate benzoic acid, which was identified by infrared2-phenylglyoxylimidoy 1 ]formy 1 group is so strongly gpectrometry.
e le c t r o n  w i t h d r a w in g  d e s p i t e  t h a t  th e  c o n ju g a t i o n  M a te r ia ls . D yes . G en era l P ro ced u re  A .— In  a 1-1. three- 

s y s t e m  is  e x p e c t e d  t o  in c r e a s e  t h e  e le c t r o n  d e n s i t y  o f  t h e  necked flask equ ipped  w ith  a stirrer was added  a solu tion  o f

c e n t r a l  c a r b o n  a t o m 8 o r  t h a t  o f  t h e  k e t o  o x y g e n . 9 0.04 m o l o f p -a m in o -N ,N -d ia lk y la n ilin e  and 0.02 m o l o f 2 -acyl-

T h e  la r g e  v a lu e s  o f  h / h  o f  2 ,6 - d is u b s t i tu t e d  a n i l id e s  ^ t m i y l i d e  d issolved  in 300 m l o f 2 %  aqueous sod ium  h ydrox ide .

are worth noting. The 2 ,6  -disubstituted benzoylac- m onium  persu lfate  in  200 m l o f w a te r during 1 hr.

etanilides have been found to have smaller acid dissocia
tion constants of the active methylene group than the --------------

(8) J. J. Jennen, Chim. Ind., 86, 400 (1961). (10) Private communication from Y. Oishi of our laboratory, who reported
(9) G. H. Brown, J. Figueras, R. J. Gledhill, C. J. Kibler, F. C. McCrossen, the piT values of 10.16, 9.53, 9.38, and 8.25 for 2 ,6-dimethyl-, 2 ,4 -di-

S. M. Parmerter, P. W. Vittum, and A. Weissberger, J. Amer. Chem. Soc., methyl, 2,,6-dichloro-, and 2 ,4,-dichloro-2-benzoylacetanilide, respectively,
79, 2919 (1957). in 60 vol % aqueous ethanol at 25°.
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S tir r in g  w as con tinued  fo r  another 30 m inutes and the pre- Table III
c ip ita tes  w ere  co llec ted , d ried , and recrysta llized  fro m  ethanol o r Melting Points, Synthetic Procedures,
o th er su itab le  so lven ts. and Analyses of Dyes

G en e ra l P ro ced u re  B.— Som e o f the dyes w ere  p repared  b y  ., XT , . m
condensation  o f the a cy la ce tan y lid e  w ith  p -m tro s o -N ,N -d ia lk y l-  no MPf oC proCedure Calcd Found
an ilin e  in  th e  sam e fash ion  as the procedure o f D e  H o ffm a n n , ' n „ „
etal.11 T h is  procedu re was su itab le  fo r  th e  com ponents th a t w ere  1  A  ' '
u n reactive  tow ard  ox id ized  p -a m in o -N ,N -d ia lk y la n ilin e  a lthou gh  2  ^  9.78 10.07
v e r y  cautious pu rifica tion  o f the p rodu ct was necessary in o rder 3 192 A  9 .6 6  9 .7 2
to  a vo id  con tam in ation  w ith  azom eth ine N -o x id e . 4 118 A  8 .99  9 .1 4

C om pou n d  24 d id  n o t c rysta llize  fro m  the reac tion  m ix tu re  and 5  147 A  8 .79  8 .63
was pu rified  b y  repeated  th in  la y er ch rom atograp h y  on s ilica  6  1 4 9  A  9 .7 8  9 .7 2
ge l using 1 :4  m eth an o l-b en zen e  m ix tu re . T h e  acetone ex trac t 7  157 B  9 48 9 .51
was d ire c t ly  used fo r  the m easurem ent. g  -^gg g  9  84 9  82

T a b le  III lists th e  m e ltin g  poin ts  and n itrogen  analyses o f the 2Qg ^  13 52 13 90
dyes . Fu rth er structura l con firm ation  was g iv en  b y  com parison  ' '
o f  the in frared  spectra  w ith  th a t o f au then tic  23 reported  b y  ^  9 .7 8
B row n , et aU  H  162 A  10.16 10.09

M o s t  o f th e  benzoy lacetan ilides  w ere a lrea dy  reported  b y  these 12 182 A  10.16  10.03
authors, and unreported  m em bers w ere  prepared  in  an analogous 13 220 A  10.06  10.17
w a y . 14 114 A  9 .6 6  9 .4 3

15 139 A  12.61 12.27

16 144 A  9 .7 4  9 .7 9

R e g i s t r y  N o . — 1, 4754-85-2; 2 , 19650-46-5; 3 ,  17 171 A  10.16  1 0 . 1 0

19650-47-6; 4, 19755-72-7; 5, 19779-37-4; 6, 19755- 18 207 A  10.06  10.16

73-8; 7, 19755-74-9; 8 , 19755-79-4; 9 , 19755-80-7; 19 182 A  9 .6 6  9 .55

10, 19650-48-7; 11, 19755-82-9; 12, 19755-83-0; 20 ^
13, 19755-84-1; 14, 19755-85-2; 15, 19779-38-5; „  10iq
16, 19650-49-8; 17, 19755-87-4; 18, 19755-88-5; '

^ ' ™ 5e5; f 6; 2° ’ 19759-°5-8; 21’ 19759-°6-9; Acknowledgment.— The author wishes to thank
22, 4754-88-5. Professor Y. Yukawa and Dr. Victor P. Vitullo for

helpful discussions and comments. The author also
(11) E. De Hoffmann and A. Bruylants, Bull. Soc. Chira. Belg., 74, 609 e X te I ld s  hii3 S ^ u d e  to Dr. K. Hhayama for advice

(1965). in preparing the manuscript.

The Conformational Preferences of Sulfur and Oxygen in Hemithioketals1
M a t h i a s  P. M e r t e s , 2 H y t j k - K o o  L e e , a n d  R i c h a r d  L .  S c h o w e n 2

The Department of Medicinal Chemistry, School of Pharmacy, and Department of Chemistry,
The University of Kansas, Lawrence, Kansas 66044

Received October 21, 1968

B o th  second-order c a ta ly tic  ra te  constants and isom er ra tios  a t equ ilib riu m  fo r  b oron  tr iflu or ide  ca ta lyzed  
in terconvers ion  o f the equ atoria l o xygen  and sulfur e th y lene  hem ith ioketa ls  o f 3 ,3 ,5 -tr im ethylcyclohexanone are 
independen t o f ca ta lys t concen tra tion  in  th e  range o f 0.016-0.095 M  B F 3. Thu s no ca ta lys t com plex  w ith  the 
h em ith ioke ta l form s to  a s ign ifican t ex ten t and th e  equ ilib riu m  constant o f 0.285 ±  0.005 fa v o r in g  the equa
to r ia l oxygen  species is a true m easure o f con form ationa l p reference  in  th e  hem ith ioketa l.

The early conformational analysis studies of divalent nature of the substituent on sulfur (C6H5, CH3, or H)
sulfur attached to cyclohexyl systems were performed appeared to have little effect on its conformational
by Chiurdoglu and coworkers.3 Subsequent studies by preference, which was for the equatorial position.
Eliel and coworkers,4’5 using nuclear magnetic resonance Earlier studies on oxygen derivatives had given similar
suggested the opposite; values of 0.8 kcal/mol for results.
SCeHs, 0.7 kcal/mol for SCIL, and 0.9 kcal/mol for SH A  comparison of the conformational preferences of 
were found. Thus, the authors concluded that the oxygen (-A (7 av ~  0.6 kcal/mol) and sulfur ( —A(7av

~  0.8 kcal/mol) derivatives leads to the prediction that
(1) This research was supported by the University of Kansas Research Sulfur should prefer the equatorial position, Over O X y-

Fund. Further details may be found in M.S. Thesis in Medicinal Chemistry gen, by about 200 Cal/mol. On this basis, SpirO SyS-
“  Lee, The university of Kansas, 1967. terns containing oxygen and sulfur geminally bound to a

(2) Holders of Research Career Development Awards of the National , , i • /t \ n i i . .
Cancer Institute (M .P .M .) 1K3-CA-10,739 and the National Institute of CyCi.On.6Xyi r in g  ( l j  SllOUlCl COnSlStj G Q lI lllD r ilim j OI R
General Medical Sciences (r .l.s.) i-K4-GM-io,913. greater proportion of the sulfur equatorial isomer l b .

(3) G. Chiurdoglu, J. Reisse, and M. VanderStichelen Rogier, Chem. Ind.
(London), 1874 (1961). Interpretation of the infrared and Raman spectra
of cyclohexanethiol resulted in the assignment of a conformational free- S X
energy difference (—AO =  Gax — Geq) of —0.4 kcal/mole to the SH group, .  I (CH2)y _______ ^ \ \  S
a remarkable preference for the axial position. /  J  ** ^

(4) E. L. Eliel, “ Stereochemistry of Carbon Compounds,”  McGraw-Hill ^ ---- \  /  0  T (P H  )
Book Co., Inc., New York, N. Y ., 1962. A __ “ x

(5) (a) E. L. Eliel and M. H. Gianni, Tetrahedron Letters, 97 (1962); (b) ] a
E. L. Eliel and B. P. Thill, Chem. Ind. (London), 88 (1963). lb
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This assumes no strain or compression of the cyclohexyl Results
ring imposed by the oxythio ring. Conformational .
equilibration of such compounds with five-membered . kinetics. The conversion of pure 3a into the equi- 
heterocyclic rings ( x =  2 in 1 ) has, in fact, shown oxygen librium mixture of 3a and 3b in ether solution at 34.6°, 
to be preferred over sulfur in the equatorial position. a.s f °dowed by glpc analysis, proceeded according to a 
Eliel and coworkers6 equilibrated the ethylene hemi- simple first-order kinetic law within any given run,
thioketals of 4-f-butylcyclohexanone (2) and found 58% yielding the rate constants shown in Table I for various
of 2b at equilibrium ( —AG =  0.4 kcal/mol for sulfur if
— AG =  0.6 kcal/mol is assumed for oxygen), if a cata- Table I
lytic quantity of boron trifluoride etherate was em- Rate and Equilibrium constants for Conformational
ployed, whereas equal amounts of 2a and 2b resulted Equilibration of 0.159 M  3m  Ether at 34.6 ± 0 . 1 ° ,

0 ''\  Catalyzed by Boron Trifluoride
I - j g u .  I )  [BF3], M  [3]/[BF,] fc„b8d ,h r-i Aapp

/  _ _ V  / y / /  10 0 016 1 0 .0  0 .063  0 .288
X  0 .032  5 .0  0 .139  0 .276

2a 2b 0 048 3 .3  0 .1 98  0 .284

from use of excess catalyst. Additional studies7 with j? 2 0 9 0 289
boron trifluoride etherate catalyst at 34° in ether re- 0 0Q5 17 0'347 9 ^
vealed the equilibrium mixtures of the ethylene hemi
thioketals of 3-methylcyclohexanone, 3,3,3-trimethyl-
cyclohexanone, and 3-f-butylcyclohexanone to con- concentrations of boron trifluoride catalyst. These
sist of 76-79% of the equatorial oxygen isomer ( — AG =  data are accurately described by eq 1, showing the reac-
—0.2 kcal/mole for sulfur relative to 0.6 kcal/mole for
oxygen). At 80° (p-toluenesulfonic acid catalyst in kobad (sec-1) =  (4.2 ±  3 .9 ) X  10~6 +  (1.03 ±  0 .06) X  

benzene), the equatorial oxygen isomer constituted 80% 10~3[BF3] (l)
of the equilibrium mixture for these compounds.

In contrast to the above results, the trimethylene tions to be first order in catal t throughout this con-
hemithioketal of 4-(-butylcyclohexanone yields after centration range. The small intercept presumably
equilibration with boron tnfluonde etherate catalyst at corresponds to an uncatalyzed reaction or to catalysis
34 in ether, 55% of the equatorial sulfur isomer8 ( - AG by adventitious impurities
=  ° '8 kcal/mole for sulfur relative to 0.6 for oxygen), Equilibrium.-The apparent conformational equi- 
companng favorably with the conformational free- librium constant, K i m  =  [3b/3a], is shown in Table I
energy values for sulfur derived fromnmr studies. The as a function 0f boron trifluoride concentration. A
conclusion was drawn that the six-membered ring of the least-squares fit of these data (as a linear function)
trimethylene hemithioketal produced a strain-free sys- yields eq 2> showing Kapp to be, within experimental
tern, which reflected the true conformational free- error, independent of catalyst concentration. The true
energy differences for sulfur and oxygen. The five- equilibrium constant is thus K c =  0.285 ±  0.005.
membered ring of the ethylene hemithioketal, however,
bends the axial ring member away from the interfering ,  (0 2g5 ±  0 005) +  (aooi ±  0 .00 8 ) [B F 3] (2 )

3-axial substituents; the outward displacement of the
sulfur exceeds that for the oxygen, for the same angle ,, . , , . , . , , 1. .
deformation, because the carbon-sulfur bond is longer Fr° m thls valuf ’ whlcF the ratl°  of forward
(“leverage effect8”)- Thus the sulfur comes relatively reverse rate constants and the catalytic constant
to prefer the axial position. (e? 1 f+or ,boroa ^ hl^ h S - ? ’ ^

It is nevertheless possible that the apparent prefer- aa cu a .® f(/ , '  ̂ ^  sec and
ence oi oxygen lor the equatorial position in the ethylene rev v 7
hemithioketals might result from extensive complexa-
tion with the catalyst.9 To establish whether this is so, Discussion
we decided to examine the kinetics and apparent equi- it is in principle possible that either 3a or 3b could 
librium isomer composition of the ethylene hemithio- complex with boron trifluoride and that the latter could
ketals of 3,3,5-trimethylcyclohexanone (3) in ether, hind either to sulfur or to oxygen. All of these possi-
as a function of catalyst concentration. bilities may be considered by defining four complex-

Q ^ \  formation constants K a°, K aa, K h° and K hs where the
3 J—(/ L_g' subscript identifies the isomer (3a or 3b) and the super-

CH3" T  ~— -y  qjj -^7 —■—-y script the binding site. The apparent equilibrium con-
¿ s r ----- /  / y — stant is then given, in the most general form, by eq 3.

Ch3 CH3 Our observation is that K app does not change as the
3 a 3 b boron trifluoride concentration is varied. This means

....... ... . ,, ,,MO, ... that either (a) all the complexation constants in eq 3 are(6) (a) E. L. Eliel and L. A. Pilato, Tetrahedron Letters, 103 (1962); (b) x \  /
E. L. Eliel, L. A. Pilato, and V. G. Badding, J. Am. Chem. Soc., 84, 2377 S m a ll  e n o u g h  t o  C o n t r ib u te  n e g l i g i b l y  t o  K &pp ('1 . 6 TIO

(1962). complexes form under these conditions), (b) all the
12 “ )■ E. L. EUei, E°w: DeZ'ancl Md.. so, 855 (1965); (b) complexation constants are equal in eq 3 (i.e., all com-

a similar argument for the oxirane ring has been made by R . G. Carlson and

N. S. Behn, Chem. Commun., 339 (1968). t i F  »  IR F  1 i r  .  [ W  1
(9) (a) E. L. Eliel and R. S. Ro, J. Am. Chem. Soc., 79, 5992 (1957); (b) r  =  K  1 +  A b lUJaJ +  A b t-UTs] , .

E. L. Eliel and M. Renick, ibid., 82, 1367 (1960). app °1 -f- K a [B F 3] -j- FCaB [B F 3]
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plexes are of equal stability), or (c) some complexation are reactive or unreactive; unreactive complexes will
constants may be negligible and others equal (e.g., K j  simply have zero rate constants associated with them,
and K hB might be negligible if the Lewis acid prefers But if any of the complexation equilibria were non
oxygen to sulfur, while K &° and K h° might be equal if negligible, the [BF3] term in the denominator of eq 4
the presence of the BF3 causes no change in the con- would lead to a less than first-order dependence on 
formational preference of oxygen). boron trifluoride. Such is not found, which unambig-

The simple first-order dependence of the rate of equil- uously excludes significant complexation under these 
ibration on boron trifluoride gives less ambiguous infor- conditions.
mation about complexation. Scheme I  shows a highly From K c — 0.285 ±  0.005, we calculate AG =

(?3b — G'3a =  0.77 ± 0 . 1  kcal/mole, corresponding to a 
value of — A G  for sulfur of —0.2 kcal/mole relative to 

S c h e m e  I 0-6 for oxygen in the five-membered hemithioketal ring
of cyclohexanones. We conclude that no effect of 

c  , Cb„ catalyst is responsible for this preference of oxygen over
kT‘ sulfur for the equatorial position.Ml if- Experimental Section

B F  +  3a -t ' - »  3b +  B F 3 T h e  e th y len e  h em ith ioke ta l o f 3 ,3 ,5 -tr im eth y lcycloh exanon e
3 3 was prepared  as described7 and the isom ers w ere  separated  on

alum ina b y  e lu tion  w ith  petro leu m  eth er (3 0 -6 0 ° ).  T h e  nm r 
o f  I f  I K o (C D C f i )  o f th e  first isom er collected  show ed  tr ip le ts  centered  a t

a |y IT  b S 3.00 (ax ia l S -C H 2) and 4.17 (equ a to ria l 0 - C H 2). T h e  second
0 isom er show ed the correspond ing tr ip le ts  a t S 3.05 (equ a to ria l

p  „ je — • 0  o S -C H 2 ) and 4.12 (ax ia l 0 - C H 2);  correspond ing sh ifts are re-
kao p orted  fo r  s im ilar system s.6

Equilibrations and Kinetic Studies.— Solutions (0.159 M ) o f 
e ith er pure isom er o r a m ixtu re  o f isom ers o f th e  e th y lene  hem i
th iok eta l o f 3 ,3 ,5 -tr im eth ylcycloh exanon e con ta in ing fresh ly  

general mechanistic formulation for boron trifluoride cat- d istilled  boron  tr iflu or ide  e th era te  in  v a ry in g  concentrations

alyzed interconversion of 3a and 3b, either directly (via (0.016, 0.032, 0.048, 0.064, 0.079, and 0.095 M ) w ere  m ain-

the h and h mute) n r  throuo-h the various nossible com- tained at 34-6 *  °-10 by immersion in a constant tem peratu rethe fcf and kr route) or through the various possmie com bath  P ortion s  fo r  analysis (1 .5 m p  w ere  w ith d raw n  and im -

plexes, denoted by Oas, Cya°, Ob , and Ob with the super- m ed ia te ly  shaken w ith  1 m l o f  0.1 N  sodium  hyd rox id e . Gas

script again indicating the site of binding and the sub- ch rom atograph ic  analysis using 10%  d iethy len e  g ly c o l ad ipate

script indicating the isomer involved. For this scheme on  F ireb rick  g a ve  op tim u m  separation  o f th e  isom ers. T h e

the observed, pseudo-first-order rate constants are given peak  areas w ere  estim ated  using a disk in teg ra to r and assuming 
, , a t  • i , A „  „  i equa l sensitiv ities  fo r  th e tw o  isom ers. K a te  constants w ere  ob-
by eq4. No assumption is made as to whether complexes J ined from sem iio ga r ithm ic p lots  o f fra c tion  o f reac tion  vs.

tim e.
Aobsd =  [B F ,] X

\ k +  kt°Kz° +  ki , k,’Kbs T  kT°Kb° +  kr ) , , .
j 1_+ (K j  +  K a» ) [B F 3] +  l +  (K b> +  K b° ) [B F 3] \ (4) Registry No.—3a, 19765-68-5; 3b, 19765-69-6.
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Addition of Arylsulfinic Acids to N,N-Dialkylquinone Diimines1
K. Thomas Finley, Robert S. Kaiser, Richard L. Reeyes, and Grant W erimont 

Research Laboratories, Eastman Kodak Company, Rochester, New York 14650 

Received January 2, 1968

T h e  ad d ition  o f arylsu lfinates (2 ) to  N ,N -d ia lk y lq u in o n e  d iim ines (1 ) under anaerob ic  cond itions can resu lt 
in  fou r p roducts. Su lfonam ide 3 is p rodu ced  in  good  y ie ld  under a  v a r ie ty  o f cond itions (p H  5 -9 ; tem peratu re  
0 -50  ). O ne o f th e  possible sulfones (4, th e  3 isom er) is fou n d  in  s ign ifican t am ounts a t  p H  5 -6  a t room  te m 
p era tu re  and b e low ; th e  2 isom er is n o t fou nd. A t  p H  7 -9  d etec ta b le  qu an tities  o f th e  N ',N '-d is u lfo n a m id e  (5 ) 
and p -ph eny len ed iam in e (6 ) are ob ta in ed  fro m  th e  reactions o f benzenesu lfinate and  sulfinates w ith  electron - 
d on a tin g  substituents. S ign ifican tly  la rger am ounts o f 5 and  sm aller am ounts o f 3 w ere  ob ta in ed  a t 0 and 50° 
than  a t 24 . T h e  re lationsh ip  o f  p rodu ct y ie ld  to  a c id ity  is discussed in  term s o f th e  m echanism s o f analogous 
reactions. T h e  rep orted  y ie ld s  w ere  ob ta in ed  fro m  th e  u v  spectra  o f reac tion  m ix tu re  extracts  b y  n ove l m a trix  
m ethods in v o lv in g  characteristic  vectors . A  lin ear regression techn ique and a ca lib ra tion  w ith  th e  spectra  o f 
pure com pounds w ere  requ ired . T h e  errors in  y ie ld  lie  in  th e  range o f 1 -5 %  based  on  s ta rtin g  m ateria l.

N,N-Dialkylquinone diimines are ambident cations appropriate p-phenylenediamine with stoichiometric
which show a high degree of specificity in reactions with amounts of potassium ferricyanide in deaerated phos-
anionic nucleophiles. Thus, dye-forming reactions phate buffer solutions. I t  was shown that the presence
with phenolates give only the product arising from of the sulfinates during the oxidation had no significant
attack at the unsubstituted imino nitrogen,2 reaction effect on the total yield of products; therefore no
with hydroxide ion gives only the product resulting from oxidation of the sulfinate by ferricyanide was taking
displacement of the substituted imino group,3 and place. Self-condensation reactions were minimized by
reaction with sulfite ion appears to give only ring using low concentrations of quinone diimine (2 X
addition.4 We have extended these studies to include 10~s M ) . The competing deamination of the tertiary
reactions with arylsulfinates since stable products imino group was not significant in the pH range used in
result from reaction of these nucleophiles at more than this study.
one site. We have made systematic variations in Because two of the products are sensitive to air (4 
structure, reaction pH (5-9), and reaction temperature and 6), nitrogen was constantly bubbled into the reac-
(0-50°) to learn how these factors influence the compe- tion solutions. Extractions with chloroform and di-
tition between the single-step nitrogen attack and the lution of the extracts for spectrophotometric analysis
two-step ring addition. The reactants and products were carried out with deaerated solvents in a nitrogen
are shown in Scheme I. atmosphere. I f  these precautions were not taken,

Sulfite is reported to show a remarkable selectivity in significant errors in the product analyses resulted, 
its final orientation on addition to N,N-dimethyl- and The products were all poorly soluble in the aqueous 
to N,N-diethylquinone diimine, giving 9 and 10, buffers and precipitated in large-scale product-isolation
respectively.6 We find that phenylsulfinate ion, which experiments. The major products were isolated from

such runs and were characterized by elemental analysis 
ji 1 I 2 and by nmr, ir, and mass spectral analysis.

/ #sv. t /x f  The ir spectra of the sulfonamides showed a strong
[I \ +  s°32 " K y i  single band at approximately 3.1 p indicative of NH.

I  S03_ Several strong bands in the regions, 7.4-7.9 and 8.4-8.9
+ NMe2 NMe2 can be assigned to S02 stretching. The sulfones

7 9 showed a strong split band at approximately 3 p indica
tive of N H 2. The S02 stretching bands were similar to 

y those present in the sulfonamides. The disulfonamides
showed no absorption in the 3-p region and this was 

I I + S032- —+- ( Q Y  taken as the absence of NH. The strong S02 bands
Y Y  were present.
+ NEt2 NEt An A A 'B B ' pattern (6.7 ppm) which on integration

8 10 2 showed the presence of four aryl protons was found with
both sulfonamide and disulfonamide. The latter com- 

has a formal resemblance to sulfite ion, gives a single pounds showed twice as many protons associated with
sulfone isomer from both quinone diimines (4a and 4f). the arylsulfonyl group as the corresponding monosul

fonamide. The sulfones gave a complicated multiplet 
Results between 7 and 8 ppm. The protons of both aryl groups

Product Isolation and Identification.—The quinone are involved in this absorption pattern, 
diimines were generated in situ by oxidation of the A ll three classes of compounds gave a parent peak in

the mass spectrum corresponding to the expected 
*  " *  « W * .  I -  ‘ he case of the disulfonamide it

(2) l . k . j . Tong and m . c .  Giesmann, j .  Amer. chem. Soc., 90, si64 was necessary to introduce the sample directly into the

(1 (3 )) L. K. J. Tong, M. C. Giesmann, and R. L. Bent, ibid.. 82, 1988 (1960). 1011 S0U rCe- I f  t h e  S&m P le  WES a]1° W e d  t0  P aSS th r 0 U g h
(4) k . t . Finley and l . k . j .  Tong in "The chemistry of the Carbon- the molecular leak, only the monosulfonamide parent

Nitrogen Double Bond," S. Patai, Ed., Interscience Publishers, Inc., peak W a s  observed although larger amounts of Ar and

“s) K. h. Bauer!nj P proifci. chem., 4, 65 (1958). S02 fragments were found. This was attributed to
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Sc h e m e  I

N H  S O T  N H S O , - ^ f 5 f X ™ ,  X  ) ,  N H ,

+ N R , x  n r , n r , n r ,  n r 2

la ,  R  =  M e  2a, X  =  H  3 a -j 4 a - j 5 a ,b ,d , f ,g , i  6u ’ S  Z  g i f
b, R  =  E t b, X  =  4 -M e d , k - m

c, X  =  4-C1
d, X  =  3,4 -M e,
e, X  =  4 -CN

a, R  =  M e ; X  =  H  f, R  =  E t; X  =  H
b, R  =  M e ; X  =  4 -M e g, R  =  E t; X  =  4-M e
c, R  =  M e ; X  =  4-C1 h, R  =  E t; X  =  4-C1
d, R  =  M e ; X  =  3,4 -M e, i, R  =  E t; X  =  3,4 -M e,
e, R  =  M e ; X  =  4 -C N  j ,  R  =  E t; X  =  4 -C N

thermal decomposition and was also observed in glpc. Sc h e m e  I I

The most significant fragment ions from sulfonamide N H C O M e N H

and sulfone were rationalized as M  — S02Ar and as Ar. | | 2
The sulfones also showed a peak corresponding to M
-  Me. . P L  S ’

The mass spectra of the sulfones are of special interest Cl | Cl
in connection with the question of structure. The only 11 NO ,

sulfones for which a rigorous chemical proof was 12

carried out are 4a and 4f. In the former case the
alternative 2 isomer (23) was also prepared. The mass NHCOPh NH,
spectra of these two compounds differed in some im-
portant details as shown in Table I. The other sulfones ( f h l  ,phS~Na+ > i'L P i p,h92Pl>.

y ^ s p h

T a b l e  1 N O , NO ,
/■-------- Rel intensity-------- * jg _ .

m/e Probable structure 4a 19 23

276 M  100 100 100 XTrT_ ,
261 M  -  M e  12.3  12 .4  1 2 .4  N H C O Ph  N H C O Ph

259 M  -  O H  0 .2  0 .2  7 .9  J L  JL

135 M  -  0 ,S P h  18 .8  1 9 .3  9 .0  R M  [V ~ \ l

134 M  -  H O ,S P h  3 .8  3 .9  2 7 .8  H°  c p ,  0H~
133 M  -  H ,0 ,S P h  3 .6  3 .6  4 5 .7  | | bU A h

N O , N O ,

. . . .  15 16
containing a dimethylamino group gave spectra analo
gous to those of 4a and 19. The mass spectra of 4f and N H , NM e,

25 were identical and the other sulfones containing a
diethylamino group showed similar fragmentation ( ( H  Me,so, I f ) ]  Raney Ni
patterns. . . .  . V ^ S O , P h  V ^ S O . P h

In addition to being isolated from reaction mixtures, I 2 I 2
all of the sulfonamides (3a—j) were prepared from the N° 2
appropriate p-phenylenediamine and arylsulfonyl chlo- 17 18
ride in pyridine. These products were shown to be NM e,

identical with those formed in the addition reaction by |
melting point, tic, and spectra. ( TY l

The structure of the sulfone produced by the addition
of benzenesulfinate to N,N-dimethylquinone diimine | SO ,Ph

was demonstrated by unambiguous synthesis. By N H ,

analogy with the reported addition of sulfite, the 19
expected product would be 4-amino-N,N-dimethyl-2-
phenylsulfonylaniline (23). For comparison we pre- the addition of sodium benzenesulfinate to N ,N-
pared 4-amino-N,N-dimethyl-3-phenylsulfonylaniline diethylquinone diimine.
(19) according to Scheme II. The synthetic com- The pair of isomeric sulfones of known structure (19 
pound 19 proved to be identical in all respects with and 23) are separated by tic on alumina when developed
the sulfone isolated from the corresponding addition with 20%  ethyl acetate in benzene. Furthermore, on
reaction. The isomeric material 23 and the N ,N- standing in air, the isomer corresponding to the isolated
diethyl compound 25 were prepared by a similar se- product (19) rapidly becomes colored (magenta) while
quence of reactions shown in Scheme I I I .  Compound the 2 isomer does not. The authentic N,N-diethyl
25 proved to be identical with the sulfone isolated from structure 25 turns cyan on standing. Since tic of the
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Sc h e m e  I I I  l.o.---------------,-------------- ,------------- !____________ ]_____________________

N M e , N M e,

A / S P h  0 8 -
[ f y i  Phs~cu+ ( r y \ ^  H-°->

¿J  quinoline* LV— HOAc __

N 0 2 N 0 2 § 0 . 6 -

20 21 -g -s~\a

NM e2 ¡ J  \  /  \ 3 a

/ k / S 0 2Ph JL  .S 0 2Ph \ /  \
\ ( \ \  Raney Ni r  X  \
K y J  HjNNHj K jJ  \  v A

N 0 2 N H 2 ^

N E t2 N E t2 ° ° 25 250 275 300 325 350 375
j ; W ave len g th , nm

17 [ a 3 1  ^  n ’n ^ ’ * K y i  F igu re  1.— Spectra  o f th e  in d iv id u a l com ponents o f  a ty p ic a l
V / N j - p ,  1 A A s C(1 D , reaction  m ixtu re. S o lven t: 1 %  ch loro fo rm  in e th an o l-m eth an o l

j s U 2r h  T  o(J_,l'h (9 5 :5 ).  C on cen tra tion  X  106 M: 3a =  3.00, 4a =  2.12, 5a =

N 0 2 N H 2 0.48, 6a =  0.52.

24 25

vectors and their associated scalar multiples. These 
isolated sulfones (4a -j) showed only a single material derived parameters were used in a linear regression to
and all gave the characteristic color on standing, we take calculate concentrations of the four components re-
this together with the mass spectral evidence as confir- quired to give the best fit to the observed absorption
mation that all have structure 4. The 2 isomers, if curves for mixtures of known composition and for those
formed at all, must be below the limit of detection, obtained from the extracts of addition reactions. A
which we established as 0.3 pg (0.5% yield).6 The R t comparison of the actual and the calculated concentra-
values of the reaction products were within experimen- tions for a typical prepared mixture is given in Table II.
tal error of those for purified analytical samples

( ± 0 -0 3 ) '  T a b l e  I I
Yields. Method of Analysis and Errors.— Of the . „  , T

., , J f . . . . . .  .. .. A n a l y s is  o f  a  P r e p a r e d  M i x t u r e  b y
various methods tried for obtaining quantitative esti- C h a r a c t e r is t ic  V e c t o r s

mates of product yields from the relatively dilute _______Concn x  hr m - _____
reaction mixtures, spectrophotometry was most satis- Compd Actual Caicd

factory. The uv absorption curves for the four prod- 3a 150 149

ucts from reaction of la with 2a are shown in 4a 64 64

Figure 1 for relative concentrations close to those 5a 10 8 .4

found in some mixtures. It  can be seen that the four 6a 10° 99
curves are rather similar in some wavelength regions.
This fact, along with the instability to oxygen of two of Similar results were obtained for all pure compounds 
the products (4 and 6), required a sophisticated method and analogous prepared mixtures for the other nine
of preparing the solutions and analyzing the absorption pairs 0f reactants, a total of 94 spectra. The calculated
curves of the product mixtures. concentrations were then recombined with the vector

Initially we were unaware of the presence of the two parameters to calculate a theoretical absorption curve
minor products, 5 and 6, and attempted to determine for those concentrations. The theoretical curves al-
the sulfonamide 3 and sulfone 4 by the standard method ways agreed with the observed curves (for pure com-
of solving for the two concentrations from two simul- pounds and prepared mixtures) to within 0.002 absorb-
taneous equations, using absorbances at two different ance unit, which is well within the error range for
wavelengths. We found that the calculated concentra- spectrophotometry. The differences for reaction mix
tions varied according to the two wavelengths selected. ture extracts were higher, depending upon the reactivity
A  careful search of the product mixture by tic led us to 0f the sulfinates and the similarity of the absorption
the additional compounds. Using the data available curves of the products. With the exception of the
from the entire absorption curve seemed to offer hope of reaction of lb with 2e, the greatest difference amounted
resolving this rather complicated product mixture. to 0.015 absorbance unit, which was an acceptable error

It  is well known that absorption curves can be for determining yields. The extract from the reaction
written as matrices and, further, that they can be 0f N,N-diethvlquinone diimine (lb ) with 4-cyanoben-
described by characteristic vectors.7 Absorption zenesulfinate (2e) was shown by tic to contain traces of
curves (225-360 nm) were obtained for each of the pure additional products. The disagreement between the
products. Absorbance values at 28 wavelengths (every theoretical and observed spectra varied from 0.024 to
5 nm) throughout each curve were subjected to the 0.040 absorbance unit depending on pH.
matrix transformations needed to derive characteristic Since the reconstructed curves for the reaction mix- 

, „ „  . , „„ ture extracts do not agree with the observed curves to
(7) g . Wemimont, Anal, chem., 3 9 ,5 5 4  (1967). within expected spectrophotometric error, it is difficult
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Table III from analytical samples, the regression equations show
Per Cent Product Yields from the Addition of low concentrations of the three absent components.

Akylsulfinates to N,N-Dialkylquinone Diimines«’6 The magnitude of these errors corresponds to yields of
,_________% product------------- . ±  1%. Second, the calculated concentrations of minor

R x pH s * 3 «  components of the reaction mixture extracts occasion-
5 31 54 2 ally indicates a negative value which would correspond
6 54 32 1 4 to a yield error of ±5%. The error in any computed

MeH 7 88 4 4 8 yield should lie within this range, i . e . ,  1-5% yield based
q 4 7 on starting materials.

The average total yield of products for the 62 experi-
5 48 60 2 5 ments reported in Tables III and IV is 89%. In view of
6 45 46 2 6

Me 4-Me 7 74 11 3 10 Table IV
g §2 6 12 Effect of Temperature on the Addition of
g 85 6 13 Benzenesulfinate to N,N-Dialkylquinone Diimines“

,---------------■ %  product------------- —
5 26 54 1 1 R  pH 3 4 8 6

6 45 39 2 At 0 ±  1°
Me 3,4-Me2 7 74 14 1 2 6 30 54 4 3

8 86 3 2 4 Me 7 51 26 13 2
9 81 3 4 4 8 65 6 23 1

5 35 45 6 47 38 8
6 55 23 Et 7 76 9 14

Me 4-C1 7 82 6 8 72 26
8 87 1 At 50 ±  1°
9 86 2 6 64 19 9 4

56 25 Me 7 55 15 6
5 5t> 8 63 20 66 71 8

Me 4-CN 7 88 6 75 8 8
l  H  Et 7 64 1 18
9 8 68 3 24 2
5 4g j 4 <* Where no yield is recorded, the product was not detected by
6 75 16 2 4 tlc-

Et H 7 94 2 3
8 99 4 8 the scope of the study and the probable errors just
9 92 4 6 discussed, we feel that an acceptable material balance

has been achieved. We were unable to detect any
5 39 43 disulfonamide (5) or p-phenylenediamine (6 ) in the
6 67 24 reactions of arylsulfinates containing electron-with-

Et 4-Me 7 82 3 2 drawing substituents. These reaction mixtures were
8 86 5 analyzed for two components (3 and 4).
9 85 1 4 The effect of temperature on yield was examined for

42 54 the addition of benzenesulfinate to N,N-dimethyl- and
q 54 24 1 N,N-diethylquinone diimine. These data are pre-

Et 3,4-Me2 7 72 7 1 2 sented in Table IV.
8 83 1 3 4-Nitrobenzenesulfinate was also added to the two
9 81 1 2  1 quinone diimines, but the reaction appeared to be

relatively slow and tic indicated the presence of eight
5 52 22 to ten minor by-products. Since the 4-cyanobenzene-
6 72 9 sulfinate reacted more cleanly, and attempts to improve

Et4'cl 7 81 2 the 4-nitro reaction failed, no yields were measured.
8 89 2 The major 4-nitro products are probably the sulfone
9 and sulfonamide as indicated by tic comparison with
5 94 27 authentic samples.
6 7q 49 We have shown, in separate experiments, that the

Et 4-CN 7 76 3 reaction products 3-5 are not interconverted under
8 75 5 reaction conditions.
9 68 5 The yield data presented in Tables III and IV indi-

°At24±l ° .  b Where no yield is recorded, the product was cate certain general trends: (1) sulfone 4 decreases
not detected by tic. with increasing pH and temperature, (2) sulfonamide 3

and disulfonamide 5 increase with pH, (3) sulfonamide 
to assign exact estimates of errors in the analytical decreases and disulfonamide increases with tempera-
results. We have adopted two estimates as being most tures either above or below 24°, and (4) sulfone in-
informative. First, if we consider the calculated con- creases with electron-donating substituents in the
centrations from single-component solutions prepared arylsulfinate and with the N,N-dimethylamino group in
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the quinone diimine (compared with the N,N-diethyl- While the disulfonamides 5 are very minor products, 
amino group). The fourth trend is less marked than they are intriguing because the reaction by which they
the other three, but is still outside the limits of experi- might be formed is less obvious. We noticed that the
mental error. disulfonamides were obtained at high pH and that the

The addition of phenolate and sulfite ions to quinone yields of sulfonamide often dropped slightly above pH
diimine provides useful models with which to discuss 8. The effect of temperature on the yields of sulfon-
the mechanisms of the observed reactions (Scheme amide and disulfonamide also suggest a connection
IV ). I t  seems reasonable that the pathway for sulfone between these two products. A t temperatures both

above and below 24° the sulfonamide yield drops and 
S ch em e  IV  the disulfonamide yield increases. W e have considered
— q —i q Scheme V I to account for these facts. This scheme

YH H 1 NHS02Ar NSO.Ar (|S

$  ¿i 6  * 6  2 -
f l l  L  NR2 J  T ,  NR. NR.
U  H+ + aor 26 NK2 29

+NR. r +f 2 1  NH.

( V sH0 r  _  A f SOr I k N ^ - N N H - ^ - N R .  ^  5 + 6

NR. J  NR. L 30 -J
27

predicts the observed products and the pH  dependence, 
formation might correspond rather closely to that for has been suggested that the formation of hydrazo- 
sulfonation. Similarly we might compare the forma- benzenes from partially oxidized p-phenylenediamines
tion of the coupling intermediate 26 with sulfonamide involves the reaction of quinone diimines with ionized
formation (Scheme V ). Kinetic studies of the sulfona- p-phenylenediamines.8 The subsequent attack of a

second arylsulfinate would be expected to occur at the 
Sch em e  V  nitrogen bearing the electron-withdrawing arylsulfonyl

N group. The scheme requires that the rate of addition of
i 2 r sulfonamide anion to unreacted quinone diimine be

comparable to the rates of addition of sulfinate. At- 
K )J  tempts to investigate this route have been unsuccessful

NH © ©  in that we were unable to prepare the intermediate 30.
J i NR, An earlier study of such compounds indicated that the

( i l l  , ,  ̂ r- ' addition of sulfinic acids to azobenzenes is not a general
U  +  ArS° 2 ^  +NH. reaction.9

J L / H   ̂ An alternative reaction path to the disulfonamide
NR2 « ©'gQ Ar AL>. would involve a cross oxidation of the sulfonamide 3 by

^  * quinone diimine 1 (Scheme V II). We have found that

-  NR2 J  S chem e  V I I

28 NHSO.Ar NH

$  © =
Y  NR. +NR.

NR. 3 1

tion reaction show that the ring addition is subject to Nrqn . ..
general acid catalysis by acid phosphate salts. This 11 2 r 1 2 I ‘ 2
has been interpreted mechanistically as base-catalyzed ArS0̂
removal of a ring proton from the protonated inter- I fl +  K j J  K j J
mediate 27. The rate of addition of phenolate ions, on f "
the other hand, is independent of pH. By analogy, it +NR. NR. NR.
seems reasonable that the sulfonamide:sulfone ratio 6 5

would change with pH in the direction which we (8) c A Bishop and L K j Tong Phot Sci EnB t n 30 (1967).
observe. (9) W. Bradley and J. D. Hannon, J. Chem. Soc., 2713 (1962).
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t r e a t m e n t  o f  3  w i t h  f e r r i c y a n id e  g i v e s  o n l y  r e c o v e r e d  d iam ines in  th e  presence o f sulfinates under ac id ic  con d ition s . 17

s t a r t in g  m a t e r ia l .  T h e r e f o r e  t h e  q u in o n e  d i im in e -  T h e  physica l p roperties  and e lem en ta l analyses o f the sulfon-

q u in o n e  d u m id e  e q u i l ib r iu m  m u s t  h e  v e r y  f a r  t o  t h e  N -B enzoyl-3 -ch loro-4 -n itroam line  (1 3 ).— 3-C h loro-4 -n itroan i-

l e f t ,  i.e., t o w a r d  r e a c t a n t s ,  a n d  w o u ld  n o t  b e  a  f e a s ib le  i ine ( 1 2 )  was p repared 18 and 2 0 . 4  g  (118 m m o les ) was trea ted  w ith

m o d e  o f  f o r m a t i o n  f o r  S . b en zoy l ch loride in  p yr id in e . R ec rys ta lliza t io n  fro m  ethanol
ga ve  24.2 g  (7 4 % ) o f 13, m p  161 .5 -163°.

Anal. C a lcd  fo r  C 13H 9C1N 20 3: C , 56.4; H ,  3 .3 ; C l, 12.8; 
E x p e r im e n t a l  S e c t i o n 10 N ,  10 .l .  F ou n d : C , 56.3; H ,  3 .5 ; C l, 13.0; N ,  9.9.

4 -N itro-3 -phenylm ercaptoan ilin e (1 4 ).— T o  a solu tion  o f 24.0 
M a te r ia ls .— M on o -, d i-, and tr ibasic  potassiu m  phosphate and g  ( § 7  m m o les ) o f 13 in  90 m l o f 1,4-dioxane w as added  14.1 g  (128

potassium  ferr icya n ide  (B a k er and A d am son  R ea gen t G ra d e ) m m o les ) o f th iophenol and the m ix tu re  was m ade a lka lin e w ith  60
w ere  used as rece ived . N ,N -D ie th y l-p -p h en y len ed ia m in e  h yd ro- g  0f  N a O H  in  400 m l o f w a ter. T h e  reaction  m ix tu re  was then
ch lorid e  was recrysta llized  to  a constant m e ltin g  p o in t o f 237— refluxed  fo r  16 hr and poured  o ve r cracked ice  and w a te r . T h e
2 38 .5 °. N ,N -D im e th y l-p -p h en y len ed ia m in e  d ih yd roch lor id e  p rec ip ita te  w as co llec ted , d ried , and recrysta llized  fro m  e th a n o l-
(E astm an  G ra d e ), ch lo ro fo rm  (E astm an  Spectro  G ra d e ), and w a te r g iv in g  17.8 g  (8 3 % ) o f 14, m p  162-163°.
absolu te  e thanol denatured  w ith  5 %  m ethanol w ere  used as Anal. C a lcd  fo r  C i2H 1(,N ,0 ,S : C , 58.5; H ,  4 .1 ; N ,  11.4; 
rece ived . Sodium  benzenesu lfinate and p-to luenesu lfinate  g  1 3 .0 . F ou n d : C  58 .4 ' H  4 .0 ' N  11.2- S 13.2.
(E astm an  G rade  and P ra c tic a l G ra d e ) w ere  used w ith ou t fu rth er ’ N -Benzoyl-4 -n itro-3-phenylm ercap ’toa n ilin e ’ (1 5 ).— B y  the 
p u rifica tion . T h e  o ther sulfinic acids w ere  p repared  b y  th e  m eth od  used fo r  th e  p reparation  o f 1 3 ,1 7 .8 g  (72.4  m m o le s ) o f 14
redu ction  o f the app ropria te  su lfon y l ch lorides w ith  sodium  was con verted  to  2 0 . 5  g  (8 1 % ) o f 15, m p  193-194°.
s u lf ite . 11 13 4 -C h loro- and 4-n itrobenzenesu lfonyl chlorides Anal. C a lcd  fo r  C i9H 14N 20 3S: C , 65.1; H ,  4 .0 ; N ,  8 .0 ; S,
(E as tm a n  T ech n ica l and E astm an  G ra d e ) w ere  used w ith ou t 9 ,2 . F ou n d : C  65.0; H  4 .0 ' N  7.8' S 9.3. 
p u rifica tion . 4 -C yano- and 3 ,4 -d im ethy lsu lfon y l chlorides w ere  N -B en zoy l-4 -n itro-3 -’phenylsu lfonylan ilm e (1 6 ).— A  suspension
p repared  b y  ch lorosu lfonation  as described in  the lite ra tu re . 1 4 ’ 16 0f  2 3 . 2  g  ( 6 6  m m o les ) o f 15 in  250 m l o f g lac ia l acetic  acid  was
A l l  o f these com pounds w ere  recrysta lh zed  to  th e  lite ra tu re  m elt- trea ted  w ith  18 g  o f 3 0 %  h yd rogen  perox id e  ( ca. an  e igh tfo ld
m g  p o in ts . S o lven ts fo r  reactions and recrysta lliza tion s  w ere  excess) and re fllixed fo r  2 hr. A n a lys is  b y  t ic  show ed tw o  sub-
E astm an  G rade and w ere  used w ith ou t fu rth er pu rifica tion  excep t stances, n either o f w h ich  was 15 (s ilica  ge l d eve lop ed  w ith  2 0 %
as specifica lly  in d ica ted . e th y l aceta te  in  b en zen e). A  p a rt ia l separation  on a colum n o f

D e term in a tion  o f P rodu cts. T h e  app ropria te  p -phenylene- s ilica  ge l g a ve  sam ples whose ir and mass spectra  suggested th a t
d iam ine ( 0 . 2  m m o le ) was d issolved  in  1 1 0  m l o f deaera ted  phos- th ey  w ere  the desired su lfone 16 and th e  correspond ing su lfox ide,
p h a te  bu ffer solu tion  (7  =  0.75 M )  con ta in ing a f iv e fo ld  excess T h e  ad d ition  o f 85 g  o f 3 0 %  perox ide  in  portions  o ve r  a reflux
o f th e  arylsu lfinate . T e n  m illilite rs  o f a d eaera ted  solu tion  period  o f ca. 56 hr g a ve  19 g  (7 6 % ) o f crysta llin e  p rodu ct, m p
con ta in ing 0 .4  m m ole o f potassium  ferr icya n ide  was added  and 252 -256 °. O n ly  a trace  o f th e su lfox ide was fou nd  in  th is m a
t t e  reac tion  was a llow ed  to  p roceed  fo r  ap p rox im a te ly  15 m in  te ria l and recrysta lliza tion  from  acetic  acid  g a ve  an an a ly tica l
du rin g  w h ich  tim e  n itrogen  was bubb led  th rou gh  the reac tion  sam ple o f 16 m p  255-257°.
m ixtu re . T h e  products w ere  ex trac ted  in  50 m l o f deaera ted  Anal. C a lcd  fo r  C 19H 14N 20 5S: C , 59.7; H , 3 .7 ; N ,  7 .3 ; S,
ch loro fo rm  and a fte r  d ilu tion  o f th e so lu tion  w ith  deaera ted  g_4 _ Fou n d : C  59.6- H 3  6 - N 7  4 - S 8 2  
a lcohol, the u v  spectrum  (225-360 n m ) was recorded . T h e  re- 4 -N itro -3 -phenylsu lfonylan ilin e  (1 7 ).— A  suspension o f 18 g  o f
ac tion  vessel was a 250-m l sep ara to ry  funnel fit ted  w ith  a long, 16, con ta in ing a trace  o f su lfox ide, in  700 m l o f 1 ,4-dioxane, was 
n arrow  d e liv e ry  tip . T h e  extractions w ere  carried  ou t under trea ted  w ith  3 5 0  m l o f w a ter con ta in ing 47 g  o f N a O H  and re-
n itrogen  and the ex trac t was d e livered  d irec t ly  in to  a vo lu m etr ic  fluxed  fo r  4 hr. A f te r  stand ing and cooling, a crysta llin e  m a-
flask bein g flushed w ith  n itrogen . te ria l was co llected  and tic  (s ilica  ge l, 2 0 %  e th y l aceta te  in  ben-

Iso la tion  o f P rodu cts. T o  keep  the concen trations o f reactants zen e ) in d ica ted  th a t a ll o f the am ide had been  h yd ro ly zed  and
ow  and still ob ta in  enough p rodu ct fo r  iso la tion  and analysis th a t a trace o f a second p rodu ct (su lfox id e ) was p resent. C a re fu l

e/ T ° tl0n? W6f  rT  a t h lg h  (JlIiu t lon - ? ° lu tlons (? ,><  recrysta lliza tion  fro m  ethanol ga ve  6 . 8  g  (5 2 % ) o f a n a ly tic a lly  
1 U ~ M ) 0 1  the p -pheny lened iam m e and ferr icyan ide  w ere  added  p ure 1 7  m p 2 3 4  5 -23 6 °

s lo w ly  fro m  separate  ad d ition  funnels to  a w e ll-s tirred  so lu tion  o f Anal\ C a lcd  fo r  C 12H 10N 2O 4S: C ,5 1 .8 ;  H ,  3 .6 ; N ,  10.1; 
th e  app ropria te  ary lsu lfina te  m  the desired butter. A t  p H  7 i t  S 11 5 Found* C  52 0* H  3 4 -  N  10 1* S  1 1 2  
was possible to  iso la te  the su lfonam ides in  purified  y ie lds o f ’N ,N -D im eth y l-4 -n itro -3 -ph en y lsu lfon y lan iiin e ’ (1 8 ') . -A s u s p e n -  
app roxrm ately  8 0 %  M o re  acid ic cond itions (p H  4 or 5 ) ga ve  sion o f 5 .0 g  (18 m m oies) o f 17 in  50 m l 0f  d im e th y l su lfate  was
low er b u t s till useful, y ie lds  o f su lf ones. T h e  sulfones w ere  heated  in  an o il ba th  to  90 °. A f te r  a short t im e  the an iline d is_
gen era lly  chrom atographed  on s ilica  ge l and e lu ted  w ith  1 5 %  so lved  and an add itiona l 25 m l 0f  fresh ly  d istilled  d im e th y l su lfate
e th y l acetate  m  benzene. T h e  sam e procedure w as em p loyed  was a d d ed . x h e  reaction  m ix tu re  was heated  a t  70_ 90 o fo r  3

a t p H  9 to  ob ta in  sam ples o f N  ,N  -d isu lfonam ides hr and then  poured  o ve r ice. A  y e llo w  o il fo rm ed  w h ich  solid ified
Preparation  o f P rodu cts  . - T h e  various su lfonam ides 3 a - j w ere  on s tan d in g . R ec rys ta lliza t ion  fro m  c h lo ro fo rm ^ th a n o l (1 :1

prepared  b y  the reaction  o f th e app ropria te  p -pheny lened iam m e v / v )  ga ve  2 . 0  g  (3 6 % ) o f 18, m p  236 -237 .5 °.
and a ry lsu lfon y l ch loride in  p yr id in e  w h ich  had been  d isti led  Anal. C a lcd  fo r  C 14H 14N 20 4S : C , 54.9; H ,  4 .6 ; N ,  9 .1 ; S,
fro m  Jt5a(J.lb I t  w as v e r y  im p o rta n t to  keep  th e  reac tion  cold  in  4  F ouncp C  55 1* H  4 7 *  N  8 8 * S 10 7

m ost cases since w a rm in g  p roduced  on ly  a  deep  purp le  d ye . 4 -A m in o -N ,N -d im e th y l-3 -p h en y ls u lfo n y la n ilin e '(1 9 ).-A  m ix -
S om e o f the su lfonam ides appeared to  be ap p rec iab ly  m ore soluble tu re o f 5 0 0  ( 1 . 6  m m o les ) o f 1 8  and j  o f w e t R a  n iokel in
m  acid  than  others and it  was necessary to  n eu tra lize  the aqueous ca . 7 5  m l o f h o t m e thanol was stirred  in  a w a te r b a th . D u r in g
m ixtu re  before  th ey  cou ld be iso la ted . A  num ber o f th e  sulfones a period  o f 1 5  min> 3  m l o f h yd raz ille h yd ra te  (6 4 % ) was added
w ere  p repared b y  the fe rr ic  ch loride ox ida tion  o f the p-phenylene- d rop w ise . T h e  reac tion  was continued fo r  abou t 1.5 hr u n til no

am m onia was detec ted . T h e  ca ta lys t was rem oved  b y  f iltra tio n
(10) The corrected melting points were obtained by using a Thomas- and the m ethanol evap ora ted  under v a d iu m . R ec ry s ta lliza tion

Hoover apparatus. Ultraviolet spectra were recorded with a Beckman m ,l  i OAA /AAcr/\ c i a  100 io a o  • j
DK-2A spectrophotometer, nmr with a Varian 60A instrument operated at m ethanol g a v e  200 m g  (4 4 % ) o f 19, m p  128-130°; a m ix tu re
60 M H z (TM S  internal standard), ir using a Baird Atomics spectrophotom- m eltin g  p o in t W ith  th e  su lfone ob ta ined  fro m  th e  add ition  o f
eter, Model N K - i with NaCl optics, and mass spectra using either a 60° benzenesu lfinate to  N ,N -d im e th y lq u in o n e  d iim in e  show ed no
sector-type, or a Consolidated Electrodynamics Model 21-110B mass depression.
spectrometer both with an all-glass heated inlet operated at 235°. Anal. C a lcd  fo r  C i4H 16N 20 2S : C, 60.8; H , 5 .8 ; N ,  1 0 .1 ; S,

( 1 1 ) S. Smiles and C. M. Bere in “ Organic Syntheses,”  Coll. Vol. I, 11.6. F ou n d : C , 60.5; H ,  5 .9 ; N ,  10 .0 ’ S 11.3.
2nd ed, John Wiley and Sons, Inc., New York, n . Y „  1958, p 7. N ,N -D im e th y l-4 -m tr 0 -2 -p L n y im ercap tok n iiin e  ’(2 1 ).— C uprous

3  We a r ! ndr M  f 't  M  V ’T  i  r T '  n “ "  8.8 3 tT 8)’ th iophen o la te  was p repared  b y  A d a m s ’ p rocedu re 13 and  18.5 g(13) We are indebted to Mr. Victor Stead of the Color Organic Labora- m , ,  i t  j  j  -xu on A /A i \ r o  i_i -kt -vt
tory for the preparation of 4-chloro- and 4-nitrobensenesulfinic acids. ( ( U 1  m ° le ) WaS u p e n d e d  W ith  20.0 g  (0.1 m o le ) o f 2 -ch lo ro -N ,N -

(14) I. Remsen, R. N. Hartman, and A. M. Muckenfuss, Amer. Chem. J.,
18, 150 (1896). ( 17 ) s. Pickholz, J. Chem. Soc., 685 (1946).

(15) E. H. Huntress and J. S. Antenrieth, J. Amer. Chem. Soc., 63, 3446 (18) H. H. Hodgson and A. Kershaw, ibid., 2917 (1929).
(1941). ( 19) R, Adams, W. Reifschneider, and M. D. Nair, Croat. Chem. Acta,

(16) R. Adams and J. H. Looker, ibid., 73, 1145 (1951). 29, 277 (1957).
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T a b l e  V

P h y s ic a l  P r o p e r t ie s  a n d  A n a l y t ic a l  D a t a  f o r  Su l f o n a m id e s , Su l f o n e s , a n d  D is u l f o n a m id e s

--------------- Calcd, % ---------------  --------------- Found, % -------------- ■%
Compd Mp, °C“ Xmax, nml e X  10-<6 C H N S C 1  C H N S C 1

3a 129 .5 -130  262, 300 sh 1 .7 1 ,0 .3 9 0  6 0 .9  5 .8  10 .2  11 .6  6 0 .7  6 .2  10 .2  11 .4

b 127-129 225, 262, 300 sh 1 .5 2 ,1 .7 2 ,0 .3 7 0  6 2 .0  6 .2  9 .7  11 .0  6 1 .9  6 .4  9 .7  11 .0

c 120-121 230, 262, 300 sh 1 .8 2 ,1 .8 2 ,0 .4 3 2  54.1  4 .8  9 .0  1 0 .3  11 .4  5 4 .2  4 .9  9 .2  10.1  11 .5

d 148 .5 -150  228, 262, 300 sh 1 .3 6 ,1 .7 0 ,0 .3 5 5  63 .1  6 . 6  9 .2  1 0 .5  6 2 .9  6 .4  9 .0  10.6

e 1 58 .5 -1 59 .5  240, 261, 305 sh 2 .0 6  , 2 .1 0  , 0 .339  5 9 .9  5 .0  14 .0  10 .6  6 0 .0  5 .1  14.1  10 .8

f  124-125.5  268, 300 sh 1 .8 0 ,0 .4 2 1  6 3 .2  6 . 6  9 .2  10 .5  6 3 .1  6 .5  9 .2  10 .5

g  160.5-161 dec 226, 268, 300 sh 1 .5 5 ,1 .9 8 ,0 .4 8 4  6 4 .2  6 .9  8 . 8  10.1  6 4 .2  6 .9  8 . 6  10.2

h 153 -154 .5 dec 230, 268, 300 sh 1 .7 8 ,2 .1 0 ,0 .4 8 9  5 6 .8  5 .6  8 .3  10.5  9 .5  5 6 .8  5 .4  8 .3  10 .7  9 .6

i 1 51 .5 -1 52 .5  228, 268, 300 sh 1 .4 3 ,2 .0 7 ,0 .4 9 0  6 5 .1  7 .2  8 .4  9 .6  6 5 .4  7 .2  8 .5  9 .5

j 135-136 .5  240, 268, 300 sh 1 .9 6 ,2 .5 6 ,0 .4 1 7  6 2 .1  5 .8  1 2 .8  9 .7  6 2 .2  5 .6  1 3 .0  9 .7

4a 130-131 233, 265 2 .4 4 , 1 .27  6 0 .9  5 .8  10 .2  11 .6  6 1 .0  5 .8  10 .2  11.4

b  173-175 238, 265 sh 2 .4 9 ,1 .1 9  6 2 . 0 6 . 2  9 .7 1 1 . 0  6 1 . 9 6 . 2  9 . 8 1 0 . 8

c 164.5-166 241, 265 sh 2 .8 5 ,1 .3 8  54 .1  4 .8  9 .0  10.3  1 1 .4  5 3 .9  4 .8  9 .2  10 .0  11.3

d 148-149.5  241, 265 sh 2 .5 6 ,1 .3 0  6 3 .1  6 . 6  9 .2  10 .5  6 2 .8  6 . 8  9 .3  10 .4

e 1 89 .5 -1 90 .5  248, 275 sh 2 .4 4 ,1 .2 7  5 9 .9  5 .0  14 .0  10 .6  5 9 .8  5 .3  13 .9  10.7

f  118 .5 -120  234 , 270 2 .0 6 , 1 .3 9  6 3 .2  6 . 6  9 .2  10 .5  6 2 .9  6 .4  9 .0  10 .4

g  156-157.5  239, 270 2 .5 5 , 1 .6 0  6 4 .2  6 .9  8 . 8  10.1  6 3 .8  6 .7  8 .9  9 .7

h 1 55 .5 -1 5 6 .5  242, 270 2 .8 4 , 1 .6 0  5 6 .8  5 .6  8 .3  9 .5  10 .5  5 6 .9  5 .5  8 .1  9 .5  10 .6

i 9 7 .5 -9 9  2 4 1 ,2 7 0  2 .0 8 ,1 .6 1  6 5 . 1 7 . 2  8 .4  9 .6  6 5 . 3 7 . 2  7 .9  9 .4

j 118-119 .5  248, 275 sh 2 .4 0 ,1 .6 1  62 .1  5 .8  12 .8  9 .7  6 1 .8  5 .8  12 .6  9 .9

5a 1 61 .5 -1 6 2 .5  275 1 .70  5 7 .6  4 .8  6 .7  1 5 .4  5 7 .7  5 .2  6 .7  15.5

b 208-210 dec 2 3 6 ,2 7 5  2 .5 6 ,1 .5 5  5 9 . 5 5 . 4  6 .3 1 4 . 4  5 9 . 9 5 . 9  6 .3 1 4 . 1

d 198.5-199.5  dec 2 3 8 ,2 7 5  2 .6 0 ,1 .8 0  6 1 . 0 5 . 9  5 .9 1 3 . 5  6 0 . 8 5 . 9  5 .9 1 3 . 6

f  140 .5 -142  275 1 .63  5 9 .5  5 .4  6 .3  1 4 .4  5 9 .8  5 .2  6 .1  14.5

g  200-202 dec 2 3 6 ,2 7 5  2 .9 0 ,2 .4 4  6 1 . 0 5 . 9  5 .9 1 3 . 6  6 0 . 8 5 . 8  5 .8 1 3 . 7

i 196-197 .5  dec 2 3 8 ,2 8 0  2 .4 2 ,1 .9 9  6 2 . 4 6 . 4  5 .6 1 2 . 8  6 2 . 2 6 . 1  5 .6 1 2 . 7

0  C orrected . b M o la r  a b s o rp t iv ity  m easured in  1 %  ch loro fo rm  in e thanol (d enatu red  w ith  5 %  m eth an o l) w ith  a B eckm an  D K -2 A  
spectrophotom eter.

d im eth yl-4 -n itroan ilin e  (20, F r in ton  L a b o ra to r ie s ) in  100 m l o f y e llo w  solid  and a y e llow -b row n  gu m  w ere  ob ta in ed , th e  la tte r  
qu inoline con ta in ing 2  m l o f p y r id in e . T h e  m ix tu re  was re fluxed  s o lid ify in g  a fte r  s tand ing fo r  severa l days . T ic  in d ica ted  th a t
fo r  ca. 2 0  hr and then  pou red  o ve r  crushed ice  and excess h yd ro- m ore o f the p rodu ct observed  earlier, plus a second com ponen t,
ch loric  ac id . A  b lack  ta r was decan ted  and, a fte r  a ir d ry in g , w ere  present. T h is  m ix tu re  o f produ cts and 17 w ere  once again
was ex trac ted  w ith  e th er in  a Soxh let ex trac to r un til th e e x tra c t d isso lved  in  D M F ,  trea ted  w ith  tw o  25-m l portion s  o f d ie th y l
retu rn ing to  th e p o t was colorless. T h e  aqueous m oth er liqu ors su lfa te , and heated  (9 0 -1 0 0 ° ) fo r  a p p ro x im a te ly  8  h r. T h e  re-
w ere  also extracted  and the e ther solutions w ere  com bined  and ac tion  m ix tu re  was poured  o v e r  ice  and th e  y e llo w  p ow d er w h ich
washed w ith  0.1 N  HC1 and then  w ith  w a te r. T h e  e th er was fo rm ed  was recrysta llized  fro m  eth an o l. A l l  o f th e  s ta rtin g
rem oved  under vacu u m  a fte r  the so lu tion  had been  d ried  w ith  m a teria l (17) was gone, bu t t ic  s till in d ica ted  the presence o f tw o
anhydrous M g S 0 4. A  dark  o il rem ained  w h ich  crysta llized  on  p roducts. S evera l a ttem p ts  to  separate  these b y  colum n chro-
coo ling . A  benzene so lu tion  o f th e p rodu ct was ra p id ly  passed m a tog ra p h y  fa iled  and p rep a ra tiv e  t ic  was used. T h e  tw o  bands
o ve r  a colum n o f F lo r is il. T h e  benzene was a llow ed  to  eva p o ra te  o verlapp ed  and b o th  had to  be chrom atographed  a  second tim e ,
and the p rodu ct was recrysta llized  fro m  m ethanol to  g iv e  6 . 6  g  T h e  tw o  products show ed on ly  a trace  o f th e o th er com ponen t
(2 4 % ) o f 21, m p 6 9 -7 0 °. b y  an a ly tica l t ic  and this was rem oved  b y  re crys ta lliza tion  fro m

Anal. C a lcd  fo r  C 14H 14N 2O 2S : C , 61.4 ; H ,  5 .1 ; N ,  10.2; e thanol. T h e  m a jo r  com pon en t p ro ved  to  be 24, m p  158-159°.
S, 11.7. F ou n d : C , 61.5 ; H ,  5 .5 ; N ,  9 .9 ; S, 11.7. T h e  second p rodu ct w as the N -e th y l h om o log , m p  182-183°.

N,N-Dimethyl-4-nitro-2-phenylsulfonylaniline (22).-— A  solu tion  T h e  mass spectra  o f b o th  p roducts show ed the requ ired  m olecu lar
o f 1.05 g  (3 .8  m m o le s )o f  2 1  and 1.5 m l o f 3 0 %  h yd rogen  perox id e  ion  and fra gm en t ions expected , i.e., M  — M e  and M  — N O . 
in  25 m l o f g lacia l acetic  acid  was refluxed  fo r  2 hr. T h e  so lv en t 4-Amino-N,N-diethyl-3-phenylsulfonylaniline (25).— Since the 
was rem oved  under vacu u m  and th e  resu lting gum  was d isso lved  precursor 24 was p ro v in g  so d ifficu lt to  separate  fro m  the m ono
in  benzene and passed ra p id ly  o ve r  a colum n o f F lo r is il. T h re e  e th y l com pound , it  was dec ided  to  reduce the m ix tu re . T h e
products w ere  successively e lu ted  b y  benzene; the th ird  was 500 m eth od  used w ith  19 w as app lied  to  500 m g  o f th e  m ix tu re ,
m g  (4 3 % ) o f 2 2 , m p  8 9 .5 -9 0 .5 °. C h rom a togra p h y  on  a colu m n o f W o e lm  p o ly a m id e  and e lu tion

Anal. C a lcd  fo r  C h H h N.jCLS: C , 54.9; H , 4 .6 ; N ,  9 .1 ; S, w ith  D M F  g a ve  a so lid  p rod u ct w ith  o n ly  a trace  o f a second
10.5. F ou n d : C , 54.9; H , 4 .4 ; N ,  9 .0 ; S, 10.8. com ponen t. R ec rys ta lliza t io n  fro m  ethanol fa iled  to  rem ove  the

4-Amino-N,N-dimethyl-2-phenylsulfonylaniline (23).— B y  the im p u rity . P rep a ra tiv e  tic  on  s ilica  ge l e lu ted  w ith  2 0 %  e th y l
m ethod  used w ith  19, 120 m g  (0.39 m m o le ) o f 22 was con verted  aceta te  in benzene ga ve  25, m p  117-118.5°. 
to  80 m g  (7 5 % ) o f 23, m p  132-133°. Anal. C a lcd  fo r  C 16H 20N 2O 2S : C , 63.1; H ,  6 .6 ; N ,  9.2.

Anal. C a lcd  fo r  C H H 16N 2O 2S : C , 60.8; H ,  5 .8 ; N ,  10.1; S, F ou n d : C , 62.5 ; H , 6 .6 ; N ,  9.1.
11.6. F ou n d : C , 60.8; H ,  5 .7 ; N ,  10.3; S , 11.4.

N,N-Diethyl-4-nitro-3-phenylsulfonylaniline (24).— A  suspen- Registry No.— 3a, 19766-54-2; 3b, 19766-55-3;
Sion of 4.0 g (14.4 mmoles) of 17 in 100 ml of freshly distilled 3C, 19770-72-0; 3d, 19770-73-1; 3e, 19770-74-2; 3f, 
diethyl sulfate was stirred at about 90° for 3 hr. After cooling 19770-75-3' 3g, 19770-76-4' 3h, 19770-77-5' 3i,
it was poured over ice and a yellow powder was removed by - '70 c ’ 1  • ’ 1 077n 70  7 ' a ’ 1 aV7 (\ on n ’ av!
filtration and recrystallized from chloroform-ethanol (1:1 v/v ). 197 7U-/8-6; 3 j, 19//U -19 -/ , 4a , iy//U -SU -U , 4b ,
Tic (silica gel, 20% ethyl acetate in benzene) showed it to be 17 19789-51-6; 4c, 19770-81-1; 4d, 19770-82-2; 4e,
containing a small amount of a second yellow material. A ll of 19789-52-7; 4f, 19771-02-9; 4g, 19770-83-3; 4h,
the recovered material was dissolved in 25 ml of dimethylformam- 19789-54-9; 4i, 19789-55-0; 4j, 19789-56-1; 5a,

and,‘;ea‘ed to ca\}m • vD,ethy ,sal^ te ■20fm,1);rai 19770-84-4; 5b, 19770-85-5; 5d, 19770-86-6; 5f,
added  w ith  rap id  s tirr in g . A f t e r  1 hr another 20 m l o f d ie th y l _ 7  _  ’  ’  1 0 7 7 n c e c  . 1 0 7 7 0  e o  o !  n
su lfa te  was added . S tirr in g  and hea tin g w as continued fo r  2 i y / / U - S f - f ,  5 g ,  191 fU - o o - o ,  01, 191 t U - o 9 - y , 1 3 ,

m ore  hr. T h e  reaction  m ix tu re  w as poured  o ve r ice  and a fine 5925-26-8; 14, 19770-91-3; 15, 19770-92-4; 16,
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19770-93-5; 17, 19770-94-6; 18, 19770-95-7; 19, and for many helpful discussions. The assistance
19770-80-0; 21, 19770-97-9; 22, 19770-98-0; 23, Dr. T. H. Regan and Mr. R. L. Young (nmr), Mr.
19770- 99-1; 24, 19771-00-7; 24 (N-ethyl homolog), D. P. Maier (mass spectra), Miss T. J. Davis (ir),
19771- 01-8; 25, 19771-02-9. and Mr. D. F. Ketchum (microanalysis) is very much

appreciated. Professor E. C. Taylor, of Princeton
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Rate constants, and in most cases Arrhenius parameters ( E a and AST values), have been determined in the 
gas-phase pyrolysis of sixteen 1-arylethyl benzoates, sixteen 1-arylethyl acetates, and sixteen 1-arylethyl methyl 
carbonates. In each case the rates for the pyrolysis of the meta and para isomers were correlated in a Hammett 
plot using <r+ constants. Furthermore, linear free-energy relationships involving ortho substituents were ob
tained in these gas-phase reactions when the log (k / k o ) for the pyrolysis of 1-arylethyl methyl carbonate was 
plotted as a function of log (k / k o ) for the pyrolysis of 1-arylethyl acetate or 1-arylethyl benzoate, each including 
ortho substituents. This demonstrates that proximity effects are minimal or nonexistent in these reactions.
From this study the following <r0+ substituent constants have been obtained: o-MeO, —0.411; o-Me, —0.233; 
o-Br, +0.551; o-Cl, +0.452; o-N02, +0.749.

Equations of the Hammett type have been very 1-arylethyl acetates were plotted as a function of log
successful in correlating equilibrium and rate data for ( k / k o )  for ori/to-substituted 1-arylethyl methyl carbo-
reactions of m eta -  and para-substituted benzene deriva- nates. A  preliminary report of the data on some of
tives. These equations, however, do not apply for these compounds has been given.6 In the present
similar reactions of oni/io-substituted benzene deriva- study, kinetic data of the gas-phase pyrolysis of sixteen
tives in the condensed phase because of “ proximity ortho -, m eta -,  and para-substituted 1-arylethyl benzoates
effects.”  Evaluation of orf/io-substituent constants is are presented along with some revised data from the
extremely difficult since proximity effects for a given gas-phase pyrolysis of the corresponding acetates and
ortho  substituent vary with the nature of the adjacent methyl carbonates. Linear free-energy relationships
reaction center, the particular reaction, and especially for ortho  as well as m eta  and p a r a  substituents in these
with the reaction conditions ( e .g ., solvent). I t  has three reactions in the gas phase are reported. From
been demonstrated, however, that proximity effects are these plots Hammett a+ constants are presented for the
not evident in a study of steric effects in the gas-phase ortho  substituents in reactions essentially free of proxim-
pyrolysis of isopropyl benzoates.2 From a vapor-phase ity effects,
kinetic study of the pyrolysis of orf/io-substituted
isopropyl benzoates, <r0° constants have been obtained Experimental Section
which correlate very well with Ta ft’s calculated values3 „  ,. ... . , ,
and w ith  other data obtained from  reactions thought to i-phenylethyl alcohol, which was purchased from Aldrich Chemi-
be free of the major contributing factor to the proximity cal Co., were prepared by sodium borohydride reduction of the
effects.4 substituted acetophenone in 70% aqueous methanol.

In the present investigation the objective was to Preparation of 1-Arylethyl Benzoates.— The benzoates were
evaluate <r+ values for ortho  substituents. Previous Prepared by benzoylatum of the appropriate alcohols with benzoyl

. , chloride m chloroform in. the presence of pyridine. The alcohol
pyro ysis studies * have established that the ummolecu- (0.1 mole) was mixed with a slight excess of pyridine (0.11 mole)
lar vapor-phase pyrolysis o f m eta -  and para-substituted in a three-necked flask fitted with a water condenser and a
1-arylethyl acetates and their m ethyl carbonates are thermometer. The mixture was cooled externally by an ice-
correlated w ith  the equation log ( k / k o )  =  p a  +  using the " at,er bfth and was stirred by a magnetic bar driven by a motor,
i  j  j  + , * ,, , . ■ 2  Redistilled benzoyl chloride (0.11 mole) in chloroform (80 ml) was

standard <r+ values Assuming that p rox im ity effects added a drop a/ a time, through a dropping funnel, while the
IOr ortho substituents in these gas-phase reactions are temperature of the mixture was kept below 15°. After all the
either negligible or equal, a linear free-energy relation- benzoyl chloride was added, the mixture was stirred overnight at
ship would result i f  log (k/ko) fo r orf/io-substituted room temperature. The reaction mixture was diluted with

ether and washed with dilute NH4OH solution, water, dilute
(l) Paper number x v i: B. L. Yates and G. G. Smith, J. Chem. Soc., HC1 solution, and then again with water. I t  was dried over

7 2 4 2  (1965). Abstract, 152nd National Meeting of the American Chemical magnesium sulfate prior to solvent removal. The desired benzo-
Society, New York, N. Y., Sept 1966, p 5100. Presented in part at the ates were obtained either by fractional distillation at reduced
Second Conference on Linear Free Energy Relationships, University of pressure or by recrystallization from pentane. A  shorter frac-
Califorma irvmg, March 27-29, 1968. tionation column was used in distilling high-boiling benzoates,

(3) R. W. Taft, Jr., J. Phys. Chem., 64, 1805 (1960). e+., 1 p-methoxyphen>lethyl benzoate [bp 140 (0.09 mm)], to
(4) (a) M. Charton, J. Amer. Chem. Soc.. 86, 2033 (1964). (b) K. K. Lum avold decomposition at the high temperature. Benzoates thus

and G. G. Smith, Chem. Commun., 1208 (1968). obtained were characterized by infrared and nmr spectra and
(5) R. Taylor, G. G. Smith, and w. H. Wetzel, J. Amer. Chem. Soc., 84, refractive indices, and where practical the purity was checked by

4817 (1962). vpc or thin layer chromatography. The physical constants are
(6) G. G. Smith and B. L. Yates, J. Org. Chem., 30, 434 (1965). listed in Table I.
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T able I  1 1 1--------- 1---------1--------- 1---------1--------

Physical Constants of 1-Arylethyl Benzoates *0.8 -
Substituent“  Mp or bp, °C  (mm) n »-sD Yield, %

H  115-116 (0 .1 9 )6 1 .5568 66 *0.8 -
V-M eO  140 (0 .0 9 ) 1.5575 64 P-MeO

o -M eO  3 4 .0 -3 4 .4  70 *04

p -M e  117-118 (0 .0 5 ) 1.5516 66 ’

o -M e  128-132 (0 .5 )  1 .5562 78

m-M e  126-127 (0 .2 3 ) 1.5524 84 * ° '2 '  p -m J K .

p -B r 142-144 (0 .0 7 ) 1.5785 83 j f  '

m -B r 139-141 (0 .1 3 ) 1.5793 50 > 0 -

P -C l 152-156 (0 .7 )  1 .5642 72 o’ p - C I% 5

o-C l 131-132 (0 .0 7 ) 1 .5669 70 -0.2. ijj-Br

m -C l 141-143 (0 .2 5 ) 1.5651 76

p - N 0 2 9 4 .8 -9 5 .5  82 . f l 4 _ QJ"CI

m -N 0 2 6 5 .0 -6 5 .5  64 ' y  '

* S a tis fa c to ry  an a ly tica l d a ta  h ave  been  ob ta ined  fo r  a ll com - . ® *N O z ^
pounds excep t those w ith  H  and p -M e  substitutes. b A . K la g e s  ~ P"N07
and P . A llen d o rff [Ber., 31, 1003 (1898 )] reported  bp 189° (21 
m m ). .5.8 _

--------- 1---------1---------1--------- 1_______ 1_______ 1_______ 1

P reparation  o f 1 -A ry le thy l A ce ta tes .— T h e  acetates w ere  '0-2 0 f *0-8 *8-8 *0.8
prepared  b y  e ith er o f the fo llo w in g  m ethods. ( A )  E qu a l m o lar O '

qu antities  o f  th e app ropria te  a lcohol and p y rid in e  w ere  d ilu ted  F igu re  l . - L i n e a r  free -en ergy  correla tion , H a m m ett P<r + p lo t,
w d h  anhydrous e th er (60 m l/0 1 m o le  o f a lcoh o l) T h e  m ixtu re fo r  Py ro ly Sis o f 1 -a ry le th y l acetates, p =  -0 .6 6 3 , correla tion
was p u t in to  the sam e apparatus used in  b en zoy la tion  and was coe ffic ien t =  — 0 998
cooled  ex tern a lly  w ith  an ic e -w a te r  b a th . A  s ligh t excess o f 
a c e ty l ch loride in  e ther (50 m l/0.1 m ole  o f ch lo rid e ) was added
a drop  a t a tim e w h ile  the m ix tu re  was s tirred  m agn etica lly . was used. E ach  ester was p y ro ly zed  a t least th ree tim es a t one
A fte r  the ad d ition  was com plete , the reac tion  m ix tu re  was tem peratu re  and repeated  a t severa l tem peratu res o ve r a range
stirred  o ve rn igh t a t room  tem peratu re . F ro m  then  on the trea t- o f 3 0 °. T h e  tem peratures used in  the calcu lations fo r  Arrhen ius
m en t was the sam e as in  the p reparation  o f benzoates. (B )  param eters are g iv en  in T a b le  IV .
K e ten e , genera ted  b y  p y ro ly z in g  acetone o ve r a g low in g  p la tin u m  K in e tic s .— Since the reaction  was fo llow ed  b y  m easuring pres-
w ire, was bu bb led  d irec t ly  in to  the app ropria te  a lcohol e ith er sure change vs. tim e  b y  means o f a pressure transducer, th e out-
w ith  or w ith ou t a s o lv en t (p etro leu m  ether, bp  6 0 -9 0 ° ).  T h e  pu t, E, va r ied  lin ea rly  w ith  the absolu te pressure, P. F irs t-
reaction  was ca ta lyzed  b y  add ing trace am ounts o f p -to luene- order ra te  constants w ere  calcu lated  d irec t ly  fro m  th e  s lope o f
su lfon ic acid  to  the a lcoh o l. T h e  ap p rox im ate  duration  o f p lots  o f lo g  ( £ .  — Et) against tim e fo r  fou r to  s ix 1 half-lives ,
bu bb ling was 1 .5-2  hr/0.1 m o le  o f a lcohol. T h e  reaction  m ix tu re  Values o f E  and th e  elapsed tim e, f, w ere  ob ta in ed  d irec t ly  from
was d ilu ted  w ith  e th er and was washed w ith  d ilu te  N H ,O H  the recorder chart, usually a t 1-m in in terva ls . T h e  reproducib il-
solu tion  and w a te r. I t  was then  trea ted  as in  the p reparation  o f i t y  o f  ra te  constants thus ob ta ined  was w ith in  ± 2 % ,  excep t fo r
benzoates. T h e  acetates w ere  characterized  b y  th e ir in frared  those o f n itro-substitu ted  esters, w h ich  w ere  w ith in  ± 1 0 %  due to
and nm r spectra . T h e ir  physica l constants are g iv en  in T a b le  I I .  secondary decom position . T h e  A rrhen ius p lots  w ere  linear

Preparation  o f 1 -A ry le thy l M e th y l C arbonates .— T h e  carbon- (corre la tion  coefficients > 0 .9 9 6 ) fo r  a ll th e  esters p y ro ly zed .
ates w ere  p repared  b y  e ith er o f the fo llo w in g  m ethods. ( A )  A  T h e  Arrhen ius param eters w ere  ca lcu lated  b y  com b in ing the 
la rge  excess o f m e th y l ch loro fo rm ate  was added  to  the alcohol experim enta l ra te  equ ation  w ith  E y r in g ’s ra te  expression assum-
and the m ixtu re was re fluxed  fo r  10-12 hr. T h e  reaction  was in g th a tE a  =  A H  T  and th a t th e transm ission coe ffic ien t is equa l
in itia ted  b y  add ing a few  drops o f p yr id in e  befo re  re flu x ing th e  to  one. H ence , kexpt = (kT/h)e^sV Re~ E‘/RT. Ejwa.seva lu a ted
m ixtu re. A fte r  the reaction  was stopped  and cooled  to  room  fro m  a p lo t o f lo g  kelpl vs. l/T.
tem peratu re, i t  was trea ted  in  a m anner sim ilar to  th a t em p loyed
in  the preparation  o f acetates b y  keten iza tion . T h is  m ethod  was Results
used in the p reparation  o f n itro - and halo-substitu ted  1-phenyl-

e th y l alcohols. (B )  T h e  m e th y l carbonates o f unsubstitu ted or The pyrolyses of all the esters followed first-order
7 ?.Emetics up to six half-lives except foe the „itro « t e r . ;  

ary le th y l acetates. Y ie ld s  w ere  r e la t iv e ly  lo w  com pared  w ith  in  these, secondary decomposition occurred later in the
those from  the n ex t m ethod . (C )  A  la rge  excess o f m e th y l ch loro- reaction. For nitro esters the initial slope of the first-
fo rm ate  w as added  a drop  a t a tim e to  a solu tion  o f the a lcohol order plot (for 50-75% reaction) was used to estimate
in excess p yr id in e  w h ile  it  was s tirred  v igo rou s ly  and cooled  ex- t h e  r a t e  constants. The relative rates of pyrolysis,
te rn a lly  w ith  an ic e -w a te r  b ath . A  finger condenser w ith  D r y  Ic e -  . r •
a lcohol as coo lan t was connected  to  th e reaction  flask. A f te r  the energies, and entropies of activations are given in Table 
add ition  was com p leted , th e  m ix tu re  w as refluxed  fo r  1 .5 -2  hr. I V .
T h e  reaction  m ixtu re  separated  as in  m ethod  B . T h is  m ethod  Figures 1-3 show the linear free-energy relationship 
proved  app licab le  to  a ll th e alcohols. T h e  physica l constants o f in a  Hammett cr+  correlation in the pyrolysis of 1- 

?Dthyl, earbon^ fs are given in Table , • , arylethyl acetates, 1-arylethyl methyl carbonates, and
steel, constan t-vo lu m e reactor possessing an au tom atic  pressure 1-arylethyl benzoates, respectively. The linear corre-
m on itorin g  system  p rev iou s ly  described .7 T h e  reactor, in th is  lation coefficient for these three plots are 0.998, 0.996,
stu dy, was used em p ty  and also packed  w ith  enough stainless and 0.990, respectively. I t  has already been reported
steel gauze to  increase the reac to r surface b y  a fa c to r  o f ten  to  that the pyrolysis of acetates follows a cr+ correlation.5,8
check fo r  an y  surface reactions. N o n e  was observed  in  a seasoned r™ c , i - u l  x j - j
reactor. T h e  tem peratu re o f the reactor was m easured to  a T h e  mechanism for ester pyrolysis has been studied
precision  o f ± 0 .0 5 ° .  A b o u t 200-300 m1 o f a liqu id  sam ple o r extensively in the last 20 years and the available data
equ iva len t am ounts o f a solid  sam ple in purified  ch lorobenzene has been reviewed recently.9 There seems little doubt
-------------- that charge separation occurs in the transition state in

(7) (a) G. G. Smith and F. D. Bagley, Rev. S c i.  Instr., 32, 703 (1961);
(b) J. A. Kirby, Ph.D. Thesis, Utah State University, Logan, Utah, June (8) A. Maccoll, Advan. Phys. Org. Chem., 3, 91 (1965).
1967; (c) G. G. Smith and J. A. Kirby, Analyst, 94, 242 (1969). (9) K. K. Lum and G. G. Smith, J. Chem. Kinetics, in press.
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Table I I

Physical Constants of 1-Arylethyl Acetate

Mp or bp, Yield, % Lit. Lit.
Substituent °C  (mm) n20,sD (method) bp, °C  (mm) u d  (°C )

H  49 (0 .0 4 ) 1 .4940 Purchased

o -M e  5 9 .0 -5 9 .5  (0 .0 8 ) 1.4981 67 (A )  8 0 (2 ) «  1 .4991 (2 5 )“

m -M e  8 0 -8 0 .5  (0 .7 6 ) 1 .4943 84 (B )6

p -B r  84-85 (0 .1 6 ) 1 .5297 60 (B )  1 0 8 (2 ) «  1 .5351 (2 5 )«

TO-Br 7 5 .0 -7 5 .5  (0 .1 4 ) 1 .5294 79  (B )  9 6 (1 .1 ) «  1 .5295 (2 5 )“

o -C l 7 0 .0 -7 0 .5  (0 .0 8 ) 1 .5100 66 (A )  64-65 (0 .0 5 )' 1 .5011 (2 0 ) '

m -C l 6 7 .5 -6 8 .0  (0 .1 8 ) 1.5091 82 (B )  65-66 (0 .5 ) «  1 .5 1 1 6 (2 5 )«

p - N 0 2 5 5 .5 -5 6  81 (B P

to-N O s 105-106 (0 .1 6 ) 1.5227 65 (A )  1 3 1 (1 .6 ) «  1 .5225 (2 5 )“

“ R e feren ce  5. b Anal. C a lcd  fo r  C n H I(0 2: C , 74.13; H , 7.91. F ou n d : C , 74.38; H , 8.07. 'R e fe r e n c e  6. d Anal. C a lcd
fo r  C I0H uN O , :  C , 57.41; H , 5.30; N ,  6.69. F ou n d : C , 57.41; H , 5.31; N ,  6.62.

Table I I I

Physical Constants o f  1-Arylethyl Methyl Carbonates

Yield, %  Lit. Lit.
Substituent Bp, °C  (mm) n20*^  (method) bp, °C  (mm) nMD

H  6 4 .0 -6 4 .5  (0 .2 5 ) 1 .4912 64 (C )  8 5 (0 .4 ) “ 1 .4930 «

p -M e O  9 9 .5 -1 0 0  (0 .2 3 ) 1 .5011 59 (C )  8 8 (0 .2 ) “ 1 .5021 «

o -M eO  87-88 (0 .2 )  1 .5012 25 (B )  76-77 (0 .1 ) “  1 .5078 “

p -M e  6 7 .5 -6 8 .5  (0 .0 8 ) 1.4910 24 (B )  62-64  (0 .3 ) “ 1 .4920 «

m -M e  7 4 .5 -7 6 .0  (0 .2 2 ) 1 .4914 70 (C )6

m -B r 90-91 (0 .1 9 ) 1 .5257 46 (C ) '

o -C l 8 1 .0 -8 1 .5  (0 .1 7 ) 1 .5055 90 ( A )  74-75 (0 .5 ) «  1 .5068 «

m -C l 82-83 (0 .2 4 ) 1 .5059 62 (C )  80-82 (0 .1 ) “  1 .5074“

o-NO s 123 (0 .4 )  1 .5175 (2 2 ) 81 ( A ) “

“ R e feren ce  6. b Anal. C a lcd  fo r  C ;1I I u0 3: C , 68.02; H , 7.26. F ou n d : C , 68.07; H , 7.16. c Anal. C a lcd  fo r  C i0H nB rO 3:
C , 46.31; H , 4.28; B r, 30.81. F ou n d : C , 46.09; H , 4.51; B r, 30.56. d Anal. C a lcd  fo r  C 10H nN O 5: C, 53.33; H , 4.92; N ,  6.22. 
F ou n d : C, 53.03; H , 5.19; N ,  6.15.

T a b l e  IV

L o g  o f  t h e  R e l a t i v e  R a t e s  a n d  E n e r g i e s  a n d  E n t r o p i e s  o f  A c t i v a t i o n  o f  P y r o l y s e s  o f  

1 - A r y l e t h y l  B e n z o a t e s , A c e t a t e s , a n d  M e t h y l  C a r b o n a t e s

'----------------- Acetates (374.1°)------------------> /------------------Benzoates (374.1°)------------------s ,----------------- Carbonates (346.0°)------------------ .
Sub- Registry Log Registry Log Registry Log

stituent no. (k / k  o) Ba A S * r  no. (*/*») A S * r no. (k / k t ) Ba A S * r

H 93-92-5 0.00 43.1 - 2 .9  0.999 13358-49-1 0.00 42.6 - 2 .5  0.998 1796-59-4 0.00 41.2 - 1 .8  0.999
p-MeO 945-89-1 0.52 38.9 - 7 .4  0.998 19771-09-6 0.77 43.9 3.4 0.999 1678-47-3 0.61 41.1 0.56 0.999
o-MeO 19759-39-8 0.26 19771-03-0 0.38 46.6 5.7 0.998 2016-97-9 0.33 37.9 - 5 .7  0.998
p-Me 19759-40-1 0.19 43.2 -1 .3 2  19771-04-1 0.25 47.2 6.0 0.997 1796-67-4 0.23 41.0 - 1 .1  0.999
o-Me 19759-21-8 0.17 44.4 - 0 .3  0.999 19771-05-2 0.21 1678-48-4 0.20 42.7 1.6 0.998
m-Me 19759-22-9 0.07 43.6 - 1 .9  0.997 19771-06-3 0.08 44.1 0.65 0.999 19759-33-2 0.09 44.2 3.3 (L999
p-F 2928-12-3 0.035 1796-57-2 0.02
p-Br 19759-23-0 -0 .0 9  46.2 1.2 0.999 19771-07-4 -0 .105  44.8 7.4 0.999 1796-69-6 -0 .1 4
o-Br 1796-61-8 -0 .3 3  1796-70-9 -0 .4 0
m-Br 6948-02-3 -0 .2 3  45.7 -7 .1  0.999 19771-10-9 -0 .2 5  44.7 -0 .1 0  19759-34-3 - 0  25 44 0 1 3 0 999
p-Cl 19759-43-4 -0 .0 7  19771-11-0 -0 .0 9  1796-71-0 -0 .085
o-Cl 1996-62-9 -0 .2 8  46.1 0.32 0.999 19771-12-1 -0 .3 0  43.1 - 2 .8  0.996 1796-56-1 - 0  32 42 9 - 0  55 0 999
m-Cl 19759-26-3 -0 .2 4  44.9 - 1 .3  0.999 19771-13-2 -0 .2 7  45.9 1.6 0.999 1796-72-1 -0 .2 6  44.0 1.3 0.999
p-NOj 19759-27-4 -0 .5 3  40.5 - 9 .8  0.999 19771-14-3 -0 .5 0  43.5 - 3 .5  0.999 19759-49-0 -0 .5 0  42.4 - 2 .3  0.998
°'N° 2 19759-37-6 -0 .5 1  41.2 - 4 .2  0.999
m-NO, 19759-28-5 -0 .4 7  41.3 - 8 .3  0.999 19771-15-4 -0 .4 8  44.7 - 1 .6  0.999 1796-68-5 -0 .4 6  41.7 - 3 .5  0.998

Table V
o-o* Substituent Constants from Gas-Phase Pyrolysis of Esters

'  ------------------------------------------------- (To + --------------- -------- ------------------------------------------------------ -

Substituent A ° B b C° A v  <rp+ <rm +

M e O  — 0.382  — 0 .4 6  — 0 .4 35  — 0 .426  — 0 .7 8  — 0 .0 47

M e  - 0 .2 4 6  - 0 . 2 4  - 0 .2 5 1  - 0 .2 4 6  - 0 . 3 1  - 0 .0 6 6

B r  + 0 .5 0 8  + 0 .5 9 4  + 0 .5 5 1  + 0 .1 5  + 0 .4 0 5
C l + 0 .4 3 3  + 0 .4 5  + 0 .4 8 2  + 0 .4 5 5  + 0 .1 1  + 0 .3 9 9

N ° 2 + 0 .7 4 9  + 0 .7 4 9  + 0 .7 7 8  + 0 .6 7 4

° (A .) P y ro ly s is  o f acetates, p  =  -0 .6 6 3 , corre la tion  coeffic ien t =  -0 .9 9 9 . b (B )  P y ro ly s is  o f benzoates, p =  -0 .7 9 5 , corre la tion  
coe ffic ien t =  -0 .9 9 0 . '  (C )  P y ro ly s is  o f carbonates, p =  -0 .7 0 9 , corre la tion  coe ffic ien t =  -0 .9 9 6 .
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o-Br a r
m - c r \  .o  4 > ^ s - c i

■M -  ■ '  y * m-N02

-0 .6 -  E' N° k  - 0 .6 -  '  e.N02

- 0 .6 .  -  - 5-i - .................................................................................. -

-0  8 -o le .... :¿ 4  - M  0 *0.2 *0.4 *0.6 *0 6 * *  - ff; 2 ® +»-2 * «  * «  * «
c r  *  ,0« M 0

F igu re  2.— L in ea r free -en ergy  correla tion , H a m m ett pa + p lo t, F igu re  4.— L in ea r free -en ergy  correla tion , lo g  (k/k¡¡)  fo r  the
fo r  th e pyro lys is  o f 1 -a ry le th y l carbonates, p = -0 .7 0 9 , cor- pyro lys is  o f 1 -a ry le th y l acetates vs. lo g  (k/tc0) fo r  th e  pyro lys is
re la tion  coe ffic ien t =  — 0.996. o f 1 -a ry le th y l carbonates, in c lu d in g ortho substituents, p =

0.833, correla tion  coeffic ien t =  0.994.

i i-----------1-----------1-----------1-----------1-----------1----------

*»■0 ^  -  -----------T---------- I---------- I---------- 1---------- I---------- I---------- T----------
•  P-M eO  *0.8 -

p-OMe •  .
*0.6 -  _  /

*0.4 -  \  _ /

X *  8-Me /  o-OMe
*0.2 -  p - M e \  -

O ~ \  U -M e  *0 .2 - X  a.Me

*  0 /  
o> V p *  ~ 0 -  »-Me
-  E - C l^ s .  „  p-Br

-0.2- X ® - 6*- - $  -0 .2 - y  i CI

' U '  \  -  -0.4 -  ~ /  ffi-CI
ro -N o2

-0.6 iN °2/  ffl'NOj

-0 8

-0.8 -0.6 -0.4 -0.2 0 *0.2 *0.4 *0.6 *0.8 _gg ,g j¡  .54 , g ¡  g *g .j + j,4 *g.g *0.8loghA0
F igu re  3.—-L in ea r free -en ergy  correla tion , H a m m ett p lo t, F igu re  6 . _ L in ea r fre e-en ergy  correla tion , lo g  (k/h) fo r  th e

for th e  p yro lys is  o f 1 -a ry le th y l benzoates, p =  -0 .7 9 5 , cor- pyro lys ig  o f x. ar>1ethyl benzoates vs. lo g  (k/h>) fo r  th e  pyro lys is

re la tion  coe ffic ien t =  =0 .9 90 . o f 1 -a ry le th y l carbonates, in c lu d in g ortho substituents, p =

1.00, correla tion  coeffic ien t =  0.996.

this unimolecular gas-phase reaction, but a serious
question has been raised about the formation of an reactions are directly comparable, and any proximity
ion-pair intermediate, which has been proposed for effects by the ortho substituents are constant or perhaps
reactions of this type.10 even negligible.

Figures 4 and 5 are linear free-energy plots for the In such a situation, <r+ constants could be determined 
pyrolysis of acetates vs. carbonates and benzoates vs. for ortho substituents from the rate data of each indi
carbonates with linear correlation coefficients of 0.994 vidual reaction using the p value for the equation log
and 0.996, respectively. The ortho substituents, as (fc/fc0 =  per + for the para and meta substituents). The
well as the pora and meta substituents, are all correlated a+ values for ortho substituents thus calculated are
with a degree precision. These plots demonstrate that listed in Table V. The a0+ values obtained from these
substituent effects in all three gas-phase pyrolysis different reactions agree reasonably well with each

, ,  „  „  . — — — — . ., J T T O . . . J D 1 UÍ I .  other. Included for comparison are <j+ constants for(10) (a) M. Hanack, H.-J. Schneider, and H, Schneider-Bernlohr, Tetra- .
hedron, 23, 2195 (1967); (b) J. C. Scheer, E. C. Kooyman, and F. L. J. t í l6  C o r r e s p o n d in g  THctd £tIlCÍ P&1 d  S llD S tltU G n iS .
Sixma, Rec. Trav. Chirn., 82, 1123 (1963); (c) C. A. Bunton, K. Khaleeluddin,
and D. Whittaker, Nature, 190, 715 (1961). (11) H. C. Brown and Y . Okamoto, J. Amer. Chem. Soc., 80, 4979 (1958).
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1 1 1 1 1 amides, and numerous addition reactions to carbonyl
♦2.2 - •  a-N02 -  compounds.1613

/  Explanations for Proximity Effects.— In an attempt
8 I  to explain these complicating proximity effects many
' / hypotheses have been suggested such as primary16

o ’ / 4 p-N02 and secondary steric effects,17 intramolecular hydrogen
| +1.4 - j  bonding,18 field effects,1413'19 and effects of substitution
2 ^  j  on solvation,20 as well as several less understood con-
| S  / _ cepts such as ponderal effects,21 London forces,22 and
o x * ’ „ _. /  miserable effects.23
& | ^  f  Brown, et al.,16 have emphasized the importance of
| w +o.6 - p J f*  -_l - primary steric effects (compression between the reac-
g 9 F i  P_CI tant and the neighboring substituent in bimolecular

p- f * /  _ reactions). In contrast and opposition to Brown, a
if *0-2 / long series of papers published by Chapman, Shorter,
“  0 T H “ and coworkers deal with attempts to separate polar,
-  -0.2 - w  p_Me - resonance, and steric effects in systems involving

o-Me i  '  ortho substituents. This group has stressed recently203
_0 _ J  _ the importance of the solvent participation, including

( '  | ( f steric inhibition of solvation, in both the ground state
I0T4 0 +0)4 nil TiTo and transition state, the polar facilitation of solvation,

o-0 & o', ( isopropyl benzoates pyrolysis-  and the ring solvation effects. Solvation effects alter
e jones and sm ith) both the entropy and enthalpy of activation. Many

Figure 6.—Linear free-energy correlation, log (k/h) for the other scientists have also spoken of the importance of
ion-pair formation of benzoic acid with 1,3-diphenylguanidine steric interference with solvation of the transition
in benzene (Davis and Hetzer24) against and <r„° (Jones state.20 Hojo, et al.,wd have shown that the extent of 
and Smith2) determined from the pyrolysis of substituted iso- solvent participation is dependent on the solvent as well 
propyl benzoates. as ^  reac ĵon_ For example, proximity effects are

. present but constant in various solvents in reactions
iscussion such ag tjle alkaline hydrolysis of ori/io-substituted ethyl

Evidence for Proximity Effects.— Relating structure benzoates, whereas the solvent effect on the ortho-
to reactivity for rigid systems, where the substituent proximity effect (or vice versa) is marked and variable in
is located meta or para to the reactive site in benzene the ionization of aryl acids.
derivatives, has been remarkably well accomplished There is little doubt that the medium plays a very 
with linear free-energy relationships of the Hammett important role in reactivity in the condensed phase and
type.12 Results in the less rigid aliphatic systems and that this role is dependent on the ortho substituent,
in ort/io-substituted benzene derivatives, where the Studies of orfAo-substituent effects in the condensed
problem is substantially more complex, have not been phase are, therefore, very formidable, particularly when
as fruitful. Ortho substituents are considered to polar solvents are involved.
involve a variety of effects in addition to the well- Whatever the explanation for proximity effects, the 
known inductive, field, and resonance effects generally problem of evaluating ori/io-substituent constants is
acknowledge with meta- and para-substituted deriva- appreciably eased in studies of unimolecular reactions
tives. These additional effects are frequently referred where the primary steric effects have been excluded
to as “proximity effects” and have been reported in and the reacting molecules are sufficiently separated
measurements of half-wave potential in polarographic
a n a ly s i s ;13 i r , 14a U V ,14b a n d  n m r 14c,d s p e c t r a ;  d i f f r a c t i o n  (16) H. C. Brown and B. Banner, J. Amer. Chem. Soe., 88, 986 (1966).

p a t t e r n s ;1651 a n d , o f  c o u rs e , in  m a n y  c h e m ic a l  r e a c t io n s  (17) (a) G - Smithand d  v . w h ite J. Org. chem 29, 3533 (1064);
^  - , ” . . - . (b) J. F. Dippy, S. R. C. Hughes, and J. W. Laxton, J. Chem. Soc., 1470
SUCll RS tn.6 ionization OI RClQSj nycirolysis OI ©stors and. (1954); (c) N. B. Chapman, J. Shorter, and J. H. P. Utley, ibid., 1824 (1962).

(18) R. Stewart and M . R. Granger, Can. J. Chem., 39, 2508 (1961).
(12) L. P. Hammett, “ Physical Organic Chemistry,”  McGraw-Hill Book ( 19) The importance of the field effect between the reaction site and the

Co., Inc., New York, N. Y ., 1940, pp 184-199. substituent is gaining recognition and is dependent on the distance and
(13) D. H. Geske, J. L. Ragle, M . A. Bambenek, and A. L. Balch, direction between the reacting site and the substituent: (a) P. R. Wells

J. Amer. Chem. Soc., 86, 987 (1964); W . H. Hussey and A. J. Diefenderfer, and W. Adcock, Australian J. Chem., 18, 1365 (1965); (b) M . J. S. Dewar
ibid., 89, 5359 (1967). and T. G. Squires, J. Amer. Chem. Soc., 90, 210 (1968); (c) H. D. Holtz

(14) (a) L. J. Bellamy and R. L. Williams, J. Chem. Soc., 4294 (1957); and L. M. Stock, ibid., 86, 5183, 5188 (1964); 87, 2404 (1965); R. Golden
3465 (1958); M. L. Josein and C. Castinel, Bull. Soc. Chim. France, 801 and L. M. Stock, ibid., 88, 5928 (1966); (d) M. J. S. Dewar, Chem. Commun.,
(1958); I. R. Solomon and R. Filler, J. Amer. Chem. Soc., 85, 3492 (1963); 547 (1968); (e) K . Bowden, Can. J. Chem., 44, 661 (1966).
G. Elington, G. Ferguson, K . M. Islam, and J. S. Glasley, J. Chem. Soc., B, (20) (a) J. G. Watkinson, W. Watson, and B. L. Yates, J. Chem. Soc.,
1141 (1967); (b) R. C. Cookson, ibid., 282 (1954); I. R. Solomon and R. 5437 (1963); (b) C. C. Price and D. C. Lincoln, J. Amer. Chem. Soc., 73,
Filler in ref 14a; E. L. Eliel, “ Stereochemistry of Carbon Compounds,”  5836 (1951); (c) J. B. Hyne and R. Wills, ibid., 85, 3650 (1963); (d) M.
McGraw-Hill Book Co., Inc., New York, N. Y ., 1962; H. Foster, J. Amer. Hojo, M. Utaka, and Z. Yoshida, Tetrahedron Letters, 19 (1966); Yuki 
Chem. Soc., 82, 3780 (1960); (c) V. J. Kowalewski and D. G. de Kowalewski, Gosei Kagaku Kyokai Shi, 23, 1034 (1965); Chem. Abstr., 64, 4916 (1966);
J. Chem. Phys., 37, 1009 (1962); F. C. Stehling, Anal. Chem., 35, 773 (1963); (e) K . Yates and R. Stewart, Can. J. Chem. 37, 664 (1959); (f) C. H.
(d) N. Boden, J. W.Emsley, J. Feeney,and L. H. Sutcliffe, Mol. Phys., 8, 133 Rochester and B. Rossall, J. Chem. Soc., B, 743 (1967); (g) F. E. Condon,
(1964); M . T. Tribble and J. G. Traynham, 2nd Conference on Linear Free J. Amer. Chem. Soc., 87, 4494 (1965); (h) C. L. De Ligny, Rec. Trav. Chim.,
Energy Relationships, University of California, Irvine, March 27-29, 1968. 85, 1114 (1966); (i) N. B. Chapman, M . G. Rogers, and J. Shorter, ref

(15) (a) G. Ferguson and J. M. Robertson, Advan. Phys. Org. Chem., 1, 15b; (j) S. Ehrenson, 2nd Conference on Linear Free Energy Relationships,
203 (1963), and references contained therein; G. Eglington, G. Ferguson, K . University of California, Irvine, March 27—29, 1968.
M . Islam, and J. S. Glasley, in ref 14a; (b) G. E. K. Branch and M. Calvin, (21) C. K. Ingold, Quart. Rev. (London), 11, 1 (1957).
“ The Theory of Organic Chemistry,”  Prentice-Hall, Inc., New  York, N. Y ., (22) J. D. Reinheimer and J. F. Bunnett, J. Amer. Chem. Soc., 81, 315
1941, pp 192—194, 593; N. B. Chapman, M . G. Rodgers, and J. Shorter, (1959).
J . Chem. Soc., B, 164 (1968), and earlier papers. (23) J. F. Bunnett and J. Y . Bassett, Jr., J. Org. Chem., 27, 2354 (1962).
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from one another to avoid interaction with the solvent inhibition of resonance in the gas-phase pyrolysis of
or other reacting molecules. This has been accom- 1-arylethyl acetates.
plished in gas-phase reactions. <r0° substituent con- The general applicability of these orf/io-substituent 
stants obtained in the gas-phase pyrolysis of isopropyl constants will be shown as other similar systems are
benzoates2 correlate very well with other polar ortho -  studied where different bonds are broken such as in the
substituent constants obtained from Davis and Hetzer’s thermolysis of 1-arylethyl methyl xanthates, amine 
work on the reaction of benzoic acid with 1,3-diphenyl- oxides, and /3-hydroxy olefins (CH 2= C (A r )C H 2CH2OH, 
guanidine in benzene.24 This correlation is shown in ArCHOHCH2C H = C H 2).
Figure 6. Strong support has already been obtained for these

As solvent molecules apparently play a major role in orf/io-substituent constants in an electron-impact study 
proximity effects, it is not surprising that ortho-sub- of substituted benzophenones. Mass spectral data for
stituent effects in one gas-phase reaction correlate with ortho-, meta-, and para-substituted benzophenones, log
orfAo-substituent effects in another, particularly if the (Z/Z0) (Z  =  [C6H6CO+]/[XC6H4COC6H5+], Z 0 =
reactions both utilize a similar pathway. Unimolecu- [C6H5CO+]/2X[C6H6COC6H5+]) were plotted vs. <j ~
lar gas phase reactions correlated by <r + substituent constants for meta and para substituents, and for the
constants, therefore, afford an approach to establishing ortho <j + constants reported from this study. The
<7 + substituent constants for ortho substituents free correlation coefficient in this study, which is reported
from solvent participation and, of course, primary steric elsewhere,25 is 0.984.
effects. Apparently the secondary steric effects for Acknowledgment.-This work was supported in part 
such reactions are negligible or similar and cancel out. National Science Foundation Grants> GP 2940
Ear her studies"* showed that two methyl groups, ^  Qp Grateful acknowledgment is given for
flanking a p-methoxy substituent, exhibited steric support

(24) M. M. Davis and H. B. Hetzer, J. Res. Natl. Bur. Std., 60, 569 (1958). (25) K. K. Lum and G. G. Smith, J. Org. Chem., 34, 2095 (1969).
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A  linear free-energy relationship involving ortho substituents has been found between the benzoyl ion intensities 
in the mass spectra of substituted benzophenones and a + substituent constants. This good correlation indicates 
that proximity effects are equivalent or negligible in gas-phase electron-impact reactions of benzophenones.

The evaluation of ortho <j° 1 and o + constants2 has trometry. They also limited their study to meta and
been carried out in this laboratory by studying the gas- para substituents. In the present investigation the
phase pyrolysis of esters which is a unimolecular, method of McLafferty, et a l, of correlating relative ion
homogeneous reaction. The correlation of the <r0° intensities with <r+ substituent constants was adopted,
constants with the ion-pair formation of benzoic acid in Mass spectral data for ortho-, meta-, and para-substituted
benzene3 is remarkable.2 The present study was benzophenones, log (Z/Z0), (Z  =  [C6H5CO+]/ [XC6H4-
designed to test whether <r0+ constants previously COC6H6+], Z 0 =  [C9H 5CO+]/2[CeHsCOCeLL+]) were
obtained from kinetic data of pyrolysis of various esters2 plotted vs. <r+ constants for meta and para substituents,
could be correlated in another gas-phase reaction which and the recently reported ortho <r+ constants were
is unimolecular and homogeneous. determined from pyrolysis of esters.2

Mass spectrometry provides a system for this pur- +
pose. Lossing, et a l .,* have shown that the ionization [" 0

potentials of benzyl radicals, eq 1, can be correlated in a / ~ \  jj f ~ \  ,
linear free-energy relationship involving <r+ substituent X _ /  \  /

_ X  _

X C 6H ,C H 2I XCeH 4C H 2- A -  X C 6H 4C H 2 + +  2e~ (1) molecular ion

constants. They limited their study to m eta  and para ()+
substituents. McLafferty, et a l.,6 have investigated __  ii

substituent effects in benzophenones and acetophenones V /— c — \ / — XC6H4- +
by studying the ratio of ion intensities in mass spec- y X —J  \ = J  ̂  benzoyl ion

(1) D. A. K. Jones and G. G. Smith, J. Org. Chem., 29 , 3531 (1964).
(2) G. G. Smith, K . K . Lum, J. A. Kirby, and J. Pospisil, ibid., 34, 2090 Experimental Section

(1969).
(3) M. M. Davis and H. B. Hetzer, J. Res. Natl. Bur. Std., 60, 569 (1958); Preparation of Benzophenones.— Substituted benzophenones

G. G. Smith and K . K. Lum, Chem. Commun., 1208 (1968). commercially available were recrystallized two or three times
(4) A. G. Harrison, P. Kebarle, and F. P. Lossing, J. Am. Chem. Soc, 83, frQm gpectra l g rade methanol Or fractionally redistilled at reduced

" f f l W M .  M . Bursey and F. W. McLafferty, ibid., 88, 529 (1966); (b) pressure, o -H y d ro x y , m -chloro-, and m - and o-brom obenzo-
F. W. McLafferty, Chem. Commun., 956 (1968), and references therein. phenones w ere prepared  b y  a F r ied e l C ra ft  reaction  w ith  the
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S  1 ' 1 1 ~ 1 1 1 1 stants, including those for ortho substituents previously-
determined, a straight line was obtained (p =  0.619) ; 

*o,5 - - the linear correlation coefficient equals 0.984 as shown
in Figure 1.

« The fact that a good correlation of <j0 + constants was
iN°2 obtained with the ion intensities in mass spectra of

No+ ' ' E œ-ci - benzophenones indicated that proximity effects are
is- 0 _ m-Me B'Br . equivalent or negligible in gas-phase pyrolysis of esters
g> H and gas-phase electron-impact reactions of benzo-

- phenones. These results are surprising considering the
complexity of the factors which affect ion abundance.613 

'w a.Ht # - An explanation for the failure of the o-Me substituent to
-it E'0Me correlate in this study is given in a recent paper by

Ballantine and Pillinger6“ who have studied the mass 
. 0. ) . _ spectra of orf/io-substituted benzophenones. Based on

------ 1------1____ ' '____ i i i 1 their paper the o-OH substituent would also show a
-0.6 -0.5 -0.4 -0 .2 ° * 0-2 *0À *°-s marked deviation. With o-Me and o-OH substituents

’ a hydrogen migration occurs and a large M  — 1 peak
F igu re  1.— L in ea r free -en ergy  corre la tion  o f th e  b en zoy l ion  appears as the base peak. Meyerson, et al., discussed

in tensity , Z  = [C 6H 5C O +]/ [C 6 H 6C O C 6H 4Y ] + in  th e  mass spectra  the mass spectra of ortAo-substituted diarylmethanes.6b
o f  ortho-, meta-, and para-su bstitu ted  benzophenones w ith  a+ t t , ; »  , , ■ ..
constants- P =  + 0 .6 1 9 ; lin ear corre la tion  coe ffic ien t =  0.984. ^his effect causes a marked deviation as

shown in the figure. The result of this investigation,
. . .  , , . however, supports the suggestion that <r0+ constants are

correspond ing b en zoy l ch loride, benzene, and alum inum  ch loride. „ u . ; nQu i_  „
o -M eth oxyb en zop h en on e  was p repared  b y  m éth y la tion  o f  o- obtamable for gas-phase ummolecular, homogeneous
h ydroxyben zophen one w ith  d im e th y l su lfa te  in  a lcoholic  sod ium  reactions. ̂  One of the differences between these two
h yd rox id e  solu tion . N o  in d ica tion  o f appreciab le  im purities  was reactions is that the reactant of the latter is an unsol-
d etec ted  in  the mass spectrum  o f a n y  com pound. vated cation, whereas in pyrolysis the reactant is an

M a s s  Spectra -A l l  th e mass spectra  w ere  recorded  on  a H ita -  unsolvated molecule 
chi R M T J-6E  sing le-focusing instrum ent using 80-eV  electrons a t T , , ci x, ' , . , ,, . ,. , . ,
an  em ission current o f 80 p A . A l l  solid  sam ples w ere  in trodu ced  -p bas ° f f e n  been emphasized that reactions which 
a t a su itab le  tem peratu re  inside th e  sam ple hea ter (2 5 -4 5 ° ) to  g iv e  follow a pa+ relationship involve a negative p value,
enough va p o r  pressure fo r  record ing. L iq u id  sam ples w ere  in- This is because the reaction involves an electron-
je c ted  a t 170°. T h e  source tem peratu re was m a in ta in ed  a t deficient intermediate, transient or otherwise, which can

f  ”  + »  rate-determining transition state by
d ev ia t ion  fo r  fou r to  e igh t rep lica te  record ings o f the sam e electron release from an aromatic ring. Examples of
sam ple w as, on th e  average , 2 .5 % ; ra tios  o f fra gm en t ion  in - this are cumyl chloride solvolyses,7 the pyrolysis of 1-
tensities  to  m olecu lar ion  in tensities w ere  constant to  w ith in  3 %  arylethyl acetates,8 and the appearance potential
fro m  d a y  to  d a y  fo r  a ll the com pounds excep t p -m troben zo- s tu d ie s  in  m a s s  s p e c t r o s c o p y  o f  b e n z y l  r a d ic a ls .4
phenone, a phenom enon  also observed  b y  M c L a ffe r ty ,  et al.6 rr>u , . , i . , ~ , , ,

4 he p value in this mass spectral study, however, is

Results and Discussion P °sitive, ™  th° ugh. ^  to°  ï f ? ™  * CT+. correlf on'
An explanation ior this is that the positive charge

The application of the kinetic approach to mass which is stabilized by the electron-releasing substituent
spectra has been discussed in detail by McLafferty, et is located on the starting material, [ArCOPh]-+.
al.s The decomposition of the molecular ion in the gas Hence, these substituents stabilize these species and
phase is a unimolecular, homogeneous reaction. Table decrease the reaction rate. To our knowledge this
I shows the data for substituted benzophenones in reaction is the only reported example where this point

has been observed. The p value reported by McLaff- 
Table I erty, et aZ.,6a was also positive (0.66 linear correlation

Substituent Log (z/Zo) coefficient =  0.963) ; they proposed a different explana-
p-N02 0.40 (0.35-0.45) ti°n f ° r positive p value and found as good a corre-
m-NOi 0.46 lation using a-as <7+.
p -B r 0 .1 2  The fact that proximity effects are equivalent or
TO-B r 0.37 reduced to a minimum in gas-phase reactions may be
°-Br 0-34 mainly because the transition state is unsolvated as

0 135 compared with reactions in the condensed phase. The
0,25 steric effect of the ortho substituent, which contributes

g  q '2q greatly to the proximity effects, may be overcome in the
m -M e  — 0 03 transition state by lack of solvation.9 Based on this
p -M e  -0.22
O-M eO  — 0 .2 6  J- A - Ballantine and C. T. Pillinger, Org. Mass Spectrmy., 1, 425
n_TVTp _ n  Ad (1968); (b) S. Meyerson, H. Drews, and E. K. Fields, J. Amer. Chem. Soc.,

U W  86,4964 (1964).
p -M e O  — 0 .5 0  (7) H. C. Brown and Y . Okamoto, ibid., 80, 4979 (1958).

(8) R. Taylor, G. G. Smith, and W. H. Wetzel, ibid., 84, 4817 (1962).
l • i rr i ,, . . . .  (9) I t  has been reported that the anomalous influence of ortho substituents

WillCil /j eC[UâlS bile ratio OI the intensity of the 771/6 105 in the condensed phase is partially due to its steric interference with solvation

ion (C 7H 60 +) to that of the molecular ion as stated of the transition state Ie - c - Price and d . c . Lincoln, ibid., 73 , 5836
n h r w »  W h o n  Irwr < 7 1 7  \ « r o c  „+ 4- (1951); J. B. Hyne and R. Wills, ibid., 85, 3650 (1963); J. G. Watkinson,
a b o v e .  W h e n  f o g  ( Z / Z 0)  w a s  p l o t t e d  a g a in s t  <r+ c o n -  W. Watson, and B. L. Yates, J. Chem. Soc, 5437 (1963)].
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reasoning, McLaiferty, et al.,h explained their data of the contribution from compression energy which over-
p-phenylbenzophenone from electron-impact reactions. comes the steric strain in the transition state. Cer-
In  their case, the transition state also receives excess tainly this study and other gas-phase studies2 demon
vibrational energy from electron impact to overcome the strate the advantages of gas-phase studies when relating
steric strain. The suggestion that proximity effects structure to chemical reactivity,
can be reduced by overcoming steric strain in the tran
sition state is also revealed in Weale’s10 study of the Acknowledgment. -Th is work was supported in 
reaction between o-methyl-N,N-dimethylaniline and part by two National Science Foundation Grants,
methyl iodide in dry methanol. He found that the q p  6006 and an equipment grant for the purchase of
“ ortho effect”  is decreased by increasing the pressure on the mass spectrometer. The Utah State University
the system. He explained this observation as due to Research Council also supported this study. We wish

110) k . e . Weale, j . P h y s .  S o c . , 2959 (1954). to express our appreciation for these generous supports.
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Interactions of acetic anhydride with glycolate, malate, salicylate, and similar hydroxy acid anions in dilute 
aqueous solutions have been shown to lead to significant formation of corresponding acetyl esters. Thus, when 
acetic anhydride (initial concentration 0.02 M )  was added to 0.5 M  solutions of sodium salicylate or sodium gly
colate, 22.6% of the acetic anhydride reacted to form aspirin (acetylsalicylic acid) and 48.4% to form acetyl- 
glycolic acid, respectively. The reactions which take place competitively with the hydrolysis of the acetic 
anhydride are believed to be mediated by initial attack of the carboxylate function followed by an O (carboxyl) 
to O (hydroxy) transacetylation reaction. Salicylate ions, for example, appear to form mixed salicylic acetic acid 
anhydride species, which preferentially undergo rearrangement to aspirin rather than hydrolysis. These mech
anisms appear to play a part in the slow hydrolysis of the corresponding acetyl esters.

In an earlier paper1 we reported that small amounts sodium hydroxide solution to raise its pH to the phenol-
of acetylmalate ion were obtained when acetic anhy- phthalein end point than did a solution obtained 1 hr
dride was added to dilute aqueous solutions of sodium after adding acetic anhydride (0.02 M ) to water (solu-
malate. Further investigation of this reaction and tion 2).
studies on similar acetylations of other hydroxy acid When solution 1 was acidified with mineral acid and 
anions strongly indicate that the responsible mechanism chromatographed on a silicic acid column, it was found
involved an O to O transacetylation process mediated to contain the ester, acetylglycolic acid, together with
by the carboxylate function. Relevant data on these acetic and glycolic acids. The composition of solution
systems are presented in this article. 1 did not change appreciably between 30 min and 2 hr

Although unsubstituted alcohols and phenols can be after mixing acetic anhydride with the sodium glycolate
acetylated by acetic anhydride in inert solvents, or in solution. The slow hydrolysis of acetylglycolic acid in
the absence of solvents, the acetylation of the hydroxy neutral solutions has been investigated by Senter and
group normally competes unsuccessfully with the hy- Ward.2
drolysis of acetic anhydride in water. For example, Similar behavior was observed following addition of 
when acetic anhydride (0.02 M )  was added to a solution acetic anhydride to aqueous solutions of other hydroxy
of ethanol (0.50 M )  in water, more than 99% of the acid anions. Errors in the titration of the salicylic acid
acetic anhydride was hydrolyzed to acetic acid. reaction mixture due to the hydrolysis of acetylsalicylic

The present investigation was undertaken to examine acid proved to be within the experimental error, 
what role a carboxylate group in the alcohol or phenol The per cent yield of ester, relative to moles of added 
molecule played in the reaction sequence which led to acetic anhydride (relative yield, R ), was calculated from
the significant acetylation of these molecules by acetic the titration data on the assumption that the lower
anhydride in water. titer of sodium hydroxide against the reaction mixture

(solution 1) was due to the fact that some of the acetic 
Results and Discussion acid, which would result from the hydrolysis of acetic

anhydride, was tied up as an acetyl group in the ester.
Formation of Ester.— One of the simpler indications Results in Table I show the per cent relative yield of

of rapid concomitant ester formation during apparent ester obtained following the addition of acetic anhy-
hydrolysis of acetic anhydride in, for example, aqueous dride to aqueous solutions of hydroxy acid anions and
sodium glycolate, is the observed reduction in the alcohols at 25°. The importance of a carboxylate
amount of acetic acid found. Thus the solution ob- group in the molecules is evident in the fact that the
tained 1 hr after adding acetic anhydride (0.02 M ) to un-ionized hydroxy acids and simple alcohols and
aqueous solutions of sodium glycolate (0.5 M )  at 25° phenol were not acetylated to an appreciable extent
(solution 1) required a 24% smaller titer of standard under the experimental conditions. The failure of tri-

(1) I. H. Pitman, R. B. Paulssen, and T. Higuchi, J .  P h a r m .  S c i . , 57, 239 
(1968) (2) G. Senter and T. J. Ward, J .  C h e m . S o c . , 2535 (1912).
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Figure 1 .— Yield of (1) aeetylglycolic acid, (2 ) aspirin, and (3) \  /
acetylmalic acid plotted against concentration of the respective 
hydroxy acid anions. Initial concentration of acetic anhydride =
0.02 M ,T  = 25°, and/ = 1.50 M. o-------------i------------ ib-------------¡H

' /  [H Y D R O X Y A C ID  A N IO N ] M " '
Table I

Relative Y ields of Acetyl Esters from Hydroxy Acids and Figure 2. Plots of 1/yield of (1 ) aeetylglycolic acid, (2) as- 
Alcohols at 25° and Ionic Strength =  1.50 M. I nitial pirin’ andL(3j  acetYlnf lic acid aSainst 1 /concentration of the

Concentration op Acetic Anhydride 0.02 M  and op respective hydroxy acid anions.

Substrate 0.5 Af
Initial [Ester]/[Ac20]r Rate of Consumption of Acetic Anhydride.— A t con- 
pH xioo stant pH and in the presence of a considerable excess

Acid of ionized hydroxy acids, acetic anhydride appeared
Glycolic 5.50 48.4 to be consumed by a pseudo-first-order process. This
Glycolic 1.45 <1° was apparent for the glycolate and malate systems
Lactic 5 50 36 •4 from corresponding changes in the uv spectra of the
I.actic 2.00 < 1  reacting solutions. The reaction with sodium salicylate
a-Hydroxy-n-butync 7.00 45.4 could n (t be observed optically, but exhibited es-
/3-Hydroxy-ra-butyric i .00 31.0 , , . . r n , ... . , .
7 -Hydroxy-n-butyric 7.00 75.0 sentially the same behavior when followed titrimetri-
Salicylic 5.10 22.6 cally on a pH-stat.
Malic 6.60 12.8 The second-order rate constants, /cB- and k^-, attrib-
Malic 1.85 <1 utable to hydroxymonocarboxylate (B~) and hydroxy-
Tartaric 5.70 25.6 dicarboxylate (B2~) ions, respectively, were calculated
Tartaric 1.60 <1 from the pseudo-first-order rate constants, fcobsd values,
Citric 6 00 < 1  by using the equation

Alcohols
Ethanol < 1  &obsd =  &o +  &Naci[NaCl] +  fcB~[B_ ] +  A;b2- [B 2_] (A )

Isopropyl alcohoP < 1  j n eqUation fc0 is the first-order rate constant for the
Glucose ^  a C° ° <12 o hydrolysis of acetic anhydride in water and /cNaC1 is the
Phenol« 1  6Q <x catalytic (negative) constant for NaCl on the observed

° Measured at 40“. ‘ Concentration 0.3 M. «Indicator, f actf nS' ™ s  latter term was included because dif-
Bromcresol purple. terent amounts of NaLl were added to each system to

maintain an ionic strength of 1.5 and NaCl is known38"4 
to be a negative catalyst on the hydrolysis of acetic an- 

ionized citric acid to be acetylated will be discussed hydride. Any catalytic effect of un-ionized hydroxy- 
later- carboxylic acids was neglected because independent

The relative yield of ester was found experimentally experiments revealed that it was very much smaller
to be a function of the concentration of hydroxy acid than that attributable to ionized species. The method
anion but was independent of the initial acetic anhy- of calculating fcB- and /cB=- values is given in the Ex-
dride concentration between 0.01 and 0.02 M . These perimental Section and results are shown in Table II.
results indicate that the over-all reaction leading to Proposed Reaction Scheme.— The proposed reaction 
formation of the ester and the hydrolysis of acetic an- scheme for the consumption of acetic anhydride in
hydride are of different orders in hydroxymonocarboxy- solutions of hydroxy dicarboxylate ions is shown in
late ion, but are all first order in acetic anhydride. Scheme I, using malate ion as an example. Similar
Plots of yield of ester relative to the initial acetic an- reactions are suggested to occur in systems containing
hydride concentration against [hydroxy acid anion] are hydroxymonocarboxylate ions except that the cycliza-
shown for several systems in Figure 1. When the data tion reaction (reaction 6) would not be possible,
in Figure 1 were plotted as (reciprocal of yield of ester)
against (reciprocal of [hydroxy acid anion]) straight lines ' A “  L .  x ^ a bI L  and™!
WIUCIl intersected, tne Y axis at values greater than 1 Benkovic, “Bioorganic Mechanisms,” Vol. 1, W. A. Benjamin, Inc., New
were obtained. Plots of this type are shown in York' N-Y- 1966-
FicrnriA 9  C- A. Bunton, N. A. Fuller, S. G. Perry, and I. H. Pitman, J .  Chem.± ig u ie  SoC"  4478 (1962)
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TableH  carboxylic acid anhydride. To differentiate between
Over-all Effect of Hydroxy Acids Anions on the the nucleophilic participation of hydroxycarboxylate
Disappearance of Acetic Anhydride in Aqueous ions, reaction 2, and the general base effect exerted by

Solutions, Expressed as Second-order Rate these ions on reactions 1 and 2, a specific analytical
onstants (/ = 1.50 M ,  T  = 25°) technique is required. For example, when Bunton and

Buffer acid jf-. sec^’ x  io» M ^ s e c -  Fendler<i studied the catalytic effect of fluoride ions on
Glycolic 7 . 1  the hydrolysis of acetic anhydride in water at 0°, they
Salicylic E8 were ab]e to distinguish between such mechanisms by
Malic- 32 isolating acetyl fluoride which was formed by nucleo-

- See ref 1. philic attack of fluoride ions on the acetic anhydride.
We have made no attempts to separate the nucleophilic 

Scheme I catalysis from the general base catalyzed component of
Reactions of Acetic Anhydride in Malic Acid Buffers- hydrolysis because of the instability of the mixed an- 

o o hydride which would be formed.
ch-c-o- c- ch3 There are numerous examples of related cases of for-

mation of mixed acid anhydrides. Reactions of acetic 
anhydride with ions such as propionate,7 malate,1 ci- 
trate,8 and phosphate9 have been shown to yield mixed 

ACETATE-+ ACETATE-+ h+ + anhydrides, and formation of similar high energy species
o 55 o o  have been postulated during carboxylate catalyzed oxi-

ho-ch-c-o- ___________ ¿g__________ CH-c-o-CH-c-o-  dation of thioethers of sulfoxides.10’11
ch_-§-o-&-ch, 14 O5 ch- L o- The rearrangement of the mixed anhydride to the ester

” , \a  i  2 reaction (reaction 4) could occur through a tetrahedral
2| » c j  intermediate or activated complex similar to the type

Ho-c^fT \  A fo  M  proposed12 during the intramolecular nucleophilic cata-
h- c- h \  I M S  lyzed hydrolysis of aspirin. When discussing the like-

' 'VS y  lihood of the mixed acetic salicylic anhydride being
0 A h  '  formed during the hydrolysis of aspirin, Fersht and

2 acetate Kirby13 made the point that such a molecule would be
2 acetate + 2 h+ + malate= very much less stable than the ester and its rate of con—

“ All reactions are expected to be subject to general acid-base version to the ester would be very rapid. Thus it seems
catalysis and reaction 3 is likely to also be subject to intramo- likely that if it were formed following reaction of salicy-
lecular general-base catalysis by a carboxylate group. late ion and acetic anhydride it would rapidly rearrange

to yield aspirin. Analogous rearrangement of mixed 
All the reactions in Scheme I are acyl transfer reac- anhydrides by an O (carboxy) to N  (amino) acyl trans-

tions and must be expected3 to be subject to general ler has been utilized as a step in the synthesis of ceph-
acid, general base catalysis by the un-ionized and alosporin C .14 In peptide synthesis this rearrange-
ionized hydroxycarboxylic acids. It is also known ment is usually prevented by protecting the amino
that salts, including inert salts such as sodium chloride,4 group in the mixed anhydride.15a
effect the rate of hydrolysis of acid anhydrides. In our Kinetic Test of the Proposed Mechanism. Hy- 
present treatment we have been unable to determine drolysis and rearrangement of the mixed anhydrides
the effects of general acids, general bases, and salts on (reactions C, D, and E) were assumed to be essentially
the individual reactions. However, we have deter- first-order reactions with rate constants fc4, k5, and fc6
mined the over-all effect of the concentration of hy- se® respectively.
droxycarboxylate ions on the relative yield of ester and Thus, in the presence of fully ionized hydroxymono- 
on the rate of consumption of acetic anhydride. carboxylic acids, the yield of ester relative to the moles

The ester could be formed by either reactions 2 and 4 added acetlc anhydride, R , would be
or by reaction 3 . This latter reaction would involve _  _____________________kB-'fa[B]r_____________________
attack of the hydroxy oxygen atom of the hydroxy- (fa +  fa )(fa  +  l.50/c>iaci) +  (fa +  fa )(k B—  fajaci)[B]r
carboxylate ion on acetic anhydride. Although such a (B)
reaction would be facilitated by the carboxylate group or
(general base) in the attacking molecule, we still believe _  (fa +  fa)(fa +  l.SOfcw.ci) , (fa 4- fa)(kB- -  ¿W i)
that the carboxylate group would be the more nucleo- ' ~ kB-'fa[B]r kB - 'fa

philic Center and that reaction 2 WOUld predominate. (6) C. A. Bunton and J. H. Fendler, J. Org. Chem., 32, 1S47 (1967).
There is qualitative evidence5 to suggest that, in non- (7) M. Kilpatrick and M. L. Kilpatrick, J. Amer. Chem. Soc., 62, 1418

hydroxylic solvents, the carboxylate function is the U930). , . r
J J m i , t  t  i (8) A. J. Repta, J. R. Robinson, and T. Higuchi, J. Pharm. Set., 55,

more nucleophilic. Ihus when salicylic acid was al- 12 0 0 ( 1966).
lowed to react with potassium hydroxide and dimethyl (9) T. Higuchi, G. L. Flynn, and A. C. Shah, Amer. Chem. Soc., 89, 
sulfate, only the methyl ester could be identified as a 61'1‘1,96T7)Higuchi and K..H. Gensch, ^  88,3874 (1966). 
product. Therefore, it IS proposed that acetic anhy- (ID k .-H. Gensch, I. H. Pitman, and T. Higuchi, ibid., 90, 2096 (1968).
dride is consumed by hydrolysis, reaction 1, and by (12> M- L* Bender, F. Chlouprek, and M. C. Neveu, ibid., 80, 5384

attack of the carboxylate group of the hydroxycarboxy- ( (13) a . r . Fersht and a . f . Kirby, ibid., 89, 4857 (1967).
late ion, reaction 2, to yield a mixed acetic- hydroxy- (14) R. B. Woodward, K. Heusler, J. Gosteli, P. Naegeli, W. Oppolzer,

R. Ramage, S. Ranganathan, and H. Vorbruggen, ibid., 88, 852 (1966).
(5) R. Nodzu, M. Hamada, M. Hosino, and T. Kinosita, J. Chem. Soc. (15) (a) N. F. Albertson, Org. Reactions, 12, N. Y., 1962. (b) T. Higuchi

Jap., 60, 1189 (1939); Chem. Abstr., 36, 6513 (1942). and A. Drubulis, J. Pharm. Sci., 80, 905 (1961).
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where kB-' is the second-order rate constant for nucleo- and would be expected to react with acetic anhydride to
philic attack of hydroxymonocarboxylate ion on acetic form more mixed anhydride. However, the resulting
anhydride as distinct from the over-all catalytic effect anhydride readily cyclizes to give malic anhydride1 and
of the ions on the consumption of acetic anhydride. A  the yield of acetyl malate is therefore considerably
plot of 1 /R against l/ [B ]r should give a straight line smaller than that of acetyl glycolate. The mixed an-
with a value of slope/intercept on the F  axis. hydride precursor of this latter species could not cyclize

slope k„ +  1.50/vNaci in a similar way to acetic-malic anhydride. Similarly,
intercept =  fcB—  fcNaCi ^  the failure of citrate ions to yield any acetyl citrate is

. . believed to be due to the fact that, at this pH value, the
Equation D was derived on the basis that as [B ] mixed citric acetic anhydride would preferentially

varied, appropriate amounts of sodium chloride were cyclize to yield fogUy reactive citric anhydride8 rather
added or deleted to maintain the ionic strength at 1.50 ^han rearrange to the ester
M ■ , Th® salt effect has to be taken into account in our The position 0f the hydroxy group relative to the 
results, but if it could be ignored, the slope/intercept acetyl group in the mixed hydroxy acid-acetic acid an-
ratio would be approximately equal to the ratio of the hydride also affects the competition between intra
specific rate of spontaneous hydrolysis of acetic anhy- molecular acetylation and hydrolysis. Thus, ¡3 - and
dride to the over-all second-order reaction rate con- y-hydroxy-n-butyric acids have similar pfca values and
stant of the attacking hydroxymonocarboxylate ion. the nucleophilicities of their ions are expected to be very

For reactions in the presence of hydroxydicarboxylate close. The higher yield of y-acetyl butyrate ions rela-
10ns a similar straight line relationship would be ex- tive ^-acetyl butyrate ions suggests that intramolecu-
pected and the slope/mtercept would be Iar acetylation of the mixed anhydride precursor is more

slope _  k„ +  l.50fcNaci favorable compared to hydrolysis in the former case
intercept fcBs—  3fcNaoi ' than in the latter.

It  is possible to check the approximate validity of • T h ° a.!s°  appear* to b«
eq D for the glycolate system for which we have the most ™ POTtant and thf  +the per cent yield of ester obtained
data. The ratio of slope to intercept for this system as fr° “  f  i n ^  ^  s™~
plotted in Figure 2 corresponds to 0.3 M . Indepen- C1Idate) 18 aPP i^™ ate ly  double that obtained from re-
dently determined value of (fc„ +  1.50fcNaC1) is 1.90 X ? ? T S ° n malate ion (2-hydroxy succinate), although
1 0 -  and * B- from Table I I  is 7.1 X 1 0 -  M ~ x sec^1. th* f° ™  is expected to be the weaker nucleophile.
The measured value of - fcNaC1 for acetic anhydride at • ^  Y  mterCepi. the salicylate system (Figure 2) 
25° in water was 6 X 10— M ~ x sec“ 1. Thus the 1S corresponding to 57% consumption of the acetic 
directly determined value of (k0 +  1.50/cNaC1)/(kB- -  anb?dride m formation of aspirin m an infinite concen- 
¿Nad) is 0.2 M. tration of sodium salicylate, assuming acetic anhydride

The comparison for the salicylate system is much less ° “ ly f™ d tbe mixed acetic-salicylic acid anhydride,
satisfactory, being 0.7 M  vs. 1.6 M , respectively. This T T , t“  limdiag va!ue indicates that intramolecular
may be due, at least in part, to the known»b role of “ eti f 10,n ° f theL™ xed anhydride was preferred to
salicylate anion in greatly modifying the thermody- rect ydrolysis of this species. Any positive catalytic 
namic activities of other organic solutes in solution. 6 f Ct,b:y, sodlu™. salicylate on the hydrolysis of acetic 
The malate system shows somewhat greater discrep- f ea°tl0£ \  w° uld micreasJe the value of ^
ancy. The very large corrections associated with ionic +  whlcb the preferred rearrangement of
strength adjustments in these systems make more than 6 ,mixed anhydride to the hydrolysis of the same 
qualitative agreements for this crude test rather difR- SpeCies'

CUli% . . _. A , . Experimental Section
Effect of Structure of the Hydroxy Acid on the Degree

of Acetylation.— The proposed reaction scheme contains Equipment.— Spectrophotometrie studies were performed using
a number of competitive reactions and the re la tive  commonly employed technique on Cary Models 11 and 14. pH -
am nnnt e f  nnnfin i, j - j , • , , , . Stat experiments were done on a Radiometer T T T 1 automatic
amount of acetic anhydride which reacts by a given titrator utilizing a SBR  titrigraph and an ABU1 autoburet with
route will be largely influenced by the structures of the a TTA 3  titration assembly. A ll thermostated water baths were
hydroxy acid anions and the mixed anhydrides which regulated within ± 0 .1 °. In  tie, Eastman chromagram sheet
would be formed. 6060, silica gel> was employed.

T h u s  the first en m rW itiv e  v . , Reagents.— All reagents used were of analytical grade unless
Thus the nrst competitive process would be between otherwise stated. « -  and /3-hydroxy-n-butyric acids were ob-

hyarolysis of acetic anhydride and nucleophilic attack tained from K  & K  Laboratories, Plainview, N . Y ., and ern-
of a hydroxy acid anion on acetic anhydride to yield a ployed without further purifications. The sodium salt of y-
mixed anhydride. To a first approximation the more hydroxybutyric acid was made from y-butyrolactone. Acetic

nucleophilic the hydroxy acid anion, the more acetic t T o K o i L X t S  turnings and the frac-
im W rlrirla  ixrrvnl^ Krx 4- u i . r uon D0Ulng between 137.8 and 138.2 was collected and sealed
anhydride would be expected to be consumed via forma- m ampoules. Commercial grade p-dioxane was purified by the
tion oi a mixed anhydride. Comparison of rate con- method described in Vogel. 16 A ll water used was redistilled
stants in Table I I  shows that the rate of mixed anhy- from acid permanganate using an all-glass still. Acetylglycolic
dride formation in these systems would be in the order ^  -Tas sy«thf  glyc°lic acid with acetyl

malate >  glycolate >  salicylate^ The ultimate yield ° A c e t i c  A c id .-F resh ly ’ d r i lle d  lactic acid was refluxed
OI ester will not be determined by this reaction alone with acetyl chloride and the acetyllactic acid formed was purified
and will also depend on the result of competition be- . T v , ,.P *■ , n . ,,, . „ „ , ,
tween intramolecular acetylation, hydrolysis, and other Sons, inC., New York, n. y ., 1962.
reactions of the mixed anhydride. Thus malate ions (17) A- Anschutz and w. Bertram, chem. Ber., 36,467 (1903).
are probably stronger nucleophiles than glycolate ions ugsm ^“ 01'' N' FriedIander' and w' H' Urry’ J- °Tg' Chem-
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by fractionated distillation.19 a- and /3-acetoxy-rc-butyric acids a proper dilution, the absorbance was read at 277.5 and 308 my..
were synthesized by refluxing the parent acid with excess acetyl The concentration of aspirin, Casa, was calculated from
chloride. The liquid products were isolated by vacuum distilla- ^  ^  i277 5
tion. Nm r and ir spectra were consistant with the assumed struc- cAsa =  277 j  ^ 27* 5
ture. Salicylic acid was recrystallized from hot water, mp 158- £ASA £sA — £sA £sA
159°. Titration with sodium hydroxide showed 99.69% sali
cylic acid. Acetylsalicylic acid was recrystallized from benzene Table I I I
and the crystals were washed with cyclohexane, mp 133-134.5°. M olar Absorptivities, e Values, of Salicylic
Titration with sodium hydroxide showed 100.21% acetylsalicylic and Acetylsalicylic Acids“
acid. ,---------Wavelength, m/t---------.

Isolation and Identification of Reaction Products.— In order 2 7 7 .5  308
to isolate reaction products, the amount of reactants was scaled Acid e e
up, but the [hydroxy acid] was kept in large excess over [acetic Salicylic acid 725 4 12 5 6
anhydride] by repeatedly adding small aliquots of acetic anhy- Acetylsalicylic acid 1 3 2 5s 15
dride to the reaction mixture. The pH  of the solution was kept , ,  . , , ,
constant by addition of sodium hydroxide. " Measured in chloroform. Maxima m the absorbance.

Glycolic Acid.— The final reaction mixture was evaporated to
dryness, and the crystalline residue was dissolved in 3 M  sulfuric Comparison of the Spectrophotometric and the Titrimetric
acid. Inorganic salt was precipitated by adding methanol. The Determination of Aspirin in the Reaction Mixture. A  1.0 ml
filtrate was again evaporated to dryness and after acidification, sample of 1.2 M  acetic anhydride was added to 25.0 ml of sali-
extracted with benzene. Upon concentration and cooling, the eylate buffer of pH  5.40. After 1 hr the reaction mixture was
mixture solidified and acetylglycolic acid was obtained after re- worked up as described above. The expected amount of aspirin 
crystallization from benzene, mp 66.5-67°. N o  depression in calculated on the basis of a simultaneous titration of acetic
melting point was observed when isolated material was mixed a0ld ln an aliquot of the reaction mixture. The analysis showed
with synthesized material. Paper chromatography (n-butyl that 85% of the calculated aspirin was found by the spectro-
alcohol form sprayed with bromcresol green) and tic (ethyl ether- photometric determination compared to 87% recovery of aspirin
formic acid-water, 18:5:9 v/v, sprayed with bromcresol green) added to the salicylate buffer.
of isolated material showed spots corresponding to synthesized Calculation of Rate Constants. The pseudo-first-order rate
acetoxyglycolic acid constants for the reactions of acetic anhydride in aqueous hy-

« -  and d-Hydroxy-n-butyric Acids.— The reaction mixture was droxymonocarboxylate ions could be accounted for by eq A . Be-
acidified with sulfuric acid and extracted several times with ethyl cause the ionic strength of each system was 1.5, [NaC l] could be
ether. The residues after evaporation of the ether were tested related to [B  ] by the identity
for acetoxy derivatives by tic. In  three different solvents (n - [N aC l] =  1.5 — [B _ ]
butyl alcohol-formic acid-water, 10:2:5 v/v, acetone, and ethyl .
acetate), R s values were obtained identical with those of the A 1so, the total buffer concentration [B ]r  was related to concen-
synthesized acetyl esters. The acetoxy derivatives always moved Nations of un-iomzed and ionized buffer species by the identity
faster than the parent acid on the tic sheets. [B ]r  =  [B H ] +  [B~ ]

Acetylsalicylic Acid.— An 8.0-ml sample of 1.2 M  acetic an- . .
hydride in dioxane was added to 50.0 ml of 0.5 M  salicylate buffer Using these two identities, eq A  could be rearranged to 
of pH  5.1. This addition was repeated four times with 20-min i , , , r , ,, ,  ̂ [B R IL ,
intervals. The reaction mixture was shaken with chloroform A°bsd =  h  +  1.5KNaci +  ( « b «NaCi) ^  [ j j+ ]
after acidification with sulfuric acid and the chloroform was
evaporated. The residue was suspended in water and 6.0 ml of Plots of [B ] i\Ka/(-Ka +  [H + ]) against fcobsd for systems in which
3 N  sulfuric acid was added. Precipitated salicylic acid was either [B R o r  [H +] was varied and the other term kept constant
filtered off and the filtrate was shaken with chloroform until no gave straight lines from whose slope and intercept on the Y  axis
more salicylic acid could be detected with ferric chloride. The values of (Jen- — &NaCi) and (/co +  1.5/cNaci), respectively, were
collected chloroform was pooled and shaken with 1% ferric calculated. B y  using an independently measured value of the
chloride until the water layer was no longer purple. The chloro- rate constant for hydrolysis of acetic anhydride in pure water at
form solution, this way freed for salicylic acid, was dried and 25°, ko =  2.80 X 10 3 sec 1, values of k ]i-  could then be cal-
evaporated to dryness. The residue was recrystallized from culated. This method is only valid if the hydrolysis of acetic
isopropyl alcohol and melted at 135-137° (lit . 13 mp 135°). N o  anhydride is not subject to specific acid or base catalysis in the
depression in the melting point was observed when the isolated pH  region being investigated. Outside of this pH  region, only
crystals were mixed with authentic acetylsalicylic acid. U v  [B R  can be varied, and the effective rate constant for acetic
spectrum of the isolated material matched that of known acetyl- anhydride hydrolysis at the particular pH  value used as k0.
salicylic acid. XCHcis 278 mu (log e =  3.125). (A  value of log Determination of Ionization Constants.— The ionization con-
e =  3 .12 0  was found for authentic material.) stant of salicylic acid was determined spectrophotometrically20

Acetylation Followed by Titration— A  0.1-ml sample of 0.6 M  in aqueous solutions of sodium chloride. A t 25° and I  =  1.50
acetic anhydride in dioxane was allowed to react with 3.0 ml of M ,  p K a =  2.55 ±  0.06. The ionization constant of glycolic acid
buffer solution in a closed vial for 1 hr. The reaction mixture was determined potentiometncally under the same conditions,
was then diluted with 2.0 ml of water and titrated with standard p A a =  3.44 ±  0.04.
solution of sodium hydroxide to phenolphthalein (or phenol red) Registry No.— Glycolic acid, 79-144; lactic acid,
end point, volume of required titrant =  a ml. A  3.0-ml sample c a o i  c. „ .b v H rn x v -n -h u tv r ic  acid 565-70-S- ft-hv- 
of buffer solution and 2.0  ml of water was titrated to the same 5 > a  n y d ro x y  n  bu ty ric  acid, 000  AJ 8 , (3 by-
end point, volume of titrant =  6 ml. An equivalent amount of droxy-n-butyric acid, 300-85-6; r-hydroxy-n-butync
acetic anhydride was titrated after hydrolysis in 5.0 ml of water, acid, 591-81-1; salicylic acid, 69-72-7; malic acid,
volume of titrant =  c ml. Error in the titration was estimated 97-67-6; tartaric acid, 526-83-0; citric acid, 77-92-9;
to be less than ± 2 % . ethanol, 64-17-5; isopropyl alcohol, 67-63-0; neopentyl

. alcohol, 75-84-3; glucose, 50-99-7; phenol, 108-95-2.
[esterj _ q c (g- o)
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Spectrophotometric Determination of Aspirin in the Presence Institute of Health (GM-15910-01) and by Warner-
of Salicylic Acid. Aspirin, ASA  (20 mg), dissolved in 1 ml of Lambert Laboratories of Morris Plains, N. J. R. B. P.
dioxane was added to 25.0 ml of salicylate buffer of pH  5.40. aeknnwlpdp-ps nartia l fin anc ia l sun n o rt fro m  theSulfuric acid (6 A , 2 ml) was added and the precipitated salicylic also ack now ledges  p a rt ia l U nanc ia i su p p o rt  iro m  tne
acid, SA, was filtered off. A  2 0 .0-ml sample of the filtrate was Norwegian Research Council for bcience and the
then extracted with chloroform to 100.0 ml of solution. After Humanities.
;------------------  (20) A. Albert and E. P. Serjeant, “ Ionization Constants of Acids and
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Pyrimido[5,4-e]-as-Triazines. III. The Preparation and 
Some Reactions of 5-Substituted Pyrimido^l-ej-as-Triazines1
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Reaction of 5-chloro-l,2-dihydropyrimido[5,4-e]-as-triazme (1) with N a N 3 gave directly the heteroaromatic
5-aminopyrimido[5,4-e]-as-triazine (2). The amino group of 2 underwent exchange with both E tN H 2 and 
H 2N - N H 2 in the presence of HC1 to give 5-ethylamino- and 5-hydrazinopyrimido[5,4-e]-os-triazine (7 and 8), 
respectively. In the absence of acid the pyrimidine ring was opened to give 6-amino-as-triazine-5-carboxamidine 
derivatives 9 and 10 . Alkylation of 5-amino-3-ethylpyrimido[5,4-e]-as-triazine with C 6H 5C H 2C1 gave the 
corresponding 5-benzylamino derivative 11. Treatment of 2 with aqueous N aO H  hydrolyzed the amino group 
to give pyrimido[5,4-e]-as-triazin-5(6fï)-one ( 12 ). Reduction of 12 with NaeS20 4 in H OAc resulted in ring 
contraction to give 9-acetamidohypoxanthine (14). Reaction of 12 with E t3N  cleaved the pyrimidine ring to 
give 6-amino-as-triazine-5-carboxamide (20), which was cyclized with diethoxymethyl acetate to give 12 and 
with the phosgene-pyridine complex to give pyrimido[5,4-e]-as-triazine-5,7(6H,8H)-dione (23). Méthylation 
of 23 gave the antibiotic, fervenulin (24).

The identification of the biologically active anti- sequence 2 is supported by (a) the nitrosation of the 5-
biotics toxoflavin and fervenulin2-4 has stimulated hydrazino compound 8 (see below) at room temperature
interest in the chemistry of the pyrimido [5,4-e]-as- to give 2, presumably via an azido intermediate, (b)
triazine (7-azapteridine) ring system. The difficulties the formation of a dihydro derivative by reaction of 1
encountered in the preparation and cyclization of 5- with a nucleophile in a reducing medium (NaSH ),9 and
amino-4-hydrazinopyrimidines2'4 to give pyrimido [5,4- (c) the reaction of 1 with diethylamine to give a 17%
e]-as-triazines led us to examine some of the reactions of yield of 6 presumably formed via oxidation of a dihydro
both the 1,2-dihydro and heteroaromatic derivatives of intermediate of 6.10 The recovery of l-benzyl-5-
this ring system and to synthesize the parent ring chloro-l,2-dihydropyrimido[5,4-e]-as-triazineu in 79%
system, pyrimido [5,4-e]-as-triazine-5,7(6H,8H)-dione yield from its reaction with NaN 3 would appear to
(23)6 from the previously unknown 6-amino-as-tri- provide support for route 1 ; however, this result might
azine-5-carboxamide (20). indicate that the facility with which 1 and NaN3 react is

Although the ultraviolet (uv) spectrum indicated related to the delocalization of the charge at N - l as in
that treatment of 4,5-diamino-6-hydrazinopyrimidine6 the intermediate anionic adduct 4. The importance of
with the (EtO )3CH-HCl reagent7 gave some 5-amino- charge delocalization in the adjoining ring has been
pyrimido [5,4-e]-as-triazine (2), this compound was not noted in other heterocyclic systems.12
separated pure from the other reaction products. Previously it was shown that the 5-amino group of 
However, the reaction of 5-chloro-l,2-dihydropyrimido- heteroaromatic pyrimido [5,4-e]-as-triazines will under-
[5,4-e]-as-triazine ( l ) 7 with NaN 3 in aqueous EtOH, go exchange with primary amines.13 Treatment of 2
either at room temperature or at reflux, gave directly with excess alcoholic E tN H 2 in a bomb at 125° gave a
the 5-amino compound 2 (Scheme I). Although the mixture containing the 5-ethylamino compound 7 as a
intermediates and the order of their occurrence in this minor component. The major component was identi-
reaction are unknown, this transformation probably fied as the as-triazine-5-carboxamidine 9 by elemental
involves either (1) oxidation of 1 by the azide group8 to analyses and its pmr spectrum. Reaction of 2 with
give 3 and ammonia which then combine to give 2 or E tN H 2 at 65° gave a 69% yield of recovered 2 and a
(2) azido-5-dechlorination of 1 followed by oxidation of 22% yield of crude 7. Addition of HC1 to this reaction,
the 1,2-dihydro-as-triazine ring and conversion of the however, gave a 63% yield of 7, identified by elemental
azido group into an amino group. The latter could analyses and its pmr spectrum. At this temperature it
occur either by autoxidation or disproportionation. appears that the exchange reaction, but not the cleavage
Prior air oxidation of 1 to 3 was eliminated from con- reaction, is catalyzed by HC1.14 Also the results
sidération by treatment of 1 with aqueous ethanolic described above indicate that only 7 and not 2 is
NaCl, which resulted in ring opening of the 1,2-dihydro- involved in the cleavage reaction. Similar products
triazine ring to give the pyrimidine 5. Reaction were obtained by treatment of 2 with alcoholic hydra

zine. In hot propanol, 2 and hydrazine gave the as-
(1) This work was supported by the C. F. Kettering Foundation and by tr ia z in e -5 -C a rb o x a iïl id e  h yd raZ O Iie  10. A l th o u g h  l i t t l e

the Cancer Chemotherapy National Service Center, National Cancer Insti- rn on linn  o A U A * i >
tute, National Institutes of Health, Contract No. PH43-64-51. n °  r e a c ™ n  OCCUITed b e tw e e n  2 a n d  h y d ra z in e  in  h o t

(2) G. D. Daves, Jr., R. K. Robins, and C. C. Cheng, J. Amer. Chem. Soc., MeOH, addition of HC1 to this reaction gave a 59%
r  (p t!' , . „  „ . . .  „„ J „ yield of the 5-hydrazino compound 8. As described(3) E. C. Taylor and F. Sowmski, ibid., 90, 1374 (1968) and references

therein. . . .  (9) This reaction gave l,2-dihydropyrimido[5,4-e]-as-triazine-5(6H)-thi-
(4) T. K. Liao, F. Baiocchi, and C. C. Cheng, J . Org. Chem. 31, 900 (1966), one; it will be described in a forthcoming paper.

and references therein. (10) The oxidation of reduced pteridines is retarded by chloro groups and
(5) Part of this work has appeared as a preliminary report. See C. accelerated by amino groups. See E. C. Taylor and W. R. Sherman, J .  

Temple, Jr., C. L. Kussner, and J. A. Montgomery, J. Heterocycl. Chem., 5, Amer. Chem. Soc., 81, 2464 (1959).
581 (1968). (1 1 ) j. A. Montgomery and C. Temple, Jr., ibid., 82, 4592 (1960).

(6) C. Temple, Jr., R. L. McKee, and J. A. Montgomery, J. Org. Chem., (12) E. C. Taylor, R. J. Knopf, J. A. Cogliano, J. W. Barton, and W.
SO, 829 (1965). Pfleiderer, ibid., 82, 6058 (1960).

(7) C. Temple, Jr., R. L. McKee, and J. A. Montgomery, ibid., 28, (13) C. Temple, Jr., and J. A. Montgomery, J. Org. Chem. 28. 3038
923 (1963). (1963).

(8) E. S. Gould, “ Inorganic Reactions and Structure," Henry Holt and (14) C. W. Whitehead and J. J. Traverso, J. Amer. Chem. Soc. 82 3971
Co., New York, N. Y., 1955, p 236. (1960).
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a b o v e , th e  n it r o s a t io n  o f  8  g a v e  2 in  4 2 %  y ie ld . A d d i -  g iv e  18, (3 )  a c e t y la t io n  a n d  o p e n in g  o f  th e  a s -t r ia z in e

t io n  o f  2 to  1 0 %  N a O H  g a v e  a  p re c ip it a t e ,  p r e s u m a b ly  a  o f  18 to  g iv e  19, a n d  (4 )  r e c y c liz a t io n  o f  19 to  g iv e  1 4 .16

s o d iu m  s a lt  o f  a  h y d r a t e d  d e r iv a t iv e  o f  2 .15 T h a t  th e  S u p p o r t  fo r  th is  m e c h a n is m  w a s  o b t a in e d  b y  t r e a tm e n t

5 -a m in o  g r o u p  o f  th is  r in g  s y s te m  w a s  a c id ic , h o w e v e r ,  o f  12 w i t h  N a 2S 20 4 in  H O A c  to  g i v e  a  m ix t u r e  o f  13 a n d

w a s  s h o w n  b y  a lk y la t io n  o f  5 -a m in o -3 -e th y lp y r im id o -  14, p r e s u m a b ly  fo r m e d  via  18 a n d  19. I n  o th e r  s tu d ie s

[5 ,4 -e ]-a s -t r ia z in e  w i t h  N a H  a n d  C e H 5C H 2C l  in  D M F  to  r e a c t io n  o f  (1 )  5 - a m in o -4 -h y d r a z in o p y r im id in -6 ( lH ) -

g iv e  a  1 6 %  y ie ld  o f  p u r e  1 1 .13 o n e 6 w i t h  th e  ( E t O ) 3C H - H C l  r e a g e n t , (2 )  4 -c h lo ro -5 -
e t h o x y m e t h y le n e a m in o p y r im id in -6 ( lH ) -o n e  w i t h  h y -  

NHCH 2C6H5 d r a z in e ,13 a n d  (3 )  c o m p o u n d  1 w i t h  a q u e o u s  N H 4O H

\ 0  g a v e  o n ly  lo w  y ie ld s  o f  c ru d e  12.

2 5 T r e a t m e n t  o f  12 w i t h  a q u e o u s  e th a n o lic  E t 3N

c le a v e d  th e  p y r im id in e  r in g  to  g iv e  6 -a m in o -a s -t r ia z in e -

jj 5 -c a r b o x a m id e  (2 0 )  (S c h e m e  I I I ) . 17 A  6 %  y ie ld  o f  th e

c o r r e s p o n d in g  c a r b o x y l ic  a c id  21 w a s  a lso  o b t a in e d  in  

R e a c t io n  o f  2 w i t h  a n  e q u iv a le n t  a m o u n t  o f  a q u e o u s  th is  re a c t io n . T h e  r e c y c liz a t io n  o f  20  to  12 w a s  c a r r ie d

N a O H  a t  r o o m  t e m p e r a t u re  h y d r o ly z e d  th e  a m in o  ou4  w i t h  h o t  d ie t h o x y m e t h y l  a c e ta te . A ls o ,  t r e a tm e n t

g ro u p  to  g iv e  12 (S c h e m e  I I ) . 13 A n  e a r l ie r  s t u d y  o n  ° f  20  w it h  a  H C 0 2H -A .c 20  m ix t u r e  g a v e  22 , w h ic h  w a s

th e  p r e p a r a t io n  o f  12 f r o m  th e  4 -h y d r a z in o p y r im id in e  c o n v e r t e d  in to  12 (t ic )  in  D M F  c o n ta in in g  K 2C 0 3. N o

156 w a s  u n s u c c e s s fu l. F o r m y la t io n  o f  15 w i t h  fo rm ic  r e a c t io n  o c c u r r e d  o n  t r e a t m e n t  o f  20  w i t h  h o t  fo rm ic

a c id  to  g iv e  16, fo l lo w e d  b y  th e  r e d u c t iv e  c y c l iz a t io n  o f  a c id , w h ic h  w a s  e x p la in e d  w h e n  it  w a s  fo u n d  t h a t  th e

16 w i t h  N a 2S 20,i in  H O A c ,  g a v e  m a in ly  9 -a c e t a m id o -  fo r m a m id e  g r o u p  o f  22 w a s  h y d r o ly z e d  in  h o t  fo rm ic

h y p o x a n t h in e  (1 4 ) ,  w h ic h  w a s  a lso  p r e p a r e d  f r o m  9 - a c i(l  to  g iv e  20. A l t h o u g h  th e  fu s io n  o f  2 0  w i t h  u r e a

a m in o h y p o x a n th in e  (1 3 )11 a n d  a c e t ic  a n h y d r id e . I n  g a v e  m a in ly  d e c o m p o s it io n  p r o d u c t s  c o n t a in in g  a  t r a c e

a d d it io n  a c id  h y d r o ly s is  o f  th e  r e a c t io n  p r o d u c t  g a v e  13, a m o u n t  o f  23, th e  r e a c t io n  o f_ 2 0  w i t h  th e  p h o s g e n e -

w h ic h  o n  n i t r o s a t io n  g a v e  h y p o x a n th in e . A p p a r e n t ly  p y r id in e  c o m p le x 18 g a v e  a  3 7 %  y ie ld  o f  p u r e  2 3 .5

th e  c o n v e rs io n  o f  16 in to  14 in v o lv e d  (1 )  r e d u c t io n  o f  (16) A 8imilar sequence of reactions £or the conversion of 5.amino.4 

th e  n it ro  g r o u p  o f 16 to  g iv e  17, (2 )  c y c l iz a t io n  o f 17 to  chloro-6-hydrazinopyrimidine into 9-formamidohypoxanthine has been
demonstrated. See ref 7.

(15) A. Albert, D. J. Brown, and G. Cheeseman, J. Chem. Soc., 474 (1951), (17) J. Clark and G. Neath, J. Chem. Soc., C, 1112 (1966).
reported that 4-aminopteridine forms an anion in 0.2 N  NaOH. (18) C. Scholtissek, Ber., 89, 2562 (1956).
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Scheme I I I  of the solid from the extract from CeH6 gave the product contain-
0  mg a trace amount of 1: yield 0.22 g (38 %  based on recovered 1).
jj Anal. Calcd for C 6H 6C1N50 : C, 32.00; H , 3.20; N , 37.30.

EtjN r / c n ^ n n  Found: C >32-25; H >3-17; N >37-01-
12 '1 3 —*■ T  |l 5-Diethylaminopyrimido[5,4-e]-as-triazine (6 ).— A  suspension

AcOCH(OEt)2 ¡ j  ° f  1 111 « -P rO H  (100 ml) containing Et2N H  (15 m l) was
2 refluxed for 5 hr. After filtration the dark filtrate was evaporated

^ co 20, R 1 =  NH 2 to dryness, and the residue was triturated with H 20  (20 m l).
2 3 21,R1 =  OH The remaining solid (1.2 g ) was extracted with EtOAc, and the

AcOCHO / /  Icoci extract was evaporated to dryness to give 6 : yield 1.0 g (17% );
0  S s  i  2 mp 123° (recrystallization of a portion of this sample from hexane

o  raised the melting point to 127°); Xmai, in m/t (« X  10_3),19a 0.1 N
Nv, | HC1, 233 (11.6), 373 (11.6); i w ,  in cm-1, 2975, 2930 (aliphatic

¡1 R 1N '^ vV n ^  C H ), 1570,1515 (C = C ,  C = N ) .
JSb'N I I | Anal. Calcd for C 9H i2N 6: C, 52.93; H , 5.92; N , 41.15.

22 Found: C , 52.98; H , 6.03; N , 41.15.
Ri 5-Ethylaminopyrimido [5,4-e] -as-triazine (7 ).— A  suspension

23, Rj =  H of 2 (1.0 g ) in M eO H  (20 ml) and 1.0 N  HC1 (6.8  m l) containing
24 r  = C f j  E tN H 2 (1.0 ml) was heated with stirring at 6 8 ° for 8 hr. The

resulting solution was evaporated to dryness, and the residue was 
recrystallized from benzene: yield 0.75 g (63%); mp 170° with 

This structure was confirmed by alkylation with CH3I  presoftening from 130°. Recrystallization of a portion of this
in D M F  containing K 2CO3 to give the antibiotic, solid from petroleum ether (bp 85-105°) gave the analytical
fervenulin 24 2,3 sample: mp 172°; Xmax, in m/i (e X  10~3),19a 0.1 N  HC1, 224

(12.5), 249 (sh) (4.51), 363 (10.7); imax, in cm“1, 2975, 2950 
(aliphatic C H ), 1605 (N H ), 1565, 1490 (C = C ,  C = N ) ;  pmr, r 

E xp erim en ta l Section  —0.15,1.22 ( l ,  l ,  C H ), 0.44 (m, l ,  N H ),  6.35 (m, 2 , C H 2), 8.73
(t, 3, C H 3).

Melting points were determined on a Kofler Heizbank appara- Anal. Calcd for CtH sN s: C, 47.72; H , 4.58; N , 47.71.
tus and are corrected. The uv absorption spectra of solutions Found: C, 47.99; H , 4.55; N , 47.61.
were determined with a Cary Model 14 spectrophotometer, A  similar reaction without HC1 gave 0.69 g of recovered 2 and
whereas the infrared (ir) absorption spectra were determined in only 0.26 g (22% ) of impure 7.
pressed potassium bromide disks with Perkin-Elmer Models 5-Hydrazinopyrimido [5,4-e]-as-triazine (8 ).— A  suspension of
221-G and 521 spectrophotometers. The proton magnetic 2 (1.0 g ) in M eO H  (20 ml) and 1.0 N  HC1 (6 .8  m l) containing
resonance (pmr) spectra were obtained on a Varian A-60A spec- 9 5 + %  hydrazine (0.5 ml) was heated with stirring at 80° for 5
trometer in D M SO -d 6 using tetramethylsilane as an internal ref- hr. After the mixture was cooled, the solid was collected by
erence. Descending paper chromatograms were developed in filtration, washed with M eOH, and dried in  vacuo over P 2Os:
water saturated butanol (A ), butanol-glacial acetic acid-water yield 0.65 g (59% ); mp >264°; Xmax, in nut (e X  10_3),19a 0.1 N
(5 :2 :3, v/v) (B ), isopropyl alcohol-concentrated ammonium HC1, 365 (7.33); Pmax, in cm-1, 3400, 3270 (N H ),  1625 (N H ),
hydroxide-water (70:5:25, v/v) (C ), and acetate buffer pH  6.1 1610, 1550 (C = C ,  C = N ) ;  pmr, t 1.03, 2.63 (1, 1, C H ), ca. 1.5
(D ).  Thin layer chromatograms were prepared from silica gel H  (N H ).
(Brinkmann) and were usually developed with mixtures of chloro- Anal. Calcd for C 5H 5N 7: C , 36.81; H , 3.09; N , 60.10.
form and methanol. Found: C, 37.00; H , 3.41; N , 59.81.

5-Aminopyrimido[5,4-e]-as-triazine (2 ). A .— A  mixture of l 7 In a similar reaction without HC10.84 g of 2 was recovered after 
(32 g ) and N a N 3 (20 g ) in 1 : 1 E t0 H -H 20  (1300 ml) was refluxed 20 hr.
with stirring for 2 hr. After cooling the solid was collected by 6-Amino-N-ethyl-as-triazine-5-carboxamidine (9).— A  mixture
filtration, washed with water, and dried in  vacuo over P 2(>5 to give of 2 (5.2 g ), ethylamine (25 ml), and n -PrO H  (170 ml) in a Parr 
practically pure product: yield 26 g (93% ). The analytical bomb was heated at 100° for 9 hr, then at 125° for 4 hr. The
sample was obtained by recrystallization from M eO H : mp resulting solution was evaporated to dryness, and the residue was
>264°; Xmax, in m/r (e X  10-3),19a 0.1 A7 HC1, 217 (13.8), 243 recrystallized from CeH6 to give 9 in two crops: yield 2.0 g (35% )
(10.0), 353 (10.5), 358 (sh) (10.3); imaxin cm“1, 3225, 3045 (N H ),  mp 179°; Xmax, in mM (e X  lO“ 3),19» p H 7, 240 (9.34), 347 (4.06);
1670 (N H 2), 1650, 1575, 1540, 1500 (C = C ,  C = N ) ;  pmr, r  ¡ w ,  in cm -1, 2965, 2930, 2865 (aliphatic C H ), 1640 (N H ), 1600,
-0 .11 ,1 .32  (1,1, C H ), 1.12 (2 , N H ).  1585, 1520 (C = C ,  C = N ) ;  pmr, r  0.98 ( 1 , C H ), 1.53, 3.20 (2, 2,

Anal. Calcd for C 6H 4N 6: C, 40.55; H , 2.70; N , 56.75. N H ),  6.76 (q, 2, C H 2), 8.76 (t, 3 C H 3).
Found: C, 40.57; H , 2.80; N , 56.87. Anal. Calcd for C6H 10N 6: C, 43.36; H , 6.06; N , 50.57.

A t room temperature for 24 hr 1 (1.0 g ) and N a N 3 (0.61 g ) gave Found: C , 43.43; H , 6.03; N , 50.39. 
an 87% yield of 2. The C 6H 6 filtrate gave 0.87 g (14% ) of crude 7, mp 160-163°.

To a suspension of 8 (500 mg) in 1 : 1  E tO H -H 20  (20 ml) 6-Amino-as-triazine-5-carboxamide Hydrazone ( 10 ).— A  mix- 
was added with stirring a solution of N a N 0 2 (250 mg) in 1 .V ture of 2 (1.0 g ) and 95 +  %  anhydrous hydrazine (1.0 ml) in w-
HC1 (3.1 ml). After 18 hr the solid (190 mg, 42% ) was collected P rO H  (20 ml), protected with drying a tube, was refluxed under
by filtration and identified as 2 by  comparison of its uv spectrum a D ry  Ice condenser for 20 hr. The solid was collected by filtra-
and chromatographic behavior (tic) with those described in A . tion and recrystallized from M eO H : yield 0.32 g (31% ); mp

C.— A  suspension of 4,5-diamino-6-hydrazinopyrimidine6 (1.0 245° dec; Xmax, in m^ (« X  10“ 3),19a pH  7, 357 (9.04); fmax, in
g ) and ethyl orthoformate (20 ml) containing concentrated HC1 cm“1, 3420, 3370, 3340, 3315, 3185 (N H ),  1640, 1600 (N H 2),
(0.62 ml) was stirred at room temperature for 20 hr. The solid 1560, 1495 (C = C ,  C = N ) ;  pmr, r  1.05 (1, C H ), 2.15, 3.83, 4.10
(1.15 g ) was collected by filtration and was shown to contain 2 by (2,2,2, N H ).
comparison of its uv spectrum and chromatographic behavior Anal. Calcd for C 4H jN j: C , 31.37; H , 4.60; N , 64.03. 
(tic) with those described in A . The isolation of pure 2 from this Found: C , 31.44; H , 4.62; N , 63.98.
solid by recrystallization was unsuccessful. 5-Benzylamino-3-ethylpyrimido[5 ,4-e]-as-triazine ( 1 1 ).13—•

5-Amino-4-chloro-6-(2-formylhydrazino)pyrimidine (5 ).7— A  Solid N a H  (0.30 g ), 51.5% dispersed in mineral oil, was added with
suspension of 1 (1.0 g ) in 1:1 E tO H -H 20  (64 ml) containing NaC l stirring to a suspension of 5-amino-3-ethylpyrimido[5,4-e]-as-
(0.52 g ) was refluxed for 2.5 hr. The unreacted 1 (0.47 g ) was triazine13 (1.0 g ) in D M F  (10 ml), which was cooled in an ice
removed by filtration, and the filtrate was evaporated to dryness bath. After the initial reaction had subsided, benzyl chloride
in  vacuo. Tic (9:1 C H C b -M eO H ) showed that the resulting (0.8 ml) was added. Then the mixture was stirred at room
solid contained mainly 5 contaminated with 1 and 1 2 . Extrac- temperature for 1.5 hr and evaporated in  vacuo to give a gum.
tion of this residue with hot EtOAc (25 ml) and recrystallization This residue was extracted with CC14 (50 m l), the extract was
______________  . evaporated to dryness in  vacuo, and the resulting oil was ex

tracted with three 300-ml portions of hot petroleum ether (bp  
(19) Each solution contains 10% dissolving solvent and 90% appropriate 85-105°). The combined extracts were decanted from the

aqueous solvent: a, MeOH; b, 8%methanolic DMSO; c, HsO. gum that deposited, then evaporated to dryness to give the crude
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product: yield 0.40 g; mp ~1 4 1 ° dec. Two recrystallizations indicated that the major absorbing spot was 14: paper chromato- 
of this material from petroleum ether gave the pure product: gram solvent ( R t), A  (0.23), B  (0.51), D  (0.80). Similar treat-
yield 0.25 g (16% ); mp 152-153° dec (lit .13 mp 153-154° dec); ment of 12 gave 14 containing a small amount of 13.
pmr, t 0.18 (t ,l, N H ), 1.30 (1, C H ), 2.65 (5, CeHs), 5.17 (d,2, In another experiment the isolated solid was boiled for 10 min 
C H 2), 6.63 (q,2 , C H 2), 8.51 (t,3, C H 3). in 2 A1" HC1 to give mainly 13, identified by its paper chromato-

Pyrimido [5,4-e]-as-triazin-5(6H)-one (12). A .— A  suspension graphic behavior: A  (0.12), B  (0.42), C (0.23), D  (0.68).
of 2 (10 g ) in H 20  (100 ml) containing 1 A  N aO H  (73 ml) was Nitrosation of this sample gave hypoxanthine: A  (0.26), B  (0.51),
stirred at room temperature for 3 hr. A  trace amount of solid C (0.36), D  (0.58).
was removed by filtration, and with cooling and stirring the 4-(2-Formylhydrazino)-5-nitropyrimidin-6(5H)-one (16).— A
filtrate was acidified with 1 A  HC1 (146 ml). After 0.5 hr the suspension of 156 (2.3 g ) in 98% H C 0 2H  (20 ml) was refluxed for 
product was collected by filtration: yield 5.7 g (57% ). The 30 min and diluted with methanol (75 m l). The yellow solid
analytical sample was obtained by recrystallization from H 20 : that deposited was collected by filtration and dried in vacuo over
mp 256° dec; Xmax, in mp (e X  10“ 3),19c 0.1 A  HC1, 232 (8.19), P 20 5: yield 2.10 g (78% ); mp 263-265° dec; Xmax, in m^ U X
264 (4.49), 329 (5.42); i w ,  in cm-1, 1715 (C O ), 1605, 1595, 1535 lO " 3) ,1»11 pH  7, 260 (5.9), 335 (6 .2 2 ); pmax, in cm“ 1 1715 1670
(C = C ,  C = N ) ;  pmr, r -0 .0 8 , 1.52 (1,1, C H ), ca. -2 .0  (N H ). ( C = 0 ) ,  1615, 1485 (C = C ,  C = N ) .

Anal. Calcd for C 5H 3N 50 : C, 40.27; H , 2.03; N , 46.97. Anal. Calcd for C 5H 6N 60 4: C , 30.15; H , 2.51; N , 35 15 
Found: C , 40.48; H , 2.28; N , 47.16. Found: C , 30.28; H , 2.42; N , 35.01.

B. — A  suspension of 5-amino-4-hydrazinopyrimidin-6(lH)- 6-Amino-as-triazme-5-carboxamide (20).— A  mixture of 12
one6 (500 mg) in (E tO )3C H  (10 ml) containing coned HC1 (0.3 (50 g ) in 10:1 E t.0H -H 20  (1100 ml) containing E t3N  (100 ml)
ml) was stirred at room temperature for 6 hr. The solid was was refluxed for 18 hr and cooled in an ice bath. The solid was
collected by filtration, washed with hot C H 3O H  (25 ml), and dis- collected by filtration and dried in  vacuo over P 20 5: yield 28 g
solved in 0.1 A  N aO H  (20 m l). After filtration the filtrate was (60% ); mp 253-254° with sublimation (recrystallization from
acidified to pH  1 with 1 A  HC1 to give 25 mg of 1 2 . M eO H  did not raise the melting point); Xmax, m m ^(e X  10~3),19a

C. — A  suspension of 1 (500 mg) in 1 N  N H 4O H  (10 ml) was pH  7, 239 (11.7), 357 (4.11); ¡¡max, in cm-1, 1705 (C O ), 1615
stirred at room temperature for 1 hr. The solid was collected by (N H 2); pmr, r  0.85 (1, C H ), 1.52, 1.95, 2.20 (1,1,2, N H ).
filtration and washed with H 20  (10 ml) and E tO H  (10 m l), to Anal. Calcd for C 4H 5N 50 : C , 34.53; H , 3.63; N , 50.35.
give 250 mg of crude 1 2 . Found: C, 34.64; H , 3.83; N , 50.25.

D . — A  suspension of 4-chloro-5-ethoxymethyleneaminopyrim- The filtrate was evaporated to dryness, and the resulting
idin-6 (lH )-on e  ( 1.0  g ) in E tO H  (20 ml) containing 95% anhy- residue was recrystallized from E tO H  to give crude, unreacted 12
drous hydrazine (0.16 m l) was refluxed for 3 hr, and the mixture (10 g ). The ethanol filtrate was evaporated to dryness, and the
was evaporated to dryness to yield 810 mg of a slightly gummy residue was dissolved in H 20  (100 m l). The aqueous solution
solid. Paper chromatograms in four solvent systems indicated was acidified to pH  2 with concentrated HC1 to deposit 21-H 20 :
that this material was mainly 5-amino-4-chloropyrimidin-6(lH)- yield 3.0 g (6 % ); this sample did not melt, but decomposed
one6 containing a trace amount of 1 2 . >250°; Xmax, in npi (e X  10_3),19c 0.1 A" N aO H , 244 (10.3), 342

E . — A  solution of 20 (1.0 g ) in diethoxymethyl acetate (20 ml) (3.33); pmr (C F 3C 0 2D ), r  0.75 (C H ).
was heated at 100° for 4 hr and evaporated to dryness in  vacuo. Anal. Calcd for C 4H 4N 40 2-H 20 : C, 30.39; H , 3.83; N ,  
This residue was dissolved in 1.5 A  N H 4O H  (11 ml), and the 35.43. Found: C, 30.51; H , 3.90; N , 35.57. 
resulting solution was acidified to pH  4 with 1 A  HC1 to deposit 6-Formamido-as-triazine-5-carboxamide (2 2 ).— A  solution of
1 2 : yield0.82 g (77% ); mp 251° dec (9 5 % pureby uvspectrum). 20 (1.0 g ) in 2:3 Ac20 -H C 0 2H  (25 m l) mixture was stirred at 

4-Chloro-5-ethoxymethylenaminopyrimidin-6(lH)-one.— A  room temperature for 18 hr and evaporated to dryness under re
suspension of 5-amino-4-chloropyrimidin-6(lH)-one hydrochlo- duced pressure. This residue was dissolved in hot EtOAe (570
ride6 (5.0 g ) in diethoxymethyl acetate (25 ml) was stirred at ml), and the resulting solution was evaporated to dryness to give
room temperature for 2.5 hr. An additional 5 ml of diethoxy- 2 2 : yield 1.2 g (100%); m p210°; Xma5C, inm M (e X  10~3),19"-pH
methyl acetate was added to the mixture at the end of the first 7 , 244 (16.7), 315 (3.40); rmax, in cm "1, 3340, 3220 (N H ), 1670
hour. The solid was collected by filtration, washed with ether (C O ), 1600, 1545 (C = C ,  C = N ) ;  pmr, r  0.32 ( 1 , C H ), 0.47
(25 ml), and dried in  vacuo over P 2Osi yield 0.77 g; mp 181-183° (m ,l, C H O ), — 1.05 (m ,l, N H ), 1.18, 1.60 (1,1, N H ).
dec with the evolution of gas (the melt solidified and did not re- A nal. Calcd for C 5H 5N 50 2: C, 35.93; H, 3.02; N , 41.91.
melt below 264°); Xmal, in mM (t X  10 3), EtOH, 259 (5.50), 300 Found: C, 36.06; H , 3.18; N , 41.60.
(7.92); fmax, in c m '1, 1700 (C = 0 ) ,  1635, 1610, 1500 (C = C ,  Pyrimido[5,4-e]-a.s-triazine-5 ,7(6H ,8H)-dione (23).— Phosgene
<- '= N ) .  was bubbled slowly for 0.5 hr into a solution of pyridine (1 .8m l)in

Anal. Calcd for C iH g C lN ^ : C, 41.65; H , 3.97; Cl, 17.61; anhydrous dioxane (225 ml), and the resulting mixture was re-
N , 20.80. Found: C, 41.36; H , 4.30; Cl, 17.76; N , 20.82. fluxed for 15 min to remove excess phosgene. After adding 20

The diethoxymethyl acetate filtrate was evaporated to dryness (3.0  g ), the mixture was refluxed with stirring for 4.5 hr and
under reduced pressure, and the remaining oil was distilled under evaporated to dryness in  vacuo. This residue was extracted
high vacuum. The fraction that boiled at 121-155° was collected with hot glacial HOAc (two 125-ml portions), and the combined
and extracted with petroleum ether (bp 85-105°) (35 ml), and the extracts were evaporated to dryness to give crude 23: yield 2.5 g
extract was evaporated to dryness to give an oil that solidified on (70% ). This solid was recrystallized once from glacial HOAc,
cooling: yield 2.91 g; mp 181-183° dec with the evolution of then from water, and dried in vacuo over P 20 5 at 140° to give the
fumes. The total yield was 3.67 g (6 6% ). analytical sample: yield 1.3 g (37% ); mp >264°; Xmax, in m/x

9-Acetamidohypoxanthine (14). A .— A  mixture of 9-amino- (e X  10_3),19c 0.1 A  HC1, 232 (14.4), 265 (sh), 332 (4.97), pH  7,
hypoxanthine (13,11 900 mg) and Ac20  (50 ml) was heated for 1 236 (sh), 248 (11.5), 264 (sh) (9.22), 350 (2.60), 385 (2.89), 0.1 A
hr, the unreacted material (620 mg) was removed by filtration, N aO H , 259 (19.4), 312 (2.03), 394 (3.92); fma>t, in cm“"1, 3180,
and the filtrate was evaporated to dryness in  vacuo: yield 450 3085, 2985, 2790 (N H ), 1715 (broad) (C O ), 1570, 1555 (C = C ,
mg. This residue was dissolved in 1 A  N H 4O H , the solution C = N ) ;  pmr, r0.32 (1, C H ), —2.13 (broad) (2, N H ).
was filtered, and the filtrate was evaporated to dryness in  vacuo. Anal. Calcd for C 6H 3N 60 2: C , 36.37; H , 1.83; N , 42.42.
The resulting residue was triturated with a small amount of PI20  Found: C, 36.14; H , 2.08; N , 42.13.
and dried in vacuo over P 2Os: yield 180 mg (50%, based on re- Fervenulin (24).— A  solution of 23 (495 mg) in D M F  (5 ml)
covered 16); mp >264°; Xmax, in m/i ( e  X 10 3),19c 0.1 A  N aO H , containing K 2C 0 3 (830 mg) and C H 3I (0.39 ml) was stirred at
256 (11.8); imax, in cm-1, 1715, 1700 (C = 0 ) ,  1585, 1560, 1535, room temperature for 36 hr. An additional amount of C H 3I
1515 (C = C ,  C = N ) ;  paper chromatogram solvent (R t). A  (0.20 ml) was added at the end of 18 hr. The mixture was
(0.24), B  (0.53), C (0.34), D  (0.78). evaporated to dryness in vacuo, the residue was treated with 1 N

Anal. Calcd for C 7H 7N 5O1!: C , 43.55; II, 3.63; N , 36.25. HC1 (6 m l), and the solid was collected by filtration: yield 162
Found: C, 43.76; H , 3.66; N , 36.02. mg (28% ); mp 176°. Extraction of the residue obtained from

B.— Solid sodium hydrosulfite (3 g ) was added in several evaporation of the acidic filtrate with CHC13 (two 25 ml portions)
portions with stirring to a suspension of 16 (1.0 g ) in glacial gave crude product (265 mg), which was purified by recrystal-
AeOH  (20 ml) at 100°, and the mixture was refluxed for 18 hr. lization from H 20 : yield 146 mg; mp 177° (lit. mp 175.7°,3
After the addition of concentrated HC1 (7 ml), the solid was re- 178-179°2) [total yield 308 mg (53% )]; Xmax, in myu (e X  10-3),
moved by filtration, and the filtrate was evaporated to dryness E tOH , 239 (16.8), 275 (1.60), 340 (4.33); pmr, r 0.17 (1, C H ),
in  vacuo to yield 1.4 g of colored solid. Chromatographic data 6.34, 6.68  (3.3, C H 3).
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Base-Catalyzed Reactions. XXXIII.1 Sodium-and Potassium-Catalyzed 
Reactions of Methylnaphthalenes with Ethylene

B o zid ak  St ip a n o v ic  a n d  H e r m a n  P in e s

The Ipatieff High Pressure and Catalytic Laboratory, Department of Chemistry, Northwestern University,
Evanston, Illinois 60201

Received August 26, 1968

Sodium or potassium dispersed in 1- or 2-methylnaphthalene are active catalysts for the reaction of these hydro
carbons with ethylene, under pressure and at temperatures from 90 to 210°. To form an active sodium catalyst a 
promoter is needed, while in the case of potassium the initiator is not always required. The reaction in the pres
ence of sodium results exclusively in side-chain ethylation (compounds 2-4, 6, and 8-10). A ll hydrogen atoms at 
the a carbon of the side chain can be replaced with ethyl groups, though in case of 1 -alkylnaphthalenes steric 
hindrance can considerably retard the reaction. The potassium-catalyzed reaction with ethylene is more com
plex. In  addition to the side-chain ethylation reaction, products of cyclization (12, 17, and 18) and nuclear alkyl
ation (11 and 16) were isolated. Also, all of these primary products undergo further alkylation (13 and 14) and 
formation of higher boiling hydrocarbons can take place.

The sodium- and potassium-catalyzed side-chain ethylene were the only products obtained (expt 1 and 2).
alkylation and alkenylation of alkylbenzenes and 3-(l-Naphthyl)pentane (3) underwent further ethyla-
alkylpyridines have been the subject of extensive studies tion very slowly and only after all of the n-propyl-
in this laboratory.1’2 The present investigation is naphthalene (2) had reacted (expt 3). Prolonged
extended to the study of the reactions of ethylene with heating and stirring for several hours resulted in the
1- and 2-alkylnaphthalenes, these being representatives formation of only 2% 3-ethyl-3-(l-naphthyl)pentane
of alkylpolycyclic hydrocarbons. The search of the (4 ) .4
literature had revealed only a noncatalytic reductive 1,5-Dimethylnaphthalene (5) in the presence of 
methylation of sodium 1- and 2-methylnaphthalenes sodium and an excess of ethylene produced l,5-di(3- 
with methyl bromide.3 pentyl)naphthalene (6) in a 94% yield (expt 5).

The ethylation reactions were carried out under 2-Methylnaphthalene (7) formed mono- (8), di- (9), 
pressure using catalytic amounts of either sodium or and triethylated (10) compounds; the last one was 
potassium in the presence of small amounts of o- produced in a 62% yield (expt 7, Table I ) . 
chlorotoluene as a promoter. The major reaction C H C H C H
products were separated by a combination of fractional 2 2 3
distillation and gas chromatography and the structures
were established by nmr, by ir, and in some cases by 8
means of mass spectra and synthesis.

X H 2CH, / C H 2CH3
^  ^  X H %  X —  CH2CH3

Results O C X  CHiCH O C X  CH2CH‘
Sodium-Catalyzed Reactions.—Sodium has been

found to be a very selective catalyst for the side chain 9 10
ethylation of alkylnaphthalenes (Table I). With Unlike 1, 2-methylnaphthalene (7) reacts readily
1-methylnaphthalene (1), mono- and diadducts of with three molecules of ethylene to produce 3-ethyl-3- 

C H C H C H  (2-naphthyl)pentane (10). The difference in the re-
; i activity of 1 and 7 is due to steric effects which in 1-

A A  methylnaphthalene had been estimated to be 1.6
kcal/mol, greater than in o-xylene (0.5 kcal/mol) and 

j almost equal to that of 1,2,3-trimethylbenzene (2.0
kcal/mol) .6 Molecular models show that in compound

.C H 2CH3 / C H 2CH3
C___CH CH (2) For general literature review, see H. Pines and L. A. Schaap, Advan.

1 '""C H 2CH3 I ^ C H C H 3 CataL, 12, 117 (I960).
'^ri2'^n3 (3) W. Htlckel and R. Cramer, Justus Liebigs Ann. Cheut., 630, 89, (1960);

f  If" j ___^ I jj | W. Htlckel, and C. M. Jennewein, Chem. Ber., 96, 350 (1962).
(4) 1-Isopropylnaphthalene and 1-sec-butylnaphthalene were ethylated 

^ ' much more easily under the same conditions. More details about the prod-
3 4 ucts, 2-methyl-2-(l-naphthyl)butane and 3-methyl-3-(l-naphthyl)pentane,

------------------  will be published in a separate paper.
(1) Paper X X X II: H. Pines and J. Oszczapowicz, J. Org. Chem., 32, (5) J. Packer, J. Vaughan, and E. Wong, J. Amer. Chem. Soc., 80, 905

3138 (1967). (1958).
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T able I
Sodium-Catalyzed Reactions of Alkylnaphthalenes with Ethylene

Starting Reaction Duration, Convn,“ .----------------------------Yields* of products,0 %_____________________ ,
ExP* material“ temp, "C hr %  2 3 4 6 8 9 10 Other

1 1-Methyl- 210 8 53.1 49.8 47.1 3 .1
naphthalene ( 1 )

2  1-Methyl- 196 36 99.8 10.5 84.7 4 .8
naphthalene ( 1 )

3 1-Methyl- 208 48 100 91.7 2.1 6.2
naphthalene ( 1 )

4 1-n-Propyl- 195 36 99.4 96.3 3 .7
naphthalene (2 )

5d 1,5-Dimethyl- 204 40 99.9 94.2 5.8
naphthalene (5)

6 2-Methyl- 178 10 75.9 25.8 64.8 3.0 6.3
naphthalene (7)

7 2-Methyl- 175 48 100 Trace 31.3 62.6 6 .1
naphthalene (7)

“ Sodium (0.2-0.3 g) and o-chlorotoluene (0.2-0.4 ml) were stirred in 0.15 mol of alkylnaphthalene plus 0.0375 mol of sec-butylcyclohex- 
ane (internal standard) at 120° for 3-4 hr (12 hr expt 6 and 7). Initial pressure of ethylene was 30-35 atm. * Molar %  based on re
acted alkylnaphthalenes. 0 For the names of the compounds, consult Table V I. d About 0.1 g of sodium, 0.2 ml of o-chlorotoluene, 0.032 
mol of starting material, and 0.0075 mol of sec-butylcyclohexane; after sodium was dispersed, the mixture was diluted with 10 ml of dry 
benzene.

T able II
Analytical Data of the Products Obtained in the Presence of Sodium as Catalyst

.-----------------------------Nmr Spectra,“ 5, ppm---- ------------------------ . .------------- Analysis, %------------- ,
Com- Aromatic Bp, °C Calcd Found Refract,

pound* CH3 CH2 CH protons (mm) C H C H index0

2 1 .00 (3 ), t 1 .77 (2 ), m 7.20-8.16 (7), m 81-82 (1) 1.5923"
3.02 (2), t

3 0.82 (6 ), t 1 .8 2 (4 ), m 3.37 (1), m 7.30-8.32 (7), m 117-119 (4-5 ) 90.85 9.15 90.55 9.41 1.5782
4 0.63 (9), t 2 .0 0 (6 ), q 7.00-8.44 (7), m 44-451 90.20 9.80 90.42 9.97
6 0.83 (12), t 1 .8 4 (8 ), m 3.46 (2), m 7.29-7.64 (4), m 171-172 (6 ) 89.49 10.51 89.70 10.41

8.01-8.24 (2), q 33.5-34.5/
8 0.95 (3), t 1 .71 (2 ), m 7.14-7.91 (7), m 1.5863®

2.71 (2), t
9 0.78 (6 ), t 1 .76 (4 ), m 2.45 (1), m 7.08-7.83 (7), m 102-104 (1 .5 ) 90.85 9.15 91.08 9.19 1.5720

10 0.66 (9), t 1 .77 (6 ), q 7.17-7.52) 133-134 (3 -4 ) 90.20 9.80 89.74 10.08 1.6110
7 .5 5 -7 .11J

“ Numbers in parentheses are proton integrations; s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet. * For the names of the 
compounds, consult Table V I. 0 Measured at 20.0°. d L it.' n md 1.5922. 0 S. H . Morrell, G. B. Pickering, and J. C. Smith, J. Inst.
Petr., 34,677(1948). f  Melting point. » L it . 0 n wD 1.5872.

3 there is a considerable interaction between the C-8  presence of potassium proceeded at temperatures of
hydrogen and 3-pentyl group, which hinders further 90 to 160°, which is 50 to 100° lower than in the pres-
alkylation. ence of sodium (Table I I I ) .  Although the potassium-

In the case of 1 - and 2-methylnaphthalenes, mono- catalyzed reactions did not require o-chlorotoluene as a
ethylated products could not be obtained free of the promoter, nevertheless its presence facilitated the
higher ethylated methylnaphthalenes. The rate of ethylation.
ethylation of the n-propyl group in naphthalene seems The product obtained from the ethylation of methyl- 
to be faster than that of the methyl group, which is in naphthalenes with potassium as a catalyst is much more
agreement with the data obtained from the study of the complex than that derived from sodium (Table I I I ) ,
relative rates of ethylation of toluene vs. n-propylben- Besides the side-chain alkylation, cyclization and
zene6 and y-picoline vs. 7 -n-propylpyridine.7 nuclear alkylation have also taken place. In addition

The other minor products from the reaction of all of these compounds also underwent further ethyla-
methylnaphthalenes with ethylene catalyzed by sodium tion. Only 65 and 78% of the products from the
were not isolated. However, the vpc relative retention reaction of 1- and 2-methylnaphthalene, respectively
times of these products were similar to those obtained in (expt 9 and 1 2 , Table I I I ) ,  were identified. The re-
larger amounts in the presence of potassium. mainder consisted of viscous material and tar. Besides

The nmr spectra of the side-chain ethylated alkyl- 2 and 8 , compounds I I ,  12,16, and 17 are the main prod-
naphthalenes, obtained from the reactions catalyzed by ucts from the respective ethylation of methylnaphtha-
sodium, gave unequivocal proof of their structures lenes (see Scheme I).
(Table I I ). Compounds 3, 4, 9, and 1 0  have not been The reaction of methylnaphthalenes with ethylene in 
previously reported in the literature. the presence of potassium was accompanied by the

Potassium-Catalyzed Reactions.— The reaction of formation of considerable amount of ethane, which
ethylene with 1 - and 2 -methylnaphthalene in the diluted the ethylene and slowed down the rate of reac-

r, „„ „„„„ „ „ „ „  tion. To complete the reaction the ethane-ethylene
(6) H. Pines and L. Schaap, J. Amer. Chem. S oc ., 80 ,3076 (1958). , , . ,, „ ., J
(7) b . Notari and h . pines, ibid., 82,2945 (1960). mixture was released during the course of the expen-
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T able I I I
Potassium-Catalyzed Reactions of Alkylnaphthalenes with Ethylene

.--------------------- Yields*1 of products,* %---------------------- -
Other +

Catalyst Reaction Dura- higher
Starting prepared,6 temp, tion, Ethane Convn, alkyl-

Expt material“ °C, (hr) °C  hr ratioc % 2 3 11 12 13 14 15 ated

8 1-Methyl- 110(1.5) 165 4 41.5 18.3 2.2 4.0 9.7 12.3 53.4
naphthalene
( 1)

9 1-Methyl- 40 (3) 105 18 1.6 25.6 24.8 2.6 6.2 19.0 11.9 35.4
naphthalene
(1)

10 1-w-Propyl- 90 (2) 160 12 49.3 19.8 25.7 9.0 46.9
naphthalene
(2)

11 3-(l-naphthyl)- 90 (2) 140 8 59.3 62.8 2.3 34.9
pentane (3)

8 9 10 16 17 18

12 2-Methyl- 40 (18) 90 36 0.7 49.4 22.4 2.4 0 10.4 41.7 3.1 21.7
naphthalene
(7)

“ Alkylnaphthalene (0.15 mol) plus sec-butyl cyclohexane (0.0375 mol) (internal standard); initial pressure of ethylene was 30-35 
atm. b About 0.3-0.5 g of potassium in alkylnaphthalene was stirred without promoter, except in expt 8 and 11 where 0.2 and 0.4 ml, re
spectively, of o-chlorotoluene was added. c Molar ratio between the ethane produced and the total amount of cyclic plus higher 
alkylated product. d Molar per cent based on reacted alkylnaphthalene. « For the names of the compounds, consult Table V I.

Scheme I  sium  h a d  also  been  repo rted  in  the case o f the  rea rran ge -
------- *- 2 ment of w-phenylalkenes.9*10

1-Methylnaphthalene yielded about 30% dihydro-

0 phenalene 12 and its ethyl derivative 13, while 2-
methylnaphthalene gave 45% indan-type compounds 

■v 17 and 18 (Table I I I ) .  I f  we assume that at least the

\ same distribution may exist among the unidentified
12 \ higher boiling products, then the percentage of cyclic

Ch3 \  hydrocarbons formed would be even higher. Only one
I \ of the two possible cyclization compounds of 1- and 2-

| | | ]  \  methylnaphthalene was found, as the attack was
\ exclusively on the a position of the naphthalene ring;

I \ dihydrophenalene 12 and dihydrobenz[e]indene 17 were
CH3CH2 \ produced, respectively. The ¡3 position of the naphtha-

11 \ lene ring seems inert to cyclization.
c ,, ... ,, , F ro m  exp t 11 ab o u t  3 %  benzTelindene 18, a  p ro d u ct
r .. , , .  , „  ;  , , o f deh yd rogen ation  o f 17, w a s  also  iso la ted ; th is typ e
orma ion o lg er e y a 0f deh yd rogen ation  b y  a lk a li m eta ls  h a d  been  repo rted

and cyclic compounds p rev io u s ly . 11 -1 3  I t  is there fore v e ry  possib le  th a t

a /  phenalene itself must have undergone dehydrogenation
(expt 8 and 9); however, owing to its high reactivity, it 
was not detected.

Previous studies have indicated that in base-catalyzed 
reactions alkylbenzenes having a benzylic hydrogen do 

^  not undergo nuclear alkylations with olefins.2 How-
17 ever, in the case of methylnaphthalenes, ring alkylation

in the presence of potassium did occur; 4-10% of the 
CH3 product consisted of ring-alkylated material (expt 8, 9,
Ctj ( ,,t and 12). 2-Methylnaphthalene produced three iso-

2 3 meric methylethylnaphthalenes which were not separ-
16 able into pure compounds by gas chromatography.

Nuclear alkylation was the main reaction when 3-(l-

ment and the autoclave was recharged with fresh “ AP^yDpeiitane (3) was allowed to react with
ethylene. The amount of ethane produced is an 
indicator of the extend of cyclization. Similar forma-
,• p ,i j  l- , . ,, „ (9) H. Pines, N. C. Sih, and E. Lewicki, J. Org. Chem., 30, 1457 (1965).
tion OI ethane and cyclic compounds in the presence of (10) N. C. Sih and H. Pines, ibid., 30, 1462 (1965); H. Pines, J. A. Vesely,
potassium, but not in the presence of sodium, has been and v. n. Ipatieff, j. Amer. chem. Soc., 77,347 (1955).
observed previously in connection with the ethylation of ”, p.mf.anf E i^ "  11' « mm  owl’

11 11 A  J M. Kolobielski and H. Pines, ibid., 79, 5820 (1957).
alkylbenzenes. Oyclization in the presence of potas- (13) T. M. O’Grady, R. M. Aim, and M. C. Hoff, Division of Petroleum

Chemistry of the American Chemical Society, Preprints 4, No. 4, B65-B69, 
(8) L. Schaap and H. Pines, J. Amer. Chem. S oc., 79, 4967 (1957). 1959.
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ethylene (expt 11); about 63% compound 14 was .. t— . ■ - T .. 1
produced. 3 .  _ .  . 4»

From the same experiment, a small amount of pure 
compound was separated which had a higher boiling 
point than the main product to which structure 15 was
assigned. The nmr spectrum of 15 represents almost a .^yC

i ......... ...........vrw. _ ._____IL l

14 15

c ,, , . „ n --- -------------------------- M̂AAAAAJ.___Ji_Jk
supenmposure of the spectra of 3-(l-naphthyl)pentane
(3) and 3-methyl-3-(1-naphthyl)pentane4,14 (Figure 1).

Analytical data of the products formed by the nuclear 
alkylation and cyclization using potassium as a catalyst QO
are given in Table IV , where 13,14, and 15 are new com- I
pounds. Some of the hydrocarbons were synthesized , !
and their nmr and ir spectra were compared with those j|!
of the products of the reaction and found to be identi- ^  .„aaJ/HJ IW1
cal. h'

Dihydrophenalene 12 and ethyldihydrophenalene 13 —1 ■ ' I .............I • i
were synthesized by a Clemmensen reduction of the 8-0 6.0 4.0 2.0 0
corresponding ketones.15 Compound 13 could not be 6  (ppm).

Figure 1.— N m r spectra of 3-(l-naphthyl)pentane, 3-methyl-3- 
( 1-naphthyl )pentane, and 1-(3-pentyl)-5- [ (3-methyl) - (3-pentyl)] - 

R q  R naphthalene.

zn-H^ A A  Discussion

hci The course of the reaction of alkylnaphthalenes with
19 R = H 12 R =■ H ethylene depends on alkali metal being used as a
20’ r  =  c 2H5 13’ r =  c 2H5 catalyst, which confirms the previously obtained results

with alkylbenzenes,8 and with co-phenylalkenes.9 Un
like alkylbenzenes, alkylnaphthalenes do not require the 

synthesized directly from l,2-dihydrophenalen-3-one presence of a promoter to form an active potassium
19 by means of a Grignard reaction because the dehy- catalyst (expt 8, Table I I I ) .  This can be attributed to
dration of the corresponding alcohol leads to the iso- the fact that fused polycyclic aromatic hydrocarbons
merization of the ethyl group.16 undergo an addition reaction with a reactive alkali

Ketone 20 was prepared from l-(l-naphthyl)-l- metal to form a mononegative ion.19 The solutions of
propanol (21), following the procedure of Bachmann and
Edgerton.17 Compound 11 was synthesized according -
to the method of Harvey, et al.,w with a few modifica- | JJ j +  jqe. | || ] • Me+ (a)
tions. Hydrocarbon 14 was synthesized by reacting 1-
methyl-5-ethylnaphthalene (11) with ethylene in the
p re s e n c e  o f  s o d iu m  as a  c a ta ly s t .  Me =  alkali m etal

(14) The nmr spectrum indicated that the c h , hydrogens in 3-methyi-3- such ions in tetrahydrofuran and 1,2-dimethoxyethane 
pentyl group are not magnetically equivalent (Figure 1). Nonequivalence w e re  Strongly paramagnetic1913 and esr S p ec tra  Unambi- 
apparently arises because the methylene group is attached to a carbon bearing guOUSly proved that the added electron is not localized
three different substituents and an AB quartet of lines is further coupled to °  1 , u x • x ’ u x i i j
the adjacent methyl group. As a result of overlap, however, the full 16-line Oil a  particular C arbon  a to m , but IS distributed £1110. Q6-
multiplet is not obtained. (“ Nuclear Magnetic Resonance for Organic localized Over the whole 7T-electrOn S ys tem  of the mole-
“ sts'” Mathieson' Ed" Academic Press’ Londo,1-New York' cule.190 The electrontransfer from the alkali metal to1967, pp 39, 121). . .

05) l . f . Fieser and f . c . Noveiio, j . Amer. Chem. Soc., 62,1855 (1940); th e  h y d ro c a rb o n  m a y  th u s  le a d  t o  u n i-  o r  d iv a le n t  ion s  
L. F. Fieser and M. D. Gates, ibid., 62, 2334 (1940). d e p e n d in g  On th e  S o lv en t.*^ 3

(16) D. H. Reid, Quart. Rev. ((London), 19, 274 (1965); V. Boekelheide T xl i? n l i xu l #xu x i x
and C. E. Larrabee, J. Amer. Chem. Soc, 72, 1240, 1245 (1950); M. Naka- I n  th e  CRSe o f  a lk y ln a p h th a le n e s  W ith  a t  le a s t  One
zaki, u.s. At. Energy Comm. Repts., u .c .r .l . 3700 (1959). r e l a t i v e l y  a c i d i c  p r o t o n  o n  t h e  a - c a r b o n  a t o m  ( b e n z y l i c

(17) W. E. Bachmann and R. O. Edgerton, J. Amer. Chem. Soc., 62, 2219 
(1940).

(18) J. Harvey, I. M. Heilbron, and D. G. Wilkinson, J. Chem. Soc., 423, (19) E. de Boer, Advan. Organometal. Chem., (a) 115 (1964); (b) 117
(1930). (1964); (c) 140 (1964).
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Table IV
Analytical Data op the Products Obtained in the Presence of Potassium as Catalyst

,-------------------------------------------------Nmr spectra,“ S, ppm---------------------------------------- — ---- - Bp (mm) or mp, °C, or
Compound6 CHs CH2 CH Aromatic protons refractive index

11 1 .33 (3 ), t 7.00-7.50)
3 .0 4 (2 ), q [  (6 ), m M p 35-38'

2 .7 2 (3 ), s 7.55-7.97)
12 1 .99 (2 ), m 6.93-7.55 (6 ), m M p 64-65*

3.01 (4), t
13 0.96 (3), t 1 .73 (2 ), m

1.95 (2 ), m 7.00-7.30 (6 ), m n»D  1.6114
2.86 2.96

( a i m
14 0 .8 l)  7 .20-7 .64 ) Bp 125-130

> (9), q 1 .36 (3 ), d 3.42 (2), m 1 (6 ), m (1 -1 .5 )
0.92) 7 .83-8.10) « » d 1.5637

15 0.61) 1.78)
0.82) U  1 .8 2 W 8 ), m 3.33 (1), m 7.15-8.42 (6 ), m
1 .48 (3 ), m 2 .33)

17 2 .18 (2 ), q 7.13-7.81 (6 ), m « “ d 1.6130«
3.02) on
3.13) (4 )’ q

6.42-6.631 
6.80-7.00(

18 3.40 (2), m 7 .22 -7 .47 i m
7.62-7.87/

0 Numbers in parentheses are proton integrations: s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet. b For the names of the 
compounds, consult Table V I. '  L it .18 mp 40.0°; identical with an synthetic sample ( 1 1 ; see Experimental Section). d M p  65.1- 
65.4°: L. F. Fieser and E. B. Hershberg, J. Amer. Chem. Soc., 60, 1658 (1938). ' n 19 7d 1.6323. q J. W . Cook and C. L. Hewett,
J. Chem. Soc., 1098 (1933).

type of proton), reactions b-d can occur. The species product can further undergo an abstraction of the secon-
like IV  and V  can then initiate the catalytic side-chain dary proton and then add to another molecule of
alkylation. ethylene. This mechanism is similar to the one pro-

C 10H ,C H 3 +  M e - — >  |C10H 7C H 3| ■ -M e  + (b ) Posed Previously to explain the side-chain alkylation of
I H toluene with olefins.2’22

. , + , n -tr The potassium-catalyzed reaction of alkylnaphtha-
10 7 jj e 10  ̂ 3 lenes and ethylene is more complex than that with

tt + , s sodium. More than 15 compounds were formed from
10 jjj 3 10 1 6 c the reaction of 1-methylnaphthalene with ethylene.

The great difference between the catalytic properties of 
|CioH 8C H 3|. +  |Ci0H ,C H 3|. M e + *■ the alkali metals as catalysts may be related to the

,n p , tt^xj ionic characters of the carbon-metal bonds. Organo-
|O10H 8C H 3| M e +  C 10H 7C H 3 (d ) Uthium compounds are least ionized while cesium-

carbon bonds show a large extent of ionic character.23 
M e =  alkali metal A  more ionic species is probably more dissociated and

Potassium having a lower ionization potential than the carbanion is thus of higher reactivity.9 It  also
sodium is able to transfer the electron to a naphthalene appears probable that the extent of ion pairing24 and
molecule and form an anion radical. However, pro- the field effect of the cation25 may determine to a cer-
moters are necessary for the reactions in the presence of tain degree the catalytic properties of an alkali metal, 
sodium since radical anions are formed less readily with The formation of 1,2-dihydrophenalene (13) (eq g) 
this metal, particularly in the nonpolar solutions, and at CH2

higher temperature.19-21 K+_CH2'^  \ CHR .. .r
High selectivity of the sodium-catalyzed ethylation of I j f

alkylnaphthalenes is an indication that only carbanions kY ^ v \ .  - k+h~
at the a-carbon atom of the side chain are involved in L J I J  1^11 1 *" 12 or 13
the addition to ethylene (eq e and f). A  monoethylated (g;

2Na CioH,CHj K+ CH2CH2
C1C6H ,C H 3 ------------>- C 6H 5C H 2- N a + ------------ >  H x  /  \

(_NaC1)
C X0H 7C H 2-N a +  +  C 6H 5C H 3 (e ) T I T  —  [  T  JK+ —  H~> 17 (h)

C H ^ C H j CioH7CHa
C ioH 7C H 2 N a + >■ CioH7C H 2C H 2C H 2- N a + >■ (22) H. Pines and V. Mark, ib id ., 78, 4316 (1956).

C10H7CH2CH2CH3 +  CioH7CH2“Na+ ( f )  (23) E. G. Rochow, D. T. Hurd, and R. N. Lewis, “ The Chemistry of Or-
ganometallic Compounds,”  John Wiley & Sons, Inc., New York, N. Y., 1957,

(20) G. J. Hoijtink and P. H. van der Meij, Z .  Ph y s . Chem . (Frankfurt), p 25.
20 (1/2), 1 (1959). (24) K. H. J. Buschow, J. Dielman, and G. J. Hoijtink, J . Chem . Ph y s .,

(21) A. Rembaum, A. Eisenberg, and R. Haack, J .  A m er. Chem . S oc., 87, 42, 1993 (1965); N. H. Velthorst and G. J. Hoijtink, J .  A m er. Chem . Soc.,
2291 (1965); A. Rembaum, A. Eisenberg, R. Haack, and R. F. Landel, ib id ., 87, 4529 (1965).
89, 1062 (1967). (25) E. Warhurst and R. Whittaker, T ra n s . Fara day  Soc., 62, 707 (1966).

2110 Stipanovic and P ines The Journal of Organic Chemistry



Table Y
Description of Vapor Phase Chromatographic Columns

Outside
Column Liquid phase Solid support Mesh Length, m diameter, in.

A  15% silicone gum SE-30 Gas Pack W A B  60-80 2.13 0.25
B 15% silicone gum SE-30 Gas Pack W A B  60-80 2.44 0.375
C 15% Versamid Gas Pack W A B  60-80 2.44 0.375
D  15% Carbowax 20M Chromosorb P  60-80 2.13 0.25
E  15% LP-122 silicone gum Chromosorb W  60-80 10.00 0.25

rubber GE-SE-52

T able V I
Relative Retention T imes of Identified R eaction Products'*

,------------- ■----------Column'-1 ---------------------- ,
Reaction product Compound no. Ad A®

Standard 1.00 1.00 1.00
1- Propylnaphthalene 2 1.45 1.15
3-(l-Naphthyl)pentane 3 2.11 1.36
3-Ethyl-3-( 1-naphthyl )pentane 4 3.97 1 .9 5  2 .5 7
l,5-Di(3-pentyl)naphthalene 6 3.25
2- Propylnaphthalene 8 1.48 1.16
3- (2-Naphthyl)pentane 9 2.20 1.48
3-Ethyl-3-(2-naphthyl)pentane 10 4.36 3.05
l-Methyl-5-ethylnaphthalene 11  1 .6 8  1 .4 5

1.2- Dihydrophenalene 12 2.18 2.37
l-Ethyl-l,2-dihydrophenalene 13 3.49 3.24
l-(2-Butyl)-5-(3-pentyl)naphthalene 14 2.90
1- (3-Pentyl)-5-[(3-methyl)-3-pentyl]naphthalene 15 4.44
2- Methyl-x-ethylnaphthalene 16 1.50 1.27
2.3- Dihydro-lH-benz[e]indene 17 2.24 2.28
xH-BenzIeJindenei 18 2.36

° F &  M  720 chromatograph; helium flow 100 ml/min at 35 psi; injection port and detector temperature 300°. b Column temperature 
220°. c Description of the columns in Table V. d Biphenyl as a standard. e Fluorene as a standard. f  1H- and/or 3H-benz[e]indene.

and 2,3-dihydro-lH-benz[e]indene (17) (eq f) could be The addition of an aromatic mononegative ion to 
explained according to the earlier proposed mechanism ethylene could also be assumed and there is some
as an intramolecular alkylation of the aromatic ring by evidence in favor of such a mechanism. The structure
a carbanion.8 Potassium hydride from the cyclization of the isolated product 14 from the reaction of 1-
reaction may add to an ethylene and form ethylpotas- methylnaphthalene suggests that the carbon atom in
sium, which by abstraction of a proton from an a- position 5 is presumably more reactive than the others,
carbon atom leads to the formation of a carbanion and This is in agreement with the calculated higher spin
ethane (eq i). A  concerted mechanism for such a densities at the a rather than at the 6 position of the
cyclization reaction has been recently proposed.26 symmetrically substituted dimethylnaphthalene mono-

C10H7CH3 negative ions.28 It is, however, difficult to visualize
K + H -  +  C H 2= C H 2 — >  C H 3C H 2- K + ---------->  such a reaction as a catalytic process. Only a catalytic

CH3CH3 +  C i0H 7C H 2- K + (i) reaction can lead to the formation of more than 60%
r  _  h , aikyl ring-alkylated compound 14 (expt 11, Table I I I ) and

for that reason the mechanism involving ethylpotassium 
Product 18 resulting from the dehydrogenation of 17 is favored, 

was isolated from the reaction of 2-methylnaphthalene
(expt 12, Table III ). This dehydrogenation could be Experimental Section
explained by a mechanism suggested previously.11

The nuclear alkylation, one of three major reactions The Pure reaction products were separated by means of
of a lkv lnnnhthalenps and ethv lene in the nresence o f Preparative vapor phase chromatography (columns B  and C,ot a ik ym apn tn aien es  a n a  etnyiene in  tne presence 01 Table V ) _ The structures of various hydrocarbons were de-
potassium, was also found to occur in ethylation reac- termined from the nmr spectra, while the ir spectra29 were com-
tions of alkylbenzenes, although in relatively small pared with those of synthesized compounds or with known
yields. For this reaction two possible carbanion spectra from the literature. The vpc columns are described in
mechanisms were suggested.8-22 The formation of Table V  and the retention times of identified products are

, . . , i r , . , i - i . given in Table V I. A ll melting and boiling points are un corrected,
ethylpotassium by the addition of potassium hydride to Apparatus and General Procedure.— In a three-necked, round-
ethylene may result either in a direct attack of the bottom flask with a thermocouple well, equipped with a high
ethyl carbanion on the aromatic nucleus, or in a metala- speed stirrer, 30 condenser with a drying tube, and an inlet for
tion of the aromatic ring. The arylpotassium thus inert gas (nitrogen or helium), was placed 0.15 mol of alkyl- 
formed could then add to ethylene 27 naphthalene and 0.0375 mol of sec-butylcyclohexane as an in-

(26) G. G. Eberhardt, J .  Org. Ckem.,29, 643 (1964). (28) F. Gerson, P. Wiedmann, and E. Heilbroner, Helv. Chim. Acta, 47,
(27) Recently, R. L. Eppley, and J. A. Dixon [J. Amer. Chem. Soc., 90, 1951 (1964).

1606 (1968) ] have found that i-butyllithium reacts with naphthalene, initially (29) The ir spectra were taken in a microcell with capillary thickness (liq-
forming a complex (RLiMCioHg). Subsequent reaction of this complex leads uid products) and in KBr pellet (solids) with a Baird Model 4-55spectro-
to the formation of 1- and 2-i-butylnaphthalene. A similar intermediate photometer. Nmr spectra were measured in carbon tetrachloride using
complex might be found in the reaction of ethylpotassium and alkylnaphthal- tetramethylsilane as an internal standard with a Varian A-60. 
ene. (30) H. Pines and N. C. Sih, J . Org. Chem., 30, 280 (1965).
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ternal standard. Under a nitrogen (or helium in case of potas- chromatographed in n-hexane on an alumina column (4 X  15
sium) atmosphere approximately 0 .0 1- 0.02 g-atom of alkali cm). Ketone 20 was eluted by a 4 :1  re-hexane-ether solution,
metal was cut (under dry n-pentane) and placed into the flask. The column and the elute were kept under nitrogen, and he
Then, if necessary, 0.2-0.4 ml of o-chlorotoluene was added and column was protected from the light. After the solvent was
the reaction mixture was heated to the desired temperature and distilled off, 4.05 g (50% ) of 20 was obtained: 2,4-dinitrophenyl-
stirred until a dark brown or black suspension was formed (the hydrazone mp 182.5-184°.33
reaction conditions for particular experiments are given in Table l-Ethyl-l,2-dihydrophenalene (13).— A  mixture of 25 g of 
I  and I I I ) .  The mixture was then cooled and transferred (under amalgamated zinc, 50 ml of methyl alcohol, 50 ml of benzene,
nitrogen) to a Magne-Dash autoclave of 100-cc capacity. After 10 ml of concentrated hydrochloric acid, and 4.0 g of ethyl
flushing the air with nitrogen, ethylene was introduced from a dihydrophenalenone (20) was refluxed for 9 hr. During that
calibrated charger (pressure of about 30 atm at room tempera- period an additional 10 ml of hydrochloric acid were added in
ture). The autoclave content was agitated and heated to that two portions. After cooling, the aqueous layer was extracted
temperature at which the pressure started to decrease. A t the with ether, washed, dried (MgSCh), and concentrated. 1-
end the autoclave was cooled down to room temperature. In Ethyl-1,2-dihydrophenalene (13) was separated from 10-15% of
some experiments the gaseous products, after releasing the impurities by a preparative vpc using column B  (Table V )  at
pressure, were collected in a gas bottle and analyzed on column E  210° and helium flow of 100 ml/min: re20d 1.6110. Anal.
(Table V ) at room temperature. Calcd for C i6H i6: 0 ,91 .78 ; H , 8.22. Found: C ,92 .02 ; H ,

The remaining alkali metal and organometallic catalyst was 8.15. 
decomposed with abs ethanol (under nitrogen). The resulting re- C. l-Methyl-5-ethylnaphthalene ( 1 1 ). Diethyl 2 -Methyl-
action mixture was dissolved in ether, washed with water and benzylmalonate (24).— 2-Methylbenzylbromide (0 .4  mol) was
salt solution, dried over anhydrous magnesium sulfate, and added slowly to a paste of ethyl sodiomalonate prepared from
finally distilled in vacuum under nitrogen. The samples for the 0.75 mol of diethyl malonate in 200 ml of benzene and 0.4 g-atom
vpc analysis were taken before distillation. The conversions of sodium. The mixture was stirred and refluxed for 12  hr and
and molar per cent compositions of the products were calculated cooled and the sodium bromide was washed with water. Ester
according to the internal standard. Thermal conductivity co- 24, obtained in 89% yield, distilled at 151-154° (4-5 mm): re*D
efficients for separated and identified products were taken into 1.4910. Anal. Calcd for C isH mOc  C, 68.16; H , 7.63. Found:
account for those calculations. C , 68.37; H , 7.64.

Reagents.— 1-Methylnaphthalene (Aldrich, bp 240-243°) and 1-Methylhydrocinnamic Acid (26).— Ester 24 (0.35 mol) was
2-methylnaphthalene (Aldrich, mp 34-36°) were distilled and hydrolyzed for 4 hr at reflux temperature with 1 mol of potassium
stored under nitrogen until they were used for the reaction. hydroxide in 200 ml of water. The solution was cooled and
1,5-Dimethylnaphthalene was supplied by courtesy of D r. A . W . neutralized with dilute hydrochloric acid, using congo red as an
Weitkamp, American Oil Co., Whiting, Ind. 3 -(l-Naphthyl)- indicator. On filtration a quantitative yield of 1-methylbenzyl-
pentane was synthesized from 1-methylnaphthalene and ethylene malonic acid 25 was obtained. Without further purification the
in the presence of sodium as a catalyst. acid 25 (0.34 mol) was heated for ~ 0.5 hr at 170-180°, until the

3-(l-Naphthyl)pentane (3). A  mixture of 71.0 g (0.5 mol) of evolution of carbon dioxide ceased. The residue was recrystal-
1-methylnaphthalene, about 1-1.5 g (0.1 g-atom) of freshly cut lized from an acetic acid-water solution and 49.5 g (88% ) of
(under dry re-pentane) metallic sodium, and 0.5 ml of o-chloro- 1-methylhydrocinnamic acid, mp 103-104°,34 was obtained,
toluene were placed in the previously described apparatus (250-cc 3-(l-Methylphenyl)propan-l-ol (27).— Acid 26 (0.3 mol) was 
capacity). The reaction mixture was stirred at 110-120° under placed in a thimble of a continuous extractor and reduced with
a slow stream of nitrogen for 4 hr. The content was then cooled 0.26 mol of lithium aluminum hydride in 300 ml of ether. 33 *
down and transferred into a 250-cc Magne-Dash autoclave, and Alcohol 27, 94.5% yield, distilled at 109-111° (3 mm): urethan
after flushing the air with nitrogen ethylene was introduced (about mp 57-58° [lit .18 bp 136° (15 mm), urethan mp 5 8 °].
32 atm). The reaction was carried out at 205° for 48 hr. More 3-(l-Methylphenyl)-l-bromopropane (28).— To 0.28 mol of 27, 
ethylene was added during that time. After the reaction was cooled with ice, was added dropwise 46 g of phosphorus tri-
completed, unreacted ethylene was released and the sodium and bromide. After standing overnight the reaction mixture was
organosodium compounds destroyed with ethanol. The reaction kept for 1.5 hr in a warm-water bath, then poured on ice, and
products were dissolved in ether, washed, dried (MgSCh), and extracted with ether. Bromide 28, yield 85% distilled at
distilled. After a small amount of 1-propylnaphthalene was 121-123° (15 mm) [lit.18 bp 124° (17 mm)]. 
distilled off, the main reaction product, a viscous, colorless 7 -(l-Methylphenyl)butyric acid (29).— From 0.115 mol of
liquid, 3-(l-naphthyl)pentane, distilled at 133-134° (4-5 mm). bromide 28 and potassium cyanide, according to the procedure
The yield was 69.8 g (82.2%). 0f Harvey, et al. ,18 acid 29 was obtained in 84% yield: mp

Synthesis of the Reaction Products. A. 1,2-Dihydrophena- 59-60° (lit .18 mp 60°).
lene ( 12 ) l,2-Dihydrophenalen-3-one (19).— Ketone 19 was 3,4-Dihydro-5-methyl-l(2H)-naphthalenone (30).— A  solution 
synthesized according to the method of Fieser and Gates,15 with 0f 0.095 mol of 29 in 150 g of anhydrous hydrogen fluoride was
the modification that 1-bromoethylnaphthalene was used as a stirred for 8 hr at room temperature, then poured on ice, and
starting material: 52% over-all yield mp 80-82°. The bromide extracted with ether. After it was washed (I I20 , NaH CO s) and 
was Prepared in 91% yield, mp 54-55 , by the method of Horner dried (MgSCh), the ethereal extract was distilled. Ketone 30
and Wmkelmann. was obtained in 89% yield: bp 117-120° (3-4 mm), mp 48-50°

1 ,2-Dinydrophenalene ( 1 2 ).— This hydrocarbon was prepared [lit.3« bp 115-117° (3 mm), mp 50-51° ls] . 
in 6 6%  yield, mp 64.5-65.5 , by  the Clemmensen reduction16 l-Methyl-5-ethylnaphthalene ( 1 1 ).— Compound 11  was pre-

° n  'i  t .i  , , ~ , ,, „  , , pared from 0.075 mol of ketone 30 by the procedure of Harvey,
, 1 ’^drhydrophenalene (13). l-(l-Naphthyl)propan- et a lu The tertiary a]cohol; obtained by allowing 30 to react
k"° )• Garb mol 2 1 wa^ synthesized from 0 .1 mol of 1 - With ethylmagnesium bromide, was dehydrated with boiling
bromonaphthalene and 0 .1 mol of propionaldehyde via a Grignard acetic anhydride to l-ethyl-5-methyl-3,4-dihydronaphthalene.
reaction according to the procedure described. 32 The yield of T he latter was then heated with selenium metal at 300° for 24
alcohol 21 was 82%, bp 139-142° (2-2 5 mm), re»n 1.6096.33 hr. A  solid obtained after distillation over sodium was purified

i-Bromo-l-a-naphthyl propane (2 2 )-B ro m id e  22 was pre- via picrate. Compound 11  in the form of white crystals was
pared from 0.08 mol of 2 1 according to the method of Bachmann obtained in 61% over-all yield: mp 38-39° (lit .18 mp 40°). The

^  n dN  ^ 7 2 ^ ’ ^ Pi 3 7 A3 8 u5-Jj , . , . synthetic hydrocarbon was identical with l-methyl-5-ethyl-
0-(ll-Naphthyllvalenc acid 23) -A c i d  23 was synthesized from naphthalene separated from the reaction (Table I V ) .

Bq°.7n ° f and d hyl sodlomalonate: yield 69% - mP D . l-(2-Butyl)-5-(3-pentyl)naphthalene (14).— A  mixture of
i i , o j., , , . , . . ,  rA , , 5 g (0.0294 mol) of l-methyl-5-ethylnaphthalene (11) and 6.5 g

*, ", 1 y rop e^ a, " °ne i  ° ) ; y A cld 23 (0.038 mol) (0.0706 mol) of toluene was stirred for 5 hr with 0.2 g of sodium
was cyclized by means of hydrogen fluoride according to Ansell and 0 .35  ml of o-chlorotoluene at 110° in a slow stream of nitro-
and Berman . 33 A  brown oil (6.9 g ) was obtained, which was ______________

(34) W. E. Bachmann and E. K. Raunio, J. Amer. Chem. Soc., 72, 2530
(31) L. Horner and E. H. Winkelmann, Angevi. Chem., 71, 349 (1959). (1950).
(32) H. Gilman, N. B. St. John, and F. Schulze, "Organic Syntheses,” (35) R. F. Nystrom and W. G. Brown, ibid., 69, 2548 (1947).

Coll. Vol. II, John Wiley & Sons, Inc., New York, N. Y., 1943, p 425. (36) I. Ochiai, T. Okamoto, M. Sekijima, M. Nishikawa, and K. Shono,
(33) M. F. Ansell and A. M. Berman, J. Chem. Soc., 1792 (1954). Pharm. Bull. (Tokyo), 5, 48 (1957); Chem.Abstr., 51, 16387 (1957).
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gen. The dark brown reaction mixture was then cooled and Found: C, 89.98; H , 10.28. The synthetic sample was identical
transferred to a 100-ml capacity Magne-Dash autoclave with an with the isolated product 14 (expt 10 and 11, Table I I I ) ,
agitator. After this was flushed with nitrogen, 40 atm of ethylene
was introduced and the autoclave was heated at 208° until the Registry No.— Ethylene, 74-85-1; 2, 2765-18-6; 3, 
uptake of ethylene ceased. The sodium was then decomposed 3042-56-6; 4, 19990-00-2; 6, 19990-01-3; 8, 2027-19-2’
with ethanol and the reaction product was dissolved in ether, A ^  n lnnnA rvo r 1 1  no ^ + J
washed, dried (MgSO,), and distilled. Title compound l l  9, 3042-57-7; 10, 19990-03-5; 11, 17057-92-0; 12,
distilled at 125-128° (1-1.5 mm) and was purified by preparative 479-58-3; 13, 19990-06-8; 14, 19990-07-9; 15, 19990-
vpc: n̂ D 1.5640. Anal. Calcdfor C19H26: C, 89.70; H, 10.30. 08-0; 17,4944-94-9; 18,232-54-2; 24,6619-57-4.

Base-Catalyzed Reactions. XXXIV.1 The Alkali Metal Catalyzed 
Side-Chain Aralkylation of 2- and 4-Alkylpyridines with Styrene, 

«-Methylstyrene, and c i s -  and tr<ms-/?-Methylstyrene
Herman Pines and N elson E. Sartoris2 

The Ipatieff High Pressure and Catalytic Laboratory, Department of Chemistry, Northwestern University,

Evanston, Illino is  60201 
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The sodium- and potassium-catalyzed side-chain aralkylation reactions of 2- and 4-alkylpyridines with styrene, 
«-methylstyrene, and cis- and trans-t3-methylstyrene were performed using the alkylpyridines in a 5 : 1  molar 
excess. For the most part, the reactions proceed readily at 0-25° to yield monoaddition products via a Michael- 
type addition mechanism, as well as di- and triaddition products in some cases. As the length and branching 
of the alkylpyridine are increased, the yields of the higher adducts decrease. The yields of the higher adducts, 
as well as the relative rates of reaction, also decrease as the steric hindrance of the reacting olefin increases on 
going from styrene to «-methylstyrene to /3-methylstyrene. 4-Alkylpyridines react more readily than 2-alkyl- 
pyridines. Also formed, in some cases, are diaddition products resulting from a chain-lengthening process.
With 2- and 4-picoline and 2- and 4-ethylpyridine, ¿rans-/S-methylstyrene reacts faster than cis, due to the greater 
conjugation of the trans olefin. With 4-isopropylpyridine, however, the results are reversed.

The sodium- and potassium-catalyzed side-chain Discussion of Results
aralkylations of alkylbenzenes having a benzylic hydro- rn. ,. . „  , , „  , .
gen have been studied extensively in our laboratory.* The reactions of 2- and 4-alkylpyridme with styrene,
These reactions proceed in the presence of a promoter «-methylstyrene, and as- and rans-d-methylstyrene
at 100-125° to give the expected monoaddition prod- wef e carned ou* m the PreTf rlce, of catab tlc ani0Ullts of
nets, and diadducts in some cases, via a carbanion mech- s° dl1™ .and P^assium. Details and results of the ar-
anism. As the length and branching of the alkylben- f^ y M ion s  are given m Tables I  and I I  The course of
zene is increased, and as the steric hindrance of the ole- the 1tactions was followed by vapor phase chromatog-
fin increases on going from styrene to «-methylstyrene Thf  Products separated by preparative
to /3-methylstyrene, the yields of the aralkylation prod- f  f  chromatography and their structures were estab-
ucts decrease while the competitive dimerization and llsh,ed ^  nmr and lr spectroscopy, elemental analyses,
polymerization of the olefin increases.4 The potassium- and occasionally by comparison with known com-
catalyzed aralkylation of n-alkylbenzenes with ¡3- 1 rn, ' , .
methylstyrene at 105° gives only fair yields (19 -52% ) +, T he nietal ’c sodm™ or potassium was dispersed in
of the monoaddition products, while isopropylbenzene the « p y r i d in e  for 3-5 hr to ensure complete disper- 
fails to react with /3-methylstyrene. Instead, the 0- S10n’ reSlll lrlg m he formation of a seemingly homo
methylstyrene undergoes dimerization by both anionic geneous solution of organoalkali metal catalyst R~M  +
and anionic free-radical mechanisms.«.« Th<( ¿ efin was then added m°

It  has been reported that alkylpyridines can undergo the reactl0ns P ™ eed readi y  at 0-25 .
alkali metal catalvzed side-chain alkylation reactions . T  le mechanism of the aralkylation is proposed to be 
similar to the side-^chain alkylations of alkylbenzenes.^ f mlar tog that ° f the side-chain aralkylation of a ky -
The sodium- and potassium-catalvzed aralkylation re- benzenes* and the side-chain alkenylation of 4-alkyl-
actions of 2- and 4-alkylpyridines with styrene, « -  P ^ d m es ." The initial step is suspected to be the
methylstyrene, and cis- and frcms-/3-methylstyrene were °rma ion o a ra ica anion.

i j -  j  • i x xu u  • xu 4-u^„^ ^ t  l h e  a r a lk y la t io n  r e a c t io n  can  b e  d e s c r ib e d  b y  th e
s tu d ied  in  o rd e r  t o  c o m p a re  th e  re su lts  w i t h  th o s e  o i  . ,, J ,. T£ ^  ^
x1 -t , . n „  fo l lo w in g  e q u a t io n . I I  K i  a n d / o r  =  H ,  fu r th e r  ar-
th e  a n a lo g o u s  re a c t io n s  w i t h  a lk y lb e n ze n e s . ,, , ’ lx .

& a lk y la t io n  o i  th e  a lk y lp y r id in e  d oes  o ccu r , r e s u lt in g  m

. . VVVTTT  ̂ j tx "d‘ t n the formation of normal di- and triadducts. The di-(1) (a) Paper X X X III: B. Stipanovic and H. Pines, /. Org. Chem., 34,
2106 (1969); (b) paper V of the series Alkylation of Heteroaromatics. a d d it io n  p ro d u c ts  Can alSO b e  fo r m e d  to  a  S m a lle r  ex -

(2) Predoctoral Fellow, National Institutes o£ Health, 1964-1968. te n d  v ia  & c h a in - le n g th e n in g  prOCeSS s im ila r  to  th a t

wine (i96oTtUre referenCeS’ 866 H' PiDeS and L' S°haaP’ CatahSiS' which has Previously been reported.8’9
(4) j . shabtai and h . pines, j . Org. chem., 2 6 , 4225 (1961). In Table I  are listed the results of the reactions of
(5) j . shabtai, e . m . Lewicki, and h . Pmes, 37,2618 (1962). various alkylpyridines with styrene and a-methylsty-
(6) J. Shabtai and H. Pines, ibid., 29, 2408 (1964). a xu l xu j  i u* r xU n i
(7) (a) H. Pines and D. Wunderlich, J. Amer. Chem. Soc., 81, 2568 ren e. As th e  le n g th  a n d  b ra n c h in g  o f  th e  a lk y lp y n -  

(1959); (b) H. Pines and B. Notari, ibid., 82, 2209 (1960); (c) ibid., 82,
2945 (1960); (d) H. Pines and J. Oszczapowicz, J. Org. Chem., 32, 3183 (8) H. Pines and D. Wunderlich, J. Amer. Chem. Soc., 80, 6001 (1958).
(1967). (9) H. Pines and N. Sih, J. Org. Chem., 30, 280 (1965).
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T able I
Alkali Metal Catalyzed Side-Chain Aralkylation of 4-Alkylpyridines with Styrene

-------------- Product distribn,c %------------- ■>
Styrene, Temp, Intern. Mono- Diad- Triad-

Expt 4-Alkyl Mole mole Catalyst g° °C std* adduct duet duct Other

1 CHa 0.375 0.075 N a  0.30 0 A  41.1 41.8 12.7 4 .4

2 0.375 0.075 K  0.30 0 A  40.0 40.9 16.0 3.1
3 C H 2C H 3 0.375 0.075 N a  0.30 0 A  83. O'* 17.0 Trace
4 0.190 0.038 K  0.15 0 A  89.2s 10.8 Trace
5 C H 2C H 2C H 3 0.20 0.04 N a  0.20 0 D  76.0 24.0
6 CH(CH3)2 0.190 0.038 N a  0.15 0 B  74.9 25. 1 «
7 0.190 0.038 K  0.15 0 B  74.3 25.7«

a-M ethyl- 
styrene, mole

8 C H 3 0.375 0.075 N a  0.30 0 A  65.1 26.8« 8.1
9 0.375 0.075 K  0.30 0 A  55.2 35.2« 9.6

10 C H 2C H 3 0.190 0.038 N a  0.15 0 A  76.6s 21.4« 2.1
11 0.375 0.075 K  0.30 0 A  84.7s 13 3« 2 0
12  C H (C H 3)2 0.175 0.035 N a  0.15 0 B  85.7 14.3*./
13 0.175 0.035 K  0.15 0 B  85.4 14.6*./

/3-Methyl
styrene,0 mole

14 CHa 0.125 0.025 N a  0.10 0 C  98.0 2 0
15 0.125 0.025 K  0.10 0 C  99.0 1 0
16 C H 2C H 3 0.190 0.038 N a  0.15 0 B  96.9 3 1

17 0.190 0.038 K  0.15 0 B  99.0 1 0
18 C H (C H a )2 0.140 0.028 N a  0.10 25 B 93 0 7 0
19 0.140 0.028 K  0.10 25 B  94 0 6 0
20 0.050 0.010 K  0.05 75 B  92.5 7.5

0 Weight of catalyst is approximate. * Amount of internal standard used =  0.01 mole. A  = sec-butylcyclohexane, B  = ethylcyclo- 
hexane, C =  n-butylcyclohexane. « Percentages were based on vpc peak area, uneorrected by thermal conductivity factors, calculated 
by triangulation method after 100% reaction of «-methylstyrene. d Monoadduct consisted of two compounds, a pair of diastereoisomers, 
resolvable by vapor phase chormatography. « Product actually a mixture of stereoisomers, unresolvable by vapor phase chromatog
raphy. / Diadduct suspected to be 2,4-dimethyl-4,6-diphenyl-2-(4-pyridyl)heptane, produced via a chain-lengthening process. » 8- 
Methylstyrene used was a mixture of 81% tram-, 17.5% cis-, and 1.5% allylbenzene.

T able II
Sodium-Catalyzed Side-Chain Aralkylation of 2-Alkylpyridines with cis- and /rn/r5-/3-METHylstyrene

'------------- Products, % d------------- *
Styrene, Temp, Intern. Mono- Diad-

Expt 2_Alkyl Mole mole Na, g“ °C std« adduct duct Others

2 1 CHs l - ° °  ° - 20 1 0 25 A  69.0 26.0 5.0*
/3-M ethyl- 

styrene,& mole

22 C H 3 0.125 0.025 0.15 55 D  > 9 9

23 C H 2C H 3 0.125 0.025 0.15 55 D  > 9 9  ~72/,»
24 C H (C H 3)2 0.10 0.020 0.10 115 B 0« ~ 72/,s

“ Weight of catalyst is approximate. * /3-Methylstyrene used was a mixture of 81% trans-. 17.5% cis-, and 1 5 %  allvl- 
benzene. '  Amount of internal standard used =  0.01 mole. A  =  sec-butylcyclohexane, B  =  ethylcyclohexane, D  =  isopropylcyclo-

6rCeutageSf r re h™edon  VP ° area*; uncorrected by thermal conductivity factors, calculated by triangulation method 
after 100% reaction of /3-methylstyrene. « No aralkylation reaction occurred; instead, both the /3-methylstyrene and 2-isopropyl- 
pyridme underwent self-condensation reactions. ’  Product shown to be a dimer of /3-methylstyrene, i.e., transA-methy 1-1,5-di- 
phenyl-l-pentene (17). g Remainder of /3-methylstyrene underwent further reaction to polymeric products. h Triadduct.

V2 Even though the molar ratio of 4-picoline to styrene
R — C— H R — C=CH— R3 ™ S5.:1’, both di- and triaddition products were found.

0 This indicates that the secondary carbanion of the
monoadduct, once formed, reacts faster than 4-picoline 

+  *■ carbanion with the remaining styrene. Similar obser-
R2 R3 R4 vations have been made in the reaction of alkylbenzenes

«-methylstyrene6,’ £  ^ H; = "  R _ i _ L _ l _ H ¡ ¡ j ?  T  ! £ , ethy !ati° i  ar\d, competitive
R 4 =  CHa R, C CH C H alkenylation of 4-alky Ipyndmes.10 Also, in the

/3-methylstyrene, R 3 =  C H 3; i .  X . Michael addition of unsymmetrical ketones to a f i -un-
4 = H [ 1 1 1  saturated carbonyl compounds, reaction occurs largely

'"N  at the more highly substituted a  carbon of the unsym-
dine increases the relative rate of the reaction decreases, metncal ketone.11 
as do the amounts of the higher adducts. Little dif
ference is noticed between sodium and potassium as hC) H. Pines and W. M, Staliek, unpublished results, 
catalysts. *->• House, “ Modern Synthetic Reactions,” W. A. Benjamin,

Inc., New York, N. Y., 1965, pp 208-210.
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T able I I I
Competitive Sodium-Catalyzed Side-Chain A ralkylation of A lkylpyridines with Styrene

... , ... , Molar ratio of
„  „ v  Alkylpyridines used Molar ratio“ Temp, Intern. monoadducts'
ij,xpt x  Y  X:Y:styrene °C std6 X 'Y

c c

25 C S  ^ ^ 3  10:10:1 0 A  99: l d

C— C C— C— C

26 6  6  6

c— c— c c— c— c

27 6  6 6
° 0.20 mol of alkylpyridine and 0.1 g of sodium were used. b Amount of internal standard used =  0.01 mol. A  =  sec-butylcyclo- 

hexane, D  =  isopropylcyclohexane. ' Percentages corrected by thermal conductivity factors. d Also formed is small amount of di
adduct from X.

In the reactions of both 4-ethylpyridine and 4-n- results it is necessary to assume that change in the rate-
propylpyridine with styrene, the diaddition product determining step must take place due to the increased
consisted of two compounds formed in roughly equal steric requirements of 4-isopropylpyridine. The pos-
amounts, unresolvable by preparative gas chromatog- sibility also exists that only ¿rans-/3-methylstyrene un-
raphy, one of which in each case results from a normal dergoes the aralkylation reaction and that cis-trans
diaddition process and the other from a chain-length- isomerization is occurring.
ening diaddition. In a similar reaction, Chumakov and An unsuccessful attempt was made to treat /3-methyl- 
Ledovskikh reported only the normal diaddition prod- styrenes with 2-isopropylpyridine below 100°. As the
uct.12 temperature was increased to 1150, the /3-methylstyrene

In Tables I and II, expt 14-24, are given the results underwent an anionic dimerization reaction leading to
of the reactions of alkylpyridines with cis- and trans- frans-l,5-diphenyl-4-methyl-l-pentene (17),6 and the
/3-methylstyrene. The reactions of /3-methylstyrene reaction was further complicated by self-condensation
are much slower than the corresponding reactions of reactions of two molecules of 2-isopropylpyridine.
styrene and «-methylstyrene, presumably because of a In an effort to confirm the greater reactivity of 4- 
more pronounced steric effect with a /3-methyl as com- alkylpyridines vs. 2-alkylpyridines,70 a competitive so-
pared to an «-methyl substituent in the styrene mole- dium-catalyzed reaction was carried out between 2- and
cule.5'13 These increased steric factors are also respon- 4-picoline with styrene (Table I I I ) .  The monoadduct
sible for the almost exclusive formation of monoaddi- of 4-picoline was formed almost exclusively. Also per-
tion products. formed were competitive reactions with styrene of 4-

In the reactions of 2- and 4-picoline and 2- and 4- ethylpyridine and 4-n-propylpyridine, respectively,
ethylpyridine with a mixture of cis- and irans-/3-methyl- with l-phenyl-3-(4-pyridyl)propane. The relative
styrene, ¿rans-/3-methylstyrene was detected by vpc to rate of aralkylation of 4-ethylpyridine as compared to
react much faster than cis. These kinetic differences l-phenyl-3-(4-pyridyl)propane was about 1:1, while
between cis- and Irans-/3-methylstyrene probably are 4-n-propylpyridine reacts slower than l-phenyl-3-(4-
related to a difference in the conjugation of the double pyridyl) propane by a relative ratio of 1:2.5. The
bond with the ring in the two compounds. Molecular relative reaction rate of 4-ethylpyridine vs. 4-n-propyl-
models indicate that steric hindrance exists between pyridine is then calculated to be 2.5:1. This ratio is
the methyl group and the o-hydrogen of the phenyl ring consistent with the figures of 1.9:1 and 2.5:1 obtained
in the cis compound. This prevents complete conjuga- in the competitive ethylation70 and alkenylation,10 re-
tion of the 7r-electron orbitals of the double bond and spectively, of these two alkylpyridines.
the ring by restricting coplanarity.13'14 In the trans Of particular note is that l-phenyl-3-(4-pyridyl)pro- 
compound no such internal interactions are present. pane reacts 2.5 times faster than 4-n-propylpyridine,
That irans-/3-methylstyrene is more conjugated than although steric factors are apparently greater in the
the cis is reflected in the ultraviolet spectra.15 former. In an analogous situation, it was found that

In the reaction of 4-isopropylpyridine and cis- and the butenylation of l-(4-pyridyl)-3-pentene occurred
frans-/3-methylstyrene, however, the results are reversed 4.5 times faster than 4-n-propylpyridine.7d This dif-
and the cis compound reacts faster. To explain these ference in the rates of alkenylation was explained in

terms of the greater acidity of l-(4-pyridyl)-3-pentene,
(12) Yu. I. Chumakov and V. M. Ledovskikh, U k r .  K h im .  Z h ., 31, 506 j  1 u j * r ii ‘ 1 1 U J  -il

(1965); C h em . A b s t r . , es, 5594a (1965). due to ^-electron bonding of the picolyl hydrogen with
d3) d . j. Cram, j . A m e r .  C h e m . S o c . , 7i, 3883 (1948). the double bond of the alkenyl group. A  somewhat
(14) g . Favini and m . simonetta, T h e o re t .  c h v m . A c ta  i 294, (1963). similar situation may exist with 1-phenyl-3-(4-pyridyl)-
(15) C. G. Overberger, D. Tamer, and E. M. Pearce, J. A m e r .  C h e m . S o c . , . , /  ,, v

so, 4566 (1958). propane, where the phenyl ring assists m the removal of

Vol. 84, No. 7, July 1969 Base-Catalyzed R eactions. X X X I V  2115



T a b l e  IV

C h e m i c a l  S h i f t s  i n  n m r  S p e c t r a  o f  P r o d u c t s  o f  C l a s s  1 “

R2 R3 R4

E l— C— C 'H — C "H

6  6
-------------------------------------------------------------------S, p p m ? ------------------------------------------------------------------ .

Compdc C C'H C "H  Ri R2 R„ R4

1, R 1- R 4 =  H  2.50 (2) m 1.94 (2) m 2.50 (2) m
2, Ri =  C H 2C H 2Ph; R j-R , =  H  2.28 (1) m 1.85 (4) m 2.28 (4) m
3 , R 4 =  R 2 =  C H 2C H 2Ph; 1.90 (6 ) m 2.22 (6 ) m

R 3 -  R 4 =  II
4, Ri =  C H 3; R 2- R 4 =  H  2.56 (1) m 1.90 (2) m 2.56 (2) m 1.22 (3) d

(J  =  6 .8 )
5, R 4 =  R 2 =  C H 3; R 2 =  R 4 =  H  1.82 (2) m 2.26 (2) m 1.29 (3) s 1.29 (3) s
6, " Ri =  R 2 =  C H 3; R 3 =  H ; 1.90 (2) m 2.40 (1) m 1.14 (3) s 1.02 (3) s 1.90 (2) m,

R 4 =  C H 2C H 2Ph 2.20 (2) m
7, R 4- R 3 =  H ; R 4 =  C H 3 2.40 (2) m 1.85 (2) m 2.58 (1) m 1.22 (3) d

(/  =  6 .8 )
8 , *' R 4 =  C H 2C H P hC H 3; 0.90-1.30

R 2 =  R 3 =  H ; R 4 =  C H 3 2.35 (1) m 1.95 (4) m 2.35 (2) m (6 ) m
9A/ Ri =  R 4 =  C H 3; 1.16 (3) d 1.16 (3) d

R 2 =  R 3 =  H  2.40 (1) m 1.85 (2) m 2.40 (1) m (J  =  6 .8 ) ( J  =  6 .8 )
9B/ R 4 =  R 4 =  C H 3; 1.18 (3) d 1.20 (3) d

R 2 =  R 3 =  H  2.50 (1) m 1.82 (2) m 2.50 (1) m (J  =  6 .8 ) (J  =  6 .8 )
10,7 Ri =  C H 2C H P hC H 3; 0.85-1.30 0.85-1.30

R 2 =  R 4 =  C H 3; R 3 =  H  1.95 (4) m 2.40 (2) m (3) m (6 ) m
11/ Ri =  R 2 =  R 4 =  C H 3; R 3 =  H  1.97 (2 ) m 2.45 ( 1 ) m 1 .2 1  (3) m 1.10 (3) s 1.06 (3) d

(/  =  6 .0 )
12, Ri =  R« =  R 4 =  H ; R 3 =  C H 3 2.47 (2) m 2.10 (1) m 2.47 (2) m (J  6.0)
13, e Ri =  R 3 =  C H 3; R , =  R 4 =  H  2.60 (1) m 2.00 (1) m 2.45 (2) m 1.24 (3) d 0.72 (3) dd

(J  =  7.0) (J  =  7.5)
14/ R i-R , =  C H 3; R 4 =  H  2.60 (1) m 2.15 (2) m 1.34 (3) s 1.29 (3) s 0.70 (3) dd

(J  =  6.0)
18, Ri =  C H 2C H 3; R j-R ,  =  H  2.32 (2) m 1.90 (2) m 2.32 (2) m 1.80 (2) m,

0.73 (3) t 
(/  =  7.0)

0 A ll products in this class result from addition of styrene, »-methylstyrene, or /3-methylstyrene to 4-alkylpyridines. Their spectra 
therefore show two »-hydrogens and two /3-hydrogens of an »-substituted pyridine ring in the regions 8.3-8.7 and 6.7-7.1 ppm, respec
tively, and phenyl hydrogens of monosubstituted phenyl rings in the region 6.9-7.3 ppm. 6 Numbers in parentheses refer to integrated 
number of protons: s =  singlet, d =  doublet, t =  triplet, m =  multiplet. /  values are given cycles per second. c Refer to Table 
V II  for compound names. d Actually two sets of doublets due to asymmetric center. 6 Contain two asymmetric carbon atoms, there
fore two stereoisomers are present. The enantiomers were not resolvable by vpc and as a result the nmr is that of a mixture of both 
stereoisomers. Both methyl groups are in different magnetic environment and they appear as two doublets. This type of spectral 
patterns has been previously reported: J. R. Dyer, “Applications of Absorption Spectroscopy of Organic Compounds/’ Prentice Hall, 
Inc., Englewood Cliffs, N . J., 1965, pp 119-122: P. M . Nair and J. D . Roberts, J. Amer. Chem. Soc., 79, 4565 (1957); J. D . Roberts, 
“Nuclear Magnetic Resonance,” McGraw-H ill Book Co., Inc., N ew  York, N . Y., 1959, pp 58-60. < Contains one asymmetric carbon 
atom. Therefore, the two methyl groups, Ri and R 2, although seemingly identical, appear as two singlets as a result of the molecular 
asymmetry. « Diadduct formed via a chain lengthening. The nmr situation is similar to that of footnote /. h The two methyl groups, 
Ri and R 2, appear as two singlets at 1.10 and 1.21 ppm, the former overlapping one peak of the doublet of the other methyl group 
centered at 1.06 ppm. *' The following stereoisomers exist in 8 (E. L. Eliel, “Stereochemistry, of Carbon Compounds,” M cGraw-H ill 
Book Co., Inc., New  York, N . Y., 1962, p 28): R, R  (enantiomer), S, R  R  (enantiomer), (2*), S (meso), R  (S *), S (me,so). These 
isomers were unresolvable by vpc, and therefore the nmr is that of a mixture of the above stereoisomers. As a result, the methyl groups, 
being magnetically nonequivalent in the various stereoisomers, appear as a series of peaks integrating to the expected six hydrogens in 
the region from 0.90 to 1.30 ppm. ’ This compound presents a situation similar to 8 (footnote i), but the methyl, R 2, further complicates 
the nmr in this region. The three methyl groups integrate to the expected nine hydrogens. * Compounds 9A and 9B are enantiomers, 
formed in a ratio of 2:3, and were resolved by preparative gas chromatography (column H ).

this hydrogen by the ir-electron bonding postulated, tulated in terms of the stability of the resultant carb-
although in this case the x-electron system is one carbon anion, by assuming w-electron overlap of the two aro-
further removed. matic rings involved. The negative charge on the a

carbon of the pyridine ring is therefore partially delo- 
calized over both rings as opposed to only one in 4-n- 
propylpyridine. Molecular models indicate that such 

r  j] overlap is sterically favorable.
Structure Determination.— The primary tool for 

structure determination of the products was nmr.
An alternative explanation for the apparent greater The ir spectra were all consistent with the proposed

reactivity of l-phenyl-3-(4-pyridyl)propane can be pos- structures and will not be discussed except where
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T able V
Chemical Shifts in N mr Spectra of P roducts of Class I I 0

R2 R3

Ri— C— C'H— C"H2

n6  6
•----------------------------------------------- ----- 8, ppm&— ----------------------- —— —--------------—s

ComPd'  c C'H C "H 2 Rl r 3
15, Ri — R 2 — H ; R 3 =  C H 3 2.55 (2 ) m 2.35 (1) m 2.55 (2 ) m 0.82 (3 ) d

^  (J  =  5.5)
16, e Ri — R 3 — C H 3; R 2 =  H  2.75 (1) m 2.15 (1) m 2.75 (2) m 1.32 (3 ) de 0.75 (3 ) d*

(.J  =  7.0) (/  =  6.0)
19, Ri-Ra =  H  2.68 (2) m 2.08 (2) m 2.68 (2 )m
20, R! =  C H 2C H 2Ph; R 2 =  R 3 =  H  2.55 (1) m 2.04 (4) m 2.44 (4) m
2 1 , Ri =  R 2 =  C H 2C H 2Ph; R 3 =  H  1.96 (6 ) m 2.34 (6 ) m

“ products in this class result from addition of 2-alkylpyridine to styrene or /3-methylstyrene. Their spectra therefore show one 
<*-, and 7 -, and two /3-hydrogens of an «-substituted pyridine ring in the regions 8.4-8.5, 7.3-7.4, and 6.8-7.0, respectively, and phenyl 
hydrogens from monosubstituted phenyl rings in the region 6.9~7.2 ppm. See corresponding footnotes in Table IV .

T able VI
Vapor Phase Chromatographic D etails of Aralkylation R eactions

Program- Temp
Vpc ming rate, limits, Temp,

Expt° Products6 column" °C/min °C Column1* °C

2 1-3 A  13 100-290 D ‘ 280
3, 4 4/ A  13 90-290 D  210
6 , 7 5, 6 A  13 100-290 D  240
8, 9 7, 8 A  13 100-290 D  260
10, 11 9A, 9B, 10 A  13 80-290 D » 240
12,13 11* A  13 100-290 B  270
14, 15 12 A  13 85-280 D  180
16, 17 13 A  9 85-275 C 200
18-20 14 F  15 100-235 B  230
22 15 A  9 70-275 C  200
23 16 A  9 75-275 B  230
24 17‘ G  9 70-275 K  235
5 18* G  9 90-275 D  230
21 19-21 G  9 80-280 D e 270
25 1, 19* G  9 80-275
26 2,4* G  6.4 70-275
27 2, 18* A  9 90-275

“ Refer to Tables I —I I I  for reactants. b Refer to Table V II. c Chromatographic column was used to follow progress of reaction. 
d Preparative chromatographic column was used to separate products. * Compounds 3 and 2 1 were recycled on column E  at 270°. 
t Two diaddition products, unresolvable by preparative gas chromatography, are also produced, presumably 3-methyl-l,5-diphenyl-3- 
(4-pyridyl)pentane and l,3-diphenyl-5-(4-pyridyl)hexane. « Compounds 9A and 9B were collected together and then separated on 
column H  at 200°. * A  diaddition product, believed to be 2,4-dimethyl-4,6-diphenyl-2-(4-pyridyl)heptane, was also produced.
■' Self-condensation products of 2-isopropylpyridine were not isolated. > Two diaddition products unresolvable by preparative gas 
chromatography, are also produced, presumably 3-ethyl-l,5-diphenyl-3-(4-pyridyl)pentane and l,3-diphenyl-5-(4-pyridyl)heptane.
* Products identified by comparison of their relative retention times on columns F  and G with previously identified compounds.

particularly pertinent. For the most part, the nmr the two benzylic methylene hydrogens are centered at
spectra are quite explicit for the proposed structures 2.52 ppm. The two allylic methylene hydrogens and
and can be divided into two general classes, Tables the methine hydrogen overlap in the region 1.80-2.30
IV  and V. Asymmetric centers were generated in the ppm. The methyl group appears as a doublet (J  =
formation of many products. As a result, their nmr 6.0 cps) centered at 0.90 ppm. The strong band at
spectra show significant characteristics arising from the 10.41 ¡± in the infrared spectrum indicates the olefin is
molecular nonequivalence caused by the molecular trans.
asymmetry.

Not belonging to either class I  or I I  the dimerization Experimental Section
product of /3-methylstyrene, frans-4-methyl-l,5-di- Reagents.— 2- and 4-picoline, 2- and 4-ethylpyridine, 4-n-
phenyl-l-pentene (17), formed in the reaction of 2- propylpyridine, and 4-isopropylpyridine were obtained from
isopropylpyridine with ^methylstyrene. This com- Reilly Tar and Chemical Co. They were distilled and dried over

pound was identified by its similar relative retention ^ SieV6S bef°re US6' Is°Pr°Py1Pyridine was
time on columns F, G, and I with a known sample avail- Internal standards, ethylcyclohexane, isopropylcyclohexane,
able in our laboratory. I t  was further characterized by
nmr, which shows ten phenyl hydrogens of two different --------------
monosubstituted phenyl rings at 7.13 and 7.20 ppm- (16) H c  Brown and A Murphey, /. Amer. chem. Soc., 73, 3308 
Two vinyl hydrogens are centered at 6.20 ppm, while (1951).
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T able V II
Physical Constants and Elemental A nalyses of R eaction P roducts

-------- Calcd, %--------, -------- Found, %-------- .
Compound Formula C H N C H N rc22D (lit.8 n 20D)

1 l-Phenyl-3-(4-pyridyl)propane CuHisN 85.24 7.66 7.10 85.06 7.54 7.06 1.5604
(1.5620)

2 l,5-Diphenyl-3-(4-pyridyl)pentane C 22H 23N  87.66 7.69 4.65 87.80 7.77 4.63 1.5809
(1.5810)

3 l,5-Diphenyl-3-(2-phenylethyl)-3-(4-pyridyl)pentane C3oH31N  88.84 7.71 3.45 88.59 7.77 3.57 1.5875
4 1 -Phenyl-3- (4-pyridyl )butane C 16H 17N  85.26 8.11 6.63 85.13 8.16 6 .6 8  1.5543

(1.5545)
5 3-Methyl-l-phenyl-3-(4-pyridyl)butane CisHigN 85.28 8.50 6.22 85.49 8.60 6.12 1.5522
6 5-Methyl-l,3-diphenyl-5-(4-pyridyl)hexane C ^H ^N  87.50 8.25 4.25 87.29 8.17 4.08 1.5732
7 3-Phenyl-l-(4-pyridyl)butane C 15H 17N  85.26 8.11 6.63 85.21 8.17 6.54 1.5543
8 2,6-Diphenyl-4-(4-pyridyl)heptane C 24H 27N  87.50 8.25 4.25 87.57 8.46 4.08 1.5763

9 A. 2-Phenyl-4-(4-pyridyl)pentane C 16H 19N  85.28 8.50 6.22 85.40 8.56 6.12 1.5456
9B 2-Phenyl-4-(4-pyridyl)pentane C i6H i9N  85.28 8.50 6.22 85.45 8.52 6.15 1.5471
10 4-Methyl-2,6-diphenyl-4-(4-pyridyl)heptane C 26H 29N  87.41 8.51 4.08 87.48 8 .6 6  4.03 1.5710
11 2-Methyl-4-phenyl-2-(4-pyridyl)pentane C i7H 2iN  85.31 8.84 5.85 85.59 8.84 5.72 1.5485
12 2-Methyl-l-phenyl-3-(4-pyridyl)propane C iSH i7N  85.26 8.11 6.63 84.97 8.20 6.54 1.5545
13 2-Methyl-l-phenyl-3-(4-pyridyl)butane C i6H i9N  85.28 8.50 6.22 85.16 8.59 6.14 1.5536
14 2,3-Dimethyl-l-phenyl-3-(4-pyridyl)butane C i7H 2iN  85.31 8.84 5.85 85.21 8.76 5.69 1.5560
15 2-Methyl-l-phenyl-3-(2-pyridyl)propane Ci6H nN  85.26 8.11 6.63 85.16 8.11 6.75 1.5533
16 2-Methyl-l-phenyl-3-(2-pyridyl)butane CieHigN 85.28 8.50 6.22 85.15 8.57 6.32 1.5518
17 fra»s-4-Methyl-l,5-diphenyl-l-pentene C i8H 20 91.47 8.53 91.48 8.43 1.5728

(Jit.'1
1.5710)

18 l-Phenyl-3-(4-pyridyl )pentane C i6H I9N  85.28 8.50 6.22 85.40 8.60 6.27 1.5507
19 l-Phenyl-3-(2-pyridyl)propane C 14H 15N  85.24 7.66 7.10 85.25 7.85 7.23 1.5610

(1.5585)
20 l,5-Diphenyl-3-(2-pyridyl)pentane C 22H 23N  87.66 7.69 4.65 87.95 7.85 4.50 1.5796

(1.5773)
21 1.5-Diphenyl-3-(2-phenylethyl)-3-(2-pyridyl)pentane C3oH 3iN  88.84 7.71 3.45 88.62 7.98 3.37 1.5874

«-butylcyclohexane, and sec-butylcyclohexane, were obtained 15% silicone gum rubber SE-30 (A -F ) ,  10% (G ), 15% Versamid
by hydrogenation of the corresponding alkylbenzenes. cis- and 600 (F , K ),  10% (H ), 15% Carbowax 20M (I , J).
frans-/3-methylstyrene were obtained by dehydration of phenyl- Solid supports for the columns were Gas Pack W A B  60-80
ethylcarbinol over alumina. The olefins consisted of 73% trans mesh (A -G ),  60-100 mesh (K ), Gas Pack W  80-100 mesh (H ),
and 23% cis isomers and 3%  of allylbenzene. Pure cis- and trans- Chromosorb P  30-60 mesh (I, J).
/3-methylstyrene were separated by preparative gas chromatog- Dimension of copper tubings were 0.75 ft X  3/s in. (E ), 1.5 ft 
raphy on column J (see below) at 120°. A ll reagents were at X  a/ 8 in- (D ),  3 ft X  Vs in. (C ), 5 X0.25 in. (A , F ), 5 X  3/ 8 hi.
least 99.5% pure, adjudged by vpc. (B , K ),  6 X  0.25 in. (I ),  6 X  s/s in. (J ), 8 X  0.25 in. (G ), 13 X

General Procedure for Aralkylation Reactions.— The catalyst 3/s in. (H ); helium flow rate: 85 ml/hr. 
was prepared by dispersion of freshly cut alklai metal in the Spectroscopic Analyses.— The infrared spectra of all products
alkylpyridine for 3-5 hr to ensure complete dispersion. The were taken as films between sodium chloride disks on a Baird 
reactions were performed under a slow stream of dry N 2 on a Model 4-55 spectrophotometer. A  Varian A-60 nmr spectrom-
three-necked flask equipped with reflux condenser and a self- eter was used. A ll nmr spectra were taken in CCh solvent using
sealing rubber septum. The active catalyst was a brown-black T M S  as internal standard. The ultraviolet spectra of cis- and
solution, seemingly homogeneous. An inert nonaromatic hydro- trans-i3-methylstyrene, respectively, were taken in a 1-cm cell
carbon was added as internal standard, followed by the slow on a Cary 14R recording spectrophotometer in 2,2,4-trimethyl-
addition of reacting olefin by syringe at the reaction temperature. pentane solvent purified by passing through silica gel.
During the reaction samples were withdrawn periodically, de- Elemental analyses were performed by M -H -W  Laboratories,
composed with methanol, and analyzed by vpc. A t the conclu- Garden City, Mich., and Micro-Tech Laboratories, Inc., Skokie,
sion of the reaction, the catalyst was decomposed with methanol 111. These analyses and refractive indices of the products appear
at 0°. The reaction mixture was then taken up in ether and in Table V II .
washed with water. The organic layer was dried over MgSCL
and then distilled under reduced pressure to remove excess Registry No.— Styrene, 100-42-5; a-methylstyrene, 
methanol, alkylpyridine, and internal standard. The products, 98_83-9 ; m-^-methylstyrene, 766-90-5; tran s -p -
contained in the residue, were then separated and collected by ,, , , 0 „ 0 ’ r)_ , n „ OAr„  ^  n
preparative gas chromatography. methylstyrene, 873-66-5, 1, 2057-49-0; 2 , 2057-47-8;

Vapor Phase Chromatography (Table V I).— F  & M  Model 300 3,19991-09-4 ; 4,2057-45-6; 5,19991-11-8; 6 ,19991-
programmed-temperature gas chromatograph was used for 12-9; 7, 19991-13-0; 8, 19991-14-1; 9, 19991-15-2;
analytical determination, while aerograph Model A-700 chro- i q  19991-16-3' 11 19991-17-4' 12 19991-18-5'
matograph was employed for separation of reaction products. , ,  , q q q i  1 q  c  . .  . q q q , . , n ,  — . q q q i  01 n
Helium was used as a carrier gas with a rate of 85-90 ml/min.
The progress of all reactions was followed. 16, 19991-22-1; 18, 19991-23-2; 19, 2110-18-1; 20,

Description of Columns.— Substrates for the columns were 2110-16-9; 21, 19991-26-5.
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Base-Catalyzed Reactions. XXXV.1 The Alkali Metal Catalyzed 
Reactions of 2- and 4-Picoline with 2- and 4-Vinylpyridine. 

Disproportionation and Transaralkylation Reactions
N elson E. Sartoris2 and  H erman P ines 

The Ipatieff High Pressure and Catalytic Laboratory, Department of Chemistry, Northwestern University,

Evanston, Illino is  60201 

Received September 25, 1968

In the sodium- and potassium-catalyzed reactions of 2-picoline with 2-vinylpyridine and 4-picoline with 4- 
vmylpyndine, polymerization of the vinylpyridines is the initial reaction to occur. At temperatures near 100°, 
depolymerization occurs, followed by rapid addition reactions to yield 1 and 2, respectively, as well as diaddition 
products. The reactions of 2-picoline with 4-vinylpyridine and 4-picoline with 2-vinylpyridine owing to dis
proportionation give a mixture of the three dipyridylpropanes. The disproportionation of 3 proceeds to yield
4-picoline and 2-picoline in a 2.6:1 ratio, indicating the greater acidity of 4-picoline vs. 2-picoline.

The preparation of l,3-di(2-pyridyl)propane3 (1) and To elucidate the answer to these questions, the dis- 
of l,3-di(4-pyridyl)propane4'5 (2) from the correspond- proportionation reaction of l-phenyl-3-(2-pyridyl)pro-
mg picolines and vinylpyridines have been reported. pane (5) and l-phenyl-3-(4-pyridyl)propane (4) were

The preparation of the mixed dipyridylpropane, 1- undertaken. Depending on the relative ease of dispro-
(2-pyridyl)-3-(4-pyridyl)propane (3), by the sodium- portionation of these two compounds an insight into
catalyzed reaction of 2-picoline with 4-vinylpyridine the relative acidities and nucleophilicities of the com-
and 4-picoline with 2-vinylpyridine, has also been re- pounds involved might be achieved. The dispropor-
ported.6 In a more recent publication, however, Mich- tionation reaction of 3 was also performed. Depend-
alski and Zajqc6 reported a 42% yield of 3 from 2-pico- ing on the relative amounts of 2- and 4-picoline pro
line and 4-vinylpyridine at reflux temperature. More duced, conclusions concerning their relative acidities
surprising is their report that 4-picoline and 2-vinyl- may be made,
pyridine with sodium did not give the expected mixed
dipyridylpropane, but rather resulted in a 27% of 2. Discussion of Results

C—C—C C— C— C C— C—C The alkali metal catalyzed reactions of 2- and 4-pico-
I 1 I T T T line were performed by first dispersing the alkali metal

N * ] )  N’ i) \ \  p " j ]  I j r ' j i  r4 i || in the picoline and then adding the vinylpyridine slowly
V 1 k NJ  k ^ J  k NJ  with a syringe. The progress of the reaction was fol-

! 2 3 lowed by vapor phase chromatography, something
which was not done in previous studies.

In view of these contradictory results, these reactions . reaction of 2-picoline and freshly distilled 2- 
were reinvestigated. In the course of the aralkylation yinylpyridme was attempted at 0-120° with a 5:1 to 
reactions studied in the preceding paper,1 the question m? ar excess of 2-picoline. In each case, poly-
of the reversibility of the reaction has also emerged. merization of the 2-vinylpyridine occurred immediately. 
I f  the disproportionation reaction can be forced to . e reaction was also attempted using undistilled 2- 
occur, the question of the path of disproportionation ymy pyridine, which contained ¿-butylcatechol as stabil- 
arises, for it is conceivable that the adduct, once formed, lzer, and by adding significant amounts of hydroquinone 
may disproportionate via two paths, I  and II. ^  t e catalyst, as previous authors3'6 had done, before

the addition of 2-vinylpyndine.
m+-q_ C —c C=C CTM+ Although polymerization is the primary reaction to

Y I ï  T take place at all temperatures, in the reactions at 100
, |^|) and 120° secondary reactions occur with time, leading

k NJ  k ^  kvrJ + to the expected l,3-di(2-pyridyl)propane (1). A  cata-
c_ c _ c w N lytic depolymerization takes place. The polymers un-

Ó I zips to produce 2-vinylpyridine and immediately under-
_ + goes an addition reaction with 2-picoline to yield 1.

[  J  +  R M Also formed is a significant amount of diaddition prod-
1X1 _ uct, presumably l,3,5-tri(2-pyridyl)pentane (6). I t  is

4 C— C-ÇTM+ CM  C=C  reasonable to conclude, therefore, that in work done by
1. n X. I  previous workers,3'6 polymerization and depolymeriza-

í I [ j] [  J +  [ 1 tion, although unnoticed, also occurred.
tv  N 't Also given in Table I  are the results of a sodium-

-------------  catalyzed reaction of 4-picoline with 4-vinylpyridine at
(1) (a) Paper XXXIV: H. Pines and N. E. Sartoris, J .  Org. Chem., 34, rvr\o t  aV  j  • . l  ax , -, ,

2113 (1969). (b) Paper VI of the series Alkylation of Heteroaromatics. ^0 . In this reaction and in Others attempted at Van-
For other papers see la. ous temperatures from 0 to 120°, polymerization of 4-

(3) (1950,. vinylpyridine occurs initially.
(4, l . m. jampoisky, M. Baum, s. Kaiser, L. N. stembach, and M. w. Depolymerization occurs more readily with 4-vinyl- 

GY5?GgMagt r L ^ e 74}. of,2 clT.] 2 2 ,2 7 0  (1957). pyridine, since at temperatures near 70° the polymer
(6) J. Michaiski and h . Zaj%c, j . Chem. S oc., 593 (1963). starts to unzip leading to rapid addition reactions pro-
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Table I
Sodium-Catalyzed Reactions of 2- and 4-Picoline with 2- and 4-Vinylpyridine

Vinyl- Sodium, Temp, Time, Conversion,6'“ ---------Product distribution,“ %-------- -
Expt Picoline Mole pyridine Mole g °C hr % 1 3  2 Diadduct

1 2- 0.20 2- 0.04 0.1 110 4 71 70 21d
2 4-  0.20 4- 0.04 0.1 90 2.5 69 93 7e
3 2- 0 20 4- 0.03 0.15 105 0.5 16 15.5 84.5 /

1.0 37 44.4 55.6
1.5 49 68.3 31.2 0.5
2.0 60 78.2 20.8 1.0

4  4- 0 20 2- 0.03 0.15 105 1.0 9.3 1.0 81.0 18.0
2.0 18.4 4.0 65.0 31.0
3.0 25.5 7.5 56.9 35.6
5.0 38.1 9.0 48.4 42.6

° sec-ButyIcyclohexane (0.005 mole) was used as internal standard. 6 Percentages are corrected by thermal conductivity factors. 
c Based on vinylpyridine reacted. d The product is presumed to be l,3j5-tri(2-pyridyl)pentane. e The product is presumed to be 1,3,5- 
tri(4-pyridyl)pentane. '  Also formed small amounts of diaddition products.

ducing 2, and, presumably, l,3,5-tri(4-pyridyl)pentane Scheme I
(7). C=C

C— C— C— C— C C — C— C—C— C (1)

• 6  6  - 6  6  6  6  0  ~ : :
6  7 ol mer ^  r S  (2)In an attempt to prepare the mixed dipyridylpropane po ymer

3, the alkali metal catalyzed reaction of 2-picoline with
4-vinylpyridine was studied. A t temperatures neces- C”M+ C'=C C— C— C“M+
sary to affect the depolymerization, however, the reac- 1 JL J l Jl
tion is complicated by disproportionation of the mixed N ^ j ]  ^  [# ! |1 J [ |1
dipyridylpropane into 4-picoline and 2-vinylpyridine. S s r
The 2-Vmylpyridme then undergoes an addition reac- q q q
tion with the excess 2-picoline to yield I, while the 4- I j
picoline reacts with depolymerizing 4-vinylpyridine to Ni |i
give 2 (Scheme I). Also produced are small amounts L \ 1̂  Jl
of diaddition products, presumably 1,3,5-tripyridyl- ^
pentanes. The distribution of the 1,3-dipyridylpro- C— C— C M+-C— C—C
panes changes substantially with contact time (expt 3 I | I
and 4, Table I). This type of reversal and resynthesis J~M+- [ J l  -
in the 1,3-dipyridylpropane system has recently been ^
reported.6'7

It  should be noted that Michalski and Zaj^c6 reported C =C  C M+
the formation of 3 upon refluxing 2-picoline and 4-vinyl- J. i.
pyridines. Since vpc was not used in their study, it is L 1  +  C 1
conceivable that the product isolated in 42% yield is 
actually a mixture of 1,3-dipyridylpropanes.

The preparation of pure 3 was also attempted using C M C =C  C— C— C
4-picoline and 2-vinylpyridine (Expt 4, Table I). 1  J .  L  1
Again, the course of the reaction was similar to that I 1 +  f  |1 I I  I l| (5)
reported above.

Disproportionation and Transaralkylation Reactions.
—The sodium-catalyzed disproportionation reactions C M C =C  C C C
of 4 and l-phenyl-3-(2-pyridyl)propane (5), respec- 1  I  i.
tively, were studied by adding them to a dispersion of [ 1  +  [ 1  | | | | (6)
catalyst in a “ scavenger” alkylpyridine. The olefin NSr Ssr nNt
product of disproportionation, either styrene or a
vinylpyridine, should then be picked up by the “ scav- . . . .  . . . . .  , rnl
enger” alkylpyridine or by another molecule of 4 or 5 m one directi°n to give 4-picolme and styrene. The
in an addition reaction. In effect, a transaralkylation ^ y ieM  reacts, immediately with the scavenger 2-
would take place picoline to yield 5, or more favorably (by 20:1) with

In preliminary reactions of 4 using 2-picoline as the another™ le™ le ° f 440§ivAe l,5-diphenyl-3-(4-pyridyl)- 
“ scavenger,”  the temperature was raised slowly as the Pentane (8). Tabl,e I I } - A t 120 , the disproportion*,
progress of the reaction was followed by vpc. A t 100°, tlon 18 considerably faster The styrene is picked up
the disproportionation is slow and proceeds exclusively aSam “ or® readlly b7 4 ^  3 : t h a J 2-picolme,

although the selectivity is reduced m this case due to
(7) j . Michaiski and r . Bodaiski, Roczniki chem., 4i, 549 (1967). th e  h ig h e r  te m p e r a tu re  a n d  b y  th e  fa c t  th a t  a t  th e s e
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T able I I
Sodium-Catalyzed D isproportionation and T ransaralkylation R eactions

Temp, Time, Conversion,6
Expt ----------- Reactants,» moles-----------, "C hr % ,--------------------------- Products,6'» %— __________________ ,

C
I ? c C C—C—C-C—C

5 I  j . 0.05 4,0.05 100 48 9.0“ Js. 1  1V 0 0 s-4’8 O 0 U8'95'2
6 O l ' 0'05 4,0.05 120 24 21.3“ 5,27.0 8,73.0

C *’

0 C—C—C—C—c 
,0.05 5,0.05 120 21 7.1» 4,75.8 1  i  I

U U O9-242
Jj*'0 cce-c -c

8 Q '° '°25 4’ ° ° 25 118  7  5 ' 8d ^ )  ¿ , 4 7  8,53

q_  ̂ _p ccc—c— c

9 6  ¿.« s'°“ 118 7 2-8, o  6 -
“ Isopropylcyclohexane (0.025 mol) was used as internal standard and 0.05 g of sodium as catalyst in expt 8 and 9 and sec-butylcyclo- 

hexane (0.005 mol) and 0.1 g of sodium in expt 5-7. b Percentages corrected by thermal conductivity factors. » A trace of toluene 
was detected m reactions made at 118 and 120°. “ Based on 4-picoline produced. « Based on 2-picoline produced.

higher conversions of 4, the greater relative concentra- propane (5), using 4-picoline as the “ scavenger” alkyl- 
tion of 2-picoline becomes more important. pyridine, was studied. In contrast to 4, the dispro-

I f  the stability of the initial carbanion was the im- portionation of 5 does not proceed at an appreciable
portant factor in determining the path of disproportion- rate until the temperature nears 115-120°. Again, the
ation, i.e., if the transition state more closely resembles predominant path of disproportionation is in the direc-

r __ + tion that yields the more stable carbanion, i.e., the
| C | Na C C C carbanion of 2-picoline rather than of toluene. Only a

trace of toluene is detected.
r  j  r j  +  r  J  r  J  =*=i= The styrene produced is immediately captured by
N r  ^  N ^  “ scavenger” 4-picoline to yield 4, or by another mole-

4 A cule of 5 to yield l,5-diphenyl-3-(2-pyridyl)pentane (9)
c _ c  C- Na+ C _ 0 _ 0  (Table I I ) .  A t this temperature and conversion, the

0 T d I | former route of capture is favored by 3 :1 . I f  the sta-
r# ll i h  M l  hility of the resultant carbanion is the important factor

+  1̂  J  L J I  in determining the ease of disproportionation, then
^ h7 this would suggest that the carbanion of 4 -picoline is

B more stable than that of 2-picoline, i.e., 4-picoline is
., ., ,. ,. ,. more acidic than 2-picoline.the reactants, then the expected path ol disproportion- r,, ,, , . „ , . ,. , ,.
,. ! n , • . , ■ , ,  j ,  lo  determine for certain the relative ease of dispro-ation would be of carbanion A  to give toluene and 4- ,. “  H ,

, rr , • ■ , ,, , . , ,i r portionation ot 4 vs. 5, these reactions were performedvinylpyndme. This is not the predominant path of „  , ■ , ,. , , . 1
j. r . ., . V , under identical catalytic conditions. This was ac-disproportionation, however. Apparently, it is the sta- ,■ , , , ,, ,
, T * r ,i u . u • j  l  , c ., comphshed by dispersing sodium in “ scavenger 4-n- bihty of the resultant carbanion, and not that of the „  „  , • ,, ,. . . f  .
• , ,1 ., , ,. propylpyndme, dividing the dispersion in two, andinitial carbanion, that governs the path of dispropor- „y ,. . , e

, ... , , i i  then adding 4 and 5, respectively, to each half of thetionation, i.e., the transition states more closely resem- • T> ,, , ,, ,.
ble the moducts The reaction nroceeds to eive the dlsPersl0n- Results of the reactions are given m expt 

, , ,  , • c . • i- o and 9, iab.e 11. 1 he disproportionation of 4 is twicemore stable carbanion ol 4-picohne than ot toluene,, ■,! , i • i i *  • rapia as uiiaT; oi d .
which is in agreement with their relative acidities. »r r ■ ,, , r ,.m, r u • * ,, , . . .  lo  further examine the relative stabilities of the car-

1 heretore, carbanion A, even though present m large , • „ e o , , ■ ,■ ,, ,■ ,. ,. ., ’ , , ,’ , , ,- , T bamons ot 2 - and 4-picohne, the disproportionation of
concentration, does not tend to disproportionate. In- , .....  , t c , ,, , , , , . , -o. 3 was also performed m the presence of 4-n-propylpvn-
stead higher temperatures are necessary to shift the dine as scave of the vinylpyridines produced (Table
equilibrium toward greater amounts ot the fess stable TTT\ rp, f _  ,. , .  ■ /  ,, ,” , „  . . , ? , I I I ) .  1 he formation of 4-picohne was favored by about
carbanion B, which then reacts. o c . i „  „ o • r , ,, •, , , , , .rnl ’ , ... , , , . 2.6:1 over 2-picohne, and thus it can be concluded that

These results are not without precedent since Pines 4 icoline is more acidic than 2-picoline. Also pro-
and Eschinazi8 found that the stability of the resultant duced are adducts of 4-n-propyipyridine and 2- and
carbanion governs t̂he reaction path in the sodium- 4_vi jpyridine> presumably, l,3-di(4-pyridyl)pentane 
catalyzed dealkylation of geminal alkylcyclohexadienes. and i_ (2-pyridyl)-3-(4-pyridyl)pentane.

The disproportionation of l-phenyl-3-(2-pyndyl)- In contrast to these results is the work of Michalski

(8) H. Pines and H. E. Eschinazi, J. Amer. Chem. Soc., 78, 5950 (1956). and Zajqc,6 who reported the preferred formation of
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T able I I I
Sodium-Catalyzed Disproportionation Reaction of 1-(2-Pyridyl)-3-(4-Pyridyl)Propane

------------Reactants,® mole------------ ■ - Products,M % '
CCC C - C - G  c G

Time, r S  [ f S  Temp, Conversion,1V ( T j
Expt hr V 1 ‘V  °C % ^  i r

10  0 5 0.05 0.01 100 18.5 27.5 72.5
1 . 0  27.5 28.5 71.5
1 . 5  36.0 27.0 73.0

“ Isopropylcyclohexane (0.005 mole) was used as internal standard and 0.05 g of sodium as catalyst. 6 Percentages corrected by ther
mal conductivity factors. ‘ Based on 2- and 4-picoline produced. d Also produced were adducts of 2- and 4-vinylpyridine with r r  
propylpyridine.

T able IV

Physical Constants and Elemental A nalyses of R eaction Products

------ Calcd, %------ . ----- Found, %— —«
Compound Formula C H N C H N n™D or mp, °C

1.3- Di(2-pyridyl)propane (1) C ,:J 1: * N , 78.75 7.22 14.13 78.94 7.22 13.94 1.5600 (lit.3 1.5607)
1.3- Di(4-pyridyl)propane (2) C I3H 14N 2 78.75 7.12 14.13 78.75 7.11 14.09 61-63» (lit. 57-60," 62-656)
l-(2-pyridyl)-3-(4-pyridyl)propane (3) CuH uN j 78.75 7.12 14.13 78.98 7.20 14.21 1.5585

“ Product was recrystallized from hexane after separation by preparative gas chromatography.

2-picoline over 4-picoline by a 4:1 ratio in the potas- Product Identification.— Compounds 1-3 were identified by 
sium-catalyzed reaction of 3 at reflux temperature for irt aad nm[  spectroscopy elemental analyses and by comparison

5 hr. I t  is believed that the starting material 3 used are given in Table IV .
by these authors might have been impure and contam- l,3-Di(2-pyridyl)propane (1).— The nmr spectrum shows two 
inated with l,3-di(2-pyridyl)propane, which upon dis- <*-, two y-, four 0-hydrogens of two «-substituted pyridine rings 
proportionation would give only 2-picoline. centered at 8.33, 7.36, and 6,88  ppm, respectively. Centered

at 2.70 ppm are the four equivalent methylene hydrogens adjacent 
to the pyridine rings, while the other two methylene hydrogens 

Experimental Section9 are centered further upfield at 2.20  ppm.
l,3-Di(4-pyridyl)propane (2).— The nmr spectrum indicates 

Reagents.— 2- and 4-picoline, 2- and 4-vinylpyridine, 1- four a- and four 0-hydrogens of two -/-substituted pyridine rings
phenyl-3-(4-pyridyl)propane, and 4-re-propylpyridine were ob- centered at 8.28 and 6.88  ppm, respectively. The four equivalent
tained from Reilly Tar and Chemical Co. l-Phenyl-3-(2-pyridyl)- methylene hydrogens adjacent to the pyridine rings are centered
propane was prepared from 2-picoline and styrene in the reactions at 2.50 ppm, while centered further upfield at 1.93 ppm are the
described in the preceding paper.1 A ll reagents were at least other two methylene hydrogens.
99.5% pure. l-(2-Pyi:idyl)-3-(4-pyridyl)propane (3).— The nmr spectra

General Reaction Procedure.— The catalyst was prepared and show three a-, one y-, and four 0-hydrogens of one a- and one
the reactions performed in an apparatus similar to that used in -/-substituted pyridine ring centered at 8.32, 7.38, and 6.90
the preceding paper.1 ppm, respectively. Centered at 2.64 ppm are the four over-

Vapor Phase Chromatography.— The progress of all reactions lapping methylene hydrogens adjacent to the pyridine rings,
was followed by vpc on an 8 ft X  0.25 in., 10% silicone gum while the other two methylene hydrogens are centered further
rubber, SE-30, on Gas Pack W A B  (60-80) column, programming upfield at 2.06 ppm.
at 9°/min from 80 to 275°, helium flow rate 85 ml/min. 1,3-Di- Spectroscopic Analyses.— The infrared spectra of liquid prod- 
(2-pyridyl)propane (1) and l,3-di(4-pyridyl)propane (2) were ucts were taken as films between sodium chloride disks, while
separated by preparative gas chromatography on a 1.5 ft X  3/s that of the only solid, 2 , was taken in a K B r pellet on a Baird
in., 15% silicone gum rubber, SE-30, on Gas Pack W A B  (60-80) Model 4-55 spectrophotometer. A  Varian A-60 nmr speetro-
column, at 200°. l-(2-Pyridyl)-3-(4-pyridyl)propane (3) was photometer was used. A ll nmr spectra were taken in CC14
separated on a 3 ft X  3/s in., 15% Carbowax 20M and 5%  K O H  solvent using T M S  as an internal standard,
on Gas Pack W  (60-80) column, at 210°.
___________ Registry N o — 1, 15937-81-2; 2, 17252-51-6; 3,

_ . , , ,, .. „  _  T , , . „  - 19978-13-3; 2-picoline, 109-06-8; 4-picoline, 108-89-4;(9) Experimental analyaes were performed by M-H-W Laboratories, Oar . ... ' . , ... , „ „
den City, Mich., and Micro-Tech Laboratories, Inc., Skokie, 111. 2-VlIiylpyrid.lD.Gy 100--69-6, ^-VlIiylpyridlllG, 100”43“U.
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Intramolecular Rearrangements. V.1 Formation and New Acyl Rearrangement of 
Isoindolo[2,l-a]quinazoline-5,ll-dione to Isoindolo[l,2-i>]quinazoline-10,12-dione

Masaru Kurihara

Basic Research Laboratories, Toyo Rayon Co., Ltd., Tebiro, Kamakura, Japan 

Received September 16, 1968

2'-Carbamoylphthalanilic acid (I ) was prepared by the reaction of anthranilamide with phthalic anhydride- 
the treatment of I  in acetic anhydride-pyridine has been shown to yield isoindolo [2, l-a]quinazoline-5 11-dione 
( I I I )  and o-phthahmidobenzamide ( I I ).  The thermal treatment of I I I  afforded isoindolo[l,2-6]quinazoline- 
10,12-dione ( IV )  by an intramolecular acyl rearrangement. New synthetic methods and the mechanism for the 
formation of IV  were investigated.

The preparation of isoindolo[2,l-a]quinazoline-5,ll- imide). The spectrum of I I '  would be expected to
dione ( I I I )  by the reaction of anthranilamide with have two strong infrared absorptions at 1800 and 1710
phthalic anhydride has been reported by Crippa and cm -1, attributed to stretching frequencies of the strained
Caracci2 in connection with the phthaloylation of > C = 0  and > C = N -  structure, respectively, and have
amines. Recently, Gaudemaris, et al.,3 reported the no absorption at 721 cm-1.7
formation of I I I  in connection with the synthesis of The formation of compound IV  from I I  was shown 
poly (isoindoloquinazolinediones). In the course of a by ultraviolet and nmr methods to proceed in the
study on ladder polymers,4 the model reaction of sequence I I  I I I  -► IV. This type of rearrangement
anthranilamide with phthalic anhydride was rein- is notable because bisanthranil, 5H-indazolo[2,3-a]-
vestigated. The spectral properties of the products [3,l]benzoxazin-5-one (V), similarly rearranges to V I
and melting points appeared inconsistent for the on heating,8 and l-methyl-2-phenyl-4(lH)-quinazo-
reported structure I I I . 2’3 I  wish to report that the
correct structure of one of the products is that of 0
isoindolo [l,2-6]quinazoline-10,12-dione (IV ). We have N=r/ ^  II
prepared isoindolo [2,l-a]quinazoline-5,11-dione ( I I I )  n (T^!V Cn

by treatment of 2'-carbamoylphthalanilic acid (I ) in L  J L  0 ll^J^  / y N
acetic anhydride-pyridine, and studied its rearrange- Ns JB 1
ment to IV. Structures I I I  and IV  were assigned on II 9
the basis of nmr, infrared, ultraviolet, and elemental ® O
analyses. A  similar study on 1,2,4-benzothiazine has V
been reported recently by Bell, et al.,5 and Ivratzl, CH3
et al.6 I ___

The reaction of anthranilamide with phthalic —'  / n \
anhydride in N-methylpyrrolidone affords I  as an
initial condensation product (Scheme I). Compound I  9 C X CH3
is subject to cyclization and yields IV  when heated q ^
at 188°. Compounds I I  and I I I  were isolated ^
on treating I  in acetic anhydride-pyridine under
milder conditions Cyclization of I I  to give IV  linone (V II ) is converted on heating into 3-methyl-2-
was accomplished by heating at 260 or refluxing in phenyl-4(3H)-quinazolinone (V I I I ) .1 Anthranilamide,
acetic anhydnde-pyridme. When heated at 260 , I I I  upon strong heating with phthalic anhydride without
rearranges to IV. The alternative isoimide formulation solvent, affords IV, whereas Crippa2 and Gaudemaris3
I I  for the imide I I  seems inconsistent with the infrared reported the product as I I  but provided no spectral data

to support their conclusions. These authors also

a N = c  ̂ Nc = o reported that a product, mp 242°, prepared by thermal
\__ / cyclization of I I  at 250° or refluxing I I  in acetic

CNH \ / anhydride-pyridine was I I I .  In a previous paper,1
j| 2\ = /  we have shown that, in the 4-quinazolinone system,
O the most thermally stable structure is that with a

jp > C = N -  bond fixed at a /¡¡,y position to the carbonyl
group.

spectrum of the compound, which shows carbonyl Compound I I I  had carbonyl absorption peaks at 
absorption at 1780, 1720, and 721 cm -1 (normal 1760 (five-membered carbonyl) and 1680 cm-1 (six-

membered carbonyl), and a > C = N -  absorption peak 
and ^ Y' Ha8iwara' M‘ Kurihara' at 1620 cm "1, whereas IV  had carbonyl peaks at 1780 

(2) G. B. Crippa and R. Caracci, Gazz. Chim. Ital., 68, 108 ( 1938). (five-membered carbonyl) and 1700 cm 1 (six-
(3) g . Rabiiioud, b . siiiion, and g . de Gaudemaris, Makromoi. chem., membered carbonyl), and > C = N -  absorption peak

108, 18 (1967). y
(4) M. Kurihara and Y. Yoda, J. Polyrn. Sci., Part B, 6, 875 (1968). (7) (a) R. A. Dine-Hart and W. W. Wright, J. Polym. Set., Part A -l ,  11,
(5) (a) C. S. Bell, P. H. L. Wei, and S. T. Childress, J. Org. Chem., 29, 609 (1967); (b) A. L. Laszlo, U. S. Patent 3,179,633 (1965); (c) R. J.

3206 (1964); (b) S. C. Bell, and G. Conklin, J. Heterocycl. Chem., 5, 183 Angelo, U. S. Patent 3,282,898 (1966).
(1968). (8) (a) G. Heller, Chem. Ber., 49, 523 (1916); (b) W. L. Mosby, Chem. Ind.

(6) K. Kratzl and H. Ruis, Monatsh. Chem., 96, 1596 (1965); ibid., 96, (London), 17 (1967); (c) G. K. J. Gibson and A. S. Lindsey, J. Chem. Soc., 
1586 (1965). C, 1792 (1967).
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at 1640 cm“ 1, the shift to a higher wave number being pyrrolo[l,2-a]quinazoline-l,5-dione (IX ),6b pyrrolo[2,l-
attributed to the CONCO grouping. This result is in c] [1,2,4]benzothiadiazine (X ),5b and 11-oxo-llH-iso-
good agreement with the previous data. 1 Carbonyl indolo[l,2-c][1,2,4[benzothiadiazine 5,5-dioxide (X I ) 6

groups with an «^-conjugated - N = C <  double bond also had a large downfield shift (5 8.90, 8.95) for the
absorb at lower wave numbers than those with a /3,7 - corresponding ortho proton.
unsaturated carbonyl group. These results are also This downfield shift of an ortho proton due to the 
observed in the absorption band of a > C = N -  double orientation of a carbonyl group toward the benzene
bond in the 4-quinazolinone system. The difference ring has recently been reported.6 Thus the large
in absorption bands dissociated with the six-membered downfield shift in I I I ,  produced by the deshielding from
carbonyl group and > C = N — double bond of I I I  and the adjacent carbonyl group, verified that I I I  is
IV  is 20 cm-1. From these infrared measurements, it isoindolo[2,l-a]quinazoline-5,ll-dione. 
is concluded that compounds I I I  and IV  are isoindolo-
[2,l-o]quinazoline-5,11-dione ( I I I )  and isoindolo[l,2- Experimental Section9
6]quinazoiine-10,12-dione (IV ), respectively. This
conclusion is also supported by the comparison of uv 2 '-CarbamoylphthalaniIic Acid (I ). Method A .—-A mixture 

, n  1 TTT 1 , , q - -  „  / iq  a not of 1.36 g (0.01 mol) ot anthranJamide and 1.48 g (0.01 mol) of
o ^ C^ o , ^ C 0 I? P 0Undr in  x maX f o i l  ^  ! o ’iS o  ’ phthalic anhydride was added to 20 ml of N-methylpyrrolidone 
310 (4340), whereas IV  has Xmax at 275 m/x ( e 10,170). iq° an(j stirred for 5 hr at 10 °. After disappearance of the 
We have reported1 that the spectrum of /3,y-unsaturated carbonyl absorption of phthalic anhydride at 1880 cm-1, 1780
4(3H)-quinazolinone derivatives had a distinct absorp- cm “ 1 in the infrared spectrum of the solution, N-methylpyrroli-
tion at 277-280 m M, whereas that of «^-conjugated done was removed underreduced pressure!10- 1 mm) at 70°'t o
, /1TTN . ,. . u xortr 1 o 1 a  yield white crystals melting at 140°. The yield was 3.8 g
4(lH)-qumazolmone at about 255 and 310 m/x. (theoretical amount was 2.84 g). This compound was pre-

Furthermore, a comparison of the nmr spectra of I I I  SUmed to be a 2 '-carbamoylphthalanilic acid-N-methylpyrroli-
and IV  revealed a considerable difference in the done complex. Recrystallization from ethanol yielded I as
aromatic region. In IV , the aromatic proton adjacent white crystals: mp 186 (lit .3 mp 2 1 2 °);^ ir 1705,1690,1665 cm 1

to the 5-mtrogen had a normal value of S 7.65, whereas ^ a l c d ^ o r " ^ « ^ ^ ! ^ : ’ C ?  63*38;' H , 4.26; N , 9.86.
in  I I I  the corresponding ortho proton was shitted Found: 0,63.13; H , 4.42; N , 9.80.
downfield to 5 8.77. Analogous 7-chloro-2,3-dihydro- Method B .— Products prepared in a mixed solvent system of

chloroform, benzene, and methanol were identical with those 
I? V  obtained by method A  in 90% yield with mp 186°.
If II o-Phthaiimidobenzamide (I I ).— A  200-mg portion of 2 '-

I Cl ____ N'"*“’ I carbamoylphthalanilic acid ( I )  was dissolved in a mixture (1 :1 )
rp ^ X v ''"  NC — * ' Y X p '  VC — ‘ of 80 ml of acetic anhydride and pyridine and the solution was
I' II I || kept for 12 hr at room temperature. The solvent was removed

under reduced pressure (10 4 mm at 25°) and the residue was 
V I " ¥ washed with ether. The yield was 140 mg (75.2%), mp 237°.

il One recrystallization from ethanol then raised the melting point
Ua to 239° (lit. mp 225,2 2393): ir 1780, 1700, 1650 cm" 1 ( C = 0 ) ;

IX X uvmax 218 mM(e 35,700), 282 (5190).
n  Anal. Calcd for C i5H 10O3N 2: C , 67.66; H , 3.79; N , 10.52.
|| Found: C , 67.44; H ,3.56; N , 10.80.

Jj j (9) All melting points were taken on a Btlchi melting point apparatus and
" C --- were uncorrected. The microanalyses were carried out by the Microanalyti-

|] cal Section of these laboratories. The infrared spectra were recorded with a
Hitachi Model EPI-S recording spectrophotometer, using a potassium 
bromide disk. The ultraviolet spectra were recorded with a Cary Model 14 

II recording spectrophotometer in 99.5% ethanol. The nmr spectra were ob-
02 tained on a Varian A-60 spectrometer using 15% dimethyl sulfoxide-d«

solutions; chemical shifts are given in parts per million downfield from tetra- 
methylsilane.
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Isoindolo[2,l-o]quinazoline-5,ll-dione (I I I ).— To a mixture crystallization from ethanol yielded I I I  as pure yellow crystals, 
(1 :1 ) of 40 ml of acetic anhydride and pyridine was added 2.0 g mp 233°.
of 2 '-carbamoylphthalanilic acid ( I ) .  The solution was stirred Method C. Intramolecular Acyl Rearrangement of Isoindolo- 
slowly for 23 hr at room temperature, during which time yellow [2,l-a]quinazoline-5,ll-dione (II I ) to Isoindolo[l,2-b]quinazo-
solids separated out. The crystals were collected: yield 0.25 g line-10,12-dione (IV ) by Heating.— Isoindolo[2,l-a]quinazoline-
(14.3%); mp 246°. Recrystallization from ethanol gave I I I :  5,11-dione ( I I I ,  200 mg) was heated in a test tube at 260° for 30
mp 247°; ir (K B r ) 1760, 1680 (C = 0 ) ,  1620 cm “ 1 ( C = N ) ;  min and cooled, affording 188 g of a precipitate, mp 225°. One
uVmax230 m/i (e26,500), 245 (18,690), 255 (19,400), 265 (15,500), sublimation raised the melting point to 232°. The infrared, 
283 (9060), 310 (4,340); nmr 5 8.78 (d ) 8.20 (m ), 7.64. ultraviolet, and nmr spectra are in good agreement with those of

Anal. Calcd for C 15H 8O2N 2: C , 72.57; H , 3.25; N , 11.27. an authentic samole.
Found: 0,72.37; H ,3.12; N , 11.39. Anal. Calcd for C 15H s0 2N 2: C, 72.57; H , 3.25; N , 11.27.

From the filtrate, on addition of ethyl ether, there was ob- Found: C,72.38; H , 3.19; N , 11.25. 
tained 1.40 g (74.8%) of o-phthalimidobenzamide ( I I ) ,  mp Method D . Reaction of Anthranilamide with Phthalic An- 
2200. Recrystallization from ethanol yielded pure II , mp 239°. hydride without Solvent.3— A  mixture of 2.72 g (0.02 mol) of

Isoindolo[l,2-b]quinazoline-10,12-dione (IV ). Method A. anthranilamide and 2.96 g (0.02 mol) of phthalic anhydride
Cyclization of 2'-Carbamoylphthalanilic Acid (I ).— A  2.84-g was heated at 135-160° for 2.5 hr by the method of Crippa and
portion of 2 '-carbamoylphthalanilic acid ( I )  was heated at 188° Caracci, 2 cooled, and 4.5 g of the product (90.8% yield, mp
for 20 min to obtain white crystals. Sublimation at 260° 225°) was obtained. Recrystallization from ethanol gave pure
yielded white crystals melting at 233°. The yield was 2.50 g IV , mp 234°. A  previous paper2 reported that this product was
(99% ): ir (K B r ) 1780, 1700 (C = 0 ) ,  1640 cm -1 ( C = N ) ;  uvm>i I I . The infrared, ultraviolet, and nmr data are identical with
275 mM (e 10,170), 303 (7690), 315 (5750); nmr 5 8.16 (d ) 7.20, those of pure IV .
8.00 (m).

F « S - c w , S T u l " ! h ’ 3,25; N ’ n -27- n ’ 18257- 55- 1; m ’
M ethodB. Cyclization of o-phthalimidobenzamide (II ). a.—  18257-78-8, 1\ , ly y  10-55-5,

By the treatment of o-phthalimidobenzamide ( I I )  at 260° for 1
hr, isoindolo[ 1,2-6] quinazoline-10 ,12 -dione (IV )  was obtained Acknowledgments.— The author gratefully acknowl-
quantitatively, mp 233 . The structure was confirmed by & o r tv m
the comparison of its infrared spectrum with those of an authen- edges the interest and encouragement ol Drs. T.
tic sample of IV  prepared directly from 2 '-carbamoylphthalanilic Hoshino, R. Nakanishi, and N. Yoda of Basic Re
acid by the thermal cyclization. search Laboratories, Toyo Rayon Co., Ltd. The

b.— To a mixture (1:1) of 10 ml of acetic anhydride and author is indebted to Mr. Y. Ebata and his staff for
B E S S  microanalyses, and Dr. K. Nutada lor helpful die-
under vacuum, there was obtained 180 mg of IV , mp 225°, re- cussion of the nm r data .

Equilibration Studies. 2-Methylthiopyridine-N-Methyl-2-thiopyridone
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Equilibration of N-methyl-2-thiopyridone (7) with 2-methylthiopyridine (9) through the catalytic action of 
N-methyl-2-methylthiopyridinium fluoroborate at 145—188° indicates that 9 is favored in the liquid phase by  
an enthalpy of 2.6 ±  1.3 kcal/mol. Conversion of this enthalpy difference to the gas phase with correction for 
differences in kinetic and zero-point energies gives a difference in chemical binding energy between 7 and 9 of
7.6 ±  4.3 kcal/mole in favor of 9. This order of stabilities is contrasted with those observed for the analogous 
protomeric and oxygen-substituted systems.

Relative chemical binding energies have been ob- (3)-0-methylvalerolactim (4) the amides are the more
tained for amide-imidate isomer pairs by measurements stable isomers in chemical binding energies by 8.0  ̂±
of liquid-phase enthalpies, extrapolations to the gas 3.5 and 14.1 ±  3.5 kcal/mol, respectively. Extension
phase, and estimates of differences in kinetic and zero- of the equilibration procedure and estimates of differ-
point energies.1 For the pairs N-methyl-2-pyridone ences in binding energies to the corresponding thio-
(1)-2-methoxypyridine (2) and N-methyl-2-piperidone amides-thioimidates is of interest for determination

of the relative stabilities of these isomeric functionali- 
Q BFr  ties, comparison of the chemical-binding abilities

N^OCH, of sulfur and oxygen, and insight into the relative

a ( ch, n ^ |  stabilization energies of pyridine-pyridone isomer pairs.
— *- <1, lew  thioamide-thioimidate equilibrations have been

-| O OCR reported. However, at least one system which has a
2 formal resemblance to a simple thioamide-thioimidate

j 3 pair has been equilibrated; 2-thiobenzothiazoles (5)
may be transformed to the isomeric 2,3-dihydro-3- 

Q bl“ thiobenzothiazoles (6) under equilibrating conditions.2
^ T)CH3

^ o
i L ---- ► 1 A  ( 1) p. Beak, J. Bonham, and J. T. Lee, Jr., J. Am. Chem. Soo., 90,

V ' t )  N ' t K I R  1569 (1968).
] (2) D. J. Fry and J. D. Kendall, J. Chem. Soc., 1716 (1951); J. J. D -

C R  4 Amico, S. T. Webster. R. H. Campbell, and C. E. Twine, J. Org. Chem., 30,
3 3628 (1965).
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aS. Attempts to equilibrate N-methyl-2-thiopiperidone
)  SR — ► C = S  (10) and 2-methylthio-3,4,5,6-tetrahydropyridine (11)

N by the catalytic action of N-methyl-2-methylthiopiper-
5 ^ idinium fluoroborate (12) at 170° starting from 10 and

12 gave only 10, but a mixture of 11 and 12 gives an 80% 
6 loss of 11 and formation of only 10% of 12. Of inci-

aS dental interest is our observation of an unusual long-
)  range coupling between the N-methyl protons and the

N methylene groups at C-3 (J  =  <1  Hz) and C-6 (./ =
1.5 Hz) in the nmr spectrum of 12.

Results

When separate mixtures of N-methyl-2-thiopyridone Discussion
(7) and N-methyl-2-methylthiopyridinium fluoroborate Comparison of the chemical binding energy differ-
(8) and of 2-methylthiopyridine (9) and 8 are heated at ences for members of the structurally related isomer
190 for 20 hr, an equilibrium mixture consisting of ca. pairs 1-2 and 7-9 shows that there is a reversal in the
10% 7 and 90% 9 is produced, as shown by the relative relative stabilities of the 2-pyridone-2-substituted py-
areas of the methyl resonances of each isomer in the nmr ridine systems with the change of sulfur for oxygen,
spectra of the mixtures. Competing reactions involv- Amide 1 is more stable than the imidate 2 by 8.0 ±  3.5
ing either isomer or the catalyst cannot be detected by kcal/mol, but thioamide 7 is less stable than the thio-
infrared or nmr spectroscopy or by thin layer chroma- imidate 9 by 7.6 ±  4.3 kcal/mol. 
tography. However, attempts to measure accurately This difference in relative stabilities could be attrib- 
the equilibrium constant at 150 and 190° by ultraviolet uted to differences in localized bond energies and/or the
spectroscopy, the method of choice, gave poor results. relative 7r-delocalization energies of the functional
The values obtained starting with each isomer, 7 or 9, groups. Although the models and assumptions are

controvertible, it appears that both effects would pre- 
7 + diet the observed result. Differences in localized bond

a | SCHj energies suggest that a carbonyl group is favored rela-
— Hi— ----- || tive to an ether group (amide-imidate) by several kilo-

s "* calories per mol more than a thiocarbonyl group is
| SCH;J favored relative to a thioether (thioamide-thioimi-
CH;t 9 date).4 Hiickel calculations, with the parameters sug-

7 gested by Streitwieser,5 show the thioimidate to have a
, t , , larger 7r-delocalization energy than the thioamide by

-9 (190 , five runs) and 9.1 ±  0.48 fi. The same method shows the imidate function
1.7 (150 , four runs). This low precision is attributed to have a 0.13 /3 smaller ir-delocalization energy than
to the formation of side products which escape detection the amide
by the alternate methods of analysis. In an effort to Tautomeric equilibrium constants have been deter- 
mimmize this source of scatter, a senes of equilibrations mined from ionization constants for the protomeric iso- 
was carried out at 145 and 188 for ca. one half-life mer pairs corresponding to 7-9 and 1-2. In both cases,
with mixtures of 9 and 7 which were chosen to narrowly in aqueous solution at 20°, the amide isomer is heavily
bracket the expected equflibrium values.3 Equilibrium favored. The energy differences are 6.3 kcal/mol6 
constants ( K  =  [9]/[7]) of 14.4 ±  1.0 (188°, four runs) 
and 10.7 ±  0.8 (145°, three runs) are obtained. These
v a lu e s  g iv e  a  p lo t  o f  lo g  K  vs. l / T  w h ic h  r e v e a ls  a  |  ]  f  [

l iq u id -p h a s e  e n t h a lp y  d if fe re n c e  (A / T / m » )  b e t w e e n  7 ^ N ^ X I I  S v ^ x
a n d  9  o f  —2.3 ± 1 . 3  k c a l/ m o l in  f a v o r  o f  9. T h e  h e a t s  i

o f  v a p o r iz a t io n  (A # VaP019o°, i atm) o f  7  a n d  9  w e r e  e s t i- 13, X  =  S H

m a t e d  as  p r e v io u s ly  d e s c r ib e d 1 w i t h  n o n re d u c e d  C o x -  15, X  =  0  14, X  =  S
A n t o in e  v a p o r  p re s s u re  d a t a  a t  189 a n d  191° a n d  th e  16, X = 0

C la s iu s -C la p e y r o n  e q u a t io n . T h e  v a lu e s  o f  A H vap° 190o

obtained are 16.1 ±  0.75 kcal/mol for N-methyl-2- between 13 and 14, in favor of 14, and 4.1 kcal/mol be-
thmpyndone (7 )  and 111 ± 0 . 7 5  kcal/mol for 2- tween 15 and 16, in favor of 16.’ The contrast between
methylthiopyridme (9 )  Combination of the difference these equilibria and those of the alkylated isomers 1-2 
m these values and the liquid-phase enthalpy difference and 7-9 is striking and clearly demonstrates that tauto- 
or isomers 7 and 9 gives a gas-phase standard enthalpy meric equilibria in protomeric systems cannot reliably 

erence of 7.6 2.8 kcal/mol. On the basis of serve as a predictive guide for the corresponding alkyl-
previous arguments1 the kinetic energy difference be- y
tween these isomers may be presumed to be negligible (4) (a> t. l. cottreii, “The strengths of Chemical Bonds,” 2nd ed, 
and the difference in zero-point energies no greater than Butterworth and Co. Ltd., London, 1958, chapter io: >c=o, 162I
±1.5 kcal/mol. This correction gives a difference in >C7 f  '7 ' >cs; 59 kcal/mol; (b) L- PauIing. "The Nature
1 • n -  j -  1 . . ® °* tlle Chemical Bond, Cornell University Press, Ithaca, N. Y., 1960, pp

chemical binding energy between 7 and 9 of —7.6 ±  4.3 53, i3i: >c=o, i42; >co, 7o: >c=s, i03; >cs, 55 kcai/moi.
kcal/mol in favor of 9. ®  A- streitwieser, Jr., “Molecular Orbital Theory,” John Wiley and

Sons, Inc., New York, N. Y., 1961, p 135.
,o, r  a ____ . T a n- , a » t , (a) A- Albert and G. B. Barlin, J. Chem. Soc., 2384 (1959); (b)
<3) S' S' J- Salt«1 A A Lamola, N. J. Turro, J. S. Brad- R. A. Jones and A. R. Katritzky, ibid., 3610 (1958).

Soc to  ?i97?i96n CoUDSe11' V- Vogt' and C' Dalton' J - Am ■ chem- (7) (a) A - Albert and J. N. Phillips, ibid., 1294 (1956); (b) S. F. Mason,£>ocr., 8 6 , 319/ (1964). *6»d., 674 (1958).
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ated isomers. The latter are the models of choice for N-Methyl-2-methyl-*-thiopyridinium iodide.— A  mixture of 
discussions of relative chemical binding energies.1 g 'i®'3 mnl0^  N-methyl-2-thiopyridone and 1.14 g

The failure of equilibration of the isomers 10 and 11 at ambient temperature for 3 hr. The crystalline precipitate
with the salt 1 2  suggests a  limitation on the equilibra- was isolated by suction filtration and dried at reduced pressure,
tion procedure.1 Resolution of this difficulty might be The yield of N-methyl-2-methyl-*-thiopyridinium iodide was
achieved by the use of a nucleophilic anion which could 1.73 g (98% ), mp 153-154°.

act as the alkyl transfer agent8 or by measurement of „ A n r?â d„|otT97̂ 7onN^ :c no 31'10; H’ 3'73; N ’ 5'19'J f  Found: C, 31.31; H , 3.80; N , 5.02.
the neats Of m etnylatlO ll OI 1U a n a  11. The infrared and nmr spectra were consistent with the assigned

structure. The nmr spectrum displayed resonances correspond- 
. ing to those of the isotopically normal material except for the

Experimental Section absence of a signal at s 2 .8- 3 .0 .

Materials —  flommerciallv available reaeent made solvents N-Methyl-2-methylthiopyridinium Fluoroborate (8 ).— A  mix-Matenals Oommeicially available, reagent grade solvents 2 -1 1  g (0 .02 mol) of N-methyl-2-thiopyridone, 3.22 g
were used without additional purification. The following reagents B „ ,r,Jn  , . , 6
were obtained from the indicated suppliers and were used without (0^  ® o l) of silver fluoroborate, and 9.0 g (0.06 mol of lodo-
further purification: silver fluoroborate, Ozark-Mahoning methanem 60 ml of 1 ,2-dichloroethanewas stirredat ambient
Company; iodomethane, N-methyl-2-piperidone, and 2- temperature for 26 hr. After filtration the silver iodide paste was
piperidone, Aldrich Chemical Co.; phosphorus pentasulfide, leacbed wlth 550 ^  °,f bo!lmS methanol and the filtrate and
^  , A  • riR • i -j t t  d j L  p u „ „ :nni washings were combined and concentrated at reduced pressure toEastman Organic Chemicals; 2-pyndone, J. T . Baker Chemical . & , ir  . ,  .G .. e ,
^  j  ox ui t t  ~ r*\.__give a crystalline residue. Clarification of a 60-ml ethanolCo.; iodomethane-a3, Stohler Isotope Chemicals. , * u r n  t

Pvrex tubes were charged and sealed as oreviouslv described solution of this material with activated carbon followed by cooling
„ ,yr,®  ^ lbes were , f .  and f aed  ^  Pv / ,  yr  iv!+v! gave 2.45 g (65% ) of N-methyl-2-methylthiopyridinium fluoro-Sealed tubes were placed m an electrically heated, stirred bath ® , , , xt/ . -,010

, , , w  j / , 1 ro\ -±u ' ___ _ __borate as colorless prisms, mp 119-121 .
whose temperature was regulated (± 1 .5  ) with a pioportional Caicd for C ,H ,„NSBF4: C, 37.02; H , 4.45; N , 6.17;

■ j . . .  . m S, 14.07. Found: C, 37.12; H , 4.55; N , 6.07; S, 14.12.
, ,  i ,6 . ? '  " ' ° Py?  ° ^ e ( PiePa l® 111 °7° yi The infrared spectrum (potassium bromide) showed absorptions
N-methyl-2-pyndone and phosphorus pentasulfide accoiding to 2970 2900 1605 1555  147 5  1430 1300 126 5  116 5  ngO ,
the method of Renault11 and purified by sublimation at 75 (U.l ir4r>„ * ork , mu , /j - iu  i

•> oc Ano /T- 1, on nno) mu • t  A _  .  / 1 1 " 1020 (broad), 780, and 705 cm C The nmr spectrum (dimethylmm), mp 88-90° (lit .11 89-90°). The infrared spectrum (chloro- ,, C  o w u u i , ; «
, x i  j  i x- , nn-n icon icon 140c 1 A*7f\ i i i f i  sulfoxide-ae) was identical with that of JN-methyl-2-methylthio- form) showed absorptions at 29o0, 1620, 1530, 1485, 1470, 1410, J J
1305, 1140, 1110, and 1020 cm-1. The nmr spectrum (chloro- .iniun* 10. 1 e* . , , ,  ,
, j \ u  j  4. a 4. a nn /q tt This material was alternately prepared in 78% yield by treatingform-d) showed resonances centered at 5 4.00 (3 n ,  singlet, XT ,, , _ ,, -j- • • j -j •,/v  • c
at xv ix n co .„ o n  /1 u  u , , • \ f j  N-methyl-2-methylthiopyridmium iodide with 1 equiv of silver
N-methyl), 6.68 and 7.25 (1 H  each, apparent triplet of doublets fluoroboyate in 1;i dich^ roethane. Identity was established by
wxth line spacmgs of 1 and 6 Hz, protons at C-4 and C-5 , and (118-120°), mixture melting point (118.5-121°)
7.70 (2 H , complex multiple!, ring protons at C-3 and C-6). , 1

2-Methylthiopyridine (9) was prepared in 65% yield by methyl- staPbm of ? g and 9 at 190°.-Separate sealed tubes
a .on-deprotonatmn o 2-thiopyrid«,ne> according to he method aini thege ¿ aterials were heated at 190o for i 9.3 hr,
of Renault,12 bp 82-83° (17 mm) [lit.12 91 (22 mm)]. The m- cooled toSambient temperature) and opened. The infrared and

S o  l?8e0 M50nT430 IH O  T S )  U70  U M  S ’ nmr spectra Were “ distinguishable from those of authentic
, ’rr l  ’ ’ ;  ’ r i ,  ’ , ' i 7  samples. The recovered N-methyl-2-thiopyridone had mp 87-

1090, and 1045 c m -  The nmr spectrum (chloroform-d) dis- 80O 87.5_9()o with authentic material. The recovered

L T n ®  f  u  ( ’ S? g ’ i  N-methyl-2-methylthiopyridinium fluoroborate had mp 118.5-
6- ^ -  ( 3 f  v”  !,113 ,’ 5ln gpr0  :0nS at C-3\ CJ ’ 121.5° and mmp 118.5-121.5° with authentic material,
and C-5), and 8.29 (1 H , broadened doublet, line spacing 5 Hz, Equmbration of N-Methyl-2-thiopyridone (7) and 2-Methyl-

rmJ  ?^0t2n.ai  ^  • .,. . . . . .  , • 7n0-, thiopyridine (9) at 190°.— A  sealed tube containing 0.150 g of
N-MethyW-mehyhhiopyndmium mdidewas prepared m 70% 2.mPtyh lthi idine and 0.024 g of N-methyl-2-methylthio-

yield from N;methyl-2-thiopyndone and iodomethane according idiJ um flP; roborate was heated at 190° for 19.5 hr, cooled
to the procedure of Renault,12 mp 155-157 (ht.12 156 ). The ^  ambient t at and ned. The contents were

) i ^ r en t S0rPHTn9n S ’ T h l triturated with 1.0 ml of chloroform and the resultant slurry
1560, 1490, 1450, 1430 1330, 1160,1120, and 1020 cm . The wag fi,tere(b The nmr spectrum 0f the filtrate indicated the
nmr spectrum (dimethyl sulfoxide-*) showed resonances centered of 1Q% of N .methyl-2-thiopyridone and ca. 90% of

at * 2; 91 (3 ^  SmgleV S'me,tby} ) ( 4 ’2°  (3 H/ smg!ep’ 2-methylthiopyridine. The residue (0.023 g, 90% ) was identi-
7.65 8.20 (2 H , complex multiplet, ring protons at C- and - ), fied as N-methyl-2-methylthiopyridinium fluoroborate by melting
8.42 (1 H , apparent triplet of doublets, line spacmgs 8, 2 z, ring point ( i 20-121.5°), mixture melting point with an authentic
proton at C-3), and 9.15 (1 H , broadened doublet, line spacing of gample (119_ m  5<>); and infrared analySis. Parallel runs with
7 Hz, ring proton at C -6). ... N-methyl-2-thiopyridone and N-methyl-2-methylthiopyridinium

The same compound was obtained when 2-methy thiopyridine fluoroborate at 190° for 19.5 hr gave 85% recovery of N-methyl-
was treated with iodomethane. Identity was established by 2.methyithiopyridmium fluoroborate and a mixture identified by
melting point (155-157 ), mixture melting point (153-155 ), and ^  as ^  N _methyi.2.thiopyridone and ca. 90% 2-methyl-
the nmr spectrum. thiopyridine. Competing reactions involving either isomer or
-------------------  the catalyst could not be detected by infrared or nmr spectros-

(8) H. J. Teague and W. P. Tucker, J. Org. Chem., 32, 3144 (1967). copy or by  tic. _ .
(9) Melting points were determined on a Reichert block equipped with Direct Determination of the N-Methyl-2-thiopyridone (7)—2-

thermometers accurate to ±1 °, as determined by melting point measure- Methylthiopyridine (9) Liquid-Phase Equilibrium Constant.—
ments for appropriate standards. Boiling points are uncorrected. Infrared 'j ’hg multicomponent spectral technique of D ewar and Urch13 was
spectra were measured on Perkin-Elmer Models 521 and 137 instruments employed for direct determinations of the equilibrium isomer
With sodium chloride plates or cells. Ultraviolet spectra were measured with rat ios at several temperatures. Catalyst 8 was isolated b y  diethyl
a Cary Model 14 spectrophotometer and 1.0-cm matched silica cells. e p pj.ecipitatjon pr;or to measurement. The spectral measure-
proton magnetic resonance spectra were measured with Vanan Associates  ̂ , _, ,__ onrl nBonr
A-60, A-60A, and A-56/60 spectrometers with chloroform-d solutions unless ments were made w ith  anhydrous ethano as solvent and absor
otherwise noted. Chemical shifts are reported in S, parts per million relative bance data were takenQ at SIX wavelengths (2925, 2900, 287 ,
to the internal standard tetramethylsilane. Spin decoupling experiments 2850, 2825, and 2800 A )  centered about the N-methyl-2-thlO-
were conducted using a Varian Associates HA-100 instrument. Molecular pyridone maximum at 2860 A  to maxim ize the sensitivity o f the
weight mass spectra at ca. 15-eV ionizing potential were determined on an mixture spectra to low  concentrations of this isomer. Absorbance
Atlas Model CH4 instrument equipped with a vacuum lock inlet system. data were procegsed w ]th an IB M  1800 digita l computer using a
Microanalyses were performed by J. Nemeth and associates. Aerograph modified version of a least-squares p lotting program provided by
Models A-600-B and A-90-P gas chromatographs were used for analytical g  ^  Sm ith . Control experiments established that ethanol

aa( l0)reRa w! Anlerson, d. Chem. Educ.. 44, 569 (1967). solutions of each isomer obey Beer’s law over the concentration
(11) J. Renault, Bull. Soc. Chim. France, 20, 1001 (1953). , „  „  „  , ,
(12) J. Renault, Ann. Chim. (Paris), 10, 135 (1955). (13) M. J. S. Dewar and D. S. Urch, J. Chem. Soc., 345 (1957).
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and wavelength ranges employed in the analyses. The equilib- {J  =  1.5 H z) upon irradiation at 3.90 and to a broad singlet
rium constants obtained from this analysis were K 190O =  12.9 ±  (J  <  1 H z) upon irradiation at 3.04. Irradiation at S 3.52
2.9 (reaction time 19.5 hr) and X 150O =  9.1 ±  1.7 (reaction resulted in perceptible simplifications of the multiplets at 3.90
time 174 hr). and 3.04. These results indicate that one of the methyl groups,

It was found in preliminary experiments that unless the probably that bound to nitrogen on the basis of its chemical
catalyst, N-methyl-2-methylthiopyridinium fluoroborate, is re- shift, and two sets of ring protons are coupled, 
moved prior to spectral measurement, spurious results are ob- Attempted Equilibration of N-Methyl-2-thiopiperidone (14) and 
tained. Separation of the pyridinium salt was achieved by its 2-Methylthio-3,4,5,6-tetrahydropyridine (15) at 170°.— Sealed
precipitation from the reaction mixture with diethyl ether. tube experiments, analogous to those described above, established

The products of equilibration reactions at 188 and 145° were that N-methyl-2-thiopiperidone, 2-methylthio-3,4,5,6-tetrahy-
analyzed after partial reaction by the techniques described above. dropyridine, and N-methyl-2-methylthio-3 ,4 ,5 ,6-tetrahydropyri-

2-Methylthio-3,4,5,6-tetrahydropyridine.— A  solution of 5.25 g dinium fluoroborate are thermally stable at 170° for at least 20
(0.02 mol) of 2-methylthio-3,4,5,6-tetrahydropyridinium iodide14 hr.
in 160 ml of pH  10  buffer (ca. 0.20 M )  was vigorously stirred at A  sealed tube containing 0.080 g of N-methyl-2-thiopiperidone 
ambient temperature for 60 sec, then rapidly extracted with two and 0 .0 11 g of N-methyl-2-methylthio-3 ,4 ,5 ,6-tetrahydropyri-
100-ml portions of ethyl ether. The ether extracts were combined, dinium fluoroborate was heated at 170° for 2 1 .3  hr, cooled to
dried (anhydrous magnesium sulfate), and concentrated at ambient temperature, and opened. After trituration of the
reduced pressure with minimal heating to provide 2.39 g of orange product mixture with ethyl ether, tic and gas chromato-
yellow residue. Glpc analysis (20% Apiezon L  on Firebrick, graphic (20% Apiezon L  on Firebrick, 120°) analyses of the
120  ) of this material indicated the presence of one major com- ether solution indicated the presence of one component N -
ponent and at least two minor components. The major compo- methyl-2-thiopiperidone. It  was established that at least 2%  of
nent was corf.c êi  ̂ an(  ̂ identified as 2-methylthio-3,4,5,6- 2-methylthio-3,4,5,6-tetrahydropyridine would have been de-
tetra ydropyridine. tected. Concentration of the ether solution under a dry nitrogen

Anal. Calcd for CeH„NS: C  55.77; H , 8.58; N , 10.84. jet gave 0.078 g (98% ) of N-methyl-2-thiopiperidone, as shown by
Fo™ d ‘. P ’ 56,'10; 8-7^ ; N . 10-71 _ infrared and nmr spectra. An infrared spectrum of the material

■ v j ® sPectrum (neat) showed prominent absorptions insoluble in ether was essentially indistinguishable from that of
at 29 !°, 2850 1640, 1440, 1420 1340, 1325, 1310, 1270, and authentic N-methyl-2-methylt4>3,4,o,6Stetrahydropyridlnium
1250 cm Ihe nmr spectrum (chloroform-d) displayed reso- fluoroborate.
nances centered at 5 1.77 (4 H , complex multiplet, ring protons A  tube containing 0.046 g of 2-methylthio-3,4,5,6-tetrahydro- 

t/ 'U ’ 2 . ,(2 H ’ multiplet, ring protons at pyridine and 0.014 g of N-methyl-2 -methylthio-3 ,4 ,5 ,6-tetra-
G-3), 2.27 (3 H , singlet, b-methyl), and 3.63 (2 H , complex hydropyridinium fluoroborate was heated at 170° for 20 hr
mlw i£ * 7  rimoS.P i'ot?ns ^  C ' 6 )- , . cooled to ambient temperature, and opened. The orange product

N-Methyl-Z-thiopiperidone was prepared m 50% yield from mixture was triturated with ethyl ether. Although tic of the
JN-methyl-2-pipendone and phosphorus pentasulfide according to ether solution indicated the presence of 2 -methylthio-3 4 5 6-
the procedure of Renault, 11 and purified by recrystallization from tetrahydropyridine, N-methyl-2-thiopiperidone and at least’two
ligroin ethyl ether (o0:50) at 20 mp 37-38 (lit .11 37-38°). other components were present. A  glpc analysis (20% Apiezon

Found ■’ rCar fi^ f° rHC 6? 7 ^ SN  ‘7|; H ’ 8 '58; N > 10'84- L  on Firebrick, 120°) of this solution showed the presence of only
rp, '• r ’ 7 ’ . ’ f ' ' . . . 2-methylthio-3,4,5,6-tetrahydropyridine under conditions allowing
Ihe mlraied spectrum (chloroform) included prominent ab- detection of at least 9 %  of N-methyl-2-thiopineridone 

sorptions at 2875, 1540, 1530, 1450 1420, 1350, and 1330 c m - .  The orange, ether-insoluble m a te r i^  wMch remained an 
7 1® 8Pectrum (chloroform-d) displayed resonances centered intractable gum after extensive evacuation at 0.01 mm was 
u q̂o complex multiplet, rmg protons at C-4 and C -5L highly impure, as shown by its four-component thin layer
2.98 (2 H , complex multiplet, rmg protons at C-3), 3.44 (2 H , chromatogram, its weight (0.032 g, 230%), and its infrared
complex multiplet, ring protons at C -6 ), and 3.46 (3 H , singlet, spectrum, which resembled that of authentic N-methyl-2-

ivi>thv1 ? n a c a + * u u .. .  . methylthio-3,4,5,6-tetrahydropyridinium fluoroborate, but dis-
!hyl~2"“ ethylith:io-3 4 S.e-tetr^ydropyridmium Fluoro- played several substantial absorptions not observed in the 

borate.— A  mixture of 0.628 g (2.0  mmol) of N-methyl-2- authentic spectrum.
methylthio-3,4,5,6-tetrahydropyridinium iodide1* and 0.421 g A  second tube, containing 0.033 g of 2-methylthio-3 4 5 6- 
(2.0 mmol) of silver fluoroborate m 35 ml of 1,2-dichloroethane tetrahydropyridine and 0.009 g of N-methyl-2 -methylthlo-
^ n M d fh a ih e e  ambleny emPerature for 19  hr- A fter silver 3,4,5,6-tetrahydropyridinium fluoroborate, was heated at 170°
iodide had been removed by gravity filtration, 30 ml of ethyl for 20 hr, cooled to ambient temperature, and opened. The
ether was added to the filtrate and the resultant clear solution contents were triturated with 1.0 ml of ethyl ether. A  glpc

Stand a 20 , f?r. 2 hr‘ T he c°lorless crystals analysis of the solution showed the presence of only ca. 18% of
which formed were isolated and dried at reduced pressure. The the original 2-methylthio-3,4,5,6-tetrahydropyridine charge
yield of N-methyl-2-methylthio-3,4,5,6-tetrahydropyridinium yuiopyname cnarge.
fluoroborate was 0.191 g  (36% ), mp 95-96°. _. . A

Anal. Calcd for C 7H uN S B F 4: C .36.39; H , 6 .1 1 ; N , 6.06- R e g is try  N o .  /, 2044-27-1; 8 , 19766-06-4; 9,
S, 13.88. Found: C, 36.45; H , 6.08; N , 5.72; S, 13.97. 18438-38-5-; N-methyl-2-methyl-cL-thiopyridinium io-

The infrared spectrum (N u jo l) showed prominent absorptions dide, 19766-28-0; 2-methylthio-3 4 5 6 -te tra h v d ro n v

nances centered at 6 1.95 (4 H, complex multiplet, ring protons rahydropyridimum fluoroborate, 19795-94-9.
at C-4 and C-5), 2.80 (3 H, singlet), 3.04 (2 H, complex multiplet,
rmg protons at C-3), 3.52 (3 H , complex multiplet), and 3.90 Acknowledgment.— We are grateful to the Alfred P

Szftsr'Sri; „rrres $2 LS Senr
complex p « e „  «  .  , , 2 o o P .p « ,  *  ,  triplat « ¡ J S  F w L F E ? a

(14) J. V. Kostir and Z. Padr, Chem. Listy, 40, 276 (1946). James T. Lee, Jr.
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The Reaction of Amines with l-Phenacyl-2-bromopyridinium Salts.
A New Route to Imidazo[l,2-a]pyridinium, Oxazolo[3,2-a]pyridinium, 

and Dihydropyrido[2,l-c]-as-triazinium Salts1
C . K . B r a d s h e r , R . D .  B r a n d a u , J. E . B o l i e k , a n d  T . L .  H o u g h

Department of Chemistry, Duke University, Durham, North Carolina 27706 
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The reaction of 2-bromo-l-phenacylpyridmium bromide (1) with arylamines, acethydrazide, or butylamine 
leads to 1-substituted imidazo[l,2-o]pyridinium salts (10). If the reaction with butylamine was interrupted 
two intermediates, l-butyl-2-hydroxy-2-phenyl-2,3-dihydroimidazo[l,2-a]pyridinium (7, R  =  B u ) bromide 
and a 2-phenyloxazolo[3,2-a]pyridinium salt (9) were isolated. W ith tertiary amines the latter (9) became the 
major product. W ith hydrazine or methylhydrazine, 3-phenyl-l,4-dihydropyrido[2,l-c]as-triazinium ion (13) or 
its 1-methyl homolog (15) were obtained, while with 1,2-dimethylhydrazine the product was the l,2-dimethyl-3- 
phenyl-l,2-dihydropyrido[2,l-c]triazinium ion (19). In  boiling acid 19 loses a methvl group from the nitrogen 
at the 2 position affording 15. In boiling acid 3-phenyl-l,4-dihydro[2,l-c]-os-triazinium ion (13) undergoes 
ring contraction to l-amino-2-phenylimidazo[l,2-a]pyridinium ion (22).

I n  a  recent p a p e r2 it  w a s  sh o w n  th a t  2 -b ro m o -l-p h e n - l-b u ty l-2 -p h e n y lim id az o  [1 ,2 -a [p y r id in iu m  cation  (10
acy lp y rid im u m  salts  (1 ) an d  certa in  an a logs  a re  con - R  =  B u )  w as  ob ta in ed  in  6 6 %  y ie ld . I f  the reaction
ven ien t s ta rtin g  m ateria ls  fo r  the synthesis o f 2 -su b - w as  in terru p ted  a fte r  o n ly  10 m in  o f refluxing, tw o
stitu ted  th iazo lo  [3 ,2 -a ]p y r id in iu m  salts (8 ) via  cyc liza - p rodu cts  w ere  iso lated. T h e  first o f these, o b ta in ed  in
tion  o f the in term ed iate  l-p h en acy l-2 -p y rid in e th ion es  sm alle r y ie ld , w as  iden tified  as 2 -ph en y loxazo lo  [3 ,2 -a ]-
(5 ). S ince it  is k n o w n  th a t l-p h en a cy l-2 -p y r id o n e  (6 ) p y r id in iu m  ion  (9 ), w h ile  the second p ro d u ct, iso lated  in

z  4 7 %  y ie ld , h ad  the p roperties expected  fo r  l -b u t y l-2 -

(f H:' h yd ro xy -2 -p h en y l-2 ,3 -d ih yd ro im id azo  [1 ,2 -a  [p y r id in iu m
( U n  CO [  y  CO C7, R  =  B u )  brom ide , the  r in g  tau tom er o f

\ H /  2 -(b u ty la m in o )- l-p h e n a c y lp y r id in iu m  b rom id e  (2,
2 R  =  B u ) .  T h e  b u ty l d e riv a tiv e  (7  or 2, R  =  B u )

I  Z =  Br 5, Z =  S read ily  u n derw en t deh y d ration  to y ie ld  l -b u ty l-2 -p h e n -
2, Z =  NHR 6, Z =  0  y h m id azo  [1 ,2 -a [p y r id in iu m  cation.

3, Z =  H T h e  iso lation  o f 2 -pheny loxazo lo  [3 ,2 -a ]p y r id in iu m
4, Z =  Cl p erch lo rate  (9 ), even  thou gh  in  a  y ie ld  o f o n ly  1 1 % , w as

R v e ry  in teresting in  th a t s trictly  an h yd rou s  conditions
'j h a d  been  used, m ak in g  it  c lear th a t  the o xygen  a to m  o f
N / ° h  ® ^ z ! ^ C 6H5 the n ew  heterocyclic r in g  o rig in ated  fro m  the  ca rbon y l

| ( j |  |X p h  7Q T © P  fu n ction  o f the p h en acy lp y rid in iu m  salt (1 ). K ro h n k e 5
6V % -N  3 has sh ow n  that w h en  ph en acy lp y rid in iu m  b rom id e  (3 )

5 an d  su itab le  analogs a re  treated  w ith  w ea k  bases such
’ ~  as s°d iu m  carbon ate , o ran ge -red  beta ines {e .g ., 12) are

y, z — u
10, Z =  NR z

an d  its an a logs  m ay  b e  cyclized  to oxazo lo  [3 ,2 -a ]p y -  I ?
rid in iu m  salts {e .g ., 9 ) ,3 an d  since 2 -a lk y la m in o -l-p h e n - ^CC6H5
ac y lp y rid in iu m  salts (2 o r  7 ) m ust b e  converted  read ily  CH
to im id azo [ 1 ,2-a [p y r id in iu m  salts  (1 0 ),4 it  seem ed rea - U z  =  Br
son ab le  to expect th a t  1 -B r  m igh t serve also  as a  con - 12’ z  =  E
ven ient s ta rtin g  m ate ria l fo r  the p rep a ra t io n  o f b o th  the

oxazolo- (9) andimidazopyridinium (10) systems. The formed and can actuany  be isolated and purified. It
present research, dealing with the reaction of 1 with hag been reported6 that a cautious attempt to extend
amines, was directed toward the synthesis of imidazo- the reaction to 2-chloro-l-phenacylpyridinium ion led
[1,2-aJpyridimum salts (10). to formation of l-phenacyl-2-pyridone (6). Com-

When 2 equiv of n-butylamine was added to a sus- pound 9 is probably formed by the nucleophilic attack
pension of 2-bromo-l-phenacylpyridmium bromide (1) of the enolate oxygen of n  on the carbon at position 2.
in anhydrous acetonitrile, the solution turned yellow The failure to isolate any of the oxazolo [3,2-a [pyridi-
and the reaction proceeded with sufficient vigor to cause nium salt when the reaction was allowed to proceed for
boiling of the solvent. I t  was also evident from the ^4 br ;s understandable since 2-phenyloxazolo [3,2-a]-
ultraviolet absorption spectra that a change had oc- pyridinium ion (9) apparently undergoes ring opening
curred. After the mixture had been refluxed for 14 hr, when heated with butyiamine. Better yields of the

(1) This research was supported by Public Health Service Grants No. OX&Zolopyridinium  S&It (9 ) WGTG obtctillGd wllGIl tcrti&ry
HE-2170 of the National Heart Institute and No. CA-05509 of the National amillGS WGTG Substituted  fo r  buty lam inG , tnGthylam inG

C^ eu “ aher and j. e . Boliek, j .  0rg. chem., 32,2409 (1967). (6 8 %  y ie ld  o f 9 ) p ro v in g  superio r to the less basic d i-
(3) (a) C. K. Bradsher and M. F. Zinn, J. Heterocyclic Chem., 1, 219 m GthylanilillG (5 1 %  y ie ld  o f 9 ).

(1964) ; (b) ibid., 4, 66 (1967).
(4) C. K. Bradsher, E. F. Litzinger, Jr., and M. F. Zinn, ibid., 2, 331 (5) F. Krohnke, Ber., 68, 1177 (1935).

(1965) . (6) F. Krohnke and W. Heffe, ibid., 7 0 B , 864 (1937).
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Table I
1-Aryl-2-phenylimidazo [lj2-a] pyridinium (10, R  =  Aryl) Perchlorates

Reflux Yield, --------- C, % ---------. .-------- H, % ---------- ,---------N, % ---------.
10, R a time, hr % Mp, °C  Formula Calcd Found Calcd Found Calcd Found

C 6H 5 9 75 226-228*’-'* C i9H i6C1N20 4 61.54 61.42 4.07 4.18 7.55 7.55
p -N 0 2C 6H 4 7 58 208-210«. < C 19H UC1N30 6 54.88 54.54 3.39 3.62 10.11 10.18
p-H OC«H 4 18 62 201-202«/ C i9H 16C1N20 5 59.00 58.85 3.91 3.93 7.24 7.36
p-EtOOCC6H 4 4.5 64 213-215«/ C22H I9C1N20 6 59.66 59.66 4.32 4.47 6.33 6.50
a-CioH, 4 66 196-227/» C23H nC lN 20 4 65.64 65.22 4.07 4.12 6.66 6.42
<* See structure 10. b The nmr spectrum in heavy water showed no resonance below 8 7.78 ppm. « Colorless prisms. d From  

methanol-ethyl acetate. * Pale yellow prisms. > From methanol. « Light purple prisms.

The reaction of aniline with 1 bromide is much less compound having the composition of 1 mole of the base
vigorous than that of butylamine, and the reaction mix- 17 plus 1 mole of the salt 13. Acidification of the com-
ture lacks the color to be expected of the enolate salt pound salt gave back the original simple salt 13. It  is
11. I f  the reaction mixture was refluxed for 4 hr, 1,2- proposed that in the compound salt 1 mole of the base 17
diphenylimidazo[l,2-a]pyridinium (10) ion (as the per- is hydrogen bonded to 1 mole of the salt 13, the
chlorate) was obtained in 75% yield. I t  is believed arrangement being symmetrical with respect to the 1
significant that no 2-phenyloxazoIo [2,3-a]pyridinium position, the unit positive charge being spread over both
salt (9) has been isolated from the reaction of aniline of the moitiés 16. Similar structures have been dis
and its derivatives with 1 • Br, especially since it was cussed in a recent publication.7
demonstrated that the oxazolopyridinium salt 9 is re- I f  sodium hydroxide was added to an aqueous solu- 
covered unchanged after heating with aniline under the tion of the simple salt 13, the product was the free base,
usual reaction conditions. The reaction shown by 3-phenyl-4H-pyrido[2,l-c]-as-triazine (17). The nmr
aniline appears general for arylamines and, as may be spectrum of the base exhibited a two-proton singlet at
seen in Table I, the yields are not greatly different wheth- 5 4.81 and a total of nine protons in the aromatic region,
er electron-releasing or electron-attracting groups are Significantly, equimolecular quantities of the base 17
present. and the simple salt 13 unite to form the compound salt

I t  would be anticipated that hydrazine could lead to 16. 
the formation of either a new five-membered or six- The base 17 underwent acetylation or méthylation 
membered ring. It  was found that reaction of hydra- with ease, presumably at position 1. The products, 14
zine or methylhydrazine with 1 • Br gave products which, and 15 when treated with bicarbonate did not afford a
on the basis of spectral evidence, must be six-ring com- precipitate, and both exhibited nmr spectra with the
pounds, 3-phenyl-l,4-dihydropyrido [2,1 - c ] -as-triaz- characteristic downfield signals due to the presence of
inium (13) perchlorate, or its 1-methyl homolog (15), re- methylene groups. The methyl derivative was identi-
spectively. cal with the product 15 prepared by the reaction of

methylhydrazine with 1 • Br.
?  ?  In addition to the méthylation and acetylation reac-

!i Jri J.+ tions at position 1, the base 17 reacted at position 4 with
i 2 f if p-nitrobenzaldehyde. The nmr spectrum of the prod-

uct 18 had a pair of one-proton doublets centered at 5 
6 + 4 Ph 5.90 and 5.10. A  broad absorption band at 2400-2750

13 r = h cm-1 in the infrared spectrum of 18 suggested hydrogen
m  R = rn ru  bonding between the bridgehead nitrogen atom and the
15 R=CH J hydroxylic hydrogen.

With 1,2-dimethylhydrazine, 1 Br gave a derivative 
of the 1,2-dihydro system, 1,2-dimethyl-3-pheny 1-1,2- 

^  N dihydropyrido[2,l-c]-as-triazinium ion (19). The sys-
T  p Y  T|T tem was easily protonated at the 4 position, for although

nmr in dimethyl sulfoxide shows signals for ten hydro- 
¿+ C104~ H —O -C H  H ^  gen atoms in the aromatic region (with methyl signals
> I as singlets at 5 3.51 and 2.80 ppm), the nmr in trifluoro-

acetic acid showed signals for only nine hydrogen atomsUok fr i P
_  Ph T  V 3 CH,

Ph NO, I CH, I

16' 17 18 V2 Jik -ch3+ e
IvJn X — ^ 13

For the hydrazine derivative 13 the only nmr signal + 4 Ph x pj,
outside the aromatic region was a two-proton singlet at X- 20

S 5.52 ppm (CH2). The positive charge of the new sys
tem is shared principally by the nitrogen atoms at posi- __________19
tions 1 and 5, and it is not surprising that the proton (7) H F. Andrew and C. K. Bradsher, J. Heterocyclic Chem., 3, 282
O il the nitrogen at position 1 is acidic. When 13 was (1966). Crystallographic evidence for the existence of such symmetrical 
treated with sodium bicarbonate, the yellow compound hydrogen bonds in potassium hydrogen malonate has been published re- 

T - i  • • a j . j  4 n  4. 1 V cently: C. Ferguson, J. G. Sime, J. C. Speakman, and R. Young, Chem.
which precipitated was not the expected base 17, but a commun., i62 (1968).
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in the aromatic region plus a new two-proton singlet at 1800-cm-1 region (carbonyl stretching);10 \max [him (log «)] 333
5 5.69 ppm. On heating 19 with 16% hydrobromic (3.70), 241 (4.19), and 203 (4.46).

acid, a methyl group was lost, affording 15 isolated as Fo^ '  c  N°8 1 3 ’ 58'42; H’ 6'°6; N’ 8'°2-
the perchlorate. Jf the oxazolo compound 9 was heated for 2.75 hr with 5 equiv

The loss of a methyl group from a nitrogen atom, un- of butylamine, the product was impure 7 (ir spectra), 
common except with some quaternary salts, is at least l-Butyl-2-phenylimidazo[i,2-a]pyridinium Perchlorate (10, R
partially explicable in that the protonated species 20 is 7), B̂ \  A) B  ̂Dehf dratj on of 1;Bntyl-2-hydroxy-2-phenyl-2,3-
essen tia llv  a his n u a tern arv  salt dihydroimidazo [1,2-a] pyndinium (7, R =  Bu) B ro m id e .-A  mix-
essen tia lly  a DlS qu a te rn a ry  salt. _ _ ture of 0.25 g of the carbinolamine bromide (7, R  =  Bu) and

1,1-Dimethylhydrazme reacted as a tertiary amme io g of polyphosphoric acid was heated with stirring on a steam
with 1 Br, affording the oxazolopyridinium salt 9 as the bath. The mixture was cooled and diluted with ice water and
only product isolated. excess 35% perchloric acid solution was added. The resulting

precipitate was crystallized from methanol-ethyl acetate giving 
0.19 g (76% ) of colorless crystals, mp 93-96°. The analytical 

“  sample had mp 98.5-100°.
I Ph 11 pj, B. From 2-Bromo-l-phenacylpyridinium Bromide (1).— If  the

reaction of 7.14 g of the title compound 1 with butylamine was
____!l K J jJj____I carried out as in the preparation of the carbinolamine 7 bromide

except that refluxing was continued for 14 hr, 4.4 g (66% ) of 
p „  l-butyl-2-phenylimidazo [1 ,2-a] pyridinium ion was isolated as

21, K - L H 3LU 23 the perchlorate, mp 99-101°. This was identical in infrared
22, R =  H spectrum and in mixture melting point with the product obtained

in A ; Pmn 2800-3000 cm-1 (aliphatic C -H  stretch); nmr (tri- 
Of the hydrazine derivatives studied only acetylhy- Auoroacetic arid), a 4.01 (t 2 C H 2 J  =  7 cps) 0.2-1.6 (seven

drazide afforded an lmidazopyndimum derivative (2 1 )  (log e 4.15), 228 (4 .32), 204 (4 .5 1 ).
directly. Hydrolysis of the amide linkage afforded Anal. Calcd for CnHjgClNjOu C, 58.20; H, 5.46; N , 7.98. 
l-amino-2-phenyl-imidazopyridinium bromide (22). Found: C, 58.44; H , 5.57; N , 7.83.
The nmr of the amine 22 in trifluoroacetic acid showed 2-Phenyloxazolo[3,2-a]p^idinium (9) Perchlorate by Action of

signals m the aromatic region only and reaction of the to a suspension « f  1.79 g of l  in 50 ml of dry acetonitrile produced 
amme w ith  nitrous acid afforded the deamination prod- an orange-red solution which was refluxed for about 3 hr, the
UCt, 2-phenylimidazo[l,2-a]pyridinium ion (23), iso- mixture being protected from contact with moisture. Addition
lated as the perchlorate. The identity of the corre- of the 0001 solution to 250 ml of anhydrous ether yielded a pink
sponding base was established by comparison with an %e,c$ itate ŵ lch collected and dissolved in water. Addition 
r  , ?  , g j r  of 35% perchloric acid to the aqueous solution afforded 9 which

autnenuc sample. was crystallized from ethanol-ethyl acetate as colorless needles,
I t  is worthy of note that 22 could also be made by mp 216-218°, yield 1.0 g (68% ). 

ring contraction of 13, brought about by heating it in When the above procedure was repeated using N,N-dimethyl- 
hvdrobromic acid aniline in the place of triethylamine and continuing refluxing for

" 6 hr, 0.75 g (51% ) of 9, mp 216-218°, was obtained.
l-Aryl-2-phenylimidazo[ 1,2-a] pyridinium (10, R  =  Aryl) Per- 

+ / \ / N H  chlorates.— There was no color change or exothermic reaction
.13 or M r o r  " n h 2 22 when 1 • Br was added to an acetonitrile solution of an arylamine

COPh (2 equiv). After a 14-hr reflux, the cooled mixture was poured
+ CH2̂  into ether and the resulting precipitate was dissolved in water and

reprecipitated (HCICff) as the perchlorate (see Table I ) .
24 3-Phenyl-1,4-dihydropyrido¡2,1-c]as-triazinium (13) Bromide.

— Hydrazine hydrate (2 equiv) was refluxed for 14 hr in aceto- 
FYnprim pntal nitrile with 1 - Br. When the mixture reached room temperature

"  it was filtered to remove a small quantity of by-product and solu-
Elemental analyses were carried out by the Janssen Phar- tion was concentrated in  vacuo. The residue crystallized from

maceutica, Beerse, Belgium, and by Galbraith Laboratories, ethanol-ethyl acetate as hydrated yellow needles, mp 214-215 .
Knoxville, Tenn. A ll melting points have been corrected. Ultra- Anal. Calcd for CTHigBrNt • O.oJLO. C, 52.17, H, 4.40, 
violet absorption spectra were measured in 95% ethanol using 44.04. Found: C, 51.77; H , 4.45; N , 14.37.
1-cm matched quartz cells in a Cary Model 14 spectrophotom- A  sample of the salt, crystallized from water^as yellow needles,
eter. Infrared data were determined in potassium bromide appeared to be the monohydrate, mp 125-126°.
pellets using a Model 137 or Model 237 Perkin-Elmer speetro- Anal. Calcd for C igH ^BrNrlRO . C, 50.66, H , 4.58, N , 
photometer. Nmr data was determined with a Varian A-60 13.63. Found: C, 50.82; H, 4.73; N , 13.41.
spectrometer using tetramethylsilane as the standard. Recrystallization of the hydrate from ethanol afforded the

l-Butyl-2-hydroxy-2-phenyl-2,3-dihydroimidazo [ 1,2-a ]pyridi- hiSher melting hemihydrate salt as needles, mp 214-215 . 
nium (7, R  =  Bu) Bromide.— To a suspension of 3.57 g of 2- Addition of sodium perchlorate solution to a hot solution of the
bromo-l-phenacylpyridinium bromide9 ( 1 ) in about 70 ml of bromide precipitated the perchlorate which crystallized Rom
anhydrous acetonitrile (distilled from P 20 5) 2.02 g (2 equiv) of methanol-ethyl acetate as colorless needles: mp 199-200 ;
w-butylamine was added (exothermic reaction). nmr (trifluoroacetic acid) 5 5.52 (s 2, CH 2),7.38-8.39 (ten

After refluxing the yellow solution for 10 min, concentration protons); uv max, 360 m/* 3.99), 293 (4.02), 2 3 sh (3. 6),
under vacuum gave a viscous red gum which was partitioned 22'LS-j1 2®2 2600-3600 cm (acidic H  bonded
between methylene chloride and water. Addition of sodium _ „  „ , - T r, „  „  o m w
perchlorate solution to the aqueous layer produced a colorless Anal. Calcd for % 3Hi2GlJN^4. G, 50.41, H , 3.91, IN, 13.57.
precipitate which, on crystallization from methanol-ethyl Found: C, 50.35; H , 3.91, IN, 13.85.
acetate, afforded 0.32 g (11% ) of 2-phenyloxazolo[3,2-a]pyridi- 3-Phenyl-4H-pynd0 [2,l; c]-aS-taazme ( l7 ) - T o  a hot solution
nium (» ),*  mp 216-218°. The methylene chloride layer was of 2'°  8 of 3-pheny -1 4-dihydropyr.do 2,1-c]-as-triazimum (13)
dried (M gS04) and concentrated and the residue was crystallized perchlorate in 20 ml of water, 3 ml of 50% aqueous sodium hy-
from methanol-ethyl acetate yielding in two crops 1.65 g (47% ) -----------------
of colorless plates, mp 149-150°, with a strong blue fluorescence (10) Although there Is a possibility that the molecule exists in the open-
under UV light. The ir showed no strong band in the 1660- chain form (2, R = Bu), and that hydrogen bonding has shifted the absorp-
------------------ tion due to the carbonyl group to a frequency low enough for it to merge with

(8) A. E. Tsehitschibabin, B e r . , 69, 2048 (1926). the band due to the C = N  linkage, it is felt that the cyclic carbinolamine
(9) C. Djerassi and G. R. Pettit, J .  A m e r .  C h e m . Soc., 76, 4470 (1954). structure 7 is more probable.
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droxide solution was added with stirring. The dark oil which B. From Methylhydrazine.— Following the general procedure 
separated solidified on cooling and was crystallized from a 10%  used for the preparation of 1-arylimidazopyridinium salts ( 10)
aqueous solution of methanol as yellow needles. When dried at but using methylhydrazine instead of arylamine, the product
80°, 1.2 g (92% ) of orange-red needles was obtained; mp 222- 15, obtained in 90% yield, was identical in melting point and
223°; nmr (CDC13), S 4.81 (s, 2, CH2), 6.15-7.9 (nine protons). ir spectrum with that prepared by procedure A .

Anal. Calcd for C13H „N 3: C, 74.62; H , 5.30; N , 20.08. Anal. Calcd for C14H I4N 3C104: C, 51.94; H , 4.36; N , 12.98.
Found: C, 74.59; H, 5.49; N , 19.94. Found: C, 51.86; H , 4.29; N , 12.99.

Compound Salt 16. A. By Action of Bicarbonate Ion on 3- l,2-Dimethyl-3-phenyl-l,2-dihydropyrido [2,1-c]-as-triazinium
Phenyl-1,4-dihydropyrido[2,1-c]-as-triazinium(13)Perchlorate.—  (19) Perchlorate.— To a suspension of 1.79 g of 1 in 50 ml of dry
To a hot solution of 0.5 g of the triazinium salt 13 in water, 10 acetonitrile 1.33 g of 1,2-dimethylhydrazine dihydrochloride and
ml of saturated sodium bicarbonate solution was added. On 1.01 g of triethylamine was added and the mixture refluxed for
cooling, yellow needles separated and were collected and re- 14 hr. The solution was concentrated to 20 ml and the salts
crystallized from methanol-ethyl acetate. The product, 0.25 g were removed by filtration. Concentration of the filtrate under
(56% ), had mp 197-199° dec; rma* 3400 cm“ 1 (N -H  bonding); vacuum and reprecipitation of the residue from water as the
Xmai  360 mM (log e 4.25), 302 (4.16), 252 (4.28), and 206 (4.58). perchlorate produced an orange solid which, crystallized from

B. By Addition of an Equimolecular Quantity of the Triazine ethanol, had mp 210-211°; yield 1.1 g (69% ); nmr (DMSO-d6),
Base 17 to the Triazinium Salt 13.— To a solution of 0.20 g of S 2.80 (s, 3, CH3), 3.51 (s, 3, CH3), 7.38-8.53 (complex 10);
the triazinium salt 13 in 20 ml of methanol 0.13 g of the base 17 nmr (CF3COOH), 3.80 (s, 3, CH3), 3.99 (s, 3, CH3), 5.69 (s,
in 20 ml of methanol was added. Upon concentration to ap- 2, CH2), 7.3-8.5 (complex 9).
proximately 15 ml followed by cooling, 0.30 g (91% ) of the Anal. Calcd for C iSH i6C1N30 4: C, 53.33; H , 4.77; N , 12.44.
compound salt, mp 197-199° crystallized. This material was Found: C, 53.25; H , 4.76; N , 12.54.
shown by mixture melting point and ir spectra to be identical Loss of a Methyl Group from l,2-Dimethyl-3-phenyl-l,2-di- 
with the preparation A . hydropyrido[2,1-c]-as-triazinium (19) Perchlorate.— A  suspension

Anal. Calcd for C26H23N6C104: C, 60.17; H, 4.47; N , 16.20. of 0.20 g of the title compound 19 in 10 ml of 16% hydrobromic
Found: C, 60.42; H , 4.72; N , 16.20. acid was heated at 100° for 12 hr, then 70% perchloric acid was

Addition of a few drops of perchloric acid to a methanol solu- added to the cooled solution. The resulting precipitate crystal-
tion of the compound salt 16 followed by precipitation with lized from ethanol as yellow needles, mp 188°, yield 0.18 g
ether gave back 3-phenyl-l,4-dihydropyrido[2,1-c]-as-triazinium (94%). The product was shown to be l-methyl-3-phenyl-l,4-
(13) perchlorate in 84% yield. dihydropyrido[2,1-c]-as-triazinium perchlorate (ir, mixture melt-

l-Aceto-3-phenyl-l,4-dihydropyrido[2,l-c]-as-triazinium (14) ing point).
Perchlorate. A. By Acetylation of the Bromide Salt (13).— A  Reaction of 1,1-Dimethylhydrazine with 2-Bromo-l-phenyl-
suspension of 4.5 g of 3-phenyl-l,4-dihydropyrido[2,l-c]-as- pyridinium Bromide.— When the title reagents were allowed to
triazinium (13) bromide in 100 ml of acetic anhydride was react in refluxing acetonitrile under essentially the same condi-
refluxed for 5 hr then the anhydride was removed under reduced tions used with hydrazine to produce 13, the product, isolated
pressure. The residual gum was crystallized from methanol- 111 41% yield, was 9 perchlorate, mp 216-218°.
ethyl acetate as colorless needles: mp 206-208°; nmr (D 20 ),  S l-Acetamido-2-phenylimidazo[l,2-a]pyridinium (21) Bromide.
2.48 (s, 3, CH3), 5.37 (s, 2, CH2), 7.17-8.60 (nine aromatic H ). — A  solution containing 1.79 g of 1 -Br and 0.74 g of acetylhydra-

Anal. Calcd for Ci5HI4N 3OBr: C, 54.23; H , 4.25; N , 12.65. zide in 50 ml of acetonitrile was refluxed for 15 hr, and the salt
Found: C, 53.91; H , 4.28; N , 12.40. precipitated with ether and was recrystallized from methanol-

The perchlorate crystallized from ethanol-ethyl acetate as ethyI acetate as colorless needles; mp 303° dec; yield 1.45 g
colorless needles: mp 228-230°; uv max 203.5 m î (log e 4.23), (37% ), nmr (D 20 ),  5 3.08 (s, 3, CH 3CO), 8.39 9.73 (ten,
223 sh (4.02), 245.5 sh (3.87), 255.5 sh (3.83), 292 (4.01), 360 aromatic)
(3 .99). Anal. Calcd for Ci5Hi4B rN 30 : C, 54.23; H, 4.25; N , 12.65.

B. By Acetylation of the Triazine Base 17— To a sample of Fo„Ll' ld: c » 53.98; H , 4.37; N , 12.61. 
the base in anhydrous chloroform a few drops of acetyl chloride ?  , percT rate crystallized from ethanol-ethyl acetate as 
was added. The mixture was refluxed for 15 min and then con- colorless needles, mp 178-180 ; uv max (95% E tO H ), 204 m/j.
centrated. Addition of perchloric acid to an aqueous solution of (log e 4.47), 233.5 (4.37), 294.5 (4.01).
the residue afforded a product identical in ir spectrum and melting Amu. Calcd for CisHuClNsOs: C, 51.22; H , 4.01; N , 11.9o.
point with the perchlorate salt prepared by method A . round. C, 50.94, H, 4.16; N , 11.61.

Anal. Calcd for CI5H I4C1N30 5: C, 51.22; H, 4.01; N , 11.95. . 1̂ mSr°'?'Pile“ylinlid^Z *[1 ’f-alPyridinium (22) Perchlorate.
Found: C, 51.35- H  4.05- N  11.47. . By Hydrolysls of l-Acetamido-2-phenylimidazo[l,2-a]py-

j ‘ ... , .. . . ridium (2 1 ) Bromide.— The aeeto derivative 21 (1.45 g ) was
P i r y 7 7 '  heated for 20 hr on a steam bath with 25 ml of 16% hydrobromic

h r n ^ T i i  w L  I  h7  r  i r  °s t  “  ?f  5%  hydro'  acid. The product was precipitated by addition of 35% per- bromic acid was allowed to stand for 8 hr at room temperature. • -i i . , ,, i /v. *
Thp v p lln w  m n n n W rlra + p  n  R r  1 0 c io f to  p  , ir  , chloric acid and recrystallized from ethanol-ethyl acetate as
The yellow monohydrate of 13 -Br, mp 125-126 crystallized colorlesg needl 193- 194°, yield 0.94 g (61%).

^crystallization of the hydrate from ethanol B. By Hydrolysis and Rearrangement of l-Aceto-3-phenyl-

2?5° yield 0.5 f (7 2 % ) S hemlhydrate aS needles’ mP 214~ 1,4-dihydropyrido[2,1-c]-as-triazinium (14) B ro m id e .-I f  14
5 a  t  u  a ° „  At  t. ,, .. r„ , , . . (l-45g)wassubjectedtothesameconditionsusedinthehydroly-

M« r y ; ( y 7  -mtrobenzy )pyndo[2 ,l-C]-aS-triazine gis of the isomer 2 1 , 1.06 g (6 8 % ) of colorless needles was obtained 
(18).— A mixture containing 0 . 8  g of the triazine base 17 and mp 1 9 3 - 1 9 4 °

W  L i r in 20 ml ° f ch‘0rofa rm 7 ?  refluf d C. By Rearrangement of 3-Phenyl-l,4-dihydropyrido[2,l-c]-
for 24 hr The filtered solution was concentrated and the residue as-triazinium (13) Bromide.-The title compound (1.50 g) was

v i l T 2 10“  m “  g0lf en heated in acid under conditions ^ d  in the hydrolysis of the
2 5 H 7 ' r n  fi560 01 f r/ tT19Un T ° r - n S 5 '80,(.d’ 1’ f  =  aceto derivatives 14 and 21; yield 0.83 g (52% ) of colorless

/;r,0- 97^  L( ; f  \Z> S 7 ’ P US aromatlc Protons; needles: mp 193-194°; uv max (95% ethanol), 205 mM (log e
2400-2750 cm ‘ (H  Ibonding to N )  4.49), 234.5 (4.35), 293 (4 .12 ); nmr (CF.COOH), a 7.23-8 74

Araal. ^ a*®d ô r^ MH i«N 40 3. C, 66.66; H , 4.48; N , 15.55. (ten, vinyl and aromatic). Products obtained by methods A , B,
ound: y  66.31; H , 4 .49; N , 15.26. and C were shown to be identical by ir and mixture melting points.

l-Methyl-3-phenyl-l,4-dihydropyrido[2,1-c]-as-triazinium (15) Anal. Calcd for C,3H 12C1NS0 4: C, 50.41; H , 3.91; N , 13.57. 
Perchlorate. A. By Methylation of the Triazine Base 17.—  Found: C, 50.43; H , 4.05; N , 13.60.
Excess methyl iodide was added to a chloroform solution of the Action of Nitrous Acid on l-Amino-2-Phenylimidazo[l,2-a]- 
triazine base 17 and the mixture refluxed for 10 min. The pre- pyridinium (22) Perchlorate.— To a solution of 1 g of 22 in 12 m l
cipitate was collected and crystallized from methanol-ethyl of 8 N  sulfuric acid at 0° a sodium nitrite solution was added
acetate. The product (0.6 g ) was dissolved in water and 70% dropwise until there was a positive test for nitrous acid, then
perchloric acid was added. The resulting perchlorate crystallized 70% perchloric acid was added to the cold solution until pre-
from ethanol as yellow needles: mp 188°; nmr (DMSO-de), cipitation was complete. The precipitate crystallized from ace-
d 3.72 (s, 3, CHs), 5.48 (s, 2, CH2), 7.33-8.42 (complex, 9); tone-water as colorless needles, mp 169-170°, yield 0.7 g 77%.
nmr (trifluoroacetic acid), S 3.37 (s, 3, CH 3), 4.86 (s, 2, CH2), The composition was approximately that expected for 2-phenyl- 
6.75-8.15 (complex 9). imidazo[l,2-a]pyridinium perchlorate.
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Anal. Calcd for C13H:iC1N20 4: C, 52.99; H , 3.76; N, 9.51. 10 (R  =  p-N02C6H4) perchlorate, 19789-58-3; 10
round: G, 53.45; II, 3.92; N 9.47. (R  =  p-HOCeH4) perchlorate, 19770-08-2; 10 (R  =

Addition of sodium hydroxide to an aqueous solution of the Tru/v/v/Tri ui x nn o m  r o
product afforded a fluorescent colorless crystalline compound, R R X K X W i), perchlorate 19770-09-3; 10 (R  =
mp 134-135°, which by ir spectra and mixture melting point was a-CioHy) perchlorate, 19770-10-6; 13 bromide, 19770-
shown to be identical with an authentic sample8 of 2-phenyl- 11-7; 13 perchlorate, 19770-12-8; 14 bromide, 19770-
imidazopyridine. 13-9; 14 perchlorate, 19770-14-0; 15 perchlorate,

19770-15-1; 16, 19770-16-2; 17, 19770-17-3; 18,
Registry No.— 7 (R  =  Bu) bromide, 19770-05-9; 19770-18-4; 19 perchlorate, 19770-19-5; 21 bromide,

9 perchlorate, 13794-84-8; 10 (R  =  Bu) perchlorate, 19770-20-8; 21 perchlorate, 19770-21-9; 22 perchlorate,
19770-06-0; 10 (R  =  Ph) perchlorate, 19770-07-1;- 19770-22-0; 23,19770-23-1.

The Synthesis of Oxiranes from Aqueous Solutions of Simple 
Alkyl, Allyl, and Benzylsulfonium Saltsla

M e l v i n  J .  H a t c h 113

Physical Research Laboratory, Dow Chemical Company, Midland, Michigan 

Received December 8, 1968

The reaction of simple sulfonium salts with warm aqueous NaOH and carbonyl compounds yields various 
oxiranes (epoxides). Previously, oxirane syntheses from such sulfonium salts has been achieved only in non- 
aqueous solutions of much stronger bases. The present work shows that often sufficient sulfonium ylide is 
formed in aqueous bases to permit trapping reactions. Trimethyl- or triethylsulfonium chlorides gave oxiranes 
with benzaldehyde (ca. 70%). N o oxiranes were formed with formaldehyde nor acetaldehyde, since Cannizzaro 
or aldol condensation reactions apparently intervened. Allyldimethylsulfonium chloride reacted well with 
benzaldehyde (ca. 70% oxirane), poorly with formaldehyde (8% ), and not at all with acetaldehyde. A  side 
reaction, leading to propylene oxide, also occurred. Benzyldimethylfonium chloride gave oxiranes with both 
benzaldehyde and formaldehyde (85 and 87% ) and, under conditions of minimal exposure to NaOH, with 
acetaldehyde also (48%).

Previous workers have described the formation of The present investigation originated from the follow- 
ylides from alkyl- or benzylsulfonium ions in n o n a q u e o u s  ing idea. Although in aqueous NaOH, simple sulfo-
solutions of very strong bases, e.g., methylsulfinyl car- nium ylides could be present only in concentrations so
banion in dimethyl sulfoxide,2 and the reaction of the small that no olefin-producing carbene intermediate
unstable ylides with aldehydes or ketones to yield ox- would be produced, the y lid e  co n ce n tr a tio n  s t i l l  m ig h t he
iranes.2-8 However, the prospects appeared to be su ffic ie n t f o r  “ tr a p p in g ”  re a ctio n s  to o ccu r  w ith  reactive

questionable for using a q u e o u s  solutions in this syn- ca rb o n y l co m p o u n d s. Preliminary experimental results
thetic reaction of simple6 sulfonium salts. Thus, the _ +
reaction in water of unsubstituted benzyldimethylsul- R C H 2S(CH 3)2 OH R CH S (CH 3)2 +  H20
ionium ion and hydroxide ion was known to give only a O

high yield of benzyl alcohol by an apparent Sn2 mecha- R CH S(CH 3)2 +  R 'C O R " — =>- R C H — C R 'R "  +  S (C H 3)2 
nism.7 This result indicated that even with the extra
ylide stabilization conveyed by the phenyl group, the indeed demonstrated that such trapping reactions are
aqueous ylide concentration was very small, too small possible, and that synthetically useful yields of oxiranes
at least to yield any carbene and resulting olefin.8 might be achieved. Studies therefore were made to

explore the scope and limitations of the reactions.
(1) (a) This work was reported at the 22nd Annual Southwest Regional The e x p e r im e n ta l C o n d it io n s  g e n e ra l ly  W ere  s im ila r .

Meeting of the American Chemical Society, Albuquerque, N. M., Nov ExCeSS aqUeOUS NaOH (50% S o lid s ) WUS a d d e d  t o  a
1966 0 »  Chemistry Department New Mexico Institute of Mining and stirred Qf ug s u lfo n iu m  s a lt  Car-
Technology, Socorro, N. M. 87801. ' ,, v • • -ui 1 +

(2) e . J. Corey and m . chaykovsky, j . Amer. Chem. Soc., 87, 1 3 5 3  (1965). b o n y l  c o m p o u n d , a n d  (u s u a lly )  an  im m is c ib le  s o lv e n t .
(3) e . J. Corey and w. o. Oppoizer, M d., 86, 1899  (1964). One may note After reaction times which ranged from a few minutes

gtlidtestefsyntw6“ 3 b6arS °bVi°US *  “ “  Cla89i°al DarZ<m to several hours at 70-80°, the immiscible solvent (or
(4) a . w. Johnson, v. j. Hruby, and j . l . williams, M d., 86,9 1 8  (1964). distillate) was analyzed for oxirane content by use of a
(5) (a) v. Franzen and h . e . Fruessen c w  Ber 96, 1881 (1963). p y r id in e - p y r id in e - h y d r o c h lo r id e  m ix tu r e ,9 a n d  p ro d u c t

(b) A. W. Johnson, “ Ylid Chemistry, Academic Press, New York, N. Y., FJ V J  J, . , , , , ,
1966, pp 328- 337, gives a review of the reaction. This author (p 2) also epoxide was then further isolated and/or c n a r a c te r 1 z e cl. 
suggests the term "yiid,” rather than “ ylide.”  Reaction of Trialkylsulfonium Salts.-— Even trialky1-

(6) In this article, simple sulfonium salts are considered to be those H11l fnT1:llrn  „ „H o  WPrP s i l f f ic ie n t lv  a c id ic  t o  r e a c t  in
containing only alkyl, allyl, or benzyl groups which have no substituents or SUlIOIUUm Salts W ere  SU m C ieilt y
at least have no strongly electron-withdrawing substituents. . . . . ,

(7) C G Swain and E. R. Thornton, J. Amer. Chem. Soc., 83, 4033 (1961). sponding stilbene in the work of Swam and Thornton.’  This contrasted
(8) Previously known to exist in water were sulfonium ylides in which the with their above-cited results from unsubstituted benzylsulfonium ion.

carbanionic center is stabilized considerably by conjugation to electron- The phenyl group would provide far less stabilization of a carbamomc
•withdrawing groups in addition to the adjacent sulfonium center. (These, center than would the p-mtrophenyl group, of course.
then, were nonsimple sulfonium ylides.) Thus, dimethylsulfonium fluoren- (9) F. E. Critchfield, "Organic Functional Group Analysis, Pergamon
ylide was prepared in aqueous solution by C. K. Ingold and J. A. Jessop, Press, Inc, New York, N Y  1963 pp 133-136. This method is only senu-
J  Chem Soc. 713 (1930), and this stabilized ylide could react with certain quantitative with some disubstituted oxiranes. It  will give 10 15/„ low
carbonyl compounds, at least in nonaqueous solution, to yield epoxides, results often in such cases, as indicated by studies in this laWatory with
as shown by A. W. Johnson and R. B. LaCount, J. Amer. Chem., Soc., 83, purified trans-stilbene oxide (fronS-2,3-diphenyloxirane). With styrene
417 (1961). Dimethylsulfonium p-nitrobenzylide in aqueous solution was oxide, the method gave results that were reproducible to ±5% , and averaged
suggested as a reaction intermediate which led to the carbene and corre- about 5% lower than theory.
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aqueous bases with some carbonyl compounds. Thus, react directly together gave about 50% yield of pro-
trimethylsulfonium chloride, sodium hydroxide, and pylene oxide product. Its origin could be rationalized
benzaldehyde yielded styrene oxide (68%). Triethyl- as follows. Hydroxide ion catalyzed isomerization of
sulfonium bromide, sodium hydroxide, and benzalde- the allylsulfonium ion to a propenylsulfonium ion was
hyde readily formed 2-methyl-3-phenyloxirane (cis followed by Michael addition of water, deprotonation
and trans mixture, trans predominant, 80% yield). of the hydroxypropyl group, and ring closure to pro-
This latter experiment showed that even in sulfonium pylene oxide and dimethyl sulfide. The isomerization
salts containing /3-hydrogen atoms, ylide formation and of analogous allyl and propenyl phosphonium ylides is
reaction could compete very well with any anticipated known.11
complications3’4 of E2 elimination. In the reaction of allyldimethylsulfonium ion, hy-

A  rough kinetic study was made of the effect of the droxide ion, and benzaldehyde to yield phenylbutadiene
presence of benzaldehyde on the rate of reaction of tri- monoepoxide, the propylene oxide by-product essen-
methylsulfonium or triethylsulfonium ions with NaOH tially could be eliminated by conducting the reaction at
(stirred, aqueous-alcoholic systems, containing benzene room temperature, or by using an alcohol cosolvent,
extractant). When benzaldehyde was present, the (The adduct epoxide is not very labile to base.) See
initial rates of NaOH consumption were increased at Table I  for details.
least fivefold in both cases. (See the Experimental Reactions of Benzylsulfonium Salts.— Due to conju- 
Section for details.) These results indicated that the gation of the carbanionic center with the benzene ring,
benzaldehyde was diverting the normal Sn2 or E2 reac- one expects greater stability in the benzylic ylide
tion courses of the sulfonium ions by addition reaction derived from benzyldimethylsulfonium ion than would
with very small concentrations present of rapidly, re- be present in an ally lie ylide; one might therefore ex-
versibly formed ylide. pect improved reactivity with carbonyl compounds.

Reaction of aqueous trimethylsulfonium chloride with Indeed, benzylic sulfonium salts proved to be better
NaOH and formaldehyde or acetone yielded no detect- reaction intermediates than those with allylic conjuga-
able oxirane. The rapid Cannizzaro reaction of form- tion. High yields of styrene oxide resulted by reaction
aldehyde with hot NaOH probably prevented ethyl- of benzyldimethylsulfonium chloride, formaldehyde,
ene oxide formation. Similarly, condensation reactions and NaOH. Within a few minutes after this very fast
of acetone may have prevented isobutylene oxide for- reaction was over, the Cannizzaro reaction consumed
mation. all residual formaldehyde.

Reactions of Allylsulfonium Salts.— The allylic ylide Benzyldimethylsulfonium chloride also reacted well 
from allyldimethylsulfonium ion should have increased with benzaldehyde and NaOH to yield stilbene oxide
stability, relative to ylides from trialkylsulfonium ions, (as expected since favorable results were obtained even
due to some conjugation of the carbanionic center with with formaldehyde, which undergoes the competitive
the adjacent vinyl group. The resulting higher ylide Cannizarro reaction more readily). In contrast, only
concentration could lead to improved reaction with self-condensation and polymerization reactions of acet-
carbonyl compounds. aldehyde or acrolein were evident under the usual reac-

Indeed, about 8% yield of butadiene monoepoxide tion conditions. The slow addition of benzene-diluted
(2-vinyloxirane) was achieved with formaldehyde (15- acetaldehyde or acrolein to preheated mixture of ben-
min reaction). With benzaldehyde, 60% or better zyldimethylsulfonium chloride and NaOH (“ inverse
yields of phenylbutadiene monoepoxide (2-phenyl-3- addition” ) did give modest yields of the desired epoxide
vinyloxirane, cis and trans mixture, predominately products (1,2-epoxypropylbenzene and 2-phenyl-3-
trans) resulted. However, only trace amounts or none vinyloxirane, respectively). Inverse addition of aque-
of the desired oxiranes formed in the reaction of aqueous ous glyoxal to the basic sulfonium salt solution yielded
allyldimethylsulfonium chloride, NaOH, and acetalde- no detectable epoxide, however. With acetone or aceto-
hyde, heptaldehyde, acrolein, or acetone. phenone, fair yields of the corresponding epoxides were

Besides competing Cannizzaro and aldol condensa- produced (2,2-dimethyl-3-phenyloxirane and 2,3-di- 
tion reactions of the carbonyl compounds, possible side phenyl-2-methyloxirane).
reactions of allylsulfonium salts and bases10 also limited Benzylbis(2-hydroxyethyl)sulfonium chloride reacted 
the possibilities of obtaining the desired epoxide prod- with benzaldehyde and NaOH to give a modest yield of 
uc ŝ- ¿rans-stilbene oxide. This experiment indicated that

— + — + H2O -f- _
CH 2= C H C H S (C H 3)2 CH 2CH CH S(CH 3)2 CH 3C H = C H S (C H 3)2 o h

CH 3CH— CH2 CH 3CH CH 2S(CH 3)2 < —  GH3CH CH 2S (C H 3)2 o h

V 7  ¿>- ¿ H
+  S (C H 3)2 +  h 2o

One side reaction, surprisingly, led to the formation of benzylic ylide formation and reaction successfully com-
propylene oxide (2-methyloxirane), generally in yields peted with proton removal from the alcoholic OH
from 10 to 40%. The carbonyl compound was not in- groups followed by neighboring-group displacement re
volved in this side reaction, since allyldimethylsulfo- action at the sulfonium center, which would have
nium chloride and sodium hydroxide when allowed to yielded ethylene oxide.

An empirical study was made of the synthesis of sty-
(10) For example, see the communication of J. E. Baldwin, R. E. Hackler,

and D. P. Kelley, J. Amer. Chem. Soc., 90, 4758 (1968), and the work cited (11) E. E. Sehweizer, E. T. Shaffer, C. T. Hughes, and C. S. Berninger
therein- J. Org. Chem., 31, 2907 (1966).
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T a b l e  I

P h e n y l b u t a d ie n e  M o n o e p o x id e  P r e p a r a t io n s

'—Yield (% ) of epoxide products*—>
Initial '  ■ Reactant ratios n Reaction Phenylbuta-

sulfonium Benz- ,-------- Temp, °C-------- - time, Propylene diene mono-
molarity“ aldehyde Hydroxide Solvent5 Initial Max min Total oxide epoxide

2.8 3.0 1.4 Benzene 40 72 60 70 13 57
3.4 1.0 1.6 Benzene 37 62 15 58 21 37
3.0 1.0 2.5 Benzene 35 65 10 65 18 48
2.8 1.0 3.0 Toluene 55 83 90 15 4 11
3.4 1.0 1.6 Toluene 35 60 15 65 18 48
3.4 1.0 1.6 Toluene 5 25 1000“* 60 < 1  60
1.2/ 1.0 1.3 Methanol I 25 50 120 65 <2  63'
1.6/ 1.0  1.6 Isopropyl alcohoP 35 68 150 73 < 1  73

° Total moles of allyldimethylsulfonium chloride was 0.150. Concentration based on volume of aqueous phase of reaction mixture 
(after addition of aqueous NaOH). 6 Initial moles per mole of sulfonium salt. The hydroxide used was NaOH in all cases. '  Total 
epoxide yield by pyridine hydrochloride analysis9 of product solution. Propylene oxide yield by gas chromatographic comparison 
with authenic standards, and by pyridine hydrochloride analysis of all products distilling under 65°. Phenylbutadiene monoep
oxide yield by pyridine hydrochloride analysis of 65° distillation residue. 4 Approximate; reaction held under 15° for 60 min, then 
let stand overnight at room temperature. '  Value by difference. 1 W ith these compatibilizing solvents, concentration was based on 
total volume of the system. «  Approximately 75 ml of water-immiscible solvents were used. Approximately 70 ml of methanol 
and 45 ml of isopropyl alcohol was used.

T a b l e  II
St y r e n e  O x id e  P r e p a r a t io n s

Initial .---------Reactant ratios6---------. Reaction Yield (% ) '
sulfonium Formal- .----------- Temp, °C ----------- . time, of styrene
molarity“ dehyde Hydroxide Solvent^ Initial Max min oxide

1.48* 2.8 1.42 n-Hexane 25 30 4000 14
1.48* 2.8 1.42 Benzene 40 67 60-* 48
1.58 2.8 1.42 Toluene 80 88 5 48
1.28 2.8 4.25 Benzene 27 60 2 61
1.28 2.8 4.25 Toluene 55 84 2 86
1.28 2.8 4.25 Toluene 55 84 10 84
1.25 2.8 4.25 Ethylbenzene 55 87 2 88
1.28 2.8 4.25 Heptane' 75 84 2 66
1.51 1.41 4.25 Toluene 55 84 2 70
1.13 1.41 8.0 Toluene 55 84 2 34

“ Total moles of benzvldimethylsulfonium chloride was 0.330 in starred runs and 0.165 in all others. Concentration based on volume 
of aqueous phase of reaction mixture, after addition of aqueous C H 20  and aqueous NaOH. 6 Initial moles per mole of sulfonium salt. 
The hydroxide used was NaOH in all cases. 'Yield, by pyridine hydrochloride analysis of product solution, based on sulfonium salt. 
d Yield was 41% when this reaction was run 6 min. '  W ith toluene under these conditions, the reaction boiled over (recovered yield, 
80%) and slower addition of NaOH reduced the yield (65%). f Approximately 75 ml of solvent was used.

rene oxide from benzyldimethylsulfonium chloride, form- or sterically hindered, their reactivities with carbonyl 
aldehyde, and NaOH (see Table I I ) .  compounds may drop off again. Thus, sulfonium fluor-

The product yield increased at higher temperatures enylides are known to be limited in the types of carbonyl
and higher formaldehyde and NaOH loadings, using compounds with which they will form epoxides.4’18
solvents like benzene or preferably toluene or ethyl Also, p-nitrobenzylsulfonium salts might give the cor-
benzene. The following describes a typical good run. responding stilbene instead of epoxides, since the car-
With a solution of 1.28 M  sulfonium chloride, 3.6 M  bene forms readily.7
formaldehyde, stirred well with about 1 vol of toluene Conclusions.’—The present work demonstrates that
and preheated to 55°, rapid addition of 4.25 mol of 50% a sulfonium substituent is in the same class in ability to
NaOH/mol of sulfonium chloride gave immediate exo- make a-methylene groups acidic and thereby “ activate”
therm to 84° (reflux). After 2 min, the reaction was them for carbonyl condensation reactions as are the
terminated with ice and an 86% yield of styrene oxide well-known “ activating” groups, such as keto groups,
was present in the toluene. A  study of the mechanism Consequently, in order to perform such condensation
of this reaction by means of deuterium labeling has been reactions with sulfonium salts, one need not always
reported elsewhere.12 resort to the previously used low-temperature prepara-

One might expect the reaction of negatively substi- tions of ylides in extremely basic, nonaqueous systems,
tuted benzylic sulfonium salts with carbonyl compounds Direct reactions in basic aqueous or alcoholic media,
and NaOH should be more facile than the reaction of with resulting advantages of convenience and economy,
unsubstituted benzylic sulfonium salts. (Actually, p- often will serve. The scope of synthetically useful re-
nitrobenzyl chloride itself is known to undergo a Dar- actions of aqueous sulfonium salts, carbonyl com-
zens reaction with various aromatic aldehydes.13’14) pounds, and NaOH to produce oxiranes is quite broad,
However, if the sulfonium ylides are too stabilized and/ but is subject to structural factors and reaction condi

tions. Within limits, increasing acidity of the sulfo-
(12) m . Yoshimine and m . j. Hatch, j .  Amer . chem. S o c .  89, B83i nium salts, and decreasing base-catalyzed self-reactivity

d 967). of the carbonyl compounds will favor the formation of
(13) E. Kleucker, Chem. Ber., 5 5 B , 1634 (1922).
(14) E. Bergmann, and J. Hervey, ib id . , 6 2 B , 893 (1929). (15) Johnson and LaCount, ref 8.
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the desired epoxy products. Many side reactions are chemical analysis9 indicated that product oxirane was present
possible, especially with the benzylic and a lly lic  sulfo- ( ° ver 70%  y ie ld )' Distillation (as above) yielded a mixture of
F . j, ^  J J CIS- and ¿ra?is-2-methyl-3-phenyloxu-ane (26 g, 47-60°, 2 mm)
mum salts. which contained about 10%  benzaldehyde, as shown by infrared

analysis. Reported for racemic cis- and irons-2-methyl-3- 
E xp erim en ta l S ec tio n 16 phenyloxiranes, respectively, are cis, bp 83-84° (13 mm); trans,

, . bp 88° (13 mm ).19 Benzaldehyde could be extracted from the
Trimethylsulfonium Chloride. Crystalline trimethylsulfonium product oxirane mixture by use of aqueous Girard’s reagent,

iodide was prepared similarly to the method of Emeleusand N H 2NH CO CH 2+N (C H 3)3 01 '. Comparison of the infrared
H eal" by the reaction of methyl iodide and dimethyl sulfide. spectra with rep0rted spectra" identified the oxirane products.
The sulfonium iodide (430 g ) dissolved m water (ca. 900 ml), The trm s  product appeared to be dominant, based on the spectra,
was converted to trimethylsulfonium chloride by passage Reaction of Sulfonium Salts with NaOH in the Absence and 
through a bed (3.2 1 ) of chloride-form anion-exchange resin Presence of Benzaldehyde.-The following systems were studied:
(Dowex 1, 8%  ̂cross-linked 50-100 mesh19). The elutate frac- (A ) triethylsulfonium bromide (aqueous, 5.0 ml, 17 mmol),
tions were monitored by potentiometric titrations for ionic chlo- N a0H  (aqueous, 1.20 ml, 23.5 mmol), water ( 1.0 m l), ethanol
ride and iodide (A g N 0 3), and the iodide-free fractions (83% (40  ml)> benzene (10.0 ml)> NaC1 (2.5 g ); (B ) like A , minus
yield) were concentrated (to ca. 5 M ) in  vacuo at room tempera- NaC1 and plus benZaldehyde (1.7 ml, 17 mmol); (C ) trimethyl-
ture,.by use of a rotary evaporator. sulfonium chloride (aqueous, 2.5 ml, 13.7 mmol), NaOH (aqueous

Triethylsulfonium bromide was prepared m aqueous solution 1-00 mI> 19.7 mmol), water (1.0 ml), n-propyl alcohol (5.0 ml),
by refluxing a stored mixture of ethyl sulfide (100 g, 1.11 mol), benzene (10 0 ml)> NaC1 (2.5 g ); (D ) iike C minus NaCl and
ethyi bromide (123 g 1 11 mol), ethanol (120 ml and water plus benzaidehyde (1.7 ml, 17 mmol). Each system, minus
(35 ml) for 20 hr The final aqueous phase (120 ml), separated NaOH, was heated to 50° with stirring. Then the NaO H  solu-
^ <L WaSi\ed benzene’ contamed the sulfonium bromide tion was added and the system was heated at reflux for the
(2 78 mol) m 30% conversion, and HBr (hydrolysis product in appropriate time, quenched in water, and analyzed for residual
2.3% conversion as shown by ionic bromide and acidity titra- NaOH by titration with acid. The results follow: (A ) in 15,
Hons (AgNO , and NaOH, respectively). 30, and 60 min, 15, 24, and 30% NaOH was consumed, respec-

Allyldimethylsulfomum chloride was prepared m aqueous tively; (B ) in 5, 15, and 30 min, 42, 58, and 65% NaO H  was

Sm T  X  o l  H  ‘ 7 f  S  a/07 f tUr® ?f aU7  consumed, respectively; (C ) in 15, 30, and 60 min, 28, 31, and
chloride (282 g, 3.8 mol), dimethyl sulfide (255 g, 4.1 mol), 34% N a0 H  wag consumed> respectively; (D ) in 5, 15, and 30
and water 300 ml). After 8 days the separated nitrogen-blown min> 65> and 80% j j a0H  was congumed, respectively, 
aqueous solution contained 89% yield of the product (4.7 M )  as 2-Vinyloxirane and By-product from AUyldimethylsulfonium
shown by analysis for ionic chloride. (Hydrolysis was less than C h lo r id e .-A  mixture of the sulfonium salt (75 ml, aqueous,

Tty . . .  ,, , .. . , .  . ,  , . 0.33 mol), CH20  (75 ml, aqueous 1.00 mol, CH3OH inhibitor),
Benzyldimethylsulfonium chloride was prepared in aqueous and benzene (100 ml) was stirred at 45°. Then aqueous NaOH

ronnrT  ̂  a  re^ , (3517 ,°  7 “ 1*  T v  f  7 7  7 l0ntde (23 m l- 0-45 mol) was added in three portions during 3 min, and
7 1  on'd“ etbylSulfid7 ( T 0 ?; 17'4 “ ° 1}’ and,Wf ter the temperature rose to 68°. The reaction was allowed to proceed

(2.4 1.) After 20 hr, the separated, nitrogen-blown solution without additional heating until the temperature dropped to
c o n n e d  the product (3.4 M )  m essentially quantitative yield, 40o; then the ated oil hase was washed with water The

L n  l 7 )  7  “  7818 WnlC n  (Hydr° lyS1S WSS l6SS washed oil contained 2-vinyloxirane (7%  yield) as shown by gas

Benzylbis(2-hydroxyethyl)sulfonium chloride was prepared in " T  an , au,then+tio samPle for comparison.
t 7  j . , F i vi -j related experiments at higher temperatures, using toluene

n  H' 7 7 1!  a ? L r Z7  7  ° n, intend of benzene, the unwashed product oil was distilled
(690 g, 5.5 mol), bis(2-hydroxyethyl) sulfide (665 g, 5.5 mol), (seven.plate vigreux coiumn). The digtillate (37-40°) contained
and water (550 m l) at about 70° for 2 hr. The mixture was __n oo r  j 0 • i •
allowed to stir overnight without heating to give a single-phase, ■ , y , _% y 1 ) an viny oxirane ( %
aqueous solution of the sulfonium salt. Ionic chloride analyse ^ ¿ 5  “  t̂ ™ J y  C° mPanSOn of “ frared sPectra of dlstlllate 
indicated 9t>% conversion to sulfonium salt and 5% hydrolysis. -> r  , . , , „  . . .  ,

Styrene Oxide from Trimethylsulfonium Chlorike - T h e  re- T  7  BJ-pr.0* octB f  °,m ^ ‘methyl-
action was run (hood) in a three-neck flask, equipped with heat- 7 ,  ” 7 7 n n7 n , T f  °  7 ®  f T “  s? *
ine mantle mechanical stirrer and reflux condenser To a (63 m1, aclueous- °-30 mol), benzaldehyde (30 ml, 0.30 mol), 
, - j • f ,, ]f • ’ u ‘ „  .. and toluene (100 ml) which was heated to 35°, was added aqueousstirred mixture of the sulfonium salt (50 ml, aqueous, 0.28 mol), /ok ™i n An i\ • j  r i • mv a H ^

benzaldehyde (28 ml, 0.28 mol), benzene (200 m l), n-propyi ’ f n  1 7 e ra p ! rl° d7 . ]1 T n ‘ The temperature
alcohol (100 ml), and water (12 m l) at 50°, aqueous NaOH 7 f o 7 6 ’ a" d 7 7  at 7 ^ %  above 55° the oil layer
(21 ml, 0.39 mol) was added rapidly. There was little or no f t 43 g ) WaS f P arated- The n a t io n  was repeated five times on 
heat evolution. The mixture was heated at reflux (ca. 70°) for t  1 ^ 7 7  7 7 ^  1 7
1 hr and cooled, and the separated oil layer was washed with water pLh p l ' l r  °,m 7  Tn g ]7 + °  r 7 7  on 2° 7  ate 
and dried (M gSOi). Gas chromatographic analysis comparing k i 1' Th7 ° ld 7 ?  C± {27^ t  ’ m ) con-
known styrene oxide (Aldrich Chemical Co.,) indicated styrene “  ̂  7  Pr° Pylr e ° Xlde (24 21 %
oxide (68%  yield) was present in the product oil. Vacuum distil- “ 7  1 7  ’ 7  7 °  WaS ( »  g, f2 % ) A
lation (seven-plate Vigreux column) yielded styrene oxide (22 g, aq k» inn 1 aPPare^ y was
69-73°, 10 mm) which contained about 7% benzaldehyde, as f j ,  ’ 10°, T , ’ T n  f  h t' .f”  7 ?
shown by comparison of the infrared spectra with known cok ° Sio 7  w  6’u1 3 > at 760 mm), was^isolated
standards (*¿0 g, 12% yield). The infrared spectrum showed vm yl absorp-

1,2-Epoxypropylbenzene from Triethylsulfonium B ro m id e .- *7 ?  (® d° a n d / ° '95 7  7 d th® nlnr .spectrum was consistent
To a stirred mixture of the sulfonium salt (100 ml, aqueous, wRh t t e  f  u tu re  Peaks were obtained at « 2.03 (singlet, 3
0.28 mol), benzaldehyde (30 ml, 0.30 mol), benzene (200 ml), 2A  2/8 (mu t ’Piet, 4 H ) 5.4-6.2 (m dtipiet, 1 H ), and 4.8-
ethanol (80 ml), and water (15 ml) at 50°, was added rapidly 7 2 PP®  (multlPlet, 2 H  Product of this structure could arise
aqueous NaOH (22 ml, 0.42 mol). There was a little heat evolu- by a known type of yhde rearrangement.1»
tion. The mixture was heated at reflux (ca. 70°) for 2 hr and (49“ 5° '5 ’ 2I°-7 07 “ ’ l qnUals \ ~ 220° ’
cooled, and the oil phase was separated. Semiquantitative , • , ’ ' . 7  ,16 mm, equals ^218 ,760 min) was ob-
-----------------  tamed as a mixture of cis and trans isomers (77 g, 27% yield).

(16) When dimethyl sulfide was a reactant or product, a good hood was Analysis9 for epoxide groups gave 8 4 %  of the theoretical value, but
used. All melting points are uncorrected. Infrared spectra were obtained the method used is expected9 to give low results. The oxirane
on a Beckman IR-5 instrument, nmr spectra on a Varian A-60 instrument. (69 g ) was redistilled (seven-plate Vigreux column), yielding 
Extensive assistance in conducting the experimental work was provided by -----------------—
Mr. Hugh B. Smith and Mr. John A. Dillon of this laboratory. The nmr (19) F. Fisher, Chum. Ber., 89, 2438 (1956).
analyses were provided by the Chemical Physics Laboratory (The Dow (20) C. M . Froltz and B. Witkop, J. Amer. Chem. Soc., 79, 203 (1957).
Chemical Co.); combustion microanalyses were provided by the Dow (21) F. J. Zuiderweg, “ Laboratory Manual of Batch Distillation,”
Special Services Laboratory. Purity analyses by freezing point curves were Interscience Publishers, Inc., New York, N. Y., 1957, p 120. 
provided by the Dow Analytical Laboratory. (22) “ Handbook of Chemistry and Physic^,”  46th ed, The Chemical

(17) H. J. Emeleus and H. G. Heal, J . Chem. Soc., 1126 (1946). Rubber Publishing Co., Cleveland, Ohio, 1965, p C-552.
(18) Product of The Dow Chemical Co., Midland, Mich. (23) D. Abragam and Y . Deux, Compt. Rend., 205, 285 (1937).
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four cuts at 0.5 mm: (1) 46°, 3.8 g; (2 ) 46-50°, 10.8 g; (3) phase (200 g ) contained 0.27 equiv of epoxide9 (67% yield, based
50-52°, 25.0 g; (4) 52°, 29 g (residue, 0.5 g ). Gas chromatog- on NaOH reacted). Distillation of the oil phase (seven-plate
raphy (9.5 ft  X  3/ie in., diethylene glycol succinate on acid- Vigreux column) yielded 1,2-epoxypropylbenzene (40-44°, 0.5
washed silanized Chromosorb, on-column injection, 95°) showed mm, 26 g, 48% yield based on NaOH reacted). Its infrared
two main peaks in all the cuts, at ratios of 48:48, 34:66, 34:65, spectrum was very similar to the spectrum of 1,2-epoxypropyl-
24:76, 10:90, respectively. Gas chromatography at 125° benzene, prepared by reaction of triethylsulfonium chloride,
apparently produced isomerization. Anal. Calcd for Ci0Hi0O: benzaldehyde, and NaOH (see above), and indicated that the
C, 82.2; H , 6.90. Found for cut 3: C, 82.6; H, 7.1. trans product was dominant.

Propylene Oxide from Allydimethylsulfonium ¡Chloride and 2-Phenyl-3-vinyloxirane from Benzyldimethylsulfonium Chlo- 
Sodium Hydroxide.— To a mixture of the sulfonium salt (138 ride.— Acrolein (25 ml, 0.44 mol) in benzene (150 m l) was added
ml, 0.69 mol) and NaOH (70 ml, 0.69 mol) stirred and rapidly over a period of 10 min to a well-stirred mixture of the sulfonium
heated to 60°, benzene (-~250 m l) was added during a period of salt (160 ml, aqueous, 0.44 mol) and NaOH (50 ml, aqueous,
20 min. After another 30 min at about 70°, the oil phase was 0.47 mol), which had been rapidly preheated to 60°. The mix- 
separated, washed twice with equal volumes of water, dried ture was heated at reflux (68-70°) for an additional 15 min, then
and analyzed9 for epoxide content: found 48% yield. Distilla- the oil phase was separated (148 g ) and analyzed9 for epoxide
tion (seven-plate Vigreux column) gave product (35-38°, 743 content (16% yield). Distillation (seven-plate Vigreux column)
mm) which was shown to be a mixture (about 50:50) of propylene of the oil layer gave a fraction (13 g, 50-53°, 0.9-0.8 mm) whose 
oxide and dimethyl sulfide (25.2 g, oxide yield 35%). The infrared spectrum, on comparison with that of known 34/65
analysis was made by comparison of the infrared spectra with cis/trans mixture of 2-phenyl-3-vinyloxirane,24 showed the frac-
spectra of known mixtures of the two compounds. tion was about 50% 2-phenyl-3-vinyloxirane. The quantitative

Styrene Oxide from Benzyldimethylsulfonium Chloride.— To a estimation was made from the comparative intensities of the
well-stirred mixture of the sulfonium salt (59.6 ml, aqueous, vinyl (10.13 and 10.8 yj) and epoxide ring (8.00 and 11.43 ¡u)
0.165 mol), CH20  (37.5 ml, aqueous, 0.465 mol, CH3OH in- infrared absorption peaks. Chemical analysis9 of the fraction for
hibitor), and ethylbenzene (75 ml) at 55°, NaOH solution was epoxide functionality also indicated about 50% 2-phenyl-3-
added rapidly (36.0 ml, aqueous, 0.70 mol). The temperature vinyloxirane content.
rose quickly to 87° (reflux). After 2 min, ice was added to cool 2,2-Dimethyl-3-phenyloxirane from Benzyldimethylsulfonium 
the mixture, and the oil phase (92 g ) was separated. By analysis9 Chloride.— The sulfonium salt (100 ml, 0.30 mol), acetone (60
it contained 87% yield of styrene oxide, based on starting sul- ml, 0.83 mol), and n-hexane (150 ml) were mixed and stirred at
fonium salt. Most of the oil phase (71 g ) was distilled (seven- 24°. Then NaOH (38 ml, aqueous, 0.47 mol) was added. The
plate Vigreux column). Styrene oxide (71-73°, 10 mm) which temperature rose slightly to 27°. The mixture was heated at
was 94% pure, based on epoxide analysis,9 was obtained (15 g ). reflux (50°), and NaOH consumption was found by titration of
By freezing-point analysis (fp —38.14°) the mole per cent purity samples with acid. After 20 min, NaOH consumed was about
was 96.8. Thus the isolated yield was over 90% if the impurities 0.26 equiv; after 45 and 60 min, about 0.33 equiv. The oil
had about the same molecular weight as styrene oxide itself. phase was separated (208 ml) and filtered, and the volatile sol-

Stilbene Oxide from Benzyldimethylsulfonium Chloride.— The vent was evaporated,
sulfonium salt (100 ml, aqueous, 0.33 mol), ethanol (200 m l), Chemical analysis9 of the final oil (26 g ) for epoxide content 
and benzaldehyde formed a clear solution on mixing. NaOH indicated that it contained at least 40% yield. Part (12 g) of
(50 ml, 0.05 mol) was added, the mixture was heated to 65°, the oil was distilled (seven-plate Vigreux column) to give 2,2-
and more NaOH was added (35 ml, 0.435 mol). The solution dimetbyl-3-phenyloxirane (10.5 g, 57% yield, 77°, 10 mm,
clouded immediately and cleared on addition of more ethanol equals21 ~200°, 760 mm; lit .28 87-90°, 15 mm, equals21 ~200-
(75 m l). After heating at reflux (70°) for about 1 hr, the mixture 204°, 760 mm). Anal. Calcd for C ioH i20 : C, 81.0; H, 8.1.
was diluted with water (1000 m l) and extracted with CH 2C12 Found: C, 80.8; H, 7.9.
(300 ml). Evaporation of the CH 2C12 layer gave a heavy oil 2,3-Diphenyl-2-methyloxirane from Benzyldimethylsulfonium
which crystallized. The white solid was slurried in a small Chloride.— To a stirred mixture of the sulfonium salt (100 ml,
amount of methanol, filtered, washed with methanol, and dried, aqueous, 0.30 mol), acetophenone (120 ml, 1.03 mol), and hexane
(mp 67-70°, 28 g, 45% yield, lit .7 68° for fraras-stilbene oxide). (150 m l) at room temperature was added NaOH (38 ml, aqueous,
The infrared spectrum was identical with that of authentic 0.46 mol). The temperature rose 2°. The mixture was heated
¿rtms-stilbene oxide. at reflux (50-60°) for about 2 hr. The oil layer then was sepa-

A  similar reaction of benzylbis(hydroxyethyl)sulfonium chlo- rated and the solvent was evaporated. Chemical analysis9 of 
ride, NaOH, and benzaldehyde gave a 19% yield of trans- the residue (141 g ) for epoxide content indicated at least 45% 
stilbene oxide. yield. The oil was filtered and part (94 g ) was distilled at 0.7

Large-scale preparations, using benzyldimethylsulfonium chlo- mm (seven-plate Vigreux column). Decomposition was evident
ride (1000 ml, 3.4 mol), excess benzaldehyde (686 ml, 6.86 mol), m the pot material as the product began to distill and only a
excess NaOH (284 ml, aqueous, 5.6 mol), and toluene (1500 ml) small amount was collected (3.6 g, 97-115°, 0.7-1.5 mm). The
and heating at reflux (ca. 80° for 30 min) gave 85% corrected9 distillate formed a white solid, mp 45-47° (lit .26 45—47° for
analytical yield of stilbene oxide. Pure trans isomer easily was 2,3-diphenyl-2-methyloxirane).
isolated (57% yield) by evaporating (vac) most of the toluene
and cooling the concentrate. Registry No.— Trim ethylsu lfon ium  chloride, 3086-

1,2-Epoxypropylbenzene from Benzyldimethylsulfonium Chlo- 29-1; triethylsulfonium  bromide, 3378-18-5; allyl-
ride.— The sulfonium salt (150 ml, aqueous 0.54 rnol) and NaOH dimethylsulfonium chloride, .19766-51-9; benzyldi-
(55 ml, 0.54 mol) were stirred and heated to 60°, and a solution , , u . 1 1  i/HQo -\a a .
of CH3CHO (32 ml, 0.54 mol, in 150 ml of benzene) was added m eth y lsu lfon iu m  ch loride 14182-14-0 b e n z y lb is (2 -
over a period of 10 min. The temperature rose gradually to h y d ro x y  ethyl,) su lfon ium  ch loride, 197oo-5o-l.
about 64° during the addition. Heating the mixture at reflux (2 4 ) Redistilled product, cut 3, from the reaction of allyldimethylsul-
for another 20 min gave a slightly dark oil phase. The aqueous fonium chloride, benzaldehyde, and NaOH (see above).
phase (160 ml) contained 0.136 equiv of base, SO 76% of the (25) J. Levy and A. Tabart, Bull. Soc. Chim. Fr., 49, 1776 (1931).
theoretical amount of NaOH had reacted. The separated oil (26) F. Kayser, Ann. Chim., 11, 236 (1936).
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Diazocine Chemistry. V. Synthesis and Rearrangement of 
Dibenzo(i>,/)(l,4)diazocine-6,ll(5H,12H)-dione

W illiam W. Paudler and Andrew G. Zeiler

Department of Chemistry, Cippinger Laboratories, Ohio University, Athens, Ohio 45701 
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I t  has been shown that the condensation of o-phenylenediamine with diethyl phthalate, in the presence of 
sodium hydride, yields the dibenzo-l,4-diazocine derivative 6. Contrary to reports in the literature, this com
pound has never been prepared. Diazocine 6, when heated at its melting point, forms the dehydrated and ring- 
contracted compound 5. Base hydrolysis of 6 yields the benzimidazole derivative 2. A  similar ring-contracted 
compound 13 (isolated as esterl4) is obtained when 6 is treated with phosphorus pentachloride. The N ,N  '-di
methyl derivative of 6 (compound 10), when treated with base, yields the zwitterionic ring-contracted compound 
15, which, upon heating, is converted into the methyl o-2-(3-methylbenzimidazoyl)benzoate (16). Monobenzo- 
l,4^diazocine (18) was prepared from diethy succinate and o-phenylenediamine and was thermally rearranged 
to the ring-contracted compound 19.

The condensation of o-phenylenediamine with various and coworkers2 have reported that the condensation of
derivatives of phthalic acid has been the subject of nu- o-phenylenediamine with phthaloyl chloride, under
merous publications.1 The use of phthalic anhydride high-dilution conditions, affords the dibenzodiazocine
and o-phenylenediamine affords, depending upon the re- derivative 6. Compounds 1, 2, and 6 are clearly iso
action conditions, compounds 1-5 (Scheme I). Stetter meric, while substances 3 and 4 are formed from the

condensation of 2 mol of the diamine with 1 mol of 
Sc h e m e  I phthalic anhydride and vice versa, respectively. Imid-

azopyrrole 5 can be envisioned to be formed from the 
dehydration of compounds 1 and/or 2.

There remains the possibility of the existence of yet a 
/r~^\ fourth compound that is isomeric with the one to oneIQ! lOJL /  \ 0 )  condensation products 1, 2, and 6. This substance

NTT / ' would be lactone 7.

0 c » ;  _  H

«!■ " ¿ ?  &  < * S

HN
1/-// Stetter’s compound (presumably 6) was described as

3 4 melting at 300° and as being readily soluble in benzene
and ethanol. The appropriate elemental analysis and 
molecular weight of this compound were also reported.

v*ew ° Ur n̂f erest 111 diazocine chemistry, this 
substance became of some interest to us as a potential 

!j precursor for other 1,4-diazocine derivatives. Repeti-
0 tion of the reported condensation procedure afforded a

5 compound which melts at 298° and has the reported
O solubility characteristics. The mass spectrum of this

HJI compound is, however, not in  agreement with the assigned

ONE, r/'-N'iCOCl // structure, since the mass spectrometric molecular
NH.. In -'Jcoci // * Jlv-'J weight (m/e) is 368 and not the expected 238 mass units.

I N-| This molecular weight is in agreement with that ex-
’  H 0  pected if the compound is in fact the phthalimide de-

6 rivative 4. In fact, the melting point and solubility
properties of “ Stetter’s compound” are also in agree- 

|NaH, thf ment with the phthalimide structure 4.ld This rather
disappointing result made it necessary to consider the 

2 ^^/COOEt development of a new synthetic approach to the prep- 
K J i  + K J I  aration of the desired diazocine 6.

NH2 TXDOEt In a preliminary communication3 we have described
(1) (a) J. Arient and J. Marhan, Collect. Czech. Chem. Commun., 26, 98 ^  ° f  d ib en Z O  (6 ,/ ) ( l ,5 )d ia Z O C in e  ( 9 )  f r o m

(1961); (b) L. Guglialmelli, P. Chanussot, and C. L. Ruiz, Bull. Soc. Chim.
Fr., 51, 80 (1932); (c) R. Meyer and H. Luders, Ann., 415, 29 (1918); (2) H. Stetter, L. Marx-Moll, and H. Rutzen, Chem. Ber., 91, 1775
(d) B. A. Porai-Koshits and M. M. Antoshul’skaya, J. Gen. Chem. USSR, (1958).
IS, 339 (1943), Chem. Abstr., 38, 1234 (1944). (3) W . W. Paudler and A. G. Zeiler, Chem. Commun., 1077 (1967).
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pj Q with the ring contraction that occurs upon treatment
n-*1 1 pc's n=\  ° f  compound 6 with phosphorus pentachloride.

T w l  2 NH;NH2 , IWW/ j/ 'y i The; base hydrolysis of diazocine 6  also reveals its
\ A .  3- Cu(0Ac)2 tendency toward ring contraction, since the only prod-

irH uct that is obtained is the known o-2 -benzimidazoyl-
0  9 benzoic acid 2 (cf. Scheme I I ) . la

8
Scheme I I

diamide 8 . The latter compound was prepared by r -i q

condensing ethyl anthranilate with itself in the presence l C S\ j
of sodium hydride. The application of this condensa- y—J
tion to the preparation of the 1,4-diazocine 6 represents H (/|C] ICJJ
a logical extension. In fact, when o-phenylenediamine L -I .
was condensed with diethyl phthalate, there was ob- 13 >\pci; Cl
tamed a 71% yield of a compound which analyzed cor- |Me0H 6 n
rectly for diamide 6 . The mass spectrometric molecu- i , pci5

lar weight of this compound, 238, is also in agreement / \ H V
with the diamide structure. The alternate lactone V /7%\ 5 /  \ Me°H
structure 7 can be eliminated from consideration since /  \ H~ C O T r O J
the condensation product is insoluble in acid and its H cqqqu /Me$ot \
infrared spectrum is void of a lactone carbonyl absorp- 3 /oh~ 2 |
tion peak. The carbonyl absorption in the infrared 14 /
region (1695 cm-1) of compound 6  is the same as that * 12
observed for the 1,5-diazocine derivative 8 . These ¥ e q Me
data confirm the assigned structure (6 ) for the conden- ^  /  I
sation product of o-phenylenediamine and diethyl qh~ /7~7 \
phthalate in the presence of sodium hydride. \v v /

The conversion of diamide 6  into dichloro derivative N-/ ¥ / %
11 was attempted in a fashion similar to that described Me °  /  Ue C° °
for the preparation of 6,12-dichlorodibenzo(6,/)(l,5)- y ' 15

diazocine. 4 However, the product resulting from the 10 / hci
action of phosphorus pentachloride on diamide 6 had a Me / A|
mass spectrometric molecular weight of 256 and showed ^
the typical “ doublet”  due to the presence of one chlo- r ^ V +-\ /TTv |
rine atom. -/ y - '/

Treatment of this unstable compound with methanol "i QQoj^e \— y O /
gave a monomethvl derivative whose pmr spectrum is Me 6 >— '
considerably different from that expected for a struc- 17 COOMe
ture such as 1 2 . The aromatic protons, which appear 16

as two peaks in the parent compound and in its dimethyl
derivative (10) (cf. Experimental Section), appeared as The N,N'-dimethyl derivative 10, when treated with 
a rather complex multiplet with a one-proton deshielded sodium hydroxide, yields a compound that is isomeric
multiplet as a distinct feature suggesting rearrange- with the starting material (10). The pmr spectrum of
ment of the ring skeleton during the halogenation reac- this substance reveals two identical methyl groups and
tion. the complex aromatic proton system typical of the var-

Consideration of the possible rearrangement paths ¡ous ring-contracted products described earlier. The 
open to diazocine 6  and the established ring contrac- infrared spectrum of the new compound shows absorp
tions observed in diazepine derivatives6 indicate that tion peaks typical for the carboxylate anion. Thus
the chloro compound and the methyl derivative might structure 15 is suggested as the most likely one for this 
be compounds 13 and 14, respectively. Ester 14 is a hydrolysis product and is confirmed by an unequivocal
known compound and can be prepared6 from the imid- synthesis of this zwitterionic compound from the
azopyrrole derivative 5. The identity of the methyl known7 ester 17.
ester was readily established by a comparison of the Finally, compound 15 can be thermally rearranged to 
melting point and infrared and pmr spectra. methyl ester 16 whose structure proof rests upon a com-

Since an analysis of the mass spectrum of diazocine 6  parison of its pmr and infrared spectra with that of
revealed the curious fact that it loses 18 mass units with compound 14 (cf. Experimental Section), 
great facility, we decided to study its thermal stability. A n extension of the condensation reaction which,
When compound 6  was heated at 300°, the yellow crys- ultimately, could have some bearing upon a better un-
talline material wiiich sublimed was shown to be identi- derstanding of the stability of these ring systems, in-
cal with an authentic sample of compound 5.la Thus, volves the condensation of diethyl succinate with o-
a facile thermal ring contraction takes place in analogy phenylenediamine under the conditions which afford

dibenzo compound 6  in such excellent yield. When
(5) m .!n r le fl'c .l;feT ;’alVE22 j.(1Moi;st, Tetrahedron Lett, 4811 this reaction was investigated, there was obtained a

( 1968). compound which analyzed correctly for the expected
(6) J. Arient, L. Havliekova, and J. Slosar, Collect. Czech. Chem. Commun.,

29, 3115 (1964). (7) H. Rupe and K . G. Thiess, Ber., 42, 4287 (1909).
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ben zod ia zoc in e  18. T h e  p m r spectrum  o f  th is sub- lected and afforded 2.7 g (86% ) of methyl o-2-benzimidazoyl

stance shows th e  presence o f  a fou r-p ro ton  s ing let mp 193°; ir ' t v =° ) ’ +P m
, ,, f  i j- i \ j. s o  no j. ■ i r (CDCh) 5 8.28 (m, 1), 7.45 (m, 7), 3.83 (s, 3). This material

(based  u pon  the m olecu lar fo rm u la ) a t 5 2.92 ty p ica  O was jderddcai witli an authentic sample prepared by the method of
s ligh tly  desh ielded  m eth y len e  protons. I n  a d d ition  to  Arient, Havlickova and Slosar.6
th is s in g le t th ere  appears a ty p ic a l A 2B 2 a rom atic  p ro - Thermal Dehydration of Compound 6 .— A  1-g sample of 
to n  m u ltip le t cen tered  a t 5 7.54. T h ese  d a ta  c lea r ly  diamide 6 was heated at 300° (0.1 mm), affording 0.75 g (85%) 

c o n f i™  th e  assigned structure .8  «  Schem e I I I ) .

(mp 213-214°, ir, pmr) with a sample prepared by the method of 
Scheme I I I  Arient and Martian .1'1

0  Base Hydrolysis of Compound 6 .— A  solution of 3 g (0.012
HJI mol) of 6 in 30 ml of 10% NaOH was refluxed for 48 hr. After

^ \ ^ N H 2 CH2C02C2H5 N .✓ ¿Ny'N-’h cooling, the solution was neutralized with acetic acid and the
K  )  +  [ —— >- f ( ) T  | resulting precipitate of o-2-benzimidazoylbenzoic acid was
y / \ n h 2 CHeCOeCeHj DMF collected (2.2 g, 73%). This material (2) (mp 271-272°) was

/ p jT  identical (mp 271-272°, ir, pmr) with a sample prepared by the
q  method of Arient and Marhan.1“

Base Hydrolysis of the Dimethyl Compound 10.— A  suspension 
18 of 3 g (0.011 mol) of compound 10 in a solution of 1 g of NaOH

%. in 20 ml of water and 10 ml of dioxane was refluxed for 12 hr.
/ " i  The mixture was cooled, acidified with acetic acid, and extracted

N. J with CHC13. Evaporation of the CHCI3 gave a heavy oil which,
when boiled with tetrahydrofuran, yielded 1.85 g (61% ) of 

q  o-2-(l,3-dimethylbenzimidazolium) benzoate (15). An analytical
sample was obtained by recrystallization from a mixture of 

I® dioxane and water (20:1, v/v): mp 294-295°; ir (K B r) 1618
and 1580 cm -1 (COO- ); pmr (D 20 )  S 7.35 (m, 1), 7.00 (m, 7), 

T h a t  th is com pound, in  an a logy  w ith  th e  d ib en zo  d e riv -  2-95 (s> ®); mol wt, 266 (mass spectrum),

a t iv e  6 , is also su b ject to  fa c ile  r in g  con traction  w as Found- C &72 08 ̂  H *5 44 -2 N  10 442 16’ H ’ 5 23’ N ’ 10'52'
show n b y  th e  ob serva tion  th a t i t  is rea d ily  tran sform ed  o-2-(l,3-Dimethylbenzimidazolium) Benzoate (15).— Methyl 
in to  th e  k n ow n  im id a zop y rro le  19l0 w h en  i t  is heated  a t o-2-(l-methylbenzimidazoyl)benzoate methiodide (17) was pre-
its  m e lt in g  po in t. pared by the method of Rupe and Thiess.7 This material (1.5

g, 3.7 mmol) was dissolved in 50 ml of 4 N  HC1 and refluxed for 
12 hr. The solution was basicified with NaOH, neutralized 

E xp erim en ta l S ec tion 8 with acetic acid, and exhaustively extracted with CHCI3. The
,, ... „  CHCh extract was evaporated to yield 0.73 g (75% ) of 15 as

pibenzo(6,/)(l,4 )diazocine-6,ll(5H12H)-dione (6 ). To a white crystals. This compound was identical in every respect
stored solution of 32.4 g (0.3 mol) of o-phenylenediamine and (melting point, ir, pmr, mass spectra) with that obtained from
66.6 g (0.3 mol) of diethyl phthalate in 600 ml of dry tetrahydro- tbe hydrolysis of compound 10
furan in a 2-1 flask was added 29 g (0.6 mol) of a 50% oil dis- Thermal Rearrangement of Compound 1 5 .-A  1-g sample of 
persion of sodium hydride The reaction mixture was stirred 15 was heated at 320o ( (u  mm) for 12 hr The resulti oil
at room temperature until a vigorous reaction began. The sublimate was recrystallized from a mixture of acetone and water
mixture was then cooled in ice and stirred for 12 hr, followed by (1/1> v/v) to afford 0.6 g (60%) of methyl o-2- (3-methylbenz-
stirring at room temperature. The resulting dark solution was imidazoyl)benzoate: mp 132-133°; ir (K B r) 1718 cm-1 ( 0 = 0 ) ;
diluted with 500 ml of water and acidified with aqueous HC  . (CDCh) « 8.2-7.20 (m, 8). 3.64 (s, 3), 3.53 (s, 3).
The white solid that precipitated was filtered and washed with AnaL Calcd for Cl6H „N 20 2: C, 72.16; H , 5.23; N , 10.52.
ethanol and benzene to afford 50.8 g (71% ) of compound 6 . Found- C 71 88- H  5 38* N  10 59
An analytical sample was obtained by recrystallization from 3,4-Dihydr0- l,6 ’benzodiazOCine-2',5(lH,6H)-di0ne 1 8 ,-T o  a

m  mp i1K®r)/ 318°  solution of 10.8 g (0.1 mol) of o-phenylenediamine and 17.4 g
(N 7 ’ o o f ,  (C = 0 ) ;  Pmr (CFsCOOH) 6 7.59 (s), 7.35 (s); ( (u  mol) of dietgyi SUCcinate in ^  of dimethylformamide

m0. W l r  SPp C‘HUr\rn • c  im s .  t i i w .  v  n  7R was a64e(I 10 g of a 50% oil dispersion of NaH . After a few
Anal'. Ca cd. for Cu A N A .  C 70.58; H , 4.22; N , 11.76. minutes and exothermic reaction began and the reaction mixture

°eUIio T v  ’ .L u-i. ’ r t i  7 \J- ' . ,  , ,  „  was cooled in an ice bath. After the initial reaction had sub-
5,12-Dimethyldibenzo(6,/) l,4)d.azocme-6 1 -dione 10 - T o  a sided> the mixture was heated on a steam bath for 7 hr. Water

C°i f n w  PenSn Z ^ in  S,( T l 0f i “ ,deT  m 100 (200 m l) and concentrated HC1 (50 m l) were added and the
ml of 20% NaOH was added 10 ml of dimethyl sulfate. Thereac- resulti precipitate was collected and washed with benzene.
tion mixture was stirred for 2 hr at room temperature and the R eCrystallization from dimethylformamide gave 4.7 g (25% ) of
resulting precipitate was filtered and recrystalhzed rom ethanol 18; 264-265.5° dec; ir (K B r) 3180 cm -1 (N -H ),
to afford 6.8 g (60% ) of compound 10: mp 262-265°; ir (K B r) l700 ( 0 = o ) ;  (C F 3COOH) 5 7.94 (A 2B2, 4), 2.92 (s, 4 

, r o f i f i f  ); P*mr f DCls) 5 7 ‘25 (d ’ 8 )’ 3'45 (S’ 6): mol wt, 190 (mass spectrum).
m° W  6™ aSfnrPc ' H  n  • P  79 1A TT « 9 1  N  io  «9 AnaL  Calcd for C,„H10N A : C, 63.14; H . 5.30; N , 14.73.Anal. Calcd for C icH ^ N A . C 72.16, H , 5.23; N , 10.52. Found: C, 63.23; H , 5.44; N , 14.76.

V  ’ r r  ’ a t, . Thermal Dehydration of Compound 18.— When a 0.5-g sample
Reaction of Compound 6 with Phosphorous Pentachlonde^-A of compound 18 was heated for 5 min at 270° there sSublimPed

„°/ W  n n mol) .o f ,P^  0.28 g (62%) of compound 19, mp 171-172°. This material
100 ml of C Ch was refluxed for 0.5 hr. Removal of the ig iderLtica.l with a sample prepared by the method of M eyer and

solvent gave a pale yellow residue. A  small portion of this Luders 10 ^ J
material was washed with tetrahydrofuran to afford a white
solid (13) which rapidly turns yellow on standing: mp 211-  R e g is try  N o . — 6 , 4482-14-8; 10, 19799-45-4; 13,
212° dec; mass spectrum m/e (per cent of P ) 256 (100), 258 19766-46-2; 14, 1780-94-5; 15, 19779-46-5’ 18

The remaining solid was warmed with 100 ml of methanol and 19766-48-4, m eth y l o -2 -(3 -m eth y lb en z im id a zoy l)b en -
the resulting solution was diluted with 100 ml of water and 10 ml zoa te , 19766-49-5.
of aqueous ammonia. The white solid that precipitated was col- »  .____, , _  , ■ , •
----------------- A ck n o w led gm en t.— T h is  in ves tig a tion  w as sup-

(8) Nmr spectra were obtained with a Varian A-60 spectrometer. Mass p o rted  in  p a rt b y  a research g ran t (C A -07917 -03 ) fro m
spectra were obtained with a Hitachi-Perkin Elmer RMU-6E instrument ji Tvr~4-* 1 n  t a*a tt ci t-» i t  tt m
equipped with a solid sample injector. The ionizing voltage employed was bile JNatlOnal C-ailCGr IllstiuUtG, TJ. S. P u b lic  H e a lth
80 V. Elemental analyses were done by Mrs. K. Decker of this department. Serv ice .
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Synthesis and Reactions of Isoquinuclidone Diesters1
R o b e r t  L .  A u g u s t i n e  a n d  R u s s e l l  F .  B e l l i n a 2

Department of Chemistry, Seton Hall University, South Orange, New Jersey 07079 
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3-Oxo-6-carbomethoxy-2-azabicyclo[2.2.2]octane (13) and its 7-ethyl derivative 15 were prepared by heating 
the amino diesters 8 and 9 in the presence of 1 equiv of sodium methoxide. Treating the isoquinuclidones with 
methyl acrylate in the presence of sodium gave the N-substituted diesters 17 and 18. A ll attempts at Dieckmann 
cyclization of 17 were unsuccessful. On attempted acyloin condensation of 18 the ma;or product formed was that 
resulting from retro-Michael reaction and reduction of the 6-carbomethoxy group. This material was isolated 
as its acetate, 21.

As part of a program leading to a general synthesis of tion of these enamines over palladium9 gave the amino-
the iboga alkaloids several routes to the preparation of cyclohexane diesters 8 and 9. Hydrogenation of the
the tricyclic ketone la and its desethyl counterpart lb
were investigated. One approach which has recently NH,

been described3 led to lb  and thus, to desethylibog- R '^ ^ L ^ C O .M e

X l U *
R T \ I ^ O  y \ Y  6, R = CO,Me; R' = H

X  - X J  7, R =  CO,Me;R' =  Et
^  ^  „  10, R =  R' =  H
la, R =  Et 2
b, R =  H

tetrahydroanthranilic ester 1010 over rhodium has been 
amine. It  was felt, however, that the diester 2, an reported to give the crs-2-aminocyclohexanecarboxylate
oxidative degradation product of ibogaine,4 would also 11.11 This same product is obtained from palladium-
be a useful intermediate in the synthesis of la  since ei- catalyzed hydrogenation of 10.9 Thus, in both 8 and 9
ther Dieckmann cyclization followed by ring expansion it can be assumed that the amino group and the ester at
or acyloin condensation and reduction could be envi- C-2 are cis to each other,
sioned as reasonable routes for this conversion. Thus,
efforts were expended on developing a synthesis of 2 and Nfk
investigating its cyclization reactions. CCbMe

Alkylation of 2,4-dicarbomethoxycyclohexanone5 | j
(3) with ethyl iodide and potassium i-butoxide6 followed
by refluxing the alkylated material 4 with sodium meth- ^
oxide in toluene7 gave a very good yield of the 2,4,6- g R = C0Me; R, = H
trisubstituted cyclohexanone 5. The nmr spectrum 9, R = CÔ Me; R' = Et

11, R =  R' =  H

ij ji CCbMe
RN X \ ^ (:f)A'le The stereochemistry of the ester group at C-4, how-

M  I J  ' ever, remains to be established. I t  was previously
I shown that the presence of the 4-carbomethoxy group

CO,Me C02Me makes the hydrogenation of 6 considerably more diffi-
3, R = H 4 cult than the saturation of the double bond in 10.9 A
5, R = Et comparison of the spectra obtained from 6 and 10 also

of S indicated that both ethyl epimers (ethyl group m  revealed some interesting data.
and (ran. to the 4-carbomethoxy group) were present in tnim of ^ e x h ^ a  —  « £ £ £ %  a ? »

C h ^ ra n d T w e r e  converted to their respective en- but had an extinction coefficient of only 15,000.
amines 6 and 7 by passing a vigorous stream of ammonia The nmr spectrum of 6 displayed a broad singlet at 5 6.3
Z Z f r S S T s t e r l t  elevated temperatures in the (378 Hz) for the N -H  protons but the peak for the

presence of & trace of ammonium nitrate.8 Hydroge „S- - * £ » ■

(1) Supported by Grant MH-10107 from the National Institutes of extinction Coefficient, and deshielded N H protons of
Health. Grateful acknowledgement is made of this support. 6 can be interpreted as the result of a special type 01

(2) (a) n d e a  Fellow 1965-1968. (b) Taken from the dissertation sub- field effect known as a  supraannular effect.12 With this
mitted by R. F. B. to Seton Hall University in partial fulfillment of the re

quirements for the Ph.D. degree, 1968. (g) R L  Au„ ustine, R. F. Beilina, and A. J. Gustavsen, J . Org. Chem.,
(3) R. L. Augustine and W. G. Pierson, J. Org. Chem., 34, 1070 (1969) W  K. ^  Augustine,
(4) M. F. Bartlett, D. F. Dickel, and W. I. Taylor, J. Amer. Chem. Sac. 3 3 , ^ ( 1 9 6 8 )^  ^  ^  ^  ^  ^  ^  ^  ^  (1M8)> 80

80, 126 (1958). _  , . . „  ql2 , lq46, ( 1 1 ) K . J. Liska, J. Pharm. Sci., 63, 1427 (1964).
(5) H. T. Openshaw and R. Robinson J. Chem Soc 91 ( )• i Q p  Kugatova-Shemyakina and Yu. A. Ovchinnikov, Tetrahedron.
(6) G. Stork and S. M. McElvain, J. Amer. Chem. Soc.. 68 , lOo ( )■ 02 ) ■ 8 Kugatova-Shemyakina, G. M. Nikolaev, and V. M.
(7) W. L. Meyer, A. P. Lobo, and E. T. M arqu is ,^  Or Chem 30, 181 23 2721 (1967); G. P  Kugatova-Shemyakina and G. M.

(1965); L. Nicole and L. Berlinguet, Can. J. Chem., 40, 353 (1962). f X ,  Z 7  1 , X X
(8) H. G. Becker, J. Prakt. Chem.. 12, 294 (1961). Nikolaev, ibtd., 23, 2987 (1967).
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effect in operation the vinylogous urethan 6, contrary epimers. In contrast to what was observed with 13 the 
to expectation, would exist preferentially in the confor- nmr spectrum of 15 showed only one clean singlet for
mation 12, in which the 4-carbomethoxy group is in an the carbomethoxy protons indicating that only one

ester epimer was present. Clearly, the isomer of 15 
M eO -,c ^ °  possessing an endo ethyl group would exist preferen-

tially with the epimerizable carbomethoxy group in an 
exo configuration. The reasons why the carbomethoxy 

/ / group preferred the exo position when the ethyl group
tn was exo were not apparent. However, if the steric re-

NH2 pulsion between the heterocyclic bridge and the exo
\  ethyl group were great it would force rotation about
0 the 7,8 carbon-carbon bond resulting in the 7-hydrogen

12 being thrust toward the Q-endo group as depicted in 16.

axial position and is near enough to the ring double bond 0
to give rise to an intramolecular interaction between J
the 7r electrons of the latter and the electrophilic carbon HN
of the former. Thus, hydrogenation of the double bond 1
of 6 would be expected to give the all-cfs product 8. C02Me
Products resulting from a similar type of trans attack VJy
have also been obtained from epoxidation13 and hydro- (H ) (H i
boration14 of a number of carbonyl-substituted cyclo- 16
hexenes

This stereochemical assignment is strengthened by Since the 6-carbomethoxy group has a greater steric 
the ease of deamination of 8 and 9 as compared to that requirement than the 6-hydrogen, the carbomethoxy 
of 11. The preferred conformation for the all-cfs isomer entity would prefer the exo position.
8 would have the amine group in an axial configura- The isoquinuclidones 13 and 15 were treated with 
tion,16 and, thus, it would be expected to be readily methyl acrylate in the presence of sodium metal to give
eliminated. The preferred arrangement of stereoiso- the diesters 17 and 18, respectively. Compound 18 had
mers of 8 having either or both of the ester groups trans infrared spectral characteristics identical with those
to amine function would have the amino group predom- reported for 24 but was, obviously, a mixture of ethyl
inantly or exclusively in the equatorial conformation epimers. The presence of two three-proton singlets in
and, therefore, less easily involved in an elimination tbe nmr spectrum of 18 indicated that the 6-ester group
reaction. was still in the exo configuration. With 17, however,

Because of this ease of deamination the cyclization of f °ur carbomethoxy singlets were observed showing that
8 to the isoquinuclidone 13 proved troublesome. this material was still a mixture of 6-carbomethoxy
Heating a dilute solution of 8 gave, as the major isolable isomers.
material, the unsaturated diester 14a, which was identi- The Dieckmann cyclization was attempted originally 
fled by hydrolysis to the known16 tetrahydroisophthalic on 17 since it was felt that under the basic reaction con- 
acid 14b. However, cyclization could be effected in ditions used ester epimerization would occur and, thus,

the stereochemistry at C-6 was not important. All 
q X \ ^ C 0 2R attempts to cyclize 17 under a wide variety of reaction

[ 1 ^  " conditions failed to give the desired /3-keto ester, 19.
2 e However, when the addition of methyl acrylate to 13 was

^  K run in the presence of a small amount of methanol a very
2 small quantity (~ 1 %  yield) of 19 was obtained. I t  is

13, R =  R' =  H 14a, R =  Me
15, R =  H; R' =  Et b, R =  H CO.Me
17, R =  CHvCH,CO,Me; R' =  H O w |  T  I f !  I
18, R =  CH2CH,CO;iMe;R' =  Et k A A o

reasonably good yield by heating a methanol solution | / \
of 8 at 185° for 8 min in a sealed bomb in the presence of 19 20
1 equiv of sodium methoxide. The use of less base and/
or longer reaction times resulted in the formation of less probable that the trigonal nature of the lactam nitrogen
isoquinuclidone. The nmr spectrum of 13 exhibited imparts considerable strain to a tricyclic system such as
two closely spaced singlets in a 3:2 ratio which have 1®, and, thus, cyclization does not take place for steric
been assigned to the protons of the exo and endo17 reasons. On the other hand the tricyclic amino ketone
methyl ester groups, respectively. 20, which is readily obtained by degradation of ibogaine,

Cyclization of 9 gave the substituted isoquinuclidone is relatively strain free.
15 as a nearly equal mixture of exo and endo1'' ethyl Attention was then turned to the acyloin condensa

tion of these isoquinuclidone diesters. Because of com- 
U3) h . b . Henbest and b . N ichoiis,./. CTiem. sioc., 221 ( 1959). petitive Dieckmann cyclization the acyloin condensa-
(14) J. Klein, E. Dunkelblum, and A. Avrahami, J. Org. Chem., 32. 935 , . „  , J „ , . , . . .

(1967). tion is normally not very useful for the formation of
G5) J. Hirsch, "Topics in stereochemistry,”  Voi. i, n . l . Aiiinger and seven-membered rings.18,19 However, in the present

E. L. Eliel, Ed., Interscience Publishers, Inc., New York, N. Y ., 1967, 199.
(16) W. H. Perkin and S. S. Pickles, J. Chem. Soc., 87 (1905). (18) P. D. Gardner, G. R. Haynes, and R. L. Brandon, J. Org. Chem., 22,
(17) An exo substituent is defined as one which is cis to the lactam bridge 1206 (1957).

of the isoquinuclidone, and an endo substituent is trans to this bridge. (19) K . T. Finley, Chem. Rev., 64, 573 (1964).
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instance this competitive reaction does not take place Experimental Section23
and, therefore, the acyloin condensation was expected , , , « „  . , . t . _
, m, , , 0 , . ,, 1,3,3,5-Tetracarbomethoxypentane (24).—To a mixture of 200
to occur readily. The diester 18 was used in these re- g (1.62 moles) of dimethyl ¿alonate and 5.0 g (0.22 g-atom) of
actions since this material had the 6-carbomethoxy sodium in 250 ml of dry benzene was added, with stirring, 312.7
group in the proper configuration. The condensation g (3.64 moles) of methyl acrylate in 300 ml of dry benzene over
of 18, using a liquid ammonia-tetrahydrofuran solvent a 3'hr Period- After addition the mixture was stirred an addi-
system, gave a product which failed to exhibit an ester w l '  '̂  The,benzf e s°luti°nJ r j  , ™ i washed with cold 10% hydrochloric acid and water, dried,
carbonyl band m the infrared spectrum, the crude filtered, and evaporated to give 475 g of a colorless oil which
product was acetylated and chromatographed on silicic crystallized while cooling. Two recrystallizations from methanol
acid. The major component, which was present in Save laree colorless crystals, mp 54-57°.
abou t 60-70% y ie ld , exh ib ited  bands in  th e  in fra red  Calcd for CuHaoOs: C, 51.31; H , 6.62. Found: C,

spectrum at 3425 (N H C O ), 1680 (lactam carbonyl), i ,3,5-Pentanetricarboxylic Acid (2 5 ).-T h e  tetraester 24 (220 
1735 (acetate carbonyl), and 1250-1230 c m '1 (acetate g, 0.72 mole) was refluxed for 14 hr in 1100 ml of concentrated
C - 0  stretching frequency). The nmr spectrum of this hydrochloric acid. The residue obtained on evaporation was
compound displayed a three-proton singlet at 5 2.05 heated at 200° for 2.5 hr. Recrystallization of this residue from

anticipated for an acetate methyl a two-proton doublet S i f f C t h ^ S ' m p
( J  =  7.5 Hz) at 8 3.94 corresponding to an entity such 111- 113 0 (lit.6 mp 113-114°).
as CHCH2OAc, and a broad singlet at about 8 7.4 for 1,3,5-Tricarbomethoxypentane (26).— A mixture of 125.2 g 
the lactam proton. These data, coupled with the ele- (0-61 mole) of 25, 180 g (5.53 mole) of absolute methanol, 60
mental analysis, lead to the conclusion that this com- mi o f concentrated sulfuric acid, and 300 m l o f d ry benzene was

, m i refluxed for 18 hr. 1 he benzene layer was separated and replaced
pound was the isoquinuclidone acetate 21. Thus un- by 300 ml of fresh dry benzene and 20 ml of concentrated sulfuric

acid. After the mixture was refluxed an additional 4 hr, the 
0  n h  benzene phase was separated and combined with the first benzene

^  1 n u  n r r i . , solution. The combined solution was washed with cold saturated
6H2OCOMe aqueous sodium bicarbonate solution, dried, filtered, and evapo-

\. T rated to give 145.6 g of the triester. The sulfuric acid phase was
neutralized with potassium carbonate and extracted twice with 

2i ether to yield an additional 5.0 g of product. Distillation of 270
g of this material gave 250.2 g (93% ) of a colorless oil, bp 119° 
(0.5 mm) [lit.6 bp 162° (12 mm)].

expected product apparently arises from retro-Michael 2-Ethyl-2,4-dicarbomethoxycyclohexanone (4).— To a solution
reaction of the N-alkyl ester and reduction of the 6- potassium i-butoxide (prepared from 7.86 g (0.20 g-atom) of

carbomethoxy group followed by acetylation of the
resulting alcohol. The proton required for this unusual alcohol. The mixture was refluxed for 45 min and allowed to cool 
reduction is thought to originate from the a  position of to room temperature. Ethyl iodide [62.4 g (0.40 mole)] was
the N-alkyl ester. The formation of a small quantity added in one portion and the mixture refluxed with stirring for
of an alcohol under acyloin conditions has been pre- 24 hr. Most of the alcohol was removed by evaporation under 

, . i io  a ii • i i , reduced pressure. The supernatant alcohol was decanted and the
viously reported. A  thin layer chromatographic and residue was washed three times with ether. The ethereal wash-
infrared spectral Study of all of the fractions from the ings were combined with the supernatant alcohol, and the com-
column chromatography failed to indicate the presence bined solution was washed with ice-cold 10% hydrochloric acid,
of any acyloin product. In addition to the acetate 21 saturated aqueous sodium bicarbonate solution, and saturated

a smallI quantity of a c^taU m e material was isolated 6™ ')
which displayed a very intense band at 1705 cm in ferric chloride. Distillation of 50 g gave 47.3 g (90% ) of product:
the infrared spectrum. The structure of this compound bp 135.5-138° (0.7 mm); nmo 1.4696; infrared spectrum (film),
has not been ascertained. 1740 strong shoulder (2-COOMe), 1735 strong (4-COOMe), and

The failure of 18 to cyclize is probably due primarily 1J1s5nĉ  f T S u ! ’ 1 nmr spectrum 3 H triplet

to the action of the facile retro-Michael reaction and C 0 2M e).
not to any steric factors since the tricyclic material 23 Anal. Calcd for C i2H i80 5: C, 59.49; H, 7.49. Found: C,
has been previously obtained in very good yield on 59.33; H, 7.38.
hydrogenative cyclization of the amino acid 22.20 The 2,4-dinitrophenylhydrazone was recrystallized from metha-

J J nol, mp 148-149°.
Anal. Calcd for CigH^NgOg: C, 51.18; H , 5.25; N , 13.26. 

H Found: C, 50.99; H , 5.19; N , 13.21.
! / -----\ 6-Ethyl-2,4-dicarbomethoxycyclohexanone (5 ).— D ry toluene

„  N  \  (150 m l) was added to 5.94 (0.11 mole) of sodium methoxide.
:j \  1  T °  this rapidly stirred slurry was added 24.0 g (0.099 mole) of

the /3-keto ester 4 in 150 ml of dry toluene over a 1-hr period, 
jj’ The mixture was refluxed for 8 hr after which the solvent was
O distilled until its boiling point rose to 110° (about 30 min). After

22 23 cooling, the reaction mixture was diluted with 100 ml of benzene,
and washed with ice-cold 10% hydrochloric acid. The acidic

It  is apparent, then, that these cyclizations cannot ' .  . . . . . , . . ,
1 9 • j  J  j  r  u (23) A ll melting points were determined in open capillary tubes using a

be used to synthesize 1 as desired and that other ap- Mei-Temp apparatus and are uncorrected. A ll boiling points are un-
proaches to this problem need to be developed.21’22 corrected. The infrared spectra were recorded on a Beckman Model
^  IR-10 recording spectrophotometer in chloroform solution unless otherwise

indicated. The ultraviolet spectra were recorded in absolute methanol on
(20) Y . Ban, T. Wakamatsu, Y . Fujimoto, and T . Oishi, Tetrahedron a Beckman Model DK-2 ratio recording spectrophotometer. The nuclear

Letters 3383 (1968). magnetic resonance were determined on a Varian Associates Model A-60A
(21) Two syntheses of the amine analog of 1 have recently been re- recording spectrometer in deuteriochloroform unless otherwise specified,

ported.20,22 Tetramethylsilane (TM S ) was used as the internal standard and all signals
(22) S. I. Sallay, J .  Amer. Chem. Soc., 89, 6762 (1967). are given in parts per million (5) relative to TM S  at 8 0.
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washings were saturated with sodium chloride and extracted (NH CO ), 3230 broad (clathrated H 20 ),  1735 (COOM e), and
twice with benzene. The combined benzene solution was washed 1685 cm-1 strong (N H C O ); nmr spectrum, broad 4 H  singlet
with 4 ml of saturated aqueous sodium bicarbonate solution and at 5 1.78 (C H 2CH 2), singlets at 3.73 and 3.76 integrating for a
three times with 6 ml of saturated brine, dried, and evaporated total of 3 H  (epimeric COOMe), 0.8 H  broad singlet centered
to give a pale orange oil. Distillation of the crude product at 4.0 (clathrated H 20 ),  and a broad 1 H  singlet centered at
gave 14.6 g (61% ) of product, bp 125-134° (0.07-0.1 mm), which 7.65 (N H CO ).
gave a very intense ferric chloride test. A  fraction of the colorless Anal. Calcd for C9H 13NO 3-0.6H2O: C, 55.69; H, 7.38; N  
oil which had bp 128-130° (0.07 mm) and n20D 1.4764 served as 7.22. Found: C, 55.68; H, 7.38; N , 7.09. 
the analytical sample; infrared spectrum (HCC13), 1740 (2- Identification of the M ajor Side Product from the Isoquinucli- 
COOMe), 1735 (4-COOMe), 1660 (-H O C =C O C O M e), and 1620 done Synthesis.— The ethereal solution (A ) from the previous
cm - 1 (enolic C = C ) ;  nmr spectrum, overlapping 3 H  triplets reaction was filtered through Norit, dried, and evaporated to yield
at ca. S 1.0 (J  =  6.0 H z) (epimric CH 2CH3), 3 H  singlet at 3.72 1.88 g of pale yellow oil which rapidly decolorized a bromine-
(4 -CO O M e), 3 H  singlet at 3.78 (2 -CO O M e), and 0.6 H  singlets carbon tetrachloride solution and had infrared absorption (film)
of approximately equal intensities at 12.21 and 12.37 (indicative at 1735 (CHCOOM e), 1715 (C =C C O O M e), and 1650 cm “ 1
of enolic OH protons in different chemical environments). (C = C ) .  A  small quantity of this compound was hydrolyzed by

Anal. Calcd for Ci2H 180 5: C, 59.49; H , 7.49. Found: C, refluxing in 15% hydrochloric acid for 8 hr. White crystals,
59.45, H , 7.40. mp 237—241°, formed while the acidic solution was cooling. The

Methyl 4-carbomethoxy-6-ethyl-3,4,5,6-tetrahydroanthranilate A6-tetrahydroisophthalic acid 14b so obtained was recrystallized
(7 ) was prepared following the procedure used to synthesize the from water, mp 245.5-248° (lit .16 mp 243-244°). Running the
desethyl analog 69 except that the required reaction temperature cyelization of 8 for longer times on in the presence of smaller
was 115-125°. The product, which was obtained in quantita- amounts of base gave more 14a and considerably less of the
tive yield, did not react with ferric chloride reagent. The desired 13.
viscous oil resisted all attempts at crystallization. An attempt 3-Oxo-6-exo-carbomethoxy-7-ethyl-2-azabicyclo[2.2.2]octane
to distil this material led to extensive decomposition. The in- (15). (1) Sodium Methoxide Method.— The procedure used to
frared spectrum (film ) of the crude material showed bands at synthesize 15 was the same as that which was employed for the
3460 (nonbonded N -H ),  3330 (bonded N -H ),  1730 (4-COOMe), preparation of the desethyl analog 13. Twelve grams of the
1670 (2-COOMe), and 1615 cm 1 (C = C ) ;  the nmr spectrum amino diester 9 were cyclized in four portions to furnish the iso-
had overlapping 3 H triplets of approximately equal intensities quinuclidone product in 53% yield (5.4 g ). A ll attempts to
centered at ca. & 1.10 (J  =  6.5 H z) (epimeric CH 2CH3), 3 H  induce the product to crystallize failed. A  sample of the iso-
smglet at 3.68 (4-COOMe), 3 H  singlet (2-COOMe), and over- quinuclidone was distilled nearly quantitatively from a metal
lappmg broad singlets centered at ca. 6.50 which integrated for block distillation apparatus to give a viscous, colorless oil;

, , , , . /N infrared spectrum (HCC13), 3425 (N H C O ), 1730 (C O O M e), and
. 2>4-Dicarbomethoxy-6-ethylcyclohexylamme (9) was prepared 1680 cm- 1 (N H C O ); nmr spectrum, 3 H  overlapping triplets 
by the hydrogenation of 7 by the previously described procedure.9 centered ca. S 0.97 (J  =  6.0 H z) (epimeric C H 2CH 3) 3 H  singlet
The ammo diester 9 was obtained as a thick, viscous oil which at 3.73 (C O O M e), and a broad 1 H  singlet at ca 7 47 (N H C O )
resisted crystallization and decomposed on distillation. A ll Anal. Calcd for CnH 17N O s: C, 62.54; H  8.11- N  6.63. 
attempts to derivatize 9 as the hydrochloride salt, the p-nitro- Found: C, 62.29; H, 8.23- N  6 52
benzamide, or the 3,5-dinitrobenzamide led only to extensive (2) Hydrogenation-Cyclization Method — To 1 6 g of 5 %  
Z Z oZ tZ i !? ^ enal- ? ^ Wfld a c t i o n  (film ) ruthenium-on-charcoal catalyst which was thoroughly moistened
u 33 n n « 1! ™  r  n m o M  ? ° th ’ w o  n°  fbsorp- with dry dioxane, was added, with caution, a solution of 1.5 g
tion at 1655 (N H 2C =C C O O M e) or at 1618 cm ' 1 (C = C )  (0.0062 mole) of the vinylogous urethan 7 in 60 ml of absolute

nti3’ <?Xt 'd"<iarb0^leihKXy'u"aZablCr l0I 2^n 0C/nane <'13^ 'T In t0a  methanol. This mixture was hydrogenated at 1800 psig and
35-ml stainless steel bomb was placed 4.0 g (0.19 mole) of the 120° for 24 hr and then at 1900 psig and 175° for an additional
ammo diester 8 in.15 ml of dry methanol and 1.0 g (0.19 mole) 12 hr and the catalyst was removed by filtration. Evaporation
of sodium methoxide in 15 ml of dry methanol. The vessel was of the solvent under reduced pressure afforded an oil which was
sealed, vigorously shaken and immersed m an oil bath at taken up in ether and filtered through a sintered-glass funnel.

W h  atl H 7  T f  i< b f 38 reT Ved fr° m the 01i  The ethereal filtrate was thoroughly extracted with small portions 
bath, allowed to cool for 15 min at room temperature, and 0f water and the aqueous extracts combined. The combined
subsequently placed in a freezing mixture until very cold at which aqueous solution was thoroughly extracted with methylene

Z i T S  f t  , ,  , chloride, the methylene chloride extracts were combined, dried,
Small pieces of Dry Ice and 10 ml of water were added to a filtered, and evaporated under reduced pressure to furnish 0.25

flask containing the methanolic reaction mixtures from two runs. g ( l 9% ) of the isoquinuclidone 15, which was identical with that
The solution was acidified to pH 4-6 by the dropwise addition of prepared by method 1

Hytdb0Chl0rv!lC aCid tr d m e afCidified i ea,Cti0n m‘,XtU^  N-(0-Methyl propionate)-3-oxo-6-carbomethoxy-2-azabicyclo-
was extracted thoroughly with chloroform which was dried, [2.2.2]octane (1 7 ) . -A  mixture of 1.58 g (0.0087 mole) of the
filtered, and evaporated to furnish an orange oil. This residue isoquinuclidone 13, 0.05 g (0.0022 g-atom) of sodium (cut into
was taken up in methanol and filtered through a pad of Norit, small pieces), and 7 ml of dry benzene was stirred at room tem-

This crude product (6.5 g ) was taken up in 25 ml of water. t T e ’ f o A l  hr ^ „ ^ 0™  d T c lt° r| f  T  ^
The aqueous solution was extracted twice with 10-ml portions of S i m  and the reactioi Z t  decant,ed from. t le ^ reacted
ether. The combined ethereal solution was back extracted with ew Z lh lh e rs  of benzene T L  c n n T Z  1 times with a twn in ml nnrtinno nf Tim , rew milliliters ol benzene. I  he combined benzene solution was
two 10-ml portions of water. The ethereal solution (A ) was set washed with a small volume of 10% hydrochloric acid. The

with the original £ , u e L  , o i a t i T “ n i , “ o m b ? n e ™ 'lw S ™  S S d ’ S ' S r i S ' ' l o ’ m l T t '  " “Y b “ " ”  “ dxzSEZxaszsi. -r“ fits;“ rr« JS zz
chloride extract was dried, filtered, passed through a Norit pad, combined solution was washed with saturated aqueous sodium
and evaporated to give 4.0 g (56% ) of nearly colorless product! bicarbonate solution and saturated brine, dried, filtered, and
A ll attempts to induce this oil to crystallize failed. evaporated to give 2.1 g (92% ) of product as a colorless cloudy

This oil was placed on a small silica gel column and eluted oil wbich was further purified by filtering a methanolic solution
with ether to remove the trace impurity. The isoquinuclidone through a Norit pad. The analytical sample was prepared
product was removed from the column with methanol. The by distillation from a metal block distillation apparatus at 125-
methanol was evaporated and the residue was distilled from a 160° in  vacuo-, infrared spectrum (HCC13), 1735 (C O O M e) and
metal block distillation apparatus at 175-225° in  vacuo. Thin 1660 cm “ 1 (N C O ); the nmr spectrum showed a 4 H  broad singlet
layer chromatographic studies (silica gel) of the distillate using at 5 1.76 (CH CH 2CH2C H ), and four very close singlets at 3.67-
chloroform, ether, and methanol as eluents indicated the presence 3.76 which integrate for a total of 6 H  (exo and endo COOMe
of only one component: infrared spectrum (HCC13), 3425 cis and irans -N (C H 2)2COOMe).
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Anal. Calcd for C13H19NO5: C, 57.98; H , 7.11; N , 5.20. To the reaction flask was added 350 ml of anhydrous liquid 
Found: C, 57.87; H, 7.24; N , 5.07. ammonia and 220 ml of freshly distilled anhydrous tetrahydro-

N-(/3-Methyl propionate )-3-oxo-exo-6-carbomethoxy-7-ethyl-2- furan. In this solvent system was dissolved 1.36 g (0.059 g-
azabicyclo[2.2.2]octane (18) was prepared by using the same atom) of freshly cut sodium. A  solution of the diester [2.50 g
procedure as employed for the preparation of the desethyl analog (0.0084 mole)] in 220 ml of anhydrous tetrahydrofuran was
17. Alkylation of 1.9 g (0.0090 mole) of 15, with 0.95 g (0.011 added with stirring over 90 min. The stirring was continued as
mole) of methyl acrylate, afforded 2.21 g (83% ) of nearly pure the reaction slowly warmed to room temperature. The reaction
product as a colorless oil. The analytical sample distilled cleanly was allowed to stand overnight under a slow stream of nitrogen,
from a metal block distillation apparatus at 180-230° in vacuo-, The unreacted sodium was destroyed by the addition of 8 ml
infrared spectrum (film), 1740 (ester C O ) and 1678 cm -1 (lactam of methanol followed by 30 min of stirring. Two 10-ml portions 
CO ) [lit.4 1742 (ester C O ) and 1678 cm -1 (lactam C O ) for 2]; of cold 10% hydrochloric acid were added and the mixture was
nmr spectrum, poorly resolved triplet at S 0.97 (/  =  6.0 H z) vigorously shaken. The tetrahydrofuran was removed under
(epimeric CH 2CH3), 3 H  singlet at 3.70 (C H 2C H 2C O O M e), and reduced pressure at 25°. The remaining aqueous phase was
a 3 H  singlet at 3.73 (C H C O O M e). saturated with sodium chloride and extracted four times with

Anal. Calcd for C15H 23N06: C, 60.59; H , 7.80; N , 4.71. 40-ml portions of methylene chloride. The extracts were dried,
Found: C, 60.46; H, 7.61; N , 4.87. filtered, and evaporated to give 1.60 g of a viscous yellow oil.

Preparation of the Tricyclic Ketolactam 19.— A  mixture of 0.50 This crude product was dissolved in a solution of 9.5 ml of
g (0.0027 mole) of the isoquinuclidone 13, 0.06 g (0.0027 g-atom) acetic anhydride and 15.8 ml of pyridine and allowed to stand at
of sodium, 0.24 g (0.0028 mole) of methyl acrylate, 2 drops of room temperature for 40 hr. The dark red residue obtained on
absolute methanol, and 10 ml of dry benzene was stirred for 30 evaporation of the reaction mixture was taken up in methylene
min at room temperature. The yellow solution was then refluxed chloride, washed twice with 5-ml portions of 5%  hydrochloric
with stirring for 7 hr under dry nitrogen. The solvent was acid, dried, filtered, and evaporated to give a red oil. The crude
distilled until the boiling point of the distillate reached 80° acetate was chromatographed on 20 g of silicic acid as a pre-
(about 30 min) and the cooled reaction mixture was diluted with liminary purification step. Only two fractions, which were
40 ml of benzene. The reaction mixture was washed with a eluted with chloroform-methanol (10:1), contained material
small portion of ice-cold 10% hydrochloric acid. The acidic which exhibited infrared spectral characteristics which were in
wash was extracted twice with 5-ml portions of methylene accord with the anticipated acetylated product. These frac-
chloride. A ll organic phases were combined, washed with tions were combined and evaporated to furnish 0.78 g of an oil
saturated aqueous sodium bicarbonate solution, dried, and which was then rechromatographed on 100 g of silicic acid, 
evaporated to give 0.48 g of a viscous orange oil. The crude From the chloroform eluent was obtained 171 mg of a crystal-
product was taken up in methanol, filtered through a Norit pad, line solid. W ith considerable material loss, the solid was re-
and evaporated under reduced pressure to furnish 0.37 g of a crystallized from ether-hexane; mp 96-98°; infrared spectrum
pale yellow oil which gave a positive ferric chloride test. (HCCh), 1755 cm -1 (ketone?); mol wt (cryoscopic) 116.

The oil24 was chromatographed on 15 g of silicic acid and eluted Anal. Found: C, 57.04; H, 7.30.
with absolute ether. The ether eluent afforded about 9 mg of a A  reasonable structure to account for these data has not been
crystalline material. Chloroform ws used to recover starting ascertained.
material and the alkylated, but uneyclized isoquinuclidone, 17. From the ether eluent was obtained 130 mg of a cloudy oil
The crystalline solid was sublimed at 70-90° (1 mm); mp 80- which was taken up in methanol and filtered through a Norit
120°; infrared spectrum (HCCI3), 3370 (enolic OH ), 1730 pad. Evaporation of the solvent left a clear oil which was dis-
(COCHCOOMe), 1710 (COCHCOOMe), 1680 shoulder (-H O C =  tilled from a metal block distillation apparatus at 150-200°
COCOMe), 1670 (N C O ), and 1614 cm -1 (C = C ) ;  ultraviolet in vacuo. This compound was assigned structure 21 from the
spectrum x " '?H 250 mu, Xma* (methanol plus a trace of sodium following data: infrared spectrum (HCC13), 3425 (NHCO),
hydroxide) 280 mM. 1735 (OCOM e), 1680 (N H CO ), and 1250-1210 cm 1 (acetate

Anal. Calcd for C12H i6N 0 4: C, 60.75; H, 6.37. Found: C, C -0  stretch); nmr spectrum, 3 H  singlet at 5 2.05 (OCOM e),
60 40’ H , 6.63. 2 H  doublet at 3.94 (CH CH 2OCOMe), and a 1 H  broad singlet

Attempted Acyloin Cyclization of the Lactam Diester 18.— The at ca. 7.36.
lactam diester 18 was placed on a hot-water bath under high Anal. Calcd for C12H19NO3: C, 63.98; H , 8.50. Found: C,
vacuum for 10 hr prior to use to remove any trace of water or 63.73; H , 8.48.
methanol which may have been present. A  1-1. three-neck flask A  thin layer and vapor phase chromatographic estimate of all
equipped with a Dry Ice condenser, mechanical stirrer, addition of the fractions from both column chromatographies indicated
funnel, and a dry nitrogen system was thoroughly flamed-out that 60—70% of the crude reaction mixture consisted of this
before’ being used. All incoming predried gases were passed compound.
through potassium hydroxide drying towers as a precautionary This experiment was repeated several times varying the condi-
step. The exit port of the system was similarly protected from tions including the solvent system (ether-ammonia); however,
moisture. A  positive nitrogen pressure was maintained at all none of the desired acyloin product was detected at any time,
times, and all additions to the reaction flask were made against
the stream of nitrogen. . .
-------------  . , .. Registry No.— 4, 19766-30-4; 4 (2,4-dimtrophenyl-

(24) A  similar oil was obtained by treating 17 with 1 equiv of sodium (Y7AA K. 1Q7RR QO ft • 15 1Q7Q5_Q 'y-0 -
methoxide in refluxing toluene after which the solvent was distilled until its hydraZOne), 19766-31-5, 5, 197bb-d2-b, 13, 
boiling point rose to 110°. Both of these oils displayed a minor, but iden- 19766-07-5; 17, 19766-33-7J 18, 19766-08-6;
tical ferric chloride active spot on tic (silica gel) using several solvents of ^  19766-34-8 - 21 19766-35-9; 24, 19766-36-0. 
varying polarity as eluents. 4 1 4
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Most reactions of nucleophiles with tetracyanoethylene oxide (TC N E O ) involve fragmentation of the ring.
Examples are given of reactions with amines, thiocarbonyl compounds, benzylideneaniline, and benzophenone 
azine. The amine reaction gives the same products as the reaction of the amines with carbonyl cyanide. The 
products from TC N E O  and thiocarbonyl compounds depend on the substituents attached to the thiocarbonyl 
group. Thus, thiourea gives a stable thiouronium ylide whereas with thiobenzophenone, sulfur is eliminated with 
the formation of a dicyanoethylene. The reaction of TC N E O  with benzylideneaniline takes two pathways. One 
gives an addition product with loss of hydrogen cyanide. The second involves ring scission to form a 1,3 dipole 
that adds a second molecule of benzylideneaniline. The benzophenone azine reaction, however, takes a dif
ferent course and gives nitrogen, l,l-dicyano-2,2-diphenylethylene, and the epoxide of this olefin. Acetic an
hydride and acetyl chloride add to TC N E O  to give ring-opened products without fragmentation. Benzaldehyde 
and TC N E O  form a 1:1 addition product believed to be a cyclic acetal.

The oxirane ring of tetracyanoethylene oxide Whereas the previously reported reaction with pyridine
(TC N EO ) is extremely susceptible to nucleophilic at- derivatives is fairly clean, reaction with simple pri-
tack. A  common result is cleavage into the elements mary, secondary, and tertiary amines is more complex,
of carbonyl cyanide and dicyanomethylene. Examples Yields of products are generally low and it is often not
of reactions with pyridines and alkyl sulfides have been possible to account for all the molecular fragments.
given.1 These reactions may be concerted, i.e., both One of the reaction products of TCNEO and aniline 
bonds may break simultaneously. However, if the is N-(cyanoformyl)aniline (1). This is also obtained
process is stepwise, an initial attack on carbon can be from reaction of carbonyl cyanide and aniline,3 and it is
followed by one of two different reaction sequences, likely that the TCNEO reaction also involves the in-
either of which could lead to the same ultimate products termediacy of carbonyl cyanide. The complexity of
(Scheme I). The two paths differ in the order in which the reaction is indicated by the isolation, in small yields,
the C-C and C -0  bonds break. These paths can only of the anil of carbonyl cyanide (2). An oxidation must
be distinguished if it is possible to intercept either A  or be involved to explain this product.
B. Closely related to this reaction is that of TCNEO

, , j  with benzaldehyde phenylhydrazone. The anil 2 is
‘ CHEME also a product of this reaction along with 1-cyano-

P\ formyl-l-phenyl-2-benzylidenehydrazine (3) and
/ \ small amounts of benzonitrile and benzaldehyde. The

Y- + (NC),C C(C )2 structure of 3 was established by an independent syn-
/ \pathb thesis from the hydrazone with carbonyl cyanide and

P 1 / \  the anil 2 was prepared from malononitrile and nitroso-

[OC(CN)2C(CN)2Y ] [(NC)2COC(CN)2Y ] b eEfKen e ' . +. , ,
B The initial reaction presumably results in the scission

of TCNEO into carbonyl cyanide and the unstable
*  zwitterion 4. The carbonyl cyanide produced in this

CO(CN)2 + YC(CN), first s êP undoubtedly the source of 3, whereas the
TCNEO

We have now observed additional examples of nucleo- C6H5NH2 >- C6H5NHCOCN +  C6H5N=C(CN)2
philic ring-opening reactions of TCNEO. Although
some of these are similar to the earlier reported reac- C6HSCH=NNHC6H5 — 2 + C6HSCH=NNC6H5 +
tions and involve rupture of two bonds, there are two j
clear-cut instances that follow path a. There are cases I C0(CN)2 COCN
also suggesting that path b ring opening can occur, but | 3
these are ambiguous. Negative charge is stabilized in C6H5CN +  C6H5CHO
both A  and B, and a delicate balance may be swung in
either direction depending upon the attacking reagent. breakdown of 4 may be responsible for formation of 

Another difficulty is the possibility of nucleophilic carbonyl cyanide anil and benzonitrile. The compli-
attack on oxygen. Brown and Cookson2 isolated an cations in such a process are indicated by the low yields
unsymmetrical adduct of TCNEO to the 9,10 posi- of all the products.
tions of anthracene. This was attributed to initial _ TT „ TT TT r„  „  „ „  ,T„ ,  . „
attack on oxygen, but it is not possible to distinguish I
this from a path a reaction. ~C(CN)2 I

Reaction with Amines.— Nothing can be inferred 4 y
about the direction of ring opening of TCNEO by C6H5CN
amines. Both a C-C and a C -0  bond are broken.

(1) W . J. Linn, O. W. Webster, and R. E. Benson, J. Am. Chem. Soc., 87, -------------------
3651 (1965). (3) R. Malachowski and J. Jankiewicz-Wasowska, Roczniki Chem., 25’

(2) P. Brown and R. C. Cookson, Tetrahedron, 24, 2551 (1968). 34 (1951).

2146 L inn  and Ciganek The Journal of Organic Chemistry



Products of the reaction of a tertiary aliphatic H2N . _ NC NH C6H5\  .NH,
amine, e.cj., triethylamine, with TCNEO are unstable X''CSC(CN)2 's'c=C '/  2 ^ [
and decompose on attempted purification. It was ex- H2N ^  NC-'"’ ^CH3 c6H5N<#s*x S''̂ ''''CN
pected, however, that from dimethylaniline one might 8 9 10
obtain bis (p  - dimethylaminophenyl) dicyanomethane
(5), the product of condensation of the amine and car- Middleton has described the reaction of 2,2- 
bonyl cyanide.3 This is the case although the yields dicyano-3,3-bis(trifluoromethyl)ethylene oxide with 
from TCNEO are small and no products were isolated thiocarbonyl compounds.6 Tetracyanoethylene oxide
to account for the remainder of the molecule. reacts similarly with thiourea, thioacetamide, and N ,N '-

diphenylthiourea to give compounds 8-10, respectively.

O Side reactions involving carbonyl cyanide were avoided 
+  CO(CN)2 —*■ by using ethanol as a solvent, which reacts with car
bonyl cyanide to yield ethyl cyanoformate and hydro- 

| gen cyanide. TCNEO also reacts rapidly with thio-
rru i N r  f ~ \  NiriT.t benzophenone in boiling benzene giving 1,1-diphenyl-

32 \ = /  | \ = /  3 2 2,2-dicyanoethylene (11) in 68% yield. The reaction
CN occurs more slowly at room temperature in acetoni-
5 trile or in ethanol. In the latter instance 3,3,5,5,-tetra-

phenyl-1,2,4-trithiolane (12) can be isolated in sub- 

Reaction with Acetic Anhydride and Acetyl Chloride. Stantial y i° ld\ . Tdis im pound has been reported' as a 
—These reactions afforded the first example of nucleo- ™ n°1r pr° d" C* 111 the autoxicJation of thiobenzophenone. 
philic ring opening of TCNEO proceeding via path a, • , 6+f^a, 6 e,nPera uie® e tnthiolane decomposes
the C-C bond remaining intact. Addition of a cata- j^ o  thiobenzophenone and sulfur; thus it was not iso-
lytic amount of acetate ion to a solution of TCNEO in a e 111 e reac Ion a 
acetic anhydride results in the precipitation of the
diacetate of tetracyanoethylene glycol (6), identified Scheme II
on the basis of elemental analysis and spectra. Simi- 0
larly, 7 is obtained when a drop of pyridine is added NC\ /  \  ^CN c6H,\
to a suspension of TCNEO in acetyl chloride. /C— C + C=S — *•

NC^ ^CN QH.-^

0 CN CN o r s -

CH.COC__CO__CCH C6H5̂ + - C6H5-^ /  \  /CN
(CH3C0)!0̂  | | 1 CO(CN)2 + ^CSC(CN), —* — c ^

0 ^ » Ac CN CN C6H6̂  C6H5̂  ^CN
/  \  6  /  13 J

(nc)2c c(cn)2 ^ chjCoci 9N 9N 9
C‘Ĥ  C1C— CO— CCH3 ^ - £ hac= s

I I q_o QH5̂  /CN
CN CN C6H5X? f/CsH, +

» C A > V < W  W t ' '  ^CN
12 11

The preservation of the carbon-carbon bond of the
epoxide ring is probably due to solvation by large A  possible mechanism for these reactions involves an 
amounts of the anhydride or acetyl chloride which can unstable dicyano episulfide 13 (Scheme II ) .  Reaction 
trap the anion as soon as it develops. between4,4'-bis(dimethylamino)thiobenzophenone (14)

and TCNEO occurs even at —50° yielding the corre- 
9 9 sponding dicyanoethylene derivative 15 in 79% yield;
c ^OCCII elemental sulfur was also isolated.i

/ \  _  /CN

(NC)’C~ f N)‘ (CH3)2n- ^ C=C- cn

Ö A c 15

Reaction with Unsaturated Nucleophiles.—The abil- Reaction with Carbonyl Groups.— Unlike the thio- 
ity of TCNEO to add to double and triple bonds4 led to carbonyl compounds, benzaldehyde reacts with TCNEO
the investigation of molecules containing other types only at elevated temperature. A  1:1 adduct could be
of unsaturation. Some preliminary work of this kind isolated in about 10% yield. Because of the reaction
has been reported.5 However, each system behaves conditions, it was first assumed that the mechanism of
differently and there are interesting aspects to each. the reaction was similar to that observed for the addi-

(6) W. J. Middleton, ibid., 31, 3731 (1966).
(4) W. J. Linn and R. E. Benson, J. Am. Chem. Soc., 87, 3657 (1965). (7) A. Schönberg, 0. Schütz, and S. Nickel, Chem. Ber., 61,2175 (1928);
(5) E. Ciganek, J. Org. Chem., 30, 4198 (1965). H. Staudinger and H. Freudenberger, ibid., 61, 1838 (1928).

Vol. 34, No. 7, July 1969 T etracyanoethylene Oxide 2147



tion of TCNEO to olefins.8 Therefore the expected is based on analysis, spectral evidence, and acid
product was the dioxolane 16. However, mild hydroly- hydrolysis to aniline and benzaldehyde. A  reasonable
sis of the adduct with dilute hydrochloric acid gives mechanism for the formation of the minor product 19 is 
benzaldehyde in good yield.9 It  is conceivable that via a 1,3-dipolar intermediate 20 which can add another 
hydrolysis of 16 could give benzaldehyde, although this molecule of the Schiff base. Evidence for this inter
does not seem probable in view of the mild conditions
employed. Therefore the hydrolysis experiment favors 0
the alternative structure 17. Spectral characterization /  \

C6H5N=CHC6H5 + (NC)2C— -C(CN)2 —►
_ ^ C 6H5 o_ / C6H5 r

NC^  V " CN
n c / V ^ cn  n c ^ V u CO(CN)2 + c6h6n = chc6h5 c6h5n c h c6h5

u N C ^ C N  J  I
16 17 |_ C(CN)2 ' C(CN)2

20
does not distinguish between 16 and 17. The single
proton on the five-membered ring shows a sharp reso- mediate is furnished by carrying out the reaction of
nance peak at r 3.08. This may be contrasted with TCNEO and benzylideneaniline in the presence of di-
the hydrogen in the ethylene acetal of benzaldehyde methyl acetylenedicarboxylate. The only product iso- 
which has its resonance at r 4.50.10 Although this lated (in 62% yield) is a colorless, crystalline compound
downfield shift could be interpreted in favor of structure to which structure 21 is assigned on the basis of analyti-
16, the chemical evidence that points to 17 is stronger. cal and spectral data. The product loses hydrogen
This reaction, therefore, is evidently a second example cyanide readily on heating to form the pyrrole 22 in
of ring opening of TCNEO via path a in which the 72% yield, 
carbon-oxygen bond is preferentially broken. +

Reaction with Schiff Bases.— Two crystalline prod- C6H5NCHC6H5 + CH302C=CC02CH3 —*■ 
ucts are isolated from the reaction of TCNEO with j
benzylideneaniline in benzene at reflux temperature. -C(CN)2
The major product (25% yield) has the composition of a CN
1:1 adduct which has lost one molecule of hydrogen N C v^C N  j
cyanide. It  is unlikely that this product arises from C6H5— N |i— CO,CH3 A C6H5— — CO,CH.
addition of benzylideneaniline to a species derived from J-----il *" 1=— I
predissociation of the carbon-carbon bond of the epox- C6H:, \x>2CH3 XOX'H.,
ide. This mechanism has been shown to operate in 21 22
addition of TCNEO to olefins,8 but at an appreciable
rate only above 100°. In this case, nucleophilic attack ,This experiment provides strong evidence for the 
on carbon followed by ring closure and loss of H CN  dipole 20 as an intermediate in the reaction, but it is of 
could only occur with opening of the carbon-carbon interest that the adduct 18 is not formed in the presence
bond of the epoxide ring which would give 18. Opening the added acetylenic dipolarophile. The fragmenta- 
of the carbon-oxygen bond would give rise to a five- don reaction which leads to the intermediate 1,3 dipole
membered ring that could not eliminate HCN. We may be reversible (Scheme I I I ) .  When the acetylenic
cannot, however, rule out a structure (18a) in which ester is present, the dipolar addition reaction is faster 
the ring has opened unsymmetrically by nucleophilic than ring closure. In the absence of the acetylene, ring 
attack on oxygen. However, the longer wavelength closure competes with the additionof benzylideneaniline,

a poorer dipolarophile. Another possible explanation of
C6H5v̂ __ / C 6H5 C6H6v /C6H5 C6H5v __ ^/C6H5 the results could involve addition of dimethyl acety-

\ ^ CN / x ^ C N  lenedicarboxylate to 23 followed by elimination of car-
N C-^X q/ ^ C N  N C ^ \ / °  C6H5Nn / >% cn bonyl cyanide to give 21.

N C T N l N  j
C6H5 Scheme III

18 18a 19 v +
, . „ „  , , c6h5ch= n c 6h5 c6h5c h n c6h5

absorption of the product (Amax 332 mp) favors struc- | j
ture 18 which has the ring oxygen in conjugation with XX /C(CN)2 X v  A'ACS),
the double bond and nitrile group. The alternative NC | O NC | O
structure should have an ultraviolet spectrum similar CN CN
to that of cfs-cinnamonitrile (Amax 273 mp) or 2-phenyl- , 23
1-cyclohexenecarbonitrile (Amax 251 mp ).n Neither of // X
these has a longer wavelength absorption. The second + ceHo\___ / cgH3
p r o d u c t ,  f o u n d  in  o n l y  8 %  y ie ld ,  is  1 ,2 ,3 ,4 - t e t r a p h e n y l -  CO(CN)2 +  C6H5CHNC6H5 (N C )1 ~ J ( C N ) ,  18
5 ,5 - d ic y a n o im id a z o l id in e  (19). T h e  la t t e r  a s s ig n m e n t  I O

"(XCN),
(8) W. J. Linn, J . A m . Chem . Soc.. 87, 3665 (1965).
(9) A referee suggested the hydrolysis experiment.
(10) b . a . Arbuzov, Yu. Yu. Samitov, and l . k . Yieidasheva, iz v . Akad. A  somewhat related reaction is that of TCNEO and

Acad.'ScT ussr, Phyl ^ er^gT fige l])^  translation' see BulL benzophenone azine. The reaction occurs smoothly in
( 1 1 ) w. e . Parham, w. n . Moulton, and a . Zuckerbraun, j .  Org. c h em „  boiling benzene. N itrogen  is evo lved  nearly quantit-a-

2 i, 7 2  (1956). t iv e ly  (91% ), and two crystalline products are formed.
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One was identified as l,l-dicyano-2,2-diphenylethylene Experimental Section
(24) by an independent synthesis from benzophenone
and malononitrile. The other product was believed *nd Aniline- - A f f T u  ° f 1M g,(0702

u  n  ,!• o o j - „  o /oe\ u , ole-) of freshly distilled aniline in 15 ml of ether was cooled in
e ,1 diphenyl ^-dicyanoethylene oxide (25), but an ice bath, and 1.44 g (0.01 mole) of TCN EO  was added all at

attempts to synthesize it by direct oxidation of the ole- once. The reaction mixture was stirred for 1.5 hr, and the
fin were unsuccessful. This was not unexpected because resulting yellow solution was evaporated to leave 2.78 g of light
alkaline epoxidation of 1,1-dicyanoethylenes invariably or,an?e solid' This Product was dissolved in hot benzene and the
D-ives the pnnw nm irlp  12 solution was cooled. The precipitated solid was collected by
gives tne epoxyamiae. filtration. The light-colored product, mp 123-126°, weighed

0.92 g (63% ). The reported melting point of N-(cyanoformyl)-
9. aniline is 123-126°.2 The infrared spectrum of the product was

/  \  identical with that of N-(cyanoformyl)aniline prepared by the
(C6H5)2C = N N = C (C 6H5)2 -I- (NC)2C-----C(CN)2 — »- reaction of carbonyl cyanide and aniline. Attempts to purify

the product by repeated recrystallization led to a gradual lower- 
0  ing of the melting point. Malachowski2 reports neither further

/ \ purification nor analysis of N-(cyanoformyl)aniline, but does
(C H )  C = r ( f ’N'i 4- f r u \ r  r\ . xT report reaction with ammonia to give phenylurea. Our product
(% H 5)2L g (UN)2 +  (CcH5)2C-----C(CN)2 +  N 2 also reacts with „nm onia to give phenylurea, identical with an

24 25 authentic sample.
In another experiment a solution of 1.31 g (0.0141 mole) of

T h is  samp nroduof is nhtninpH from  reaction  n f Hi aniline in 5 ml of tetrahydrofuran was added, all at once, to a
im s  sam e p rod u ct is ^ t e m e d  fro m  reaction  o f d i- cold ( _ 30o) solution of 2.03 g (0.0141 mole) of TC N E O  in 15

phenyidiazomethane and 1 CNEO. One might suspect ml of tetrahydrofuran. The mixture was stirred at -20° for 5
that 25 was formed from diphenyldiazomethane and min and at room temperature for 3 hr. The solvent was re
carbonyl cyanide in this latter reaction. However, it moved at room temperature leaving 3.88 g of a pale yellow semi-
has been shown in this laboratory that carbonyl cyanide ™lld.‘ .. Immedmte chromatography of 1.80 g of this product over

i ir , ,• , , ,, . . , . ,, rlorisil gave 0.12 g of yellow crystals (eluted with benzene-
adds to diphenyldiazomethane giving 26 which is ther- hexane, 3 :2 ) having an infrared spectrum identical with that of
mally stable and does not decompose to 25 and nitrogen carbonyl cyanide anil (see below). The yield was 12%. When
on heating.13 The structure of the product 25 was this reaction was carried out in the presence of yellow mercuric
established by elemental analysis and spectra combined oxide under otherwise identical conditions, the yield of carbonyl

cyanide anil was 15%.
fYV rxn  a. r r  h  r\: Reaction of TCNEO  with Benzaldehyde Phenylhydrazone.—

T  — *■ To a boiling solution of 3.60 g (0.025 mole) of TCN EO  in 50 ml
of benzene was added, over 1.5 hr, a solution of 3.90 g (0.025 

■̂T===iy ^  +  25 mole) of benzaldehyde phenylhydrazone in 50 ml of benzene and
0 - ^ 9 — (C6H5)2 2 20 ml of tetrahydrofuran. The reaction mixture was then

heated at reflux for 1 hr. The cooled mixture was concentrated 
2_ (rotary evaporator) leaving a dark semisolid. Chromatography

on Florisil (elution with benzene-methylene chloride, 3 :1 ) gave 
• ■i ,i i ,■ , , 1.01 g (52% crude yield) of a partially crystalline yellow com-

w d h  the ob serva tion  th a t rea ction  w ith  tn ph en y lph os- pound and L97 g (63% erude yield) of a pale yell0w solid. The
phme gives benzophenone and tnphenylphosphomum former, on crystallization from cyclohexane, gave bright yellow
dicyanomethylide (27). plates of carbonyl cyanide anil: mp 63-64° (sealed tube); ultra

violet spectrum (in cyclohexane), Amax 367 m,u (a 4900), 281 
O (5300), and 235 sh (5600); infrared spectrum (CH Cfi), 2225

/  \ (m ), 1550 (s), 1160 cm -1 (vs).
/p tt \ p 1 /p it \ p ____p /p \ti ___.. Anal. Calcd for C9H 5N 3: C, 69.67; I I ,  3.27; N , 27.08;
(C6H5)3E +  W 6H5}2C C(UN;2 mol wt, 155. Found: C, 69.70; H , 3.43; N , 27.28; mol wt,

160 (boiling point elevation in benzene).
(C H ) CO +  (C H-) PC(CN). The second product was recrystallized from benzene-cyclo-

6 5 2 6 5 3  2 hexane to give pale yellow needles of l-(cyanoformyl)-l-phenyl-
27 2-benzylidenehydrazine: mp 154-154.5°; ultraviolet spectrum

(in cyclohexane), Xma* 289 m/a (« 21,500); infrared spectrum 
The mechanism of formation of 25 in the reaction (K B r), 2240 (w ), 1690 cm " 1 (s). 

of diphenyldiazomethane and TCNEO is unknown. Anal. Calcd for CisHnNsO: C, 72.27; H, 4.95. Found:

Possibly, the active reactant is benzophenone azine ^ t l2'27’ H.’ 4'34' , , , „ ,
, ... ., the reaction was repeated by heating 1.57 g of TCN EO  and

(th e  d ecom position  p rodu ct o f  d ip h en y ld ia zom eth a n e ), 2 00 g of benzaldehyde phenylhydrazone in 8 ml of benzene under
a lth ough  the o le fin  24 w as not a c tu a lly  id en tified  as the reflux for 30 min. The flask was then connected to a cold trap,
o th er rea ction  p roduct. N o  ev iden ce  is at hand th a t and the volatile products were distilled at 0.4-mm pressure,
bears 011 th e  m echan ism  o f the azine reaction , bu t th e  first at ro° m temperature and then at elevated temperature,
seven -m em bered  r in g  28 is a possib le m eth od  o f  com - The distillate was transferred to a volumetric flask and diluted
, . . . . • ii i - . ,, to 10.0 ml with benzene. Gas chromatographic analysis of this
b in in g  th e  fra gm en ts  m  th e  p rop er o rder to  g iv e  th e  solution was carried out using a 30% silicone oil coumn at 150°. 
observed  products. I t  was shown to contain about 130 mg of a mixture of benzonitrile

and benzaldehyde (ratio 4.9:1). A  small amount of this mix-
.___ ___ “  ture was collected and the components were identified by mass

C6H5\ + / W _ W \  / C 6H5 / n ~ n \  ,C 6H5 spectroscopy.
C CL „  H X  Carbonyl Cyanide Anil from Malononitrile and Nitrosoben-

c 6h 5̂ _  p c *  | C A  zene.— A  mixture of 2.3 g of potassium cyanide, 16 ml of ¿-butyl
C CCN C ¿ ^ CN alcohol, 4 ml of water, 20 ml of ether, and 20 ml of benzene

N C ^  I I NCX^ o ^ C N  was cooled t o —5°, and a solution of 3.1 g (0.047 mole) of malono-
CN CN nitrile and 5.0 g (0.047 mole) of nitrosobenzene in 15 ml of

J  benzene and 15 ml of ether was added. The temperature was 
28 kept below —5° during the addition, which took 15 min. Stir-

_____________  ring at —5° was then continued for 5 min, and a 15% aqueous
(12) G. B. Payne, j .  Org. Chem-, 26, 662 (1961). sodium chloride solution (100 ml) was added. The layers were
(13) We are indebted to Dr. E. L. Martin for this experiment. separated, and the aqueous phase was extracted with 15 ml of
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ether followed by 15 ml of benzene. The combined organic 2-Chlorotetracyanoethyl Acetate.— A  suspension of 2.88 g
phases were washed with water, 10% potassium carbonate solu- (0.02 mole) of TCN EO  in 15 ml of acetyl chloride was cooled in
tion, and concentrated sodium chloride solution and dried over an ice bath and stirred. One drop of pyridine was added. After
M gS04. Removal of the solvents left 4.84 g of a dark liquid approximately 5 min all the TC N E O  had gone into solution,
which was chromatographed on 130 g of Florisil. The first The pale yellow reaction mixture was allowed to stand in the
600 ml of ra-hexane-benzene (4 :1 ) eluted 1.79 g of carbonyl ice bath for 1 hr and then poured onto cracked ice to hydrolyze
cyanide anil containing 3%  nitrosobenzene as shown by gas the excess acid chloride. The solid was collected by filtration,
chromatography on a 30% silicone grease column at 155°. An air dried, and recrystallized from carbon tetrachloride to give
additional 0.41 g of an 80:20 mixture of the anil and nitroso- 2.03 g of tan needles, mp 85.5-90°. Repeated recrystalliza-
benzene was eluted with the next 300 ml of the same solvent tion gave an analytical sample, mp 90-91°. 
mixture. The total yield of the anil in both fractions was 2.07 Anal. Calcd for CsH 3C1N 402: C, 43.16; H , 1.81; Cl, 15.93. 
g (29% ). Crystallization of the first fraction from cyclohexane Found: C, 43.48; H, 1.58; Cl, 15.68.
gave 1.29 g of the pure anil, mp 63-64°. Another 0.44 g was The proton resonance spectrum in CD 3CI shows only a single
obtained from the mother liquor and second fraction. The peak at r  7.54.
total weight of purified product was 1.73 g (24% ). The product S-Thiouroniodicyanomethacide (8).— A  solution of 5.79 g
was identical with the carbonyl cyanide anil obtained from aniline (0.0402 mole) of TCN EO  in 50 ml of ethanol was cooled to
and TC N E O  and from benzaldehyde phenylhydrazone and —10°; thiourea (3.05 g, 0.0402 mole) was added, with stirring,
TC N E O  as shown by comparison of the infrared spectra and by the temperature being kept below —5°. The resulting faintly
mixture melting point determinations. yellow solution was concentrated to dryness (rotary evaporator)

l-Cyanoformyl-l-phenyl-2-benzylidenehydrazine from Benzal- and the residue was dried under high vacuum. The yield of
dehyde Phenylhydrazone and Carbonyl Cyanide.— To a vigor- crude S-thiouroniodicyanomethanide was 5.51 g (98% ). The
ously stirred solution of 8.50 g (0.043 mole) of benzaldehyde infrared spectrum was identical with that of an authentic sample.6
phenylhydrazone in 25 ml of glacial acetic acid, 25 ml of ben- 2-Amino-l,l-dicyanopropene (9).— To a cold stirred solution
zene, and 40 ml of tetrahydrofuran was added, over 15 min, a of 1.91 g (0.0133 mole) of TCN EO  in 15 ml of ethanol was added,
solution of 3.68 g (0.046 mole) of carbonyl cyanide in 20 ml of over a period of 20 min, 1.00 g (0.0133 mole) of thioacetamide.
benzene. The temperature was kept below —3° during the The temperature was kept below 0°; after ca. 10 min, a yellow
addition. The yellow solution was then stirred at 0° for 20 precipitate formed. The mixture was stirred at 0° for another
min; the solvent was removed and the residue was dried under 10 min and then filtered to give 0.83 g of a yellow solid, and from
high vacuum over solid potassium hydroxide. Crystallization the filtrate, 0.88 g of an ill-smelling semisolid. Both products
from 250 ml of ethanol gave 8.93 g (83% ) of l-(cyanoform yI)-l- had similar infrared spectra. A  small sample of the solid was 
phenyl-2-benzylidenehydrazine, mp 153-154°, identical with heated in ethanol and the solution was decanted from the rubber-
the product obtained from TC N E O  and benzaldehyde phenyl- like insoluble material (presumably sulfur). On cooling, 2-
hydrazone (see above). amino-1,1-dicyanopropene deposited as colorless needles. Its

Anal. Calcd for C15H 11N 3O: C, 72.27; H, 4.45; N , 16.86; infrared spectrum was identical with an authentic sample pre-
mol wt, 249. Found: C, 72.33; H, 4.49; N , 16.71; mol wt, pared by Middleton .6
267. 4-Amino-5-cyano-3-phenyl-2-phenylimino-2,3-dihydrothia-

Bis(p-dimethylaminophenyl)dicyanomethane from TCNEO zole ( 10).— To a stirred solution of 3.00 g (0.0208 mole) of TC N E O
and Dimethylaniline.— A  solution of 2.53 g (0.021 mole) of in 50 ml of ethanol was added, over 20 min, 4.75 g (0.0208 mole)
dimethylaniline in 5 ml of glacial acetic acid was cooled in an ice of finely powdered N,N'-diphenylthiourea. The temperature
bath. To this solution 1.00 g (0.007 mole) of TCN EO  was added was kept below 30° during the addition. The mixture was
in small portions. The reaction mixture first turned light green, stirred at room temperature for 1 hr, and the yellow precipitate
then a very dark green, and finally reddish brown. After a was collected by filtration. The yield of 4-amino-5-cyano-3-
short time a yellow solid began to precipitate. After 1 hr this phenyl-2-phenylimino-2,3-dihydrothiazole was 4.57 g (75% ).
yellow solid was collected by filtration and dried to give 0.45 g of Its infrared spectrum was identical with that of a sample pre
crude product. In a similar preparation which had been allowed pared by M iddleton .6
to stand for only 10 min, the crude product weighed 0.23 g. Reaction of TCNEO with Thiobenzophenone in Benzene at
These two solids were combined, boiled with ethanol, and filtered. 80°.— The reaction was carried out in a 100-ml three-necked
The insoluble portion, 0.37 g, was recrystallized from n-butyl flask fitted with pressure-equalizing dropping funnel and a 15-cm
alcohol to give light yellow crystals of bis(p-dimethyIamino- Vigreux column set up for distillation. To a boiling solution of
phenyl)dicyanomethane, mp 195-196°. This material was 3.50 g (0.0243 mole) of TCN E O  in 50 ml of benzene was added
identified by comparison of its infrared spectrum with that of an with stirring, over 10 min, a solution of 4.30 g (0.0218 mole)
authentic sample.3 of thiobenzophenone in 50 ml of benzene. Nitrogen was passed

Bis(p-dimethylaminophenyl)dicyanomethane from Carbonyl through the reaction mixture, and solvent was distilled eon-
Cyanide and Dimethylaniline.— The addition of N,N-dimethyl- tinuously during and for about 15 min after the addition. A  total
aniline to a solution of carbonyl cyanide in acetic acid results in a of 60 ml of a yellow distillate was collected. The reaction mixture
strongly exothermic reaction and the production of deep yellow was concentrated to dryness (rotary evaporator), the distillate
solutions from which greenish yellow crystals separate. Re- being caught in a solid carbon dioxide-acetone trap. The two
crystallization of the crystals does not remove the color but pas- distillates were combined and diluted to 100 ml with benzene,
sage of a methylene chloride solution of the compound over Analysis by gas chromatography (30% Triton X-305 on 60-80-
neutral alumina removes a small amount of an intensely yellow mesh acid-washed Firebrick at 52°) showed this solution to
impurity. Colorless crystals, mp 192-193°, can be obtained contain ca. 0.2 g ( 10% ) of carbonyl cyanide (identification by
from the colorless solution obtained by chromatography.14 retention time only). The brown semisolid residue, on chroma-

Anal. Calcd for C19H 20N 4: C, 74.97; H, 6.62; N , 18.41. tography over Florisil, gave 3.40 g (68%  yield) of 1 ,1-dicyano-
Found: C, 74.93; H, 6.71; N , 18.35. 2,2-diphenylethylene (elution with benzene), the infrared

Tetracyanoethylene Glycol Diacetate.— To a solution of 2.88 spectrum of which was identical with that of an authentic sample
g (0.02 mole) of TC N EO  and 10 ml of acetic anhydride was (see below). A  small amount (0.21 g ) of 3,3,5,5-tetraphenyl-
added two small drops of pyridine in 1.0 ml of glacial acetic 1,2,4-trithiolane was also obtained (see below),
acid. A  precipitate began to form after approximately 15 min. Reaction of TCNEO with Thiobenzophenone in Acetonitrile
The reaction mixture was stirred overnight at room temperature at Room Temperature.— A  solution of 2.95 g (0.0149 mole) of
and then filtered. The solid was washed with water and air thiobenzophenone and 2.50 g (0.0173 mole) of TC N E O  in 30 ml
dried to give 3.52 g of crude product which was recrystallized of purified acetonitrile was stirred at room temperature under
from ethylene dichloride to give 3.24 g (66% ) of colorless crystals nitrogen for 24 hr. The yellow precipitate which had formed
of tetracyanoethylene glycol diacetate, mp 194.5-195°. in the dark green solution was collected by filtration. The yield

Anal. Calcd for CioIRNiCb: C, 48.78; H , 2.45; N , 22.76. of crude 3,3,5,5-tetraphenyl-l,2,4-trithiolane so obtained was
Found: 48.94; H , 2.57; N , 23.15. 1.08 g (51% ). I t  was purified by chromatography over Florisil

The proton magnetic resonance spectrum in deuterioacetone (elution with benzene-methylene chloride, 7 :3 ) and crystalliza-
shows only a single peak at r  7.38. tion from methylene chloride-petroleum ether (30-60°) to give
-----------------  colorless crystals, mp 122-124° dec, l it .7 mp 124°.

(14) We are indebted to Dr. E. L. Martin for this experiment. Mai- Anal. Calcd for C26H 20S3: C, 72.85; H , 4.71; S, 22.44.
achowski3 reports that this product melts at 192-193°. Found: C, 72.72; H, 4.62; S, 22.45.
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The filtrate was concentrated to dryness (rotary evaporator) and the residual solid was dried on a porous plate. The dried
and part of the residue was chromatographed over Florisil, residue was sublimed at 80-90° (0.1 mm) until sublimation
yielding 165 mg (extrapolated yield: 48% ) of l,l-dicyano-2,2- ceased. This first fraction was mainly recovered TCN EO  as
diphenylethylene, identified by its infrared spectrum (see below). indicated by the infrared spectrum. However, some of the
TCNEO  was recovered in 54% yield by sublimation of the other desired adduct was present. The sublimation was continued
part of the residue. at 110°. The second fraction contained essentially no TCNEO .

A  similar run, using ethanol instead of acetonitrile as the sol- This product was recrystallized once from 2-propanol to give
vent, gave l,l-dicyano-2,2-diphenylethylene in 47% yield and 0.62 g of brown needles which were sublimed at 190° (0.1 mm)
3,3,5,5-tetraphenyl-l,2,4-trithiolane in 53% yield; the latter to give 0.53 g ( 10% ) of colorless crystals, mp 140-142°. Further
had to be isolated by chromatography; it did not precipitate recrystallization from 2-propanol raised the melting point to
from the ethanol solution. 141-142°.

1.1- Dicyano-2,2-diphenylethylene.— Dry ammonia was passed Anal. Calcd for CisHeN402: C, 62.40; H, 2.42; N , 22.39;
into a solution of 54 g of benzophenone (0.31 mole) and 20 g of mol wt, 250. Found: C, 62.15; H, 2.48; N , 22.11; mol wt, 
malononitrile (0.30 mole) in 180 ml of anhydrous ethanol for 238-240.
1 hr. The mixture was left standing at room temperature for Acid Hydrolysis of Benzaldehyde-TCNEO Adduct.— A  sus-
4 days, but no l,l-dicyano-2,2-diphenylethylene crystallized pension of 0.101 g of the 1:1 adduct of TC N E O  and benzaldehyde
as claimed by previous workers.15 The solution was poured in 5 ml of 5 %  hydrochloric acid was warmed overnight on a steam
into 400 ml of water and the mixture was extracted with three bath in a nitrogen atmosphere. The solid disappeared and was
150-ml portions of benzene; the combined extracts were washed replaced by small drops of oil immiscible in the aqueous phase,
with 10% potassium hydroxide solution, water, and concentrated The mixture smelled strongly of benzaldehyde. The reaction
sodium chloride solution, and dried over magnesium sulfate. mixture was extracted with methylene chloride and the extract
Removal of the solvent left 62 g of a pale yellow liquid to which was dried with Drierite. Gas chromatography of the extract
50 ml of ethanol was added. After standing at room tempera- on a 6 ft  X 0.25 in. column of XE-60 on Gas Chrom R A  at 145°
ture for 20 hr, the colorless crystals of l,l-dicyano-2,2-diphenyl- and a helium flow of 100 ml/min showed, besides the methylene
ethylene, mp 140-141.5° (lit .15 mp 136°), were collected by chloride peak, a component eluting at 4.4 min. An authentic
filtration. A  further crop was obtained by adding 50 ml of sample of benzaldehyde in methylene chloride also eluted at 4.4
petroleum ether (30-60°) to the mother liquor and keeping the min. Removal of the solvent with a rotary evaporator left a
mixture in a cold room for 20 hr; total yield: 8.91 g (12% ). An small residue which was dissolved in 6 ml of 50% aqueous ethanol,
analytical sample, mp 141-142°, was obtained by two crystal- The solution was heated to boiling for 0.5 min after the addition
lizations from ethanol; ultraviolet spectrum (in cyclohexane), of two drops of phenylhydrazine. Cooling the solution caused 
Xma, 315 m/x (« 15,800), 275 sh (10,500), and 228 (10,400). the precipitation of pale yellow needles which weighed 0.050 g

Anal. Calcd for C:6H ioN 2: C, 83.46; H, 4.38; N , 12.17. (63% ) and melted at 153-155°. Recrystallization from 50%
Found: C, 83.97; H, 4.46; N , 12.09. aqueous ethanol raised the melting point to 155-156.5°. An

1.1- D icyan o -2 ,2 -b is (4 -d im eth y lam in oph en y l)e th y len e  (15).—  authentic sample of benzaldehyde phenylhydrazone had the
A  mixture of 10.0 g (0.035 mole) of 4,4 '-bis(dimethylamino)- same melting point and the infrared spectra of the two samples
thiobenzophenone, 10.6 g of malononitrile, 5.0 g (0.036 mole) were identical.
of anhydrous potassium carbonate, and 100 ml of zi-propyl Reaction of TC N E O  and Benzylideneaniline. The reaction
alcohol was stirred under reflux for 1 hr. The reaction mixture was carried out in a 500-ml, three-necked flask fitted with gas- 
was cooled with ice, 100 ml of water was added, and the pre- inlet tube, two 125-ml dropping funnels, and a 20-cm Vigreux
cipitate was collected by filtration, washed with cold water and column connected to a 1000-ml receiving flask, the contents of
methanol, and dried. The l,l-dicyano-2,2-bis(4-dimethyl- which (45 g of dimethylaniline in 100 ml of glacial acetic acid)
aminophenyl)ethylene so obtained (10.80 g, 97%) had mp 254- was cooled with ice and stirred. To 500 ml of boiling benzene in
257°; it was 97%  pure as indicated by its ultraviolet spectrum. the three-necked flask were added separately and with stirring,
Recrystallization from glacial acetic acid (40 ml/g) gave purple solutions of 25.5 g (0.18 mole) of TC N E O  in 75 ml of tetrahydro-
crystals of the pure product, mp 259-260°, in 82% yield (over- furan and of 46.5 g (0.26 mole) of benzylideneaniline (Eastman
all); ultraviolet spectrum (in acetonitrile), Xmax 430 m/i (e 48,550), White Label, mp 53-54°) in 200 ml of benzene. Nitrogen was
320 (4000), 310 (3700), 265 (22,900). passed through the reaction mixture, and solvent was distilled

Anal. Calcd for c I0H 2„H4: ’ C, 75.92; H, 6.37; N , 17.71. out continuously. Addition of the two solutions was complete
Found: C, 75.85; H. 6.42; N , 17.68. after 50 min. Benzene (100 m l) was added and solvent distilla-

Reaction’of TCNEO  with 4 ,4 '-Bis(dimethylamino)thiobenzo- tion was continued for 25 min, when the volume of the dark green 
phenone.— A  solution of 0.92 g (0.0064 mole) of TCNEO  in 5 reaction mixture was ca. 200 ml. I t  was cooled with ice and the
ml of tetrahydrofuran and 10 ml of ethanol was cooled to around yellow precipitate was collected by filtration. I t  weighed 13.3
-5 0 ° ,  and a solution of 1.53 g (0.0054 mole) of 4,4'-bis(dimethyl- g (25% ). Crystallization from 85 ml of acetonitrile gave 9.05
amino)thiobenzophenone in 30 ml of chloroform was added with g of yellow needles of 2,2,4-tricyano-l,5-diphenyl-A4-oxazoline
vigorous stirring over 25 min. The red color of the thioketone (18), mp 232.5-234° (sealed tube). Further reerystallization
changed to green immediately. The mixture was allowed to did not increase the melting point. The infrared spectrum
warm to room temperature (1 hr); it was then stirred at room (K B r) showed bands at 2230, 1685, and 955 cm *; ultraviolet
temperature for 30 min. The solvents were removed leaving spectrum (in acetonitrile), 252 m/j (« 21,600) and 332 (6500);
1.95 g of a brown semisolid. A  small amount (46 mg) of this nmr spectrum, two peaks (each split at least into a doublet) at
solid was dissolved in 50 ml of acetonitrile; the insoluble portion r 2.29 and 2.50 (ratio of areas 1:1).
(3.7 mg of a rubber-like material) contained 88.8%  sulfur as Anal. Calcd for C i8H i0N 4O: C, 72.47; H, 3.38; N , 18.78;
shown by microanalysis; total yield of elemental sulfur: 140 mol wt, 298. Found: C, 72.62; H , 3.30; N , 18.79; mol wt,
mg (81% ). The acetonitrile solution had an ultraviolet spectrum 319 (ebullioscopically in benzene).
identical with that of l,l-dicyano-2,2-bis(4-dimethylamino- The mother liquor was concentrated, using a rotary evaporator,
phenyl)ethylene: the k value of the 430-m,x band was 120, in- and to the residue (56.78 g of a black oil) was added, with stirring
dicating that the product contained 1.52 g (89% yield) of the with a glass rod, 200 ml of boiling ethanol. The cooled mixture
ethylene derivative. Recrystallization of 1.31 g of the crude was filtered to give 21.16 g of a light tan solid which was chro-
product from 40 ml of glacial acetic acid gave 0.90 g (79% ) of matographed on 300 g of Florisil. A  pale yellow solid (8.47 g )
1 l-dicyano-2,2-bis(4-dimethylaminophenyl)ethylene as purple was eluted with benzene. I t  was crystallized from acetonitrile,
crystals, mp 256-258°. The infrared spectrum was identical giving 6.48 g (8.5% yield) of l , 2,3 ,4-tetraphenyl-5 ,5-imidaz-
with that of an authentic sample prepared as described in the olidinedicarbonitrile (19) as almost colorless plates, mp 209-211
preceding experiment. (sealed tube). The analytical sample melted at 210-211 ;

4 4 5 5 -Tetracyano-2 -pheny l-1,3 -d ioxo lan e (17).— A reaction ultraviolet spectrum (in acetonitrile), Xmax 237 mM (<= 19,300) and
vessel containing 3.00 g (0.0208 mole) of TCN EO  in 25 ml of 287 sh (1900); infrared spectrum, weak C N  band at 2240 cm 1
freshly distilled benzaldehyde was alternately evacuated and (in K B r); nmr spectrum (in acetonitrile), singlets at r 3 92
flushed with nitrogen. I t  was heated at 100-110° for 18 hr. and 3.34 (area - 1  each) and a very complex spectrum from 2.4
Most of the benzaldehyde was evaporated at reduced pressure, to 3.2 (area ~2 0 ). . ,

Anal. Calcd for C29H 22N 4: C, 81.66; H, 5.20; JNI, 13.14, 
---------------- - mol wt, 426. Found: C, 81.89; H, 5.29; N , 13.17; mol wt,

(15) R. Schenek and H. Finken, Ann. Chem., 462, 27 (1928). 451 (ebullioscopically in benzene).
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The contents of the receiving flask (containing the reaction (45 g). In the first 200 ml of benzene, 0.40 g (17%) of 1 ,1-
product of dimethylaniline with carbonyl cyanide) were con- dicyano-2,2-diphenylethylene oxide was eluted. Two recrystal-
centrated to dryness using a rotary evaporator. The residual lizations from benzene gave an analytical sample: mp 166-167°;
yellow crystals were heated with 30 ml of ethanol and collected ultraviolet spectrum (in cyclohexane), Xmax 269 nr/i (e 685), 262
by filtration to give 5.73 g (11% ) of bis(p-dimethylaminophenyl)- (850), 258 (750), 256 (755), 226 (11,900); infrared spectrum
dicyanomethane identified by comparison of its infrared spectrum (K B r), 2245, 1590, 1500, 1240, 1230, 1225, 910, and 885 cm“ 1,
with that of an authentic sample (see above). Anal. Calcd for C i6H !0N 2O: C, 78.03; H, 4.10; N , 11.38;

Reaction of TCNEO  with Benzylideneaniline and Dimethyl mol wt, 246. Found: C, 78.13; H, 4.12; N , 11.28; mol wt, 
Acetylenedicarboxylate.— The apparatus used was a 100-ml, 261.
three-necked flask fitted with magnetic stirrer, gas-inlet tube, An unstable yellow oil was obtained by further elution with
100-ml dropping funnel, and a 15-cm glass spiral column set for benzene and benzene-methylene chloride,
distillation. To a stirred boiling solution of 3.24 g (0.0225 mole) Reaction of l,l-Dicyano-2,2-diphenylethylene Oxide (25) 
of TCN EO  and 6.40 g (0.045 mole) of dimethyl acetylenediear- with Triphenylphosphine.— A  mixture of 0.22 g (0.00093 mole)
boxylate in 50 ml of benzene was added, over 70 min, a solution of l,l-dicyano-2,2-diphenylethylene oxide, 0.44 g (0.0015 mole)
of 4.10 g (0.0225 mole) of benzylideneaniline in 50 ml of benzene. of triphenylphosphine, and 3 ml of 1,2-dichloroethane was heated
Nitrogen was passed through the reaction mixture, and solvent under reflux for 1 hr. Removal of the solvent (rotary evaporator)
was distilled into a receiving flask (containing 8 g of dimethyl- gave a dark oil, which was dissolved in 2 ml of hot benzene,
aniline in 15 ml of glacial acetic acid) at about the same rate as Addition of 2 ml of hot cyclohexane and cooling gave 0.20 g of
benzylideneaniline solution was added. Thirty milliliters of triphenylphosphonium dicyanomethylide.16 The mother liquor
benzene was then added, and distillation of solvent was continued was concentrated to dryness and the residue was chromato-
for 30 min. The reaction mixture, on cooling with ice, deposited graphed over Florisil. Triphenylphosphine (0.19 g ) was eluted
4.67 g of light tan crystals of dimethyl 2,2-dicyano-l,5-diphenyl- with the first 36 ml of benzene-n-hexane (1 :1). Another 60
A3-3,4-pyrrolinedicarboxylate (21), mp 174-176° dec. From the ml of the same solvent mixture eluted 0.15 g (92% yield) of
filtrate, on evaporation to dryness and chromatography on benzophenone, identified by its infrared spectrum. A  small
Florisil, an additional 0.73 g of the diester was obtained. The quantity (ca. 0.03 g ) of triphenylphosphonium dicyanomethylide
analytical sample, prepared by two recrystallizations from ben- (27) was eluted with methylene chloride-tetrahydrofuran (4 :1).
zene, melted at 175° dec; ultraviolet spectrum (in acetonitrile), The total yield of 27 was 0.23 g (79%).
Xmax 230 m ĵ (e 16,000), shoulders at 265 (2800) and 272 (2500); Reaction of TC N E O  with Benzophenone Azine.— The reac- 
infrared spectrum (K B r), 2240 (w ), 1750, 1730 (s) cm“ 1. tion was carried out in a 100-ml three-necked flask fitted with a

Anal. Calcd for C22H 17N 30 4: C, 68.2 1 ; H, 4.43; N , 10.85; pressure-equalizing dropping funnel and a reflux condenser, the
mol wt, 387. Found: C, 68.48; H, 4.56; N , 10.71; mol wt, top of which was attached, through a drying tube, to a 100-ml
429. gas buret. To a boiling solution of 1.68 g (0.0117 mole) of

The yield of bis(p-dimethylaminophenyl)dicyanomethane, TCNEO  in 15 ml of benzene was added, over 8 min, a solution
isolated from the contents of the receiving flask as described for of 1.40 g (0.00389 mole) of benzophenone azine in 20 ml of
the reaction of TCN E O  with benzylideneaniline, was 1.60 g benzene, and the mixture was then heated under reflux until gas
(23%)- evolution ceased (3 hr). A  total of 86 ml (at 24°, 91% of the

No 19 was obtained in the chromatography, nor was any 18 theoretical amount) of nitrogen was evolved. The solvent was
isolated by sublimation of a small sample of the evaporated removed (rotary evaporator), leaving 2.99 g of a tan solid,
filtrate (before chromatography) at 180° and 0.3 mm. Chromatography over Florisil gave 0.73 g (76% ) of 1,1-dicyano-

Thermal Decomposition of 21.— A  sample of 0.61 g of the 2,2-diphenylethylene oxide (eluted with benzene-hexane, 2 :3) and
pyrroline 21 in a 10-ml flask was evacuated to 120 Torr and 0.79 g (88% ) of l,l-dicyano-2,2-diphenylethylene (eluted with
slowly heated in an oil bath. Smooth evolution of hydrogen benzene). The two products were identified by comparison of
cyanide started at 171° (bath temperature). After 20 min a their infrared spectra with those of samples prepared previously
temperature of 185° had been reached and no gas was being (see above). 1
evolved. On cooling, 0.53 g of a colorless solid was obtained.
This was recrystallized from 4 ml of benzene-cyclohexane (3:1) Registry No.— TCNEO, 3189-43-3' 2, 19769-98-3' 
to give 0.40 g (71%) of dimethyl l,2-diphenyl-5-cyano-3,4- 3  iq 7 Aq_qq_4 . a iq77n’.nn-4' 7 10770 01 5- 1 4 ’
pyrroledicarboxylate (22): mp 151-152°; ultraviolet spectrum 1226 40 0 15 10770 09 6 ’ 1 7 ’ 10770 00 7 i s ’
(in acetonitrile); Xmax 285 mM (e 10,000), 235 (22,000); infrared 4226 40 b, 15, 19770 IL -6 , 17, 19770 03-7, 18,
spectrum (KBr), 2240, 1740, and 1725 cm“1. 19770-04-8; 19, 19769-85-8; 21, 19769-86-9; 22,

Anal. Calcd for C a H ^ C h : C, 69.99; H, 4.48; N, 7.77; 19769-87-0; 25, 19769-88-1; aniline, 62-53-3; benz-
mol wt, 360. Found: C, 70.56; H, 4.43; N, 7.86; mol wt aldehyde phenylhydrazone, 588-64-7; acetic anhydride, 6

6Reaction31 of“  TCNEO ' with Diphenyldiazomethane.-To a \  aC6,ty l  ch} ° f ld e ’ 75-36-5; thiobenzophenone,
Stirred boiling solution of 1.35 g (0.0094 mole) of TC N E O  in 1,450-31-3; benzylideneaniline, 538-51-2; diphenyl-
40 ml of benzene was added, over 30 min, a solution of 1.81 g diazomethane, 883-40-9; benzophenone azine, 983-
(0.0093 mole) of diphenyldiazomethane in 30 ml of benzene. 79-9.
The mixture was then heated under reflux for 10 min. A  total
of 200 ml (88% ) of nitrogen was evolved. In a second experi- Acknowledgment.— We are indebted to Dr. It. E.
ment, solvent was distilled continuously during the addition; Benson for many helpful discussions in connection
no carbonyl cyanide was detected m the distillate. The solvent , w ork
was removed at reduced pressure to give 3.19 g of a dark semi- v'
solid, part of which (1 .66 g) was chromatographed over Florisil (16) L. Hoerner and H. Oediger, Chem., Ber., 9 1 , 437 ( 1958).

2152 L inn  and Ciganek The Journal of Organic Chemistry



Purine N-Oxides. XXV. 3-N-Oxides of Adenine and Hypoxanthine1
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The 3-N-oxides of adenine, hypoxanthine, and 6-methoxypurine are synthesized by displacements of the 
sulfonyl group of 6-sulfonylpurine 3-oxides. The latter is obtained from 6-mercaptopurine 3-oxide, as are the 
corresponding sulfinyl-, methylsulfonyl-, and disulfide derivatives. An oxidation product of 6-methoxypurine 
is shown to be the 3-N-oxide.

Adenine 1-oxide, 2’ 3 and what is now known to be SCH3 S02 CH3 NH2

guanine 3-oxide, 4-6 each obtained by direct oxidation, 1̂ M H2 0 2 1 T
and 3-hydroxyxanthine prepared from the latter, have tc jr' 'N AcOH 
been shown5'7,8 to be chemical oncogens. 9 The iso- TFA
meric 1-hydroxyxanthine, obtained by chemical mod- J H | H  ̂ H
ification of adenine 1 -oxide, 10 is a far weaker oncogenic 0  0  0

agent8 than 3-hydroxyxanthine; that pair of isomers -
offered the first major indication of considerable f  ■ 2  ^ z / ' 3
structural specificity with respect to oncogenicity. CH3I /

A  variety of purine N-oxides must be evaluated /
before a correlation can be established between struc- SH S03H 0
ture and oncogenicity. Most will be obtainable only Coned JJ. m

by total synthesis since direct oxidation fails to intro- ^  |T MnO*, ^  |f H 2  S 0 4 |T^>
duce oxygen into positions where it is desired. We OH"""*
n o w  r e p o r t  t o t a l  s y n t h e s e s  o f  a d e n in e  3 -o x id e , (3) a n d   ̂ H 4 H 4 H
h y p o x a n t h in e  3 - o x id e  (6 ). 0  0  0

O x id a t io n  o f  7 - a m in o th ia z o lo [ 5 ,4 - d ] p y r im id in e  t o  i t s  6 - 4  5  6
o x id e , a n d  r e a r r a n g e m e n t ,  h a d  p r o v id e d  a  s y n t h e s is 11’ 12 j  \ I 2 , \  NaOCH3l*
o f  6 - m e r c a p to p u r in e  3 - o x id e  ( 4 ) .  A  s e r ie s  o f  o x id a t io n  \ dH6.1 \DMS0 OH
p r o d u c t s  o f  4 , t h e  s u lf in a te  7, s u lfo n a t e  5 , a n d  d is u lf id e

8, a n d  t h e  m e t h y ls u l f o n y l  2 f r o m  i t s  S - m e t h y l  d e r iv a -  S02H F  S— ~ 0CH3

t i v e  1 w e r e  p r e p a r e d  (S c h e m e  I )  fo r  s t u d ie s  o f  t h e  e a s e  1 JL __1

o f  d is p la c e m e n t  o f  t h e  6 s u b s t i t u e n t s .  T h e  m e th o d s  N ^ | j  ^

w e r e  a n a lo g o u s  t o  th o s e  u s e d  fo r  t h e  c o r r e s p o n d in g  d e -

r i v a t i v e s  f r o m  6 - m e r c a p t o p u r in e ;13 th e r e  w a s  n o  u n d u e  | H 4 H 4 H
in flu e n c e  o f  t h e  3 - N - o x id e  f u n c t io n  o n  t h e  o x id a t io n  o f  Q 0  0

t h e  6 s u b s t i t u e n t s .  _  _ l2  g
T h e  m e t h y lm e r c a p t o  g r o u p  o f  6 - m e th y lm e r c a p to -  ' 0

p u r in e s  c a n  b e  r e a d i ly  d is p la c e d  b y  a m in e s .14 A t 

t e m p t e d  d is p la c e m e n t  o f  t h e  m e t h y lm e r c a p t o  g r o u p  o f  t r e a t m e n t  o f  6 - c h lo r o p u r in e  3 - o x id e 16 a ls o  r e s u lte d  in

6 - m e th y lm e r c a p to p u r in e  3 - o x id e  ( 1 )  w i t h  l iq u id  a m - d e o x y g e n a t io n  a s  w e l l  a s  d is p la c e m e n t  o f  t h e  c h lo r o
m o n ia  a t  r o o m  te m p e r a t u r e  o r  in  e th a n o lic  a m m o n ia  g r o u p .

a t  e le v a t e d  te m p e r a t u r e s  p r o d u c e d  a d e n in e . S im ila r  S u c c e s s fu l  d is p la c e m e n t  w i t h  r e te n t io n  o f  t h e  N -

o x id e  f u n c t io n  w a s  a c c o m p lis h e d , o n  a  p r e p a r a t iv e

(1) This investigation was supported in part by funds from the National SCale, b y  t h e  r e a c t io n  o f  t h e  p o t a s s iu m  S a lt o f  p u r in e -
Caneer Institute (Grant No. CA 08748) and from the Atomic Energy 6 -S u lfo n a te  3 -O xid e  ( 5 )  w it h  C o n c e n tr a te d  aqUeOUS a m -
Commission (Contract No. AT(30-1)-910). m o n ia  a t  100° fo r  18 h r. T h e  a d e n in e  3 - o x id e  (3) w a s

(2) M. A. Stevens, D. I. Magrath, H. W. Smith, and G. B. Brown, . , “  . , , , ., , , . . .
J. Amer. chem. soc., so, 2755 (1958). is o la te d  e i th e r  a s  t h e  h e m ih y d r a t e  o r  a s  a  c o m p le x  w it h

(3) M. A. Stevens and G. B. Brown, ibid., 80, 2759 (1958). ^ m o le  o f  a m m o n iu m  S u lfa te .

(5 ) g  ^ 0BrOTXdKG sugiura,'andJ R° m . Cressweii, CanLr Res., 2 », 9 8 6  P u r in e - 6 - s u lfo n a te  3 -o x id e , l ik e  p u r in e - 6 - s u lfo n a te ,  is
(1 9 6 5 ). a lk a l i  s t a b le  a n d  a c id  la b ile . A l t h o u g h  p u r m e -6 -

(6) t . j. Delia and g. b. Brown, j . Org. chem., 3i, 178 (1966). sulfonate is readily h y d r o l y z e d  to hypoxanthine by
(7) K. Sugiura and G. B. Brown, Cancer Res., 27, 925 (1967). • i i i  l i i ,i_i
(8) M. Teller, K. Sugiura, J. C. Parham, and G. B. Brown, Proc. Am. h y d r o c h lo r i c  B-Cld, IlO  a n a lo g o u s  p r o d u c t  C O llld  b e

Assoc. Cancer Res., 9 , 70  (1968). is o la t e d  f r o m  t h e  h y d r o ly s is  o f  p u r in e - 6 - s u lfo n a te  3-
(9) The more common term "chemical carcinogen”  should logically be Q x^ e  ( 5 1  u n d e r  s im i la r  C o n d it io n s .  H o w e v e r ,  w h e n

restricted to agents that induce carcinomas. Oncogenic is an inclusive term , i r  - j  • j -  ,
for agents that induce any form of neoplasia. 5  w a s  d is s o lv e d  in  c o n c e n t r a t e d  s i i l lu r ic  a c id j  im m e d ia t e

(10) J. C. Parham, J. Fissekis, and G. B. Brown, J. Org. Chem., 32, 1151 e v o lu t io n  o f  S u lfu r  d io x id e  OCCUITed, a n d  a  s in g le

( 1 (l7l))' G. Levin and G. B. Brown, J. Med. Chem., 6, 825 (1963). p r o d u c t  COUld b e  is o la te d . I t  W a s  h y p o x a n t h in e  3-
(12) G. b . Brown, G. Levin, s. Murphy, a. Seie, h. c. Reiiiy, G. s. oxide (6) which is stable in the solid state and in alkaline

Tarnowski, F. A. Schmid, M. N. Teller, and C. c - Stock, ibid., 8, 190 (1965). solution, b u t  Somewhat Unstable in aqUeOUS a c i d .4
(13) I. L. Doerr, I. Wempen, D. A. Clarke, and J. J. Fox, J. Org. Chem., w ’

26, 3401 (1961).
(14) D. J. Brown, P. W . Ford, and K. M. Tratt, J. Chem. Soc., C, 1445 ( 15) A Giner-Sorolla, C. Gryte, A. Bendich, and G. B. Brown, J. Org.

(1967). Chem., 34, 2157 (1969), following paper.
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T a b l e  I

C h e m ic a l  Sh if t s  ( t )

6-X C H 3 H-2 H -8
.-------------------- x  —----------—  ,---------------------X ---------------------. ,---------------------x ----------------— -

Protons S SO SO2 S SO SO, S SO SO2

Purine 6-X CH 3“ 'c 7.29 6.88 6.43 1.23 0.95 0.81 1.52 1.25 1.05
Purine 3-oxide

6-X C H 3« 7.30 6.58 1.12 0.81 1.52 1.20
9-Methylpurine

X C H A «1 7.29 6.86 6.52 1.26 0.91 0.91 2.08 1.85 1.65

“ Solvent DMSO-d6 (TM S ). '’ Solvent DCC13 (T M S ): P. W. Ford, Thesis, Australian National University, Canberra, 1968. 
c Registry numbers: X  =  S, 50-66-8; X  =  SO, 19769-31-4; X  =  S02, 19769-32-5. d Registry numbers: X  =  S, 1127-75-9; X  =  SO, 
19769-34-7; X  =  S02, 19769-35-8.

A  synthesis of hypoxanthine 3-oxide recently re- r 6.43 and 6.53, and distinctly different from the
ported in the patent literature16 was accomplished by sulfoxide methyl values found at about r 6.9. The
oxidation of 6-methoxypurine to an N-oxide 9, followed proximity of r values for the methyl groups of 6-methyl-
by alkaline hydrolysis of the methoxyl group. We mercaptopurine and its 3-oxide indicates that the N-
have long had an N-oxidation product from 6-methoxy- oxide function in the 3 position exerts little influence
purine,17 but until now have been unable to assign the on the S-methyl shift.
position of oxidation. The 3-N-oxide of 6-methoxy- Of the 6-substituted purines, the amino-2,3 and 
purine (9) has now been synthesized by heating purine- methylpurines20 are oxidized on the nitrogen adjacent
6-sulfonate 3-oxide (5) with sodium methoxide in di- to the substituent and yield 1-oxides, while the methoxy-
methyl sulfoxide. A  comparison of the 6-methoxy- and chloropurines15 are oxidized at the nitrogen “para”
purine 3-oxide prepared by oxidation with that pre- to the substituent and yield 3-oxides. These offer the
pared by the displacement reaction showed them to be first assessment of directive influence by these groups
identical, and demonstrated that oxidation had occurred on N-oxidation in the purine ring. The 4-alkoxy-
at the 3 position. We, too, have obtained hypoxanthine quinazolines are oxidized on the nitrogen “ para” to the
3-N-oxide from 6-methoxypurine 3-oxide,16 and find it substituent.21 The oxidation of 4-alkoxypyrimidines22
identical with that obtained by the hydrolysis of and 4-phenylpyrimidines23 is also reported to occur on
purine 6-sulfonate 3-oxide and different from 1-hy- the “ para”  nitrogen. Oxidation of 4-methylpyrimidine,
droxyhypoxanthine,18 a substantiation of the assign- however, produces a mixture of N-oxides in which the
ment of 3-N-oxide structures to 6 and 9. Further N-oxide adjacent to the substituent predominates by a
confirmation is afforded by the conversion, in this factor of 3.5:1.24 The effect of a substituent on the
laboratory, of 6-chloropurine 3-oxide to the 6-methoxy electron density at the ring nitrogens should be the
and 6-hydroxy derivatives.15 primary influence that determines the position of oxida-

Conversions of 4 to the methyl sulfoxide and methyl tion, although steric influence, solvent effects, or both,
sulfone were also undertaken but only the latter was may contribute. The amino and methyl groups appear
obtained. 6-Methylmercaptopurine 3-oxide (1) was to provide strong activation for N-oxidation at the
inert to oxidation by peroxyacetic acid even at 60°; adjacent position. The chloro and methoxy groups,
oxidation in peroxytrifluoroacetic acid did not yield however, would tend to deactivate the adjacent position
reproducible results and numerous by-products were by inductive electron withdrawal, but could provide
detectable by paper chromatography. The addition of activation elsewhere in the ring by resonance. Thus,
acetic acid to trifluoroacetic acid and the use of limited a mesomeric contribution by 10 could explain N-oxida-
amounts of hydrogen peroxide moderated the reaction; tion “ para”  to the substituent in 6-chloro- and 6-meth-
a product precipitated and no further oxidation oc- oxypurines.
curred. The product was shown to be the sulfone, 6-
methylsulfonylpurine 3-oxide (2) by its strong ab- x
sorption bands in the regions of 1120-1160 and 1310- II
1350 cm-1 in the infrared, which are characteristic of N
sulfones.19 The absence of an absorption band in the JL /
region 1040-1060 cm-1 eliminated the possibility that i
it was a sulfoxide.19 The assignment of the sulfone 10 x = c CHq
structure was further supported by a comparison of the
nmr methyl chemical shifts of the purine N-oxides to , Tr) ,
those of 6-SCH3, 6-SOCH3, and 6-S02CH3 purines. J he ultraviolet spectra for several pH s, and the
Table I  shows that as the oxidation state of the sulfur P p >  uare Slven,ln ™ e  II. From them it is deduced
increases there is a progressive downfield shift of the that the neutral molecules of 3, 6, and 9 exist primarily
position of the methyl signal. The value of r 6.58 is in 88 N-oxide tautomers since the strong absorption 
agreement with that of other sulfone methyl groups at at 22° - 230 13 associated with the neutral molecules

(16) Ajinomoto Co., Brevet d’Invention P. V. no. 83,853, French Patent (20) M . A. Stevens, A. Giner-Sorolla, H. W. Smith, and G. B. Brown,
1,500,662 (1967). J .  Org. Chem., 27, 567 (1962).

(17) 6-Methoxypurine was first oxidized by R. M. Cresswell. The (21) H. Yamanaka, Chem. Pharm. Bull. (Tokyo), 7, 152 (1959).
method described here is a modification of that of T. J. Delia. (22) H. Yamanaka, ibid., 6, 633 (1952).

(18) J. C. Parham, J. Fissekis, and G. B. Brown, J .  Org. Chem., 31, 966 (23) T. Kato, H. Yamanaka, and T. Shibata, Yakugaku Zasshi, 87, 1096
(1966). (1967).

(19) K . Nakanishi, “ Infrared Absorption Spectroscopy,”  Holden-Day, (24) M. Ogata, H. Watanabe, K. Tori, and H. Kano, Tetrahedron Leu.,
Inc., San Francisco, Calif., 1962, p 54. 19 (1964).

2154 Scheinfeld, Pabham, M urphy, and Brown The Journal of Organic Chemistry



T able  I I

Spectral D ata  and p A as
pH Charge Xmax, mjj (e X 10~J) pX n

Adenine 3-Oxide (3)
0 ( +  ) 224» (5.8), 277 (8.5)
5 (0) 229 (9.0), 293 (7.0) 2.S7 (±0 .06 )

10 ( - )  231 (11.7), 278» (5.7), 290 (6.3) E6 6.91 (±0 .07 )
Hypoxanthine 3-Oxide (6)

- 1  ( +  ) 212 (14.4), 275 (8.0)
3 (0) 223 (17.2), 271 (9.4) 1.2 (± 0 .1 )
8 ( - )  218 (19.5), 286 (12.1) 5.08 (±0 .1 )

12 ( - 2 )  224 (22.0), 275» (10.1), 285 (10.3) 9.3 (± 0 .1 )
6-Metho.xypurine 3-Oxide (9)

0 ( + )  263 (6.9)
4 (0) 224 (24.1), 283 (10.1) 1.47 (±0 .05 )
9 ( - )  227 (28.2), 276 (9.1) E66.75 (±0 .02 )

Purine-6-sulfonate 3-Oxide (5)
3 ( - )  229 (22.8), 311 (12.2) E" 6.60 (±0 .05 )

12 ( - 2 )  230 (28.6), 316 (8.5)
6-Methylmercaptopurine 3-Oxide ( 1 )

- 1  ( +  ) 236 (8.1), 317 (21)
3 (0) 236 (7.3), 254 (8.2), 319 (18.9) 1.00 (±0 .02 )

12 ( - )  214 (16.0), 245 (16.1), 312 (17.0), 322» (15.4) 6.02 (±0 .02 )
Disulfide of 6-Mercaptopurine 3-Oxide (8)

6 (0) 238 (26.2), 323 (20.5)
6-MethyIsulfonylpurine 3-Oxide (2)

3 (0) 232 (36), 299“ (14), 322 (23)
9 ( - )  233 (43), 258» (9.0), 302 (13), 332 (15) E5 5.10 (0.08)

“ Shoulder. 6 Determined electrometrically with 0.01 M  solutions.

and is suppressed in the protonated species.25 With metrically with 0.01 M  solutions. The infrared data were Ob-
1, the spectrum is shifted bathochromically, as is usual using a Perkin-Mmer Model 137B Infracord spectra-

\ . , . , ii i £ i i photometer (KBr pellet). The uv spectra were determined with
With sulfur derivatives, and no well-denned change can Beckman DU and Unicam SP 800A spectrophotometers. The
definitely be associated with the N-oxide function. nmr data were obtained on a Varian A-60 spectrometer.
By analogy to the sulfur-containing derivatives 2 and Purine-6-snlfinate 3-Oxide (7).-—To a stirred solution of 6- 
5 and to the O-methyl derivative 9, the S-methyl de- mercaptopurine 3-oxide (0.56 g 3 mmol) dissolved in 30 ml of 1 

,. , • j  ,i -j A7 NaOH, was added 22.5 ml (a.4 mmol) of O.o N  I 2 dropwise
rivative 1 is named as the Is -oxide. over a period of 15 min. The pH was adjusted to 5 by addition

of AcOH, and the volume was reduced to ca. 20 ml under reduced 
„  . , , Q .. pressure. EtOH (70 m l) was added to precipitate the product,
E xp erim en ta l s e c t io n  the flask was chilled, and the product was collected and dried

Analyses were performed by the Spang Microanalytical Labora- over P 20 5 to yield 0.54 g (80%). The sample was recrystallized
tories, Ann Arbor, Mich., and Galbraith Laboratories, Inc., from H 20  and EtOH to yield a fine yellow powder, 400 mg. T  e
Knoxville, Tenn. Melting points were obtained on a Mel-Temp analytical sample was dned at 110 . . „  M
apparatus and are corrected. Chromatograms were developed, A?ia,1 Callcd f(or C 5H 3N 4!SOsNa*: C , ■ , >
ascending, on Whatman No. 1 paper; Rs values are given in 22.90; S, 1310; Na, 18.76. Found: C, 24.51, H, 1.00, N , 
T bj JIJ Zo.Zi), lo.Zl, JN£l, lo.4i .

Purine-6-sulfonate 3-Oxide (5).— A solution of 6-mercapto- 
purine 3-oxide (7.81 g, 0.042 mol) in 130 ml 0.05 N  K O H  was 

T able  I I I  cooled in an ice-water bath and stirred. A  solution of 13.3 g of
Rt values potassium permanganate in 250 ml of H20  was added slowly.

,____ Solvents“____ . The addition completed, the resulting suspension wTas stirred
Compd A B C  cold for an additional 15 min and at room temperature for 4 hr.

„ ,, • ,  n m  n s? n w  The suspension was filtered through a Celite pad, and 1-PrOH
6-Methoxypunne 3-oxtde (9 0.50 0.63 O.o2 m)P wag a(Med tQ ensure complete reduction of the per-
Purme-6-sulfonate 3-oxide (5) 0.07 0.80 0.26 manganate. The pH was adjusted to ca. 7 with glacial AeOH,
Purine-6-sulfinate 3-oxide (7) 0.07 0.80 and, after evaporation in  vacuo to ca. 200 ml, was brought to
Disulfide of 6-mercaptopurine pH » 4  with glacial AcOH, and kept overnight at ca. 5°. The

3-oxide (8) 0.32 0.44 0.401’ product was collected, washed with anhydrous EtOH followed
6-Methylsulfonylpurine 3-oxide (2) 0.36 0.70 0.50 by E t20 , and air dried to yield 8.30 g (90.5%). For analysis it
Adenine 3-oxide (3) 0.365 0.40 0.40 was recrystallized from 70% EtOH, mp >400°.
Hypoxanthine 3-oxide (6) 0.30» 0.68 0.18 Anal. Calcd for C5H 3N 4S04K : C, 23.62; I I ,  1 T 9 ; N , 22.03;
6-Mercaptopurine 3-oxide (4) 0.30 0.52 0.17 S’ ^ : 61' Found: C, ^ . 54; H i . 27; N , 21.84; S, 12.79.

This product is identical with that prepared fiom  6-chloro- 
“ A, B uO H -H A c-H 20  (60:15:2t> v/v); B, 5%  disodium purine 3-oxide, which had in turn been prepared from 6-mercapto- 

phosphate-isoamyl alcohol (3:2 v/v) [C. E. Carter, J. Am. purine 3-oxide.15
Chem. Soc., 72, 1466 (1950)]; C, ¿-PrO H -NH iO H -H 20  (7.1.2 Electrophoretic Separation.— The 6-sulfonate and 6-sulfinate
v/v). b Trailing. 3-oxides showed very similar Rt values by paper chromatography,

but could be separated by ionophoretic migration on Whatman 
The pK  values were determined spectrophotometrically by 3 M M  paper in a buffer of pH 7.7 (0.032 M  Na2H P 0 4 and 0.004

methods described,26 with 0.01 M  buffers27 at 20-22° or electro- NaH 2P 04), 2 hr, at about 750 V  and 30 mA. A  single spot,
----------------  . , „„„ anodic migration 15.2 cm, was shown by 7, and a single one at

(25) G. B. Brown, Progr. Nucleic Acid Res. Mol. Biol., 8, 209 (1968). _  b ^

(28) A Albert and E. P. Serieant, " lo c a t io n  Constants of Acids and Dlsulfid'e q{ 6.M ercaptopurine 3-Oxide (8 ).- A  sample of 6-
Bases, John Wiley & Sons, Inc., New York, IN. Y., 19b2. . r ,A AO  ̂ j-  „  • onn

(27) D. D. Perrin, Australian J. Chem., 16, 572 (1963). m ercaptopurine 3-oxide (0.93 g, o m m o l) was d issolved m  300
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ml of N aH 2P 04 buffer (pH 6.1) by warming to 40°. A fter the Adenine 3-Oxide-Ammonium Sulfate Complex.— If after 
solution had cooled to room temperature, 10 ml of 0.5 N  iodine evaporation and before the reprecipitation, 6 N  H 2S04 is utilized
solution was added dropwise, which reacted rapidly. The product instead of glacial AcOH, the resulting product contains 1 mol 
precipitating during addition of I 2 was collected after the mixture of (N H 4)2S04.
had been chilled. I t  was washed thoroughly with H 20 , EtOH, Anal. Calcd for C5H 5N 5O • (NRihSCh: C, 21.20; H, 4.63; 
and finally E t20 , to yield 635 mg (68% ). The analytical sample N , 34.61; S, 11.31. Found: C, 21.41; H , 4.53; N , 34.32;
was dried overnight at 80° over P 20 5 and was found to darken S, 10.90.
above 250°. Hypoxanthine 3-Oxide (6).— Purine-6-sulfonate 3-oxide (5)

Anal. Calcd for C i0H 6N 8S2O2-0.5H2O: C, 34.98; H, 2.05; (3.44 g, 16 mmol) in 50 ml of concentrated H 2S04 was stirred
N , 32.63; S, 18.67. Found: C, 35.20; H , 2.27; N , 32.72; until solution was complete, when it was added dropwise to 1
S, 18.20. lb of anhydrous E t20  and the mixture was refrigerated overnight.

I t  was identical spectrally and chromatographically with an The ERO was decanted, and the solid was dissolved in 100 ml
anhydrous sample, prepared by oxidation with butyl nitrite, I I 20 , stirred with Darco at room temperature, and filtered
and for which an explosion point is described.16 through a Celite pad. EtOH was then added until a permanent

6-Methoxypurine 3-Oxide (9 ).17— A  solution of 6-methoxy- cloudiness resulted and the solution was again refrigerated over
purine (2 g, 13 mmol), dissolved in 10 ml of trifluoroacetic acid night. The precipitate was collected and washed with anhydrous
and 4 ml of 30% H 20 2, was stirred at room temperature for ca. EtOH and then E t20  to yield 3.32 g (undried). The filtrate,
20 hr; from it, a yellow oil separated upon addition of E t20 . after evaporation in vacuo to ca. 50 ml and the addition of 50 ml
The reaction flask was chilled, and the ERO layer was decanted of EtOH, was cooled at ca. —10° overnight. The additional
and promptly discarded. Crystallization of the oily residue was precipitate was collected and washed with EtOH and E t20 .
induced by warming on a steam bath with 20 ml of M eOH. The 2.20 g obtained was combined with that previously obtained
The suspension was cooled, 50 ml of E r O was added, and the and suspended in 25 ml of H20 , and 1 N  NaOH was added slowly
solvents were decanted and discarded. The remaining white with cooling in an ice bath until it dissolved (the pH was ca. 7),
granular solid, after being warmed on a water bath with 20 ml when it was stirred with Darco and filtered through a Celite
of n-PrOH to remove unreacted 6-methoxypurine, was washed pad. Glacial AcOH was then added until precipitation com-
with E t20  and air dried; yield 1.43 g (66% ). Paper chromatog- menced (pH ca. 4); the reaction mixture was cooled at 5° over-
raphy proved the sample to be homogeneous. The analytical night, and the precipitate was collected and washed with an-
sample was obtained as colorless needles from H 20  and n-PrOH hydrous EtOH and E t20  to yield 1.54 g (62.5%). For analysis
and dried overnight at 110°, mp 216-218°. it was dried at 80° in vacuo.

Anal. Calcd for C6H 6N 40 2: C, 43.38; H, 3.64; N , 33.72. Anal. Calcd for C5H40 2: C, 39.48; H , 2.65; N , 36.83.
Found: C, 43.59; H , 3.89; N , 33.43. Found: C, 39.28; H , 2.72; N , 36.81.

I t  was identical chromatographically and by uv spectra with Column chromatography with Dowex-50, 200-400 mesh,
material prepared from 6-chloropurine 3-oxide.16 convex gradient of 0.05 N  plus 3 N  HC1, which separates hy-

6-Methylsulfonylpurine 3-Oxide (2).— 6-Methylmercaptopu- poxanthine 3-oxide, 1-hydroxyhypoxanthine, and hypoxanthine
rine 3-oxide ( l ) 12 (220 mg, 1.2 mmol) was suspended in a mixture in that sequence, was used to demonstrate homogeneity of the 
composed of 0.35 ml (9.5 mmol) of trifluoroacetic acid, 2.1 ml of product.
AcOH, and 0.4 ml of H 20 2. A fter a few minutes of stirring, a Reduction of Hypoxanthine 3-Oxide.— A  mixture of Raney 
clear solution resulted from which, about 1 hr later, precipitation nickel (ca. 100 mg), 10 ml of 5% N H 4OH, and 4.79 mg (3.15 X
of a white solid, began; stirring was continued at room tempera- 10-2 mmol) of 6 was heated under reflux for 2 hr, filtered, and
ture for an additional 1 hr. The product was collected, washed found, spectrophotometrically, to contain 47.3% of the theoreti-
with anhydrous EtOH  and EfeO, and air dried to yield 115 mg cal amount of hypoxanthine. The solid residue, dissolved in 2
(44% ) of a light yellow chromatographically pure material, mp N  HC1, contained 57.8% of the calculated amount of hypoxan-
192-193° dec. thine, a total recovery of 105%. Column chromatography on

Anal. Calcd for CeHeNtSOs: C, 33.64; H, 2.82; N , 26.15; Dowex-50, 200-400 mesh, with a convex gradient starting with
S, 14.96. Found: C, 33.78; H, 2.85; N , 26.07; S, 14.94. 0.05 N  HC1 showed only hypoxanthine.

The infrared spectrum shows strong absorption in two band Reduction of Adenine 3-Oxide.— Adenine 3-oxide (2.3 mg,
groups in the two regions characteristic of sulfone absorption.19 1.48 X  10-2 mmol) was treated as above and refluxed for 1.5 hr.
In  the region between 1310 and 1350 cm-1, the bands are found The filtrate contained 28.5% of the calculated amount of adenine,
at 1300, 1315, and 1330 cm-1; in the 1120-1160-cm-1 region whereas the solution obtained by dissolving the residue with 2 A
they are observed at 1125, 1140, and 1150 cm-1. HC1 contained 74.1%, a total recovery of 102.7%.

Adenine 3-Oxide (3) Hemihydrate.— Purine-6-sulfonate 3- .
oxide (2.0 g, 9.25 mmol) was dissolved in ca. 40 ml of concentrated R eg is try  No. 1, 2846-86-8, 2, 19769-^0-4, 3,
N H 4OH and placed in a glass-lined, high-pressure reaction vessel. 19769-24-5; 5, 19765-63-0; 6, 19769-26-7; 7, 19769-
The reaction vessel was heated at 100° for 18 hr, and cooled to 27-8; 8, 19765-66-3; 9, 19765-64-1.
0°. The solution was evaporated on a rotary evaporator to ca.
15 ml. Concentrated N H 4OH was added to a pH of ca. 11, and Acknowledgments.-— We wish to acknowledge the
water to a final volume of about 35 ml when all the solids had w  assistance 0f  Mr. Marvin Olsen with the nmr
dissolved. The solution was neutralized with glacial AcOH and r
cooled at 5 ° overnight. The precipitate was collected, redissolved spectra and of Mr. Thomas Winn and Mr. John ochwarz
in dilute N H 4OH, reprecipitated by the addition of glacial AcOH, with the pi? determinations, and helpful discussions
and again cooled overnight at ca. 5°. The product was collected, with Dr. A. Giner-Sorolla and Dr. J. D. Fissekis.
washed with anhydrous EtOH  and then Et20 , and air dried, A  sample 0f 6-methylsulfinylpurine was kindly fur-
yieldmg 0.920 g of a white material (62% ), dec pt >3o0 . • u j  u tv n  u  ttj . u- r r>„

Anal. Calcd for C6H 5N 60-0 .5H 20 : C, 37.50; H , 3 .77 ; N , nished by Dr. G. H. Hitchmgs of the Wellcome Re-
43.73. Found: C, 37.77; H, 3.39; N , 43.72. search Laboratories, Tuckahoe, N . Y.
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Purine N-Oxides. XXVI. The Synthesis and Properties 
of 6-Halogenopurine 3-N-Oxides1

A l f r e d o  G i n e r -S o r o l l a , C a r o l  G r y t e , A a r o n  B e n d i c h , a n d  G e o r g e  B o s w o r t h  B r o w n

Division of Biological Chemistry, Sloan-Kettering Institute fo r Cancer Research and Sloan-Kettering Division,
Graduate School of Medical Sciences, Cornell University Medical College, New York, New York 10021

Received December 3, 1968

The 3-N-oxides of 6-chloro- and 6-bromopurine were prepared by halogenation of 6-mercaptopurine 3-oxide 
and 6-iodopurine 3-oxide from the chloro derivative and HI. Displacement of chloride from 6-chloropurine
3-oxide gave purine-6-sulfonate 3-oxide and 6-methoxypurine 3-oxide. Ethanolic hydroxylamine and 6- 
methylmercaptopurine 3-oxide led to hypoxanthine 3-oxide. Treatment of 6-chloropurine 3-oxide with 
NHj, NH2NH2, NH2OH, and morpholine resulted in substitution and simultaneous loss of oxygen to yield adenine 
and 6-hydrazino-, 6-hydroxylamino-, and 6-morpholinopurine, respectively. Oxidation of 6-mercaptopurine 3- 
oxide with butyl nitrite afforded its disulfide. 6-Iodopurine 3-oxide inhibited slightly the growth of carcinoma 
E0771 in mice; the other compounds were inactive.

N-Oxides of chemotherapeutically effective purines Treatment of 6-mercaptopurine 3-oxide6 (1) with 
offer2 a possible improvement of the chemotherapeutic chlorine in methanolic HC1 at --10° gave an 89%
index since they are often less toxic than the parent yield of 6-chloropurine 3-oxide (2) (Scheme I). Re
purine, as in the case of the 6-methylpurine3 and its placement of the mercapto group by chlorine in the
1-oxide4 and 6-mercaptopurine and its 3-oxide.6 The purine series has been previously reported.12 A  syn-
halogenopurines such as 6-chloro-6 and 6-bromopurines7 thesis of 2 by another method has recently appeared.13
have shown encouraging antitumor activity in ex- Conversion of 6-mercaptopurine 3-oxide (1) to 6-
perimental animals8 and 6-chloropurine reached clinical bromopurine 3-oxide (3) was effected with HBr and
trial for the treatment of leukemia.9 We now report Br2. Treatment of 6-chloropurine 3-oxide (2) with
syntheses, some chemical behaviors, and biological concentrated H I afforded 6-iodopurine 3-oxide (4).
testing of several 6-halogenopurine 3-oxides. The structure of 6-chloropurine 3-oxide (2) was es-

Direct oxidation of purines in acetic or trifluoro- tablished by its conversion to the starting 6-mercapto-
acetic acids, the usual method for the preparation of purine 3-oxide (1) with thiourea6 and its reduction to
purine N-oxides,10 was not applicable to 6-chloropurine 6-chloropurine6 (5) with Raney nickel. 6-Bromo- and
because of its instability in acidic solutions,6 although a 6-iodopurine 3-oxides (3 and 4) were also reduced to
low yield may be obtained with m-chloroperoxybenzoic the respective 6-bromo- and 6-iodopurines7a (6 and 7)
acid under anhydrous conditions.11 The halogeno- with Raney nickel.
purine 3-N-oxides have now been obtained by sub- Equimolar amounts of 2 and sodium sulfite14 gave 
stitution of the mercapto group of 6-mercaptopurine purine 6-sulfonate 3-oxide (8) which was identical
3-oxide5 by the corresponding halogen. with the product obtained by K M n 04 oxidation of 6-

mercaptopurine 3-oxide15 (1). Reaction of 6-chloro-
(1) This investigation was supported in part by funds from the National . 0 . 0 ,i • i

Cancer Institute (Grant No. CA 08748), the Atomic Energy Commission p U l’m e  3 -O X ld e  (2 )  W it h  a n  eXCeSS o f  S o d iu m  m e t l lO X ld e
(Contract No. AT(30-1)-910), and the American Cancer Society (Grant r e s u l t e d  i l l  t h e  f o r m a t io n  o f  6 - m e t h o x y p u r in e  3 -O x id e

No; T"̂ 28̂ )’„ , . , „  . , . TT. (9) which was converted to 6-methoxypurine16 with
(2) G. B. Brown, 4th International Congress of Biochemistry, Vienna, '  • l i l i .

1958, voi. xn i-Coiioqu ia, Pergamon Press, London, 1958, p i n .  R a n e y  n ic k e l .  O n  p r o lo n g e d  t r e a t m e n t  w i t h  a q u e o u s
(3) d . a . Clarke, f. s. philips, s. s. Sternberg, and c. c. stock, Ann. ammonia, 6-chloropurine 3-oxide (2) gave adenine 11.

^ \ 4̂ M 0i Sste'v6ens2 A . S s o r o i i . ,  h . w. Smith, and g . b . Brown, Treatment of 2 with hydrazine resulted in the simul- 
j. org. chem., 27 , 567 (1962). taneous and rapid reduction and hydrazinolysis to 6-

(5) (a) g . Levin and g. b . Brow-n, j. Med. chem., 6, 825 (1963); (b) hydrazinopurine17 (12). Compound 2, which reacted
G. B. Brown, G. Levin, S. Murphy, A. Sele, H. C. Reilly, G. S. Tarnowski, 1 l j-U 'x. , • ,i ,1 r  r  i i
F. A. Schmid, M. N. Teller, and C. C. Stock, ibid., 8, 190 (1965). m O Te s l° w l y  t h a n  l t s  P a r e n t  W it h  e th a n o l lC  h y d r O X y l-

(6) a . Bendich, p. j . Russeii, and j. j. Fox, j. Amer. chem. Soc.,76, 6073 amine, yielded 6-hydroxylaminopuriiie18 (13). Treat-
(1954)- „ , , „  ment of 6-chloropurine 3-oxide (2) with morpholine

(7) (a) G. B. Elion and G. H. Hitchings, ibid., 78, 3508 (1956); (b) A. G. ^  „ i t  . ^
Beaman, J. F. Gerster, and R. K . Robins, J. Org. Chem., 27, 986 (1962). RITOrQGCl U - I I lO lp n o llI lO p u r il lC  (1 4 ) .

(8) (a) c. c. stock and k . Sugiura, Ann. n . y. Acad, sd., 68, 834 (1958); Hypoxanthine 3-oxide (16) resulted from the treat-
<b) % C(SartoreniandB A. Booth, Cancer Res. 20, 198 (I960); (c) A C. ment Qf 6-methylmerCaptopUrine 3-Oxide6 (15) with 
Sartorelh, E. J. Schoolar, Jr., and P. F. Kruse, Jr., Proc. Soc. Exp. Biol. j  in in \ /
Med., 104, 266 (I960); (d) A. C. Sartorelli, B. A. Booth, and R. K. Robins,
Biochem. Pharmacol., I I ,  1017 (1962); (e) R. K. Robins, J. Med. Chem., 7, (12 (a) Wellcome Foundation Ltd., British Patent 767,216 (1957); Chem.
186 (1964); (f) G. B. Elion, S. Callahan, H. Nathan, S. Bieber, R. W. Abstr., 51, 14796 (1957); (b) C. W. Noell and R. K . Robins, J. Amer. Chem. 
Rundles, and G. H. Hitchings, Biochem. Pharmacol., 12, 85 (1963). Soc., 81, 5997 (1959); (c) R. K. Robins, ibid., 82, 2654 (1960); (d) A. G.

(9) (a) M. L. Murphy, T. C. Tan, R. R. Ellison, D. A. Karnofsky, and Beaman and R. K. Robins, J. Appl. Chem., 12, 432 (1962); (e) G. B. Brown,
J. H. Burchenal, Proc. Am. Assoc. Cancer Res., 2, 36 (1955); (b) R. R. Biochem. Prepn., 10, 145 (1963).
Ellison, D. A. Karnofsky, and J. H. Burchenal, Blood, 13, 705 (1958); (13) Ajinomoto Co., Brevet d’ lnvention, P. V. no. 83,853, French Patent
(c) R. R. Ellison, R. T. Silver, and R. L. Engle, Jr., Ann. Internal Med., 51, 1,500,662 (1967).
322 (1959); (d) L. R. Duvall, Cancer Chemotherapy Repts., 11, 178 (1961); (14) This reaction was adapted from the similar conversion of 6-chloro-
(e) R. M. Whittington, S. L. Rivers, R. T. Doyle, and D. Kodlin, ibid., 18, purine to purine 6-sulfonate (I. L. Doerr, I. Wempen, D. A. Clarke, and
73 (1962). J* J- Fox, J. Org. Chem., 26, 3401 (1961)).

(10) M. A. Stevens, D. I. Magrath, H. W. Smith, and G. B. Brown, (15) I. Scheinfeld, J. C. Parham, S. Murphy, and G. B. Brown, ibid., 34,
J. Amer. Chem. Soc., 80, 2755 (1958). 2153 (1969), preceding paper.

(11) T. J. Delia, M. J. Olsen, and G. B. Brown, J. Org. Chem., 30, 2766 (16) G. Huber, Chem. Ber., 90, 698 (1957).
(1965), report the oxidation of cytosine and cytidine to their 3-N-oxides in (17) J. A. Montgomery and L. B. Holum, J. Amer. Chem. Soc., 79, 2185
21 and 41% yields with m-chloroperoxybenzoic acid; and T. Kato, H. (1957).
Yamanaka, and H. Hiranuma, Chem. Pharm. Bull. (Tokyo), 16, 1337 (1968), (18) A. Giner-Sorolla and A, Bendich, ibid., 80, 3932 (1958).
report the preparation of ehloropyrimidine N-oxides with monopermaleic (19) G. B. Elion, E. Burgi, and G. H. Hitchings, ibid., 74, 411 (1952);
acid. cf. also ref 5.
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Scheme I  Table I
,_____________Bf3’HBr______________ Spectral Data and pK’s( ^
SH C( Br PH Charge Xmax, m/i (e X 10“3) pK

k,^v Na ci'h.hci 6-ChloroDiirine 3-Oxide (2)
r W  W  W 1 2  (0 , 229 (22.4), 302 (9.4,

S h ' 'Nh2 ,  *  ^   ̂ 5.37 ±  0.07
CHsi| 1 I I 2 \  3 8 ( - )  230 (27.8), 305 (7.8)
°n_ * » \ 6-Bromopurine 3-Oxide (3)

sCH* «1 \  X .  I 2 (0) 233 (22.1), 290“ (9.2), 303 (11.2)

f j f \  f V S  V  f  | A  Ni 5.28 ± 0 . 0 4
\  8 ( - )  233 (29.1), 293« (7.3), 306 (8.4)

c H ono 0 H 0 H \  o H 6-Iodopurine 3-Oxide (4)
4 3 nh2oh| 15 8,r,=so3h \  | 4 2 (0) 217 (14.0), 231 (13.9)

1 \  9' ^ 0CĤ X  i  293« (9.5), 311 (14.1)OH *  R, X
A  N M- 1  K I n 5.35 ±  ° - 06

f Y > ------------f Y S J  8 ( - )  238 (20), 295“ (9.3)
5 I N H N f  311 (10.9), 322“ (8.6)
o h,_ h h „. , ,

p s_ 10, r2=oh 5,x = ci ° Shoulder.
. A m 11,r2 = nh2 6, X = Br
k, JLn/ 12,r2=nhnh2 7,x=i a suspension of 6-mercaptopurine 3-oxide hydrate5 (1, 15 g,

+ i!, 2 13,r2=nhoh 0.081 mmol) in MeOH (15 ml) and concentrated aqueous HC1
0 i f  14, r2= morpholino (45 ml) previously saturated at —10° with HC1. The solid dis

solved and later a yellow crystalline product appeared, which re
dissolved. The addition of chlorine was continued until a sample 

„ th • j  ■ i of the solution permanently bleached a piece of pH indicator
m fh a n o l c hydroxylam m e. Th is compound was identi- paper (^ 2.5 hr). Crushed ice (100 g) was poured onto the
cal w ith  the product obtained in this laboratory from solution and concentrated aqueous N H 3 was added dropwise with 
purine-6-sulfonate 3-oxide15 (8). 6-Mercaptopurine stirring to pH 5 while the temperature was maintained below 0°.
3-oxide (1) was oxidized to the disulfide 17 with butyl Tbe tblck wblte crystalline precipitate was kept at 5° overnight,
nitrite. Reaction of 2 with molten cyanamide re- °°m dried jh  vacuo
„ „ 1 , 1  • • , ' ± n  i i  n J  • over * 2^ 5, yield 7.8 g of thin needles, mp 160 (explodes when
suited m its conversion to 6-chloro-9-cyanammopunne inserted at 150°). Upon concentration of the mother liquors
3-oxide. i n  v a c u o ,  a second crop was obtained (5.8 g), mp 160° (explodes

Biological Activity.— The new purine 3-N-oxides when inserted at 150°); total yield 13.6 g (89%). An analytical
have been tested in the D ivisions o f D rug Resistance ®amP]? was Prepared by repeated washing with 90% aqueous

• ~ MeOH at 25°
and Experim ental Chem otherapy for their effects A n a L  Calc'd for C5H3N 40C1: C, 35.21; H, 1.77; N, 32.85- 
against several mouse leukemias and Sarcoma 180. 01,20.80. Found: C, 35.01; H, 1.93; N, 33.76; Cl, 2 0 .7 1 .

The toxicity of 6-chloropurine 3-oxide toward mice Treatment of 2 with mineral acids (HC1, HF) at 80° for 1 hr 
bearing Sarcoma 183 was but slightly less than that of gave hypoxanthine (10).
6-chloropurine, as measured by lack of weight gain. Preparation °o b~chloroPurme ¿-Oxide bY Oxidation.11— 6-

a  ■ o - j /-, ,. 1or , Chlorpurme (5, 2o0 mg, 1.6 mmol) was dissolved m ether (400
osages of 6-chloropurme 3-OXlde (2) of 125-500 mg/ ml) and TO-chloroperoxybenzoic acid (85% pure) (0.6 g, 3.2 mmol)

kg/day lor 7 days gave the same modest tumorinh ibi- was added. The solution was stirred at 25° for 1 week. The
tion as 62.5-250-mg doses of 6-chloropurine (5). resulting crystalline precipitate was collected, washed with

Preliminary studies revealed that 6-chloro- 6-iodo- ethf r ’ and yielded 30 ™g (n %)- This product was identical
and 6-bromopurine 3-oxides were ineffective when ab°Ve‘ Th® r®sidll.e °btail/ed fro“: , . . _ , tlle nltiate upon evaporation was washed with C6H6 to yield
tested against mouse leukemia L1210 and R idgw ay  6-chloropurine containing a small proportion of its 3-N-oxide.
osteogenic sarcoma. Some slight inhibitory action An ether solution of 6-bromopurine (100 mg, 0.5 mmol, in
against carcinoma E0771 in mice was observed with 400 ml etber) and m-ehloroperoxybenzoic acid (85%) (200 mg,
6-iodopurine 3-oxide (15 days administration, 250 \ T ol) wf  .siirred at roonl <*mPerature for l week. The
mg/kg/dav) starting material was recovered unchanged.

& v&/ y  )■  6-Iodopurine was also recovered unchanged from a similar
treatment with m-chloroperoxybenzoic acid.

__ Reactions of 6-Chloropurine 3-Oxide (2).— Treatment of 2
xpenm ental bection (100 mg) with aqueous concentrated NH3 at 70° for 12 hr gave a

Ultraviolet absorption spectra were determined with a Cary Product which was identified as adenine (11). Adenine was also
recording spectrophotometer, Model 11. Paper chromatograms obtained from 2 with saturated EtOH N H 3 at 100° for 18 hr.15
were run by the ascending method on Whatman No. 1 paper in the Refluxing of 2 (100 mg) with 20% EtOH hydrazine (5 m l) for
following solvent systems: H 20  saturated with rc-BuOH, ra-BuOH a “ , 8?™  a 54% yield of 6-hydrazmopurme1’  (12).
saturated with H20  (with or without 10% N H 3V w-BuOH- , j  solu1tlon of 6-chloropuiTne 3-oxide (2) (0.50 g ) in 1 M  E tOH
H CO O H -H 20  (77:10:13, v/v). Melting points were taken in a hydroxylamme (250 ml, pH 6.8) was refluxed for 18 hr in the
Thomas-Hoover Unimelt apparatus and were corrected. The -j ih e  solutlon was evaporated to dryness m  vacuo and the
microanalyses were carried out by Spang Microanalytical Labora- resldue was washed with cold MeOH to yield 0.27 g (61% ) of a
tory, Ann Arbor, Mich. In all cases, the criteria for the identity ™ bstance which was identified as 6-hydroxylaminopurine18 (13).
of known compounds or the new ones prepared by different ih e  rate,<?t transformatl011 of 2 mt°  6-hydroxylaminopurine (as
methods were based on mixture melting point, uv spectra, and mea%u;ed by uv spectral changes and by the time required to show
paper chromatography in the solvent systems described above %P0° Si r e F ® • test) Was much sIower than the rate of reaction 
Th p K  values were determined electrometrically by methods of 6-cbI°ropurine_with hydroxylamine.18
described.20 Spectra were determined in 0.01 M  buffers.21 Spec- f ' MeU;aPtopur“ e 3-Oxide (1) from 6-Chloropurme 3-Oxide
tral data are shown in Table I. 6-Chloropurine 3-oxide (2) (10 mg, 0.06 mmol) and thio-

6-Chloropurine 3-Oxide (2).— Chlorine was bubbled through ^  (9,mf ’ ° ' 12, mmol) in EJt0H (3 ml) were refluxed for 5 min. 
----------------  6 i h e  colorless solution turned yellow after 1 min and exhibited

(20) ,,A‘ ancl E. P. Serjeant "Ionization Constants of Acids and spectra (at pH 1, 6.9, and 12) and R t  values (ill the three
jyi,ey & Sons- Inc- New York' N- Y" 1982. solvent systems), identical with those of 6-mercaptopurine 3-

(2 1 ) D. D. Perrin, Australian J. Chem., 16, 572 (1963). Oxide ( l ) . 5
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6-Bromopurine 3-Oxide (3).— 6-Mercaptopurine 3-oxide hy- Hypoxanthine 3-Oxide (16).— 6-Methylmercaptopurine 3-
drate (1 ) (2.0 g, 12 mmol) was added slowly to a mixture of oxide5 (15) (1.0 g, 5.5 mmol) was dissolved in 2 M  anhydrous
concentrated HBr (20 ml) and MeOH (15 ml) at -1 2 ° .  When hydroxylamine solution in M eOH (200 ml) and refluxed for 18
the addition was complete, bromine (5 m l) was added dropwise hr. The precipitate was collected and dissolved in H20  (10 ml),
with stirring at the same temperature. The temperature was and the pH was adjusted to 5.5 with 20% aqueous AcOH.
maintained between —10° and —5° and after 1 hr the suspension The crystalline product was collected and washed thoroughly
was adjusted with 50% K O H  to pH 7. The yellow precipitate with H 20  and EtOH; yield 0.55 g (66% ) of colorless prisms, mp
was collected, washed with a little cold U 20 , and dried in  vacuo 330° (explodes when inserted at 320°).
over P ,0 3; yield 1.3 g (57% ), short yellow needles, mp 178° Anal. Calcd for C5H 4N.rO.5H 2O: C, 37.27; H, 3.13; N ,
(explodes when inserted at 170°). An analytical sample was 34.78. Found: C, 37.68; H, 3.77; N , 33.68. 
prepared by thorough washing of the product with H 20  and This substance was identical with that obtained from purine-
EtOH at 25°. 6-sulfonate 3-oxide (8) by acid hydrolysis.15

Anal. Calcd for C5H 3N 4BrO: C, 27.93; H, 1.41; N , 26.06; Disulfide of 6-Mercaptopurine 3-Oxide (17).— 6-Mercapto- 
Br, 37.17. Found: C, 27.79; H , 1.74; N , 25.97; Br, 37.08. purine 3-oxide hydrate (1) (0.30 g, 1.9 mmol) was suspended in

6-Bromopurine 3-oxide (3) (100 mg) was recovered unchanged EtOH (30 ml) and butyl nitrite (2 m l) was added slowly while
after refluxing with concentrated aqueous N H 3 (50 ml) for 12 hr. stirring. The mixture was refluxed and stirred for 4 hr, and the 
Similar treatment with 1 M  hydroxylamine led to 6-hydroxyl- yellow precipitate was filtered and washed with EtOH giving
aminopurine18 13. yellow crystals (0.20 g, 63%) which darkened when inserted at

6-Iodopurine 3-Oxide (4).— Finely pulverized 6-chloropurine 265° and exploded at 270°. An analytical sample was prepared
3-oxide (2) (5.0 g, 29.3 mmol) was poured at -1 5 °  with stirring by repeated washing with 95% EtOH.
into 40 ml of H I (d 1.7). Solution occurred and, after a few Anal. Calcd for CioH8Ne02S2: C, 35.92; H , 1.81; N , 33.52; 
minutes, an abundant yellow crystalline precipitate appeared. S, 19.18. Found: C, 35.96; H , 1.81; N , 33.52; S, 19.19.
The reaction mixture was kept at —15° for 3 hr. The precipitate This product was identical with that obtained by iodine oxida-
was collected and poured into crushed ice (40 g ) and the pH tion of l .15
carefully was adjusted to 5 with concentrated aqueous N H 3. 6-Chloro-9-cyanaminopurine 3-Oxide.— 6-Chloropurine 3-
Colorless needles, mp 175° (explodes when inserted at 165°), oxide (2) (0.05 g, 2.9 mmol) was dissolved in molten cyanamide
6.2 g (81%), were obtained. When this product was heated (2.5 g, 0.06 mmol) at 50°. The solution was heated at 80-85°
slowly, decomposition with evolution of I 2 occurred. An analyti- for 30 min and then cooled. The mixture was washed with MeOH
cal sample was prepared by thorough washing of a sample with to afford 0.46 g (69% ) of thin colorless needles, mp >350 .
H 20  and EtOH. An analytical sample was obtained by recrystallization from

Anal. Calcd for C5H 3N 4IO : C, 22.92; H, 1.15; H , 21.38; EtOH.
1,48.44. Found: C, 22.91; H , 1.20; N , 21.37; 1,48.25. Anal. Calcd for C6H 3N 60C1-H20 : C, 31.52; H , 2.20; N ,

A  sample of 6-iodopurine 3-oxide (4) gave hypoxanthine (10) 36.76; Cl, 15.51. Found: C, 31.36, H , 3.09, N , 36.52, Cl,
and iodine when treated with aqueous H F  at 80°. When 4 15.37.
(100 mg) was refluxed with concentrated aqueous N H 3 (50 m l) for In a similar experiment 6-chloropurine (5) did not react with
12 hr, no change in the uv spectrum was observed. Upon cyanamide.
similar treatment with 1 M  EtOH, hydroxylamine 4 was con- Reduction of 6-Substituted Purine 3-Oxides.— The 3-oxides
verted to 6-hydroxylaminopurine (13). of 6-chloro- (2), 6-bromo-, (3), and 6-iodopurine (4), purine-6-

Purine-6-Sulfonate 3-Oxide (8).— 6-Chloropurine 3-oxide 2 sulfonate (8), 6-methoxypurine (9), and hypoxanthine (16) were
(170 mg, 1 mmol) was suspended in H 20  (5 m l), Na2S03 (126 mg, dissolved (10 mg each) in 5% aqueous N H 3 (10 m l) suspension of
1 mmol) was added, and the mixture was heated to 80° for 1 Raney nickel (100 mg) and boiled for 1 hr (except for 2 which
hr.14 After cooling, EtOH (15 m l) was added, the crystalline required 72 hr to complete conversion to S). After evaporation
precipitate was collected and dissolved in H 20  (2 m l), and the of the filtrate to 0.5 ml, the reaction products were found to be
solution was acidified to pH 5 with glacial AcOH. A  precipitate, identical20 with 6-chloro- (5 ),6 6-bromo- (6),7 and 6-iodopurme
colorless prisms (78 mg, 36%), mp >350°, was obtained. This (7)7“ purine-6-sulfonate,14 6-methoxypurine,16 and hypoxanthine
substance was identical with the product obtained from 1 by ( 10) ,  respectively.
K M n 0 4 oxidation.15

6-Methoxypurine 3-Oxide (9).— Sodium (1.15 g, 50 mg-atoms) ,  in 'rot: e i  e . a
was dissolved in M eOH (100 m l) and finely powdered 6-chloro- Registry No. 2, 19765-60-7; 3, UNDO b l-8 , 4,
purine 3-oxide (2) (2.5 g, 14.7 mmol) was slowly added with 19765-62-9; 8, 19765-63-0; 9, 19765-64-1; 16, 19675-
stirring. The mixture was refluxed for 3 hr, cooled, and filtered. gg_2- 1 7  19765-66-3; 6-chloro-9-cyanaminopurine
The filtrate was evaporated to dryness in  vacuo and the residue „ 5  1Q7fi5_fV7-4
was dissolved in H 20  (20 m l) and neutralized with 20% aqueous >
AcOH. The precipitate was thoroughly washed with H 20  and
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Purine Nucleosides. XXIV. A New Method for the Synthesis of 
Guanine Nucleosides. The Preparation of 2'-Deoxy-a- and 
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Diazotization of 2-amino-6-benzyloxypurine in fluoroboric acid produced 2-fluoro-6-benzyloxypurine (1). 
Acid-catalyzed fusion of 1 with l,3,5-tri-0-acetyl-2-deoxy-D-6n/i/in>-pentofuranose (2) gave the anomeric 2-fluoro-
6-benzyloxy-9-(3,5-di-0-acetyl-2-deoxy-D-eri/ffiro-pentofuranosyl)purmes (3). Treatment of this mixture with 
alcoholic ammonia (or methylamine) provided the 2-amino- (or 2-methylamino-) 6-benzyloxy-9-(2-deoxy-a- 
and -/3-D-en/l/iro-pentofuranosyl(purines which were resolved into pure anomers by chromatography on Dowex 
1-X2. Palladium-carbon-catalyzed hydrogenation of these benzyloxy derivatives gave the desired guanine 
2 '-deoxynucleosides, which obey Hudson’s isorotation rules. The nmr spectra of these 2'-deoxy-D-erythro- 
pentofuranosides had a peak corresponding to an A 2X  system which appeared as a “ triplet”  with J E =  7 Hz 
for the 0 anomer and a “ quartet”  with J El> =  3.5 and 7.5 Hz for the a anomer. A  facile synthesis of 2-amino-
6-benzyloxypurine from 2,4,5-triamino-6-benzyloxypyrimidine is described. Alternative binding mechanisms of 
actinomycin D to D N A  are considered with respect to Ar2-methyl-2'-deoxyguanosine.

Interest in the preparation and biological evaluation pared previously in 1.57b and 4.4%7e over-all yields 
of certain anomeric purine 2'-deoxynucleosides has been based on purine starting materials, 
stimulated by the report2 that 2-amino-9-(2-deoxy-a- Success in the fusion procedure8 of deoxynucleoside 
D-en/i/iro-pentofuranosyl)purine-6-thione (a-2'-deoxy- synthesis9 suggested a new approach to the problem,
thioguanosine) is incorporated per se into DNA. Since The synthesis of 2'-deoxyguanosine (8) and its a ano-
A 2-methylguanosine is a naturally occurring “ minor mer 10 (obtained for the first time) has now been ac-
component” nucleoside in R N A ,3 it is of interest to con- complished in 14 and 16% yields, respectively, from
sider A 2-methyl-2'-deoxyguanosine for incorporation starting purine 1 via the fusion method (Scheme I).
into D N A  in order to determine physical changes4 in This procedure also precluded any toxic mercury ion
the macromolecule as well as biological effects. In ad- contamination.10
dition, A 2-methyl-2/-deoxyguanosine (9) is a valuable The starting material base chosen for the fusion pro
molecule for evaluation of the two suggested models for cedure was 2-fluoro-6-benzyloxypurine which has a
the binding of actinomycin D to DNA. According to group at the 2 position readily susceptible to nucleo-
the model of Muller and Crothers,6 the actinomycin D philic displacement11-12 and the benzyloxy function at
chromophore is intercalated between the base pairs in the 6 position which can be readily converted to keto
the D N A  complex adjacent to any guanine-cytosine oxygen by hydrogenation at neutral pH. Ring closure
base pair. The guanine specificity is attributed to of 2,4,5-triamino-6-benzyloxypyrimidine13 with di-
electronic interactions in the intercalated it complex. ethoxymethyl acetate14 gives a convenient alternative
In contrast, a free 2-amino group of guanine is required synthesis of 2-amino-6-benzyloxypurine.15 Treat-
for hydrogen bonding in the actinomycin D -D N A  com- ment of 2-amino-6-benzyloxypurine with sodium nitrite
plex model of Reich and coworkers.6 Therefore a syn- in aqueous fluoroboric acid according to the general
thetically polymerized D N A  with A 2-methyl-2,-deoxy- procedure of Montgomery and Hewson16 gave 2-fluoro-
guanosine (9) in place of 2'-deoxyguanosine (8) 6-benzyloxypurine (1), the desired base for fusion cou-
could not bind actinomycin D by the Reich mechanism6 pling in 48% yield.
but should bind to some extent (uv spectra of 8 and 9 Acid-catalyzed fusion of 1 and l,3,5-tri-0-acetyl-2- 
are qualitatively and quantitatively similar) by the t -  deoxy-D-ert/wo-pentofuranose9 (2) gave 2-fluoro-6-ben- 
complex6 mechanism. zyloxy-9-(3,5-di-0-acetyl-2-deoxy-a- and -/3-D-erythro-

Several approaches have been employed in the syn- pentofuranosyl)purines (3) in at least 40% yield as a
thesis of nucleosides of the guanine ring system.7 How- syrupy mixture. Treatment of this product with meth-
ever, certain of these procedures involve high-tempera- anolic ammonia at 80° gave 2-amino-6-benzyloxy-9-
ture animation and/or acidic deamination steps and are (2-deoxy-a- and -/3-D-ery(/iro-pentofuranosyl)purines
somewhat unsuited for the preparation of deoxyguano-
sines. Indeed, 2'-deoxyguanosine (8 )  has been pre- (8) t . Sato, t . simadate, and y . Ishido, Nippon Kagaku Zasshi, 81, 1440

(1960).
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and I  G- Junga" MoL Pharmacol., 3, 37 (1967). 27, 906 (1962); E. Walton, F. W. Holly, G. E. Boxer, R. F. Nutt, and S. R.

(3) R. H. Hall, Biochemistry, 4, 661 (1965), and references therein. Jenkins, J. Med. Chem., 8, 659 (1965); G. L. Tong, W. W. Lee and L
(4) See, for example, P. R. Srinivasan and E. Borek, Science, 146, 548 Goodman, J. Org. Chem., 32, 1984 (1B67)

i1964« «  n Z T '  P ' Schweizer' and P - °- P- Ts'°- J - Amer- Chem- (11) J. F. Gerster and R. K. Robins, J. Amer. Chem. Soc., 87, 3752 (1965).
J .  . .  „ 1 „  . r <12) J- A- Montgomery and K. Hewson, J. Med. Chem., 11, 48 (1968).
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(6) R. Reich and I. H. Goldberg, Prog. Nucleic Acid Res. Mol. Biol., 3, Soc., 73, 2869 (1951).
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ScHEME 1 F o r  th e  s y n th e s is  o f  th e  7V2-m e t h y l -2 '-d e o x y g u a n o -

OCH Ph sin es , th e  s y r u p y  m ix tu re  c o n ta in in g  th e  a n o m e r ic  2 -

I AcOCH, 0  f lu o r o -6 -b e n z y lo x y -9 - (3 ,5 -d i -0 -a c e ty l-2 -d e o x y -D -e ry fA ro -

Y  |T-------N  +  S ' \  ^ p e n t o fu r a n o s y l )  p u r in e s  (3 )  w a s  t r e a t e d  w i t h  m e th a n o lic

F— ^\| y '  c methylamine at room temperature to give 2-methyl-
H OAc amino-6-benzy loxy-9-(2-deoxy-a- and -/3-n-erythro-pen-

1 tofuranosyl)purines (7 and 5). Anomeric resolution
" of 5 and 7 was accomplished on Dowex 1-X2

OCH2Ph (O H - ). These anomers had tic behavior similar to 4
I and 6 and had uv absorption comparable to the ribo-

Ij, i i ||---- N side analog.11 Compound 5 was catalytically hydro-
F — g e na t e d  to  th e  d e s ir e d  2 -m e th y la m in o -9 - (2 -d e o x y -/ 3 -n -  

AcO CH 2 0  c r j/ iA r » -p e n to fu r a n o s y l )p u r in -6 -o n e  (9 )  w i t h o u t  fu r -
th e r  p u r if ic a t io n . C o m p o u n d  7 w a s  t r a n s fo rm e d  to

2 -m e th y la m in o -9 - (2 -d e o x y -a -D -e n / f/ ir o -p e n to fu ra n o s y l) -  

OAc p u r in -6 -o n e  (1 1 ) b y  th e  s a m e  p ro c e d u re . T h e  a n o m e rs
s ' £  9  a n d  11, o b t a in e d  in  17 a n d  2 1 %  o v e r -a l l  y ie ld ,  r e s p e c -

/ A .  t iv e ly ,  e x h ib it  u v  s p e c t r a  a lm o s t  id e n t ic a l  w i t h  th o se  o f

OCH2Ph s ' n . OCH Ph A ^ -m e t h y lg u a n o s in e .11 T h e  t ic  m ig r a t io n s  o f  9  a n d
i 2 y ' \  | 2 11 a r e  id e n t ic a l  w i t h  th o se  o f  2 '-d e o x y g u a n o s in e  (8 )  a n d

N  *  N  < * -2 '-d e o x y g u a n o s in e  (1 0 ) ,  r e s p e c t iv e ly  (se e  E x p e r i -

flfjU 1̂  Jl^ J  RNH__J T  || mental Section). Examination of the nmr spectra of
HOCH ^  N OHN N the 2'-deoxynucleosides 6 and 8-11 demonstrated re-

V J——L suits in accord with A 2X  splitting patterns previously
observed for purine 2'-deoxy-en/ffiro-pentofuranosides.9 

[ | HOCH^'O '^^ These anomeric 2'-deoxynucleosides 8-11 were found
OH 2 to obey Hudson’s isorotation rule19 in dimethylforma-

4, R =  H 6, R =  H m ide.
5, R =  CH3 7, R =  CH3

| | Experimental Section

0  0  Melting points were determined on a Fisher-Johns block and
j are uncorrected. Nmr spectra were determined on a Varian

HN'X |i----- N  H N ^ N —— N A-60 instrument with sodium 5,5-dimethyl-5-silapentanesulfonate
dmtt I II JJ . | J! jj as internal standard. U v spectra were determined on a Beckman

ojj^ N ^ t v  D K-2 instrument. Hydrogenations were effected using a Parr
HOCH2    I | hydrogenation apparatus at specified hydrogen gas pressure.

\_S\ Evaporations were accomplished using a Buchler rotating evapo-
|s '*  rater under reduced pressure unless otherwise specified. Thin

I | u rvr'ii^Vv'n 'x ^  layer chromatography (tic) was run on glass plates coated with
OH HOCH2 SilicAR-7GF (Mallinckrodt Chemical Works) using the upper

8 R =  H 1 0R  =  H phase of ethyl acetate-re-propyl alcohol-water (4 :1 :2 ) unless
9,’ R =  CH3 i l  R -  CH3 specified otherwise.

2,4,5-Triamino-6-benzyloxypyrimidine.13— A  solution of 50 g
(6  a n d  4 )  in  c o n t ra s t  to  re s u lt s  r e p o r t e d  w i t h  a n a lo g o u s  ( ° - 20 of 2,4-dmmmo-5-nitroso-6-benzyloxypyrimidme12 in 
; , i j - n i i  n - i r  , 1500 ml of 95% EtOH was reduced as previously described. Ihe
t r e a tm e n t  o f  2-chloro-6-m ethoxy-9-/3-D-ribofuranosyl- resulting solution was evaporated to dryness under a nitrogen 
p u r in e .17 I n  th e  la t t e r  ca se  th e  6 -a lk o x y  fu n c t io n  w a s  stream. The brown residue was added to boiling E tO H -H 20  and
s e le c t iv e ly  r e p la c e d  b y  a m m o n ia  a n d  th u s  th e  su c ce ss - this mixture was treated with Norit and filtered. The filtrate
fu l  ch o ic e  o f  th e  2 -f lu o ro  le a v in g  g r o u p  is s u g g e s te d . was cooled at 0° for 18 hr and the resulting yellow crystals (40 g,
The anomers 4 and 6 were resolved on a Dowex 1-X2 85%) whick separated were filtered A  small sample for analysis
/s\tt x ! 10 r™ , 11- 1 1 was recrystallized from E tO H -H 20  to give crystals: mp 149-
( O H - )  c o lu m n .18 T h e  a  a n o m e r  w a s  c r y s t a l l iz e d  a n d  151o. uv  x p h . 277 m#j (e 12;500), x ps“ ‘ 224 mM (<= 8900), xpmH„ u 

c h a ra c t e r iz e d  b y  e le m e n ta l a n a ly s is  a n d  u v  s p e c t ro -  283, 243 m^ (£ 7870, 8660), x“ ? ‘ 285, 245 m/j (e 7230, 8660).
sco p ic  c o m p a r is o n  w i t h  th e  /3 -D -ribo fu ran ose  a n a lo g .11 Anal. Calcd for C 11H 13N 5O O.5H 2O: C, 55.00; H , 5.87;
T h e  3  a n o m e r  4 w a s  c o m p a re d  w it h  6 s p e c t ro s c o p ic a lly  N , 29.16. Found: C, 55.00; H 5.92; N  29.14.

, 7 ,, . , , , , ,,, , , 2-Ammo-6-benzyloxypurme.15— To 15 g (0.093 mol) of di-
and by thin layer chromatography (tie) and was con- ethoxymethyl accta te» was added 4.62 g (0.02 mol) of crude
v e rted  d ire c t ly  to  2 '-d eoxygu an os in e  (8) b y  pa llad iu m - 2 ,4 ,5-triamino-6-benzyloxypyrimidine while stirring magnetically.
c a ta ly z e d  h y d r o g e n a t io n  w it h o u t  fu r t h e r  p u r if ic a t io n . The resulting red-brown solution was placed in an oil bath pre-
The properties of synthetic and naturally occurring 8 heated to 185°. \igorous boiling was moderated by raising the
w ere  rivn rnnslv  eom nnred ond found to  he iden tica l flask Periodically. After heating for 25 mm, the flask was re-w ere  r igo rou s ly  com pared  and iou n d  to  be iden tica l. moved from the oil bath and the thick pasty mass was allowed
1 his confirms the position of attachment and conhgura- to cooj aboid ioo ° and then was evaporated to dryness,
tion of synthetic 8 and the other nucleosides obtained Water (20 ml) was added to the brown residue and NaOH pellets
from the intermediate 3. Compound 6 was similarly were added slowly until all solid material dissolved. This solu-
hydrogenated to give the first reported synthesis of tl° n (PH >12) wa® refluxed for 15 mm, treated with Norit,
o - o /o j  ,1, , r n  ■ c refluxed 5 min, and filtered through a Nont-Celite pad. The
2-amino-9- (2-deoxy-a-D-en/iftro-pentof uranosy 1)purin-6- hot filtrate was acidified t0 pH _ 6 with H 0 A c and the resulting

one (a -2 '-deoxyguanosine) (10). mixture was cooled at 0° for 18 hr. The orange crystalline solid

(17) H. J. Schaeffer and H. J. Thomas, J .  A m e r .  C h e m . S o c . , 80, 3738
(1958). (19) C. S. Hudson, ib id . , 31, 66 (1909); A d v a n . C a rb o h y d ra te  C h e m ., 3, 1

(18) C. A. Dekker, ib id . , 87, 4027 (1965). (1948).
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(3.90 g, 81%) was filtered and reervstallized from E tO H -H 20  structure with an A 2X  “ quartet”  with / hi' - hj'.h«" =  3.0 and 7.5
(using N orit) to yield 3.0 g (62% ) of crystals, mp 197-200°, Hz (peak width 10.5 H z) at S 6.37 corresponding to the anomeric
chromatographically homogeneous (tic) and identical with proton of a 2'-deoxy-<*-en/l/iro-pentofuranoside.9
authentic 2-amino-6-benzyloxypurine.15 A  small sample was re- Anal. Calcd for CnHi9N 60<: C, 57.13; H, 5.36; N , 19.60. 
crystallized from E tO H -H 20  to give needles: mp 204-206°; Found: C, 56.91; H, 5.38: N , 19.67.
uv X lT  286 mjz (e 12,100), A°>x 282 m̂ z (e 9400), X^“°H 282, 241 Fractions 88-97 from the above column separation were pooled 

(e 9200, 7500); lit.16 mp 202-204°, mmp 203-205°. and evaporated to dryness to yield 0.22 g (7.5 % ) of solid which
Anal. Calcd for Ci2H nN 50 : C, 59.74; H, 4.60; N , 29.03. was found by tic and nmr to consist of an approximately 65:35

Found: C, 59.59; H, 4.36; N , 29.13. mixture of the a and ¡3 anomers 6 and 4, respectively. Fractions
2-Fluoro-6-benzyloxypurine (1 ).— To 90 ml of 48% fluoroboric 98-128 were pooled and evaporated to dryness to yield 0.65 g

acid precooled to -2 5 °  in an i-PrO H -D ry Ice bath was added (22% ) of solid 4. The uv spectrum of this product in alcohol was
7.3 g (0.03 mol) of 2-amino-6-benzyloxypurine with vigorous essentially the same as recorded for 6. The nmr spectrum was
stirring. A  solution of 3.5 g (0.05 mol) of N a N 0 2 in 4.5 ml of similar with an A 2X  “ pseudotriplet”  corresponding to the peak for
H 20  was added dropwise over a period of 20 min to the vigorously the anomeric proton.9 The tic R,/R6 =  1.1. Crude 4 was
stirred mixture and the reaction temperature was carefully hydrogenated to give 2'-deoxyguanosine (8) which conclusively
maintained at —20 to —25°. The mixture was allowed to stir confirmed structure 4.
an additional 20 min at —25 to — 18° and then was carefully 2-Amino-9-(2-deoxy-/3-D-eryifo'o-pentofuranosyl)purin-6-one (2'- 
neut.ralized to pH ~ 6  with 50% aqueous NaOH solution while Deoxyguanosine) (8).— To a solution of 0.60 g (0.0017 mol) of
keeping the inside temperature -1 5  to -1 0 ° .  The mixture was crude 4 in 30 ml of EtOH and 60 ml of H20  was added 0.3 g of
allowed to stand at 0° for 15 hr and then was filtered to give 6.3 5% palladium on charcoal and the mixture was hydrogenated at
g of solid after air drying. This solid was finely powdered and 48 psi for 7.5 hr. The catalyst was removed by filtration using
continuously extracted with absolute E t20  for 10 days (while a Norit-Celite bed and the filtrate was evaporated to dryness,
protected from moisture). The ether was evaporated to yield The crystalline solid was recrystallized from 10 ml of H 20  to yield
4.4 g of yellow solid which was recrystallized from absolute 0.33 g (69% based on crude 4', 14% based on starting 1) of 8
EtOH  to yield 3.54 g (48% ) of 2-fluoro-6-benzyloxypurine (1): monohydrate: [a ]26D -2 0 .3 ° (c 1.2, D M F ); uv Xp« ‘ 255 mM (e
mp 184-185°; uv Xp"„‘ 256 mM (e 13,400), Xp“ xu 263 mM (e  12,900), 12,100), X,phH 1 272 mM (e 8460), Xp®xu 258-266 mM (broad) (e 12,000),
X»:?H 256 mu (e 12,700), X“ e0H 270.5, 260.5, 239 mM (e 3540, x“ *x0H 253 mM («14,500), XsMh'0H 267 mM (e 10,600); nmr (DM SO-d6,
11,400, 7600). D 20 )  5 6.28 (t, 1, J hi ' - hs'.eS' =  7 Hz, H p ) plus the remainder

Anal. Calcd for Ci2H 9F N 40: C, 59.01; H, 3.71; F, 7.78; of a usual 2'-deoxy-/3-c?'2/Wiro-pentofuranoside spectrum.9 These
N , 22.94. Found: C, 58.84; H, 3.78; F, 7.95; N , 22.73. physical characteristics were essentially identical with those

Acid-Catalyzed Fusion of 2-Fluoro-6-benzyloxypurine (1) and determined on a similarly recrystallized commercial sample of 
l,3,5-Tri-0-acetyl-2-deoxy-D-er?/iiiro-pentofuranose (2). To 3.50 2'-deoxyguanosine; tic iJ8(svnthetic)/fl8(natural) =  1.0.
g (0.0135 mol) of l,3,5-tn-0-acetyl-2-deoxy-D-er^ro-pento- Anal. Calcd for CioH13N 60 4-H20 : C, 42.10; H, 5.30; N , 
furanose (l,3,5-tn-0-acetyl-2-deoxy-D-ribose)9 (2) in a 25-ml 24.55. Found: C, 41.90; H, 5.25; N , 24.65.
round-bottom flask was added 2.0 g (0.0082 mol) of finely pow- 2-Amino-9-(2-deoxy-a-D-c?'?/iAro-pentofuranosyl)purin-6-one
dered 2-fluoro-6-benzyloxypurine (1). This mixture was stirred (10).— To a solution of 0.40 g (0.0011 mol) of crude 6 in 25 ml of 
well and placed in an oil bath preheated to 145°. The mixture EtOH and 50 ml of H 20  was added 0.2 g of 5% palladium on
was stirred several minutes and then 5 drops of dichloracetic acid charcoal and the mixture was hydrogenated at 48 psi for 15 hr.
was added with vigorous stirring. Stirring was continued until The mixture was treated as in the preparation of 8 above to yield 
a clear amber melt formed. An oil pump was then attached to the 0.22 g (71% based on crude 6, 16% based on starting 1) of crys-
reaction flask and fusion was continued at 145° {in vacuo) for talline 10 hemihydrate: [a] %> +102.4° (c 0.99, D M F ); uv X^,1
25 mm. The melt was removed from the oil bath and allowed to 254.5 m/z (<= 10,700), Xg? 1 274 m/z U 7710), XpmHxu 259-267 mM
cool to about 100° and then was dissolved in 50 ml of EtOAc. (broad) (e 9960), X“ 'x0H 253 m/z (« 12,000), X̂ he0H 268 m/z (<= 8830);
This solution was cooled m ice-H20  and then extracted with nmr (DMSO-d6, D 20 )  S 6.24 (q, 1, J W - h+ h/  =  3.5 and 7.5
two 30-ml portions of ice-cold saturated aqueous Na^CC^ solu- Hz, H p )' tic Ra/Rw =  1.2.
tion, ice-H20  to pH —6, and dried over Na2SO( . The mixture Anal. ’ Calcd for C,0H 13N5O( -0.5H2O: C, 43.47; H, 5.11;
was filtered using a Norit-Celite bed and the filtrate was evapo- N , 25.35. Found: C 43.24' H 5.07- N  25.57. 
rated to a viscous oil. The uv spectra of this syrup had Xmax Reaction of Methylamine with Syrupy 2-Fluoro-6-benzyloxy-9- 
255.5 m/z with no shift from acidic to basic solution in EtOH. (3,5-di-0-acetyl-2-deoxy-D-en/i(iro-pentofuranosyl)purine.— A  fu-
T lc (SilicAR-7GF CHCl3-M e2CO, 9 :1) showed the presence of sion of 2-fluoro-6-benzyloxypurine and l,3,5-tri-0-acetyl-2-
one major uv quenching spot and several minor products. This deoxy-D-eri/iliro-pentofuranose was effected in a manner identical
syrup containing the anomeric mixture 3 did not crystallize and with that described above. The syrupy product containing 3
was used directly for amine displacements. obtained after the extraction procedure was dissolved in a mini-

2-Ammo-6-benzyloxy-9-(2-deoxy-/3-D-eri/i/to-pentofuranosyl)- mum volume of MeOH and treated with a solution of 30 ml of
purine (4) and _ 2-Ammo-6-benzyloxy-9-(2-deoxy-a -D-eri/ttro- liquid M eN H 2 in 70 ml of MeOH. The resulting yellow solution
pento uranosyl)purine (6). The above syrup containing 3 was was allowed to stir at room temperature for 2 hr and 8 ml (0.008
dissolved m 20 ml of MeOH, and 130 ml of MeOH presaturated mol) of 1 N  NaOH was added. This solution was evaporated
with N H 3 at -1 0  was added. This solution was heated at to dryness and the residue was partitioned between EtOAc and
80 m a stainless steel bomb for 4.5 hr. To the cooled ammoniacal H 20  as described above for the preparation of the 2-amino
solution was added 8 ml (0.008 mol) of 1 N  NaOH and this solu- analogs 4 and 6. The off-white solid foam obtained by evaporat-
tion was evaporated to dryness. The residue was partitioned ing the combined, dried EtOAc phase was dissolved in 9 ml of
between 75 ml of EtOAc and 25 ml of H20 . The aqueous phase glyme, and 11 ml of H20  was added. This solution was applied
was extracted with two 30-ml portions of EtOAc and the com- to a column (1 X 35 in., 500 ml) of Dowex 1-X2 (O H “ ) (200-400
bmed organic phase was washed with 40 ml of H20  and 40 ml of mesh) resin packed in glym e-H20  (45:55). Elution of the column
saturated aqueous NaCl solution. The EtOAc layer was dried with the same solvent mixture was begun and 10-ml fractions
over NazSCh, filtered, and evaporated to yield an off-white solid were collected. Fractions 1-57 were discarded. Fractions
foam. This material was dissolved m 9 ml of glyme and 11 ml 58-82 were pooled and evaporated to dryness to yield crude 2-
of H20  was added. This solution was applied to a column (1 X  methylamino-6-benzyloxy-9-(2-deoxy-« - d  - erythro - pentofurano-
35 in 500 ml) of Dowex 1-X2 (OH ), 200-400 mesh resin syl)-purine (7). This product had similar uv absorption spectra
packed in glyme-water (45:55). The column was eluted with to those reported11 for 2-methylamino-6-benzyloxy-9-/3-D-H5o-
the same solvent mixture and 10-ml fractions were collected. pentofuranosylpurine. The tic migration and nmr (of the carbo-
Fractions 1-74 were discarded. Fractions 75 to 87 were pooled hydrate portion) spectrum of this product were similar to those
and evaporated to dryness to yield 0.67 g (23% ) of crude 6. of 6. Fractions 83-86 contained essentially no product and were
This product was dissolved m hot ¿-PrOH and cooled at 0° for discarded. Fractions 87-130 were pooled and evaporated to -
several days to yield 0.4 g (14% ) of 6 as white needle clusters. dryness to yield crude 2-methylamino-6-benzyloxy-9-(2-deoxy-/3-
A  small sample was recrystallized from i-PrOH to give needles D-en/iliro-pentofuranosyl)purme (5). Again the uv spectra were 
of 6: mp 158-160°, uv XJ.J‘ 287 m/z (e 12,500), X£,“ xu 280, 249 similar to those reported for the riboside analog11 and tic migra-
m^ (e 12,000, 10,000), Xm„ex 282, 249 m/z (e 12,500, 10,900); tion and nmr (sugar portion) were comparable to those of 4.
the nmr spectrum in DMSO-d6 was consistent with the assigned These chromatographically homogeneous intermediates were
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hydrogenated directly to the desired guanine-type nucleosides of E tO II and 80 ml of H 2O was hydrogenated at 48 psi for 15 hr 
without further purification. with 0.5 g of 5% palladium on charcoal. This mixture was

2-Methylamino-9-(2-deoxy-/3-D-en/i/iro-pentofuranosyl)purin-6- treated as in the preparation of 8 above to yield 0.50 g (64% 
one (9). A  solution of 0.90 g (0.0024 mol) of crude 5 in 35 ml of based on crude 7. 21% based on starting 1) of crystalline 11
EtOH and 70 ml of H20  was hydrogenated at 47 psi for 6.5 hr hemihydrate: [ « ] 26d +94.1° (c 1.55, D M F ); uv X'fJ  257 mM
with 0.5 g of 5%  palladium on charcoal. This mixture was (<= 11,400), X|" 1 279.5 my (« 6380), X““ “  257 my (e 10,200),
treated as in the preparation of 8 above to yield 0.41 g [55% X ^ n 269 mM (e 8980), \“ £ H 254 mp (e 13,100), X^e0H 273 mM
based on crude 5, 17% based on starting 2-fluoro-6-benzyloxy- (e 8260); nmr (DMSO-d6, D 20 )  d 6.27 (q, 1, J h , ' - =  3.5
purine (1)] of crystalline 9 hemihydrate: [ « ] 26d -1 5 .2 ° (c 1.64, and 8.0 Hz, H p ), 2.91 (s, 3, 2-NHCH3); tic Rg/Rn =  1.2.
D M F ); uv X““ 1 258 m.u (<= 13,400), X?f 1 281 mM (e7370), XpmH„ u Anal. Calcd for CnH,5N 6O4-0.5H2O: C, 45.51; H, 5.56;
258 m/r (e 11,200), X§(? 11 270 my (t 10,200), X“ '°H 254 my («14,500), N , 24.13. Found: C, 45.38; H , 5.44; N , 24.17.
Xst°H 273 my (e 9150); nmr (DMSO-d6, D 20 ) 5 6.28 (t, 1,
J m '-m ’m ,"  =  7 Hz, Hp), 2.92 (s, 3, 2-NHCH3); tic i%/Rs-

inatural) -  1.0. R e g is t r y  N o .— 2,4,5-Triamino-6-benzyloxypyrimi-
Anal. Calcd for CnHi5NsO4-0.5H2O: 0 ,45 .51 ; H, 5.56; r  6 , nn, (: 7„ , o • a u  , ■ m m e

N, 24.13. Found: C, 45.32; H , 5.58; N , 24.38. dme> 19916-72-4; 2-amino-6-benzyloxypurme, 19916-
2-Methylamino-9-(2-deoxy-«-D-('ry)Aro-pentofuranosyljpurin-6- 73-5; 1, 19916-74-6; 6, 19916-75-7; 8, 961-07-9;

one (11).—A  solution of 1.0 g (0.0027 mol) of crude 7 in 40 ml 9, 19916-77-9; 10, 19916-78-0; 11, 19916-79-1.
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The reaction of (chloromethylene)- and (chloroethylidene)dimethyliminium chloride with selected carbo
hydrate derivatives containing hydroxyl, epoxide, and unsaturated functions has been investigated. Primary 
hydroxyl groups are converted into formate esters or are replaced by a chlorine atom, depending on the reaction 
conditions. Acetal and ketal groups migrate in certain cases, especially when the hydroxyl group is secondary.
The reagent reacts with methyl 2,3-anhydro-4,6-0-benzylidene-a-D-allopyranoside to give the ¿rans-2-chloro- 
deoxy-3-formate derivative, as a result of nucleophilic attack of chloride ion on the epoxide function. A t elevated 
temperature a second chlorine atom is incorporated into the molecule with acetal migration to give methyl
3,4-0-benzylidene-2,6-dichloro-2,6-dideoxy-a-D-altropyranoside. The mechanism of the reaction is discussed.

Relatively few methods are available for the direct some synthetic and mechanistic aspects of the reaction, 
replacement of a hydroxyl group (except at C -l) in a The strongly' electrophilic character of amide halide 
sugar derivative by a halogen atom.3'4 Among the reagents such as (chloromethylene)dimethyliminium
methods that are considered to be of synthetic utility chloride13’14 2 has been exploited in a wide variety of
are the reactions of suitably blocked sugars with sulfuryl reactions.12-15 Some applications which are pertinent
chloride,5'6 and with triphenyl phosphite halides.7'8 In to synthetic carbohydrate chemistry include the re-
both of these methods the halogen atom is incorporated action of 2 with various alcohols to give formate es-
by SN2-type reactions leading to inversion of configura- ters13'14a and chlorodeoxy sugar derivatives.11 The
tion in those cases where secondary hydroxyl groups sequence of reactions leading to formylation and chlori-
are involved. Selective chlorination of the primary nation of alcohols is illustrated in Scheme I. The
hydroxyl group in some methyl hexopyranosides has precise nature of the addition product from an alcohol
been accomplished with reagents such as sulfur mono- and 2 cannot be readily established since an equilibrium
chloride9 and N,N-dimethylformamide-methanesulfo- such as A  ^  B is possible. Only one case18 is known
nyl chloride adducts.10 where the primary adduct (type B) of ¿-butyl alcohol

In a preliminary communication11 we reported on the was actually isolated as the perchlorate salt. When
utility of halomethyleneiminium halide reagents12 in solutions of the adducts of simple alcohols are heated in
the preparation of certain chlorodeoxy sugars. We now chlorinated hydrocarbons, the corresponding alkyl
wish to disclose details of this work and to comment on halides and presumably N,N-dimethylformamide are

formed.15 Although the reaction is of preparative 
S t  i t  ¿“  “  “ “ “  "  significance, its application has not been extended to

(2) To whom correspondence should be addressed at the University of ITLOre C om p lex  SysteiHS. F lirth .6rm .0re, th e  StereO-
Montreai. chemical course of the reaction has not been established.

(3) J. E. G. Barnett, A d v a n . C a rb o h y d ra te  C h e m ., 22, 177 (1967). ^  7 i • c
(4) S. Hanessian, Advances in Chemistry Series, No. 74, American Chemi- Some analogy Can be drawn from the pyrolySIS of

cai Society, Washington, d . c., 1968, p 159. simple imino ester hydrochlorides to the corresponding
(5) b. Heifench, Ber 54 1082 (192 ix alkyl halides, which has been shown16 to proceed by a
(6) H. J. Jennings and J. K. N. Jones, C a n . J .  C h e m ., 43, 2372 (1965), and . J ’ . rnl . ^

previous papers. b im o le c u la r  m ech a n ism , l h e  c o n v e r s io n  o i  o p t ic a l ly
(7) N. K. Kochetkov and A. I. Usov, T e tra h e d ro n , 19, 973 (1963).
(8) N. K. Kochetkov and A. I. Usov, I z v .  A k a d . N a u k  S S S R ,  S e r . K h im . , (13) Z. Arnold, C o lle c t io n  C zech . C h e m . C o m m u n . , 24, 4048 (1959).

492 (1965); C h e m . A b s tr . , 63, 1857 (1965). (14) (a) K. Morita, S. Noguchi, and M. Nishikawa, C h e m . P h a r m .  B u l l .

(9) H. B. Sinclair, J .  O rg . C h e m ., 30, 1283 (1965). (Tokyo), 7, 896 (1959); (b) N. H. Bosshard, R. Mory, M. Schmid, and H.
(10) M. E. Evans, L. Long, Jr., and F. W. Parrish, ib id . , 33, 1074 (1968). Zollinger, H e lv . C h im .  A c ta , 42, 1653 (1959).
(11) S. Hanessian and N. R. Plessas, C h e m . C o m m u n . , 1152 (1967). (15) H. Eilingsfeld, M. Seefelder, and H. Weidinger, C h e m . B e r . , 96,
(12) For a review, see, H. Eilingsfeld, M. Seefelder, and H. Weidinger, 2671 (1963).

A n g e w . C h e m ., 72, 836 (1960). (16) S. M. McElvain and B. E. Tate, J .  A m e r .  C h e m . S o c ., 73, 2233 (1951).
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Scheme I Scheme I I

RCHOH + Me2N+=CHCl CT ------ 1 X C1”
I 2 1 ^ R(  +

Cl CH2OH CH2— 0^-C=NMe,

I oJLo  + I /?j-0

„ „  i ,  A  I X I A  R-H.2 J / \ I  /

I----------1-------------- —  | Me, l ° \  R = Me3 Me, l ° \
I  X ^  c r  " 0 —^CMe,  0 -------CMe^

RCH0CH0 + Me,NHHCl /  /  ( + 1 /  4,R = H
i /  RCH-t-0— CII— NMe, 5 R = Me
R' .X  | ' CH2C1 >X

X ^  R' o L  ^  IH-0

r  b i v \
RCHCl + M..NCH0 S j-O ,

1  ' 0— CMe, KB  >
R . . .  8 ' v ™

active sec-butyl alcohol to the corresponding halide with , 0 I__q C | u\̂
inversion of configuration via the pyrolysis of the inter- |_______„  j\jq \ Me'2 0 CMe,
mediate imino ester hydrochloride has also been re- j x J A 6, R = CHO
ported.17 Certain derivatives of carbohydrates con- 1 7, R = COCII.
taining an isolated hydroxyl group are converted into 0— CMe,
chlorodeoxy derivatives in good yield, by reaction with 9, R = H
reagents of type 2.11 Recent observations in these 10, R = N3
laboratories indicate, however, that the replacement of R  R = NHAc
a secondary hydroxyl group in derivatives containing , , _
cychc acetals and Petals may be accompanied by a
rearrangement of these groups to give chlorodeoxy 12
derivatives which are different from those expected on , „ , ,  . . . . „  . . . , .  ,
the basis of simple replacement of the hydroxyl group. J e  e-chiorodeoxy derivative 8 in low yield yca. 25%).

Treatment of l,2:3,4-di-0-isopropylidene-a-D-galac- ™ e ? ese rf ^ lts cuan^  nationalized to some extent
topyranose (1) with 2 in 1,1,2-trichloroethylene or a 011 the stenc hindrance to the attack of chloride
similar solvent resulted in almost complete conversion 10\ at ^ 6’ another factor which should be considered
of 1 into the imino ester intermediate 41« (Scheme II ). lsuthj. electronic effect exerted by the methyl group of 

Treatment of the reaction mixture with aqueous bi- the dimethylaminoethyhdene group which would tend
carbonate afforded the formate ester 6, in addition to *° stabllze an intermediate such as 5. The reaction of
small amounts of the 6-chlorodeoxy derivative 8. The methoxymethylene)dimethyhmmium methylsulfate27 
formation of the latter, even under mild conditions, ( 12)Lwltb 1 was found to be ra;,lch sl« wer than that of
reflects on the activated character of the imino ester tbe f™ te eusi er 6 a,nd unhanged 1 were the only
group in the adduct 6. Heating the reaction mixture Producte detectable on tic ,
afforded 6-chloro-6-deoxy-l,2:3,4-di-0-isopropylidene- , a model of a sugar derivative containing an iso-
D-galactopyranose (8), in yields ranging from 85 -98%. lated secondary hydroxyl group, we selected 1,2:5,6-di-
Compound 8 has been previously prepared in varying isopropylidene-a-D-gluco uranose (13). 
yields by other methods,19- 22 which require at least two When 13 wa® allowed to react with 2 at room tern- 
steps starting with 1. By conventional methods, 8 was Pfature in 1,1,2,2-tetrachloroethane, the major product
converted into the known 6-deoxy23̂  9, 6-azido25 10, obtained was the 3-0-formate ester of 13. Refluxing a
and 6-acetamido25 11 derivatives. Treatment of 1 with S01lut,10̂  containing 13 and 2 afforded a syrupy product
an excess of (chloroethylidene)dimethyliminium chlo- which had sPectral ProPerties and an elemental analy-
ride26 (3) followed by quenching of an aliquot with consistent with a product resulting from the loss of
aqueous bicarbonate and examination by tic, revealed  ̂ e ydroxyl group and the incorporation of a chlorine
the presence of the 6-0-acetate 7 as a preponderant ato™’ However, the product was not the expected
product, in addition to small amounts of 1 and 8. 3-chlorodeoxy derivative, which would have been
The reagent 3 could therefore be used as an acetylating formed by simple replacement of the C-3 hydroxyl
agent in certain cases. Heating a solution containing grouP in }&, but rather, 6-chloro-6-deoxy-l,2:3,5-di-O-
the primary adduct 5 afforded the acetate 7 (tic, ir) and isopropylidene-a-D-glucofuranose30 32 (14) (Scheme I I I ) .

Ihe structure of 14 was firmly established by com-
(17) C. L. Stevens, D. F. Morrow, and J. Lawson, J . A m er. Chem . S oc., •__  r  , • i . , • i ,  j u  • ,

7 7 , 2341 (1955). parison oi optical rotation data and by appropriate
(18) For simplicity, these primary adducts are represented as imino ester

salts. It  should be pointed out, however, that structures such as 4 could be (27) H. Bredereck, F. Effenberger, and G. Simchen, Chem . B e r ., 96,
part of an equilibrium involving related species. 1350 (1963).

(19) K. A. Petrov, E. E. Nifant’ev, A. A. Shchegolov, and V. G. Tevekhov, (28) O. Th. Schmidt, M ethods Carbohydrate C hem ., 2, 318 (1963).
J .  Gen. Chem . U S S R , 34, 1463 (1964). (29) It should be noted that the only example of a successful configura-

(20) K. W. Buck and A. B. Foster, J .  Chem. Soc., 2217 (1963). tional inversion at C-3 in 13 involves treatment of the corresponding tosylate
(21) J. B. Lee and T. J. Nolan, Can. J. Chem ., 44, 1331 (1966). with refluxing hydrazine: M. L. Wolfrom, J. Bernsmann, and D. Horton,
(22) K. R. Wood, D. Fisher, and P. W. Kent, J . Chem . Soc., 1994 (1966). J .  Org. Chem ., 27, 4505 (1962), and references cited therein.
(23) K. Freudenberg and K. Raschig, B er., 60, 1633 (1927). (30) J. B. Allison and R. M. Hixon, J . A m er. Chem . Soc., 48, 406 (1926).
(24) H. Schmid and P. Karrer, Helv. C h im . A c ta , 32, 1371 (1949). (31) D. C. C. Smith, J .  Chem . Soc., 1244 (1956).
(25) W. A. Szarek and J. K. N. Jones, Can. J. Chem., 43, 2345 (1965). (32) E. Hardegger, G. Zanetti, and K. Steiner, H elv. C h im . A c ta , 46, 282
(26) H. H. Bosshard and H. Zollinger, Helv. C h im . A cta , 42, 1659 (1959). (1963).
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Scheme I I I  Scheme IV

.0—CH2 och2
Me2(%  '  /  I

N0—  o / } —0.

phq\ ( 0  ^
(O x  0  'q ' OMe

0 — CMe2 17

13
I P C H 2 "I OCH2i* /JU / u

ch2ci ch2ci ch3 PhC\ ( ( y l  PhC\ (v J ^ l
J-Ov 0— 0 0 _  0 ] V0Me o [ VOMe

M  \  —  } p  ^  >  ^1  p  OCHO

H o f o H  C/ 'L _ Me 2N = C  C P  23

HO 0  OMe, Me '̂ 0— CMe2

15 14 16 I

I ^
conversions into the 6-deoxy derivative 16 and the
crystalline free sugar, 6-chloro-6-deoxy-a:-D-glucose31 CH2C1 .OCH2

(15). The one-step conversion of 13 into 14 in yields j —0 /  J—0,
exceeding 70% is particularly noteworthy, since pre- / Cl\ PhCH / A
vious preparations30-32 utilizing phosphorus penta- A — 1/1 \ l\  v\
chloride as the chlorination agent have been accom- /  I e ® I ®Me
plished at best in less than 15% yield. Me0

Migration of the 5,6-0-isopropylidene group has also 25 R-H
been observed30-33 during the reaction of 13 with j
phosphorus pentachloride and with triphenyl phosphite
dihalides7 which afford the 6-halodeoxy derivatives CH2C1 CH2C1
corresponding to 14. A  possible pathway for the trans- I q I q

formation of 13 to 14 by the method described herein /  A  __v /  A
has been suggested4 and invokes the formation of an |\__ /  K ___\/
orthoester intermediate. HO | OMe . / ° r  OMe

The reagent 2 reacts with methjl 2,3-anhydro-4,6- HO Me2C— 0
O-benzylidene-a-D-allopyranoside34 (17) to give mono- 20 26
chlorodeoxy or dichlorodideoxy derivatives depending . .
upon the reaction conditions.11 A t room temperature, i t
the major product of the reaction is methyl 4,6-0-
benzylidene-2-chloro-2-deoxy-3-0-formyl-a-D-altropy- CH2C1 CH3

ranoside (23) (Scheme IV ). The latter is presumably j_ 0  J— 0

formed by nucleophilic attack of chloride ion on the /  \  /  \
epoxide 17 or an activated form, in which the epoxide |\__A l\___A
oxygen coordinated with the reagent, thus rendering it HO %7 OMe \ OMe
a good leaving group. Intermediate 18 which can be 21 R = H Me2C °
considered as the primary reaction product affords upon 22, R =Bz 27
hydrolysis, the 2-chloro 3-formate derivative 23. That i
the chlorine atom was situated at C-2 in the product *
isolated after chromatography was proved by conver
sion of 23 into the crystalline 3-0-methyl ether 24 and CH2C1
reduction of the latter to the known crystalline methyl j—0.
4,6-0-benzylidene-2-deoxy-3-0-methyl-a-D-nho-hexopy- 19 --------- ► /  \
ranoside35 (25). The conversion of the epoxide function
in 17 into a vicinal irans-chloro formate system such as ^
in 23, under very mild conditions, demonstrates a 2g
further utility of halomethyleneiminium halide re
agents in carbohydrate chemistry. Heating a solution according to mechanistic considerations,16'17 to give a 
of 17 and 2 in 1,1,2-trichloroethane afforded a methyl 2,3-dichlorodideoxy derivative. We have now found
O-benzylidenedichlorodideoxyhexopyranoside in high that the incorporation of the second chlorine atom is 
yield. The incorporation of the second chlorine atom accompanied by a rearrangement of the benzylidene
was originally assumed11 to have taken place at C-3, acetal, and the actual product is methyl 3,4-0-benzyli-

„ , „  „  , , dene-2,6-dichloro-2,6-dideoxy-a-D-altropyianoside (19).
(1961)> A  direct proot m support ox this is the conversion of 19

(34) G. J. Robertson and C. F. Griffith, ibid., 1193 (1935); N. K. Rieht- into 2,6-dideOXy-D-nho-heXOSe (digitOXOSe)36 (28). Mild 
myer and C. S. Hudson, J. Amer. Chem. Soc., 63, 1727 (1941).

(35) R. W. Jeanloz, D. A. Prins, and T. Reichstein, Helv. Chim. Acta, 29, (36) H. R. Bolliger and P. Ulrich, ibid., 36, 93 (1952), and references cited
371 (1946). therein.
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ac id  h yd ro lys is  or ca ta ly t ic  h yd rogen a tion  rem oved  th e  sequent tran form ations, can b e  designated  as m ethy l-4 - 
b en zy lid en e  group fro m  19 to  g iv e  crys ta llin e  m eth y l 0 -b e n z o y l-3 -b ro m o -2 ,6 -d ic h lo ro -2 ,3 ,6 - t r id e o x y -a -D -
2 ,6-d ich loro-2 ,6-d ideoxy-o:-D -a ltropyranoside (20 ), m ann opyran oside (29 ). C a ta ly t ic  redu ction  o f  29 gave
T h is  substance was a ttacked  b y  perioda te , b u t th e  a syru p y  product, w h ich  was pu rified  b y  ch rom atog-
ox id a tion  in  unbu ffered  solutions proceeded  s low ly . rap h y  and was ob ta ined  as a hom ogeneous syru p  (p u r ity

T rea tm en t o f  20 w ith  base a ffo rd ed  a c rys ta llin e  epox ide  > 9 6 %  b y  v p c ).  T h e  nm r spectrum  o f th is p rodu ct
21 w h ich  on  b en zo y la t ion  g a v e  the m on oben zoa te  22 as in d ica ted  the presence o f a fou r-p ro ton  m u ltip le t
a  hom ogeneous syrup. T h a t  th e  b en zoa te  group was corresponding to  tw o  m eth y len e  groups and th e  absence
a ttach ed  to  a secondary carbon  a to m  was e v id en t from  o f  a C -m e th y l group. S ince the r ing -open ing  reaction
the nm r spectrum  o f the p rodu ct w h ich  show ed  a  quar- w ith  N B S  is no t expec ted4 40 to  be accom pan ied  b y
te t  a t low  fie ld  corresponding  to  the C -4 p ro ton  in  22. rearrangem en t in  th is case, th e  absence o f a C -m eth y l
C om pou n d  20 rea d ily  fo rm ed  a c rysta llin e  aceton ide  26, group in th e  reduced  p rodu ct is a c lear in d ica tion  th a t a
w h ich , w h en  reduced  w ith  lith iu m  alum inum  h ydride , 4 ,6-O -benzylidene aceta l was n ot presen t in th e  s ta rtin g  
a ffo rd ed  th e  2 ,6-d ideoxy  d e r iv a t iv e  27 as th e  m a jo r  m ateria l 29. T h e  prepon deran t in co rp ora tion  o f th e
product. M ild  ac id  hyd ro lys is  o f  th e  la tte r  g a v e  crys- b rom in e a tom  a t C -3 in  29 can b e  exp la in ed  on  th e
ta llin e  d ig itoxose36 (28 ). A lth ou gh  th e  v a p o r  phase basis o f  a s te reo se lec tiv ity  in  the r in g  open in g  o f  th e
chrom atogram s o f  com pounds 20, 21, and 26 in d ica ted  3 ,4-O -benzylidene aceta l in 19. S im ila r resu lts h a ve

sing le  peaks fo r  the respective  substances, the chro- been  ob ta in ed  w ith  rela ted  aceta ls .38 I t  is in teres tin g  to
m atogram  o f  19 show ed tw o  peaks in  the ap p rox im ate  n o te  th a t w hereas the tw o  ch lorine a tom s in  19 w ere
ra tio  o f  1 .3 :1 . Fu rtherm ore, th e  nm r spectrum  o f  19 in ert to  c a ta ly tic  hydrogen ation , the in co rpora tion  o f  a
show ed  tw o  singlets fo r  the b en zy lid en e  a ce ta l p ro ton , b rom in e a tom  a t C -3 led  to  a se lec tive  redu ction  o f  the 
as w e ll as tw o  signals each fo r  the anom eric p ro ton  and C -2  and C-3 ha logen  atom s, in  p re feren ce to  th e  C -6
th e  m eth ox y l protons. F ro m  th e  in teg ra ted  areas o f  ch lorine atom . T h e  id en tity  o f  the reduced  p rodu ct 30
these peaks i t  appeared  th a t the p rodu ct 19 w as a  was fu rth er estab lished b y  com parison  o f  its  nm r spec-
m ix tu re  o f  d iastereoisom ers, d iffe r in g  in  th e  con figura- tru m  w ith  th a t o f  3141 and b y  con vertin g  th e  la tte r
tio n  o f  the b en zy lid en e  aceta l carbon  a tom . T h e  nm r com pound in to  30 b y  reaction  w ith  lith iu m  ch loride  in
spectrum  o f  m eth y l 2-0-benzoyl-3,4-0-benzylidene-/3-n- A ,A -d im e th y lfo rm a m id e . T h e  sequence o f  reactions
arab in opyran os id e37'38 shows tw o  singlets o f  the sam e ou tlin ed  in Schem e V  thus p rov ides  ad d ition a l p ro o f
re la t iv e  frequ en cy  as in  19, due to  the presence o f  tw o  fo r  th e  loca tion  o f th e  second ch lorine a tom  a t C-6, and
diastereo isom ers. T rea tm en t o f  20 w ith  ben za ld eh yde  also establishes the pyranose r in g  structure o f  th e  re-
and zinc ch loride  a fford ed  a p rodu ct w h ich  show ed tw o  arranged  produ ct 19. A  possib le m echanism  fo r  the
peaks h a v in g  th e  sam e reten tion  tim e  as those found  in  fo rm a tion  o f  19 is ou tlin ed  in  Schem e V I .  I t  in vokes
th e  ch rom atogram  o f  the or ig in a l p rodu ct 19. T h a t  the
ratio of diastereoisomers obtained from the acetalation S c h e m e  VI
o f  20 was changed (1 .8 :1 ) com pared  to  19 is n o t un- CH2C1 CH2C1
expected , since the m echanism  o f  aceta la tion  d iffers j _  j _
fro m  th e  rearrangem en t rea c t ion .39 T h e  structure o f  /  \ ____ /  ° \
th e  rearranged  p rodu ct 19 was p ro ved  in  a d iffe ren t 18 *  K f\ p ]

m anner (Schem e V ) .  T rea tm en t o f  19 w ith  V -b ro m o - H 0  | * OMe H 0  | ^OMe

P h B  O P h C ^ o
S c h e m e  V | / I /

CH2C1 O f  / O /

J - 0  V/ N »

i(3 i
/ r  <>«• A J

PhC— o  I
H

19 CH2C1

CH2C1 CH2C1 CH2Br 1 -0 .

b  -  n  -  h i  , R_  JN— V\ l\____ A  l\____A  Me2NCHO +  19 -<--------  P)J /
BzO OMe BzO OMe BzO OMe 0/

29 30 31 A  V-' '

V
succm im ide4'40 opened  the aceta l r in g  to  g iv e  a fte r
ch rom atograp h y  a p rodu ct w h ich , based on  its  sub- Me2N +)

(37) N. Baggett, K. W. Buck, A. B. Foster, and J. M. Webber, J . Chem. C
Soc., 3401 (1965). -----------------

(38) s. Hanessian and n . r . piessas, j . Org. chem., 34, 1053 (1969), th e  fo rm a tion  o f  an orth oes ter-type  in term ed ia te  b v  a

(39) The possibility of anomerization was also considered in an attempt reversib le  reaction  (A  <=* B ) and an ir revers ib le  aceta l
to explain the chromatographic and nmr spectral behavior of 19. The fo rm a tion  (C  —► 19). T h e  la tte r  Step explains th e  fo r-

diVaTterbe1Ltmtrsand the tran8formations of 19 seem to favor the Presence of m ation  o f d iastereo isom eric ben zy lid en e  acetals.

(40) S. Hanessian, Carbohydrate Res., 2, 86 (1966); S. Hanessian and (41) S. Hanessian and N. R. Plessas, ibid., 34, 1045 (1969) naDer III in
N. R. Plessas, J. Org. Chem., 34, 1035 (1969), paper II in a series. a series.
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The reaction of methyl 2-azido-4,6-0-benzylidene-2- products. One of these products was isolated and 
deoxy-a-D-altropyranoside42 (32) with 2 in refluxing identified as methyl 4,6-0-benzylidene-2,3-dideoxy-a-D- 
1)1)2,2-tetrachloroethane afforded a product whose en/(/iro~hex-2-enopyranoside44'45 (39). The formation of
analysis corresponded to the loss of a hydroxyl group 39 can be explained by attack of chloride ion on the
and the incorporation of a chlorine atom in the molecule. iodine atom as in intermediate 38, with concomitant
On the basis of the transformations illustrated in elimination of the C-3 substituent (Scheme V II I ) .  It
Scheme V II  this product is designated as methyl 2- is of interest to note that a preparative route44 to 39

consists of treating the 3-0-tosyl derivative of 37 with 
Schem e  V I I  pyridine hydrochloride, which follows an analogous

OCH2 pathway, with expulsion of the tosyloxy function.
/  I q Since the product 39 reacts with the reagent 2, the

PhCH /  N\  __sequence shown in Scheme V I I I  is not of preparative
\  K m significance at this time.

0 j OMe
HO Schem e  V I I I

,OCH, f  OCH. n T ~

CTO CH.C1 / L 0 / U J
/  ° \  /  ° \  PhC^  k phcH  (  A  — ►I( N :\  — >- / acNhS \ [ \ _ _ 1/1 \  K

l\ \/l O f OMe Xo p  OMe
Of OMe O P  OMe HO tO

P1H °  PhH_ °  37 M e ,N = C //
33 H 34 L  J

OCH,

CH'CI CH,C1 PhCH /^~°\

J-a A  \ L J
-  A  ° °Me

Kzl/1 39
BzO OMe BzO OMe

35 36 Experimental Section
azido-3 ,4 -0 -ben zy liden e-6 -ch loro -2 ,6 -d ideoxy-a-D -a ltro - Melting points are uncorrected. Nmr spectra were obtained
pyran oside (33).43 T h e  nm r spectrum  o f  33, lik e  th a t in chloroform-d unless otherwise stated on a 60-MHz spectrometer
o f 19, show ed ev iden ce  fo r  th e  presence o f  tw o  d ia- usmg tetramethylsilane as reference. Optical rotations were

, . . • ,i r  i r measured with a Perkin-Elmer photoelectric polanmeter at 25 .
stereoisom ers d iffe r in g  in  the con figu ration  o f the Thin layer chromatography was performed on silica gel H F
benzylic carbon atom. Treatment of 33 with V-brorno- plates and the spots were detected with a spray containing 5%
succinimide40 afforded a product, presumably 35, which each of ammonium molybdate, sulfuric acid, and phosphoric acid
was catalytically reduced and N-acetylated. The nmr after heating the plate for 10 min at 110°, and with a 1% potas-
spectrum of the product contained a two-proton multi- SllT  permanganate solution in 0.1 JV sulfuric acid. Solvent

, ,. , 1 . systems and mobilities (slow, medium, fast) are given. Chlon-
plet corresponding to a methylene group, but no Signal nated hydrocarbons were dried by passage over neutral alumina
for a C-methyl group. In analogy with the results (Woelm) prior to use. Processed solutions of chloroform and
obtained with 19 (Scheme IV ), this reduced and N- ether were dried over anhydrous sodium sulfate. Vapor phase
acetjdated product is designated as methyl 2-acetamido- chromatography was done on columns containing 5% SE-30

i / > i i  ?• 7 (Analabs, Inc.) or 3% OV-17 (Applied bcienee Labs, Inc.) de-
4-0-benzoyl-6-chloro-2,3,6-trideoxy- a - d - arabmo -  hexo- pending on the derivative.
pyranoside (36). Selective reduction of the azido group 6-Chloro-6-deoxy-1,2:3,4-di-O-isopropylidene-a-D-galactopyra-
in 33 and subsequent N-acetylation afforded crystalline nose (8).— To a solution containing 0.77 g (6 mmoles) of (chloro-
methyl 2-acetamido-3,4-0-benzylidene-6-chloro-2,6-di- methylene)dimethyliminium chloride14 (2) in 6 ml of 1,1,2-tri-
j  ,, • i , , A\ rro. , „  r chloroethane was added a solution of 1 (1.3 g, 5 mmoles) in 12deoxy-a-D-altropyranoside (34) The nmr spectrum of ml of the game solvent After stirring for\_2 £  an aliquot;(1 ml)
this p rodu ct in  pyn dm e-as  exh ib ited  o n ly  one s in g le t wag ta){en from the yellow solution and treated with aqueous
fo r  th e  b en zy lid en e  a ce ta l p ro ton , and it  is n o t u n lik e ly  bicarbonate. Examination of the organic layer by tic (chloro-
that, in th e  c ry s ta lliza tion  process, o n ly  one o f  th e  form-2,2,4-trimethylpentane-methanol, 100:30:1) revealed the
diastereoisom ers w as iso la ted .37’38 presence of the 6-formate ester 6, in addition to a small amount

, TT1 i t  - , • i . ,  of 8. The reaction mixture was refluxed with stirring for 3 hr
W h ereas  th e  ch lorin ation  o f  17 and 32 ( v ia  th e  in ter- an(  ̂ solution was cooled and treated with aqueous so-

m ed ia te  3 -im ino ester) p roceeded  w ith  rearrangem en t, dium bicarbonate solution. Processing in the usual way afforded
bu t w ith  no accom p an y in g  side reactions, th e  reaction  a pale yellow solution which was decolorized and evaporated to
o f 2 w ith  m eth y l 4 ,6-0 -benzylidene-2-deoxy-2-iodo-o:-D - dryness to give the product 8, as a colorless chromatographically
nltrnnvrnnnsido44 (37 ) led to  a com nlex m ixtu re  o f  homogeneous syrup; yield 1.32 g, 95%. The yield varied between
a ltropyran os iae  ( d/)  lea  to  a com p lex  m ixtu re  OI 85 and 98%. A  portion was distilled 95-100° (bath temperature)

(42) R. D. Guthrie and D. Murphy, J. Chem. Soc., 5288 (1963); Y. Ali (0.1 mm), and showed [o;]d 66 (c 0.78, chloroform), nmr data,
and A. C. Richardson, Carbohydrate Res., S, 441 (1967). r  4.55 (center of a doublet, Jn  =  5 Hz, C -l proton), 5.36 (center

(43) Based on mechanistic considerations,16*17 this product was previously of a quartet, C-2 proton), 8.45, 8.58, 8.66 (ketal methyl protons),
assumed11 to be methyl 2-acetamido-4,6-0-benzylidene-3-chloro-2,3-dideoxy- etc.; vpc, singlet peak, >98%  pure. 
a-D-mannopyranoside. -----------------

(44) R. U. Lemieux, E. Fraga, and K. A. Watanabe, C an . J .  Chem., 46, (45) E. Albano, D. Horton, and T. Tsuchiya, Carbohydrate Res., 2, 349
61 (1968). (1966), and references cited therein.
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Anal. Calcd for C 12H 19O5CI: 0 ,51 .70; H . 6.87; 01,12.72. moving components of minor intensity (chloroform-2,2,4-tri-
Found: 0 ,51 .82; H , 6.73; 01,12.54. methylpentane-methanol, 100:30:0.5). In the case of larger runs,

6-Deoxy-l,2:3,4-di-O-isopropylidene-a-D-galactopyranose (9). the yield varied between 75 and 95% depending on the purity of
__A  solution of 8 (0.45 g ) in 30 ml of ether was added dropwise the reagent and the quantitative formation of the chloro ester 18.
to a suspension of lithium aluminum hydride (0.5 g ) in 50 ml of A  portion was further purified by distillation: bp 157-160°
tetrahydrofuran. After stirring under reflux overnight, excess (0.25 mm); [<*]d +41 .5 ° (c 1.47, chloroform); vpc analysis
reagent was decomposed by cautious addition of water and the showed two major closely spaced peaks in an approximate ratio
salts were removed by filtration. Evaporation of the filtrate of 1.3:1; nmr data, r 2.58 (aromatic protons, apparent singlet),
gave a syrup which was dissolved in ether, and the solution was 3.84, 4.10 (benzylic protons, 1:1.25 approximate ratio, integrate
washed once with a small volume of water and dried. Evapora- for one proton), 5.15, 5.21 (anomeric proton, 1:1.25 approximate
tion gave a colorless syrup which was homogeneous on tic and ratio, integrate for one proton), 6.5, 6.51 (C -l methoxyl protons,
had a mobility slightly slower than 8 . It gave a characteristic integrate for three protons).
green color with the molybdate spray. A  portion of the syrup Anal. Calcd for CnHieChCh: C, 52.67; H , 5.05; Cl, 22.21.
was distilled at 68-70° (0.5 mm) to give the product as a pure Found: C, 53.18; H , 5.12; Cl, 22.38.
liquid: [a]D —47.5° (c 2.67, chloroform), lit.23'24 [a]D —47.1° An aliquot from the reaction of 17 with 2 taken after 18-24 hr
(chloroform); nmr data, r 4.45 (center of a doublet, J 12 =  5 Hz, showed essentially a major component on tic which gave a
C - l  proton), 5.40 (center of a quartet, C-2 proton), 8.62 (center postive test with the hydroxylamine spray. Purification of this
of a 15-proton multiplet, ketal and C -6 methyl protons), etc. product by preparative tic gave methyl 4,6-0-benzylidene-2-

6-Azido-6-deoxy-l,2:3,4-di-0-isopropylidene-a-D-galactopyra- chloro-2-deoxy-3-0-formyl-<*-D-altropyranoside (23) as a colorless 
nose (10).— To a solution of 8 (0.46 g ) in 15 ml of Ar,Ar-dimethyl- syrup: [ « ] d  51.1° (c 3.94, chloroform); ir data, 1730 cm -1
formamide was added sodium azide (0.46 g ) and the mixture was (ester). Attempted purification of 23 by chromatography over
refluxed with stirring during 36 hr. The solution was evaporated neutral alumina (Merck) or storage at room temperature resulted
to dryness in the presence of butyl alcohol and the residue was in partial deformylation.
suspended in ether and filtered. This was repeated several times Methyl 2,6-Dichloro-2,6-dideoxy-a-D-altropyranoside (20). A.
to give finally a yellow syrup which was homogeneous on tic By Hydrogenolysis of 19.— A  solution of 19 (3 g ) in 100 ml of
(chloroform-2 ,2 ,4-trimethylpentane-methanol, 100:30:0.5, me- methanol was stirred in the presence of 20% palladium on carbon
dium); ir data, 2100 cm-1 (azide). A  portion was purified by (1 g ) and hydrogen during 5.5 hr. Filtration and evaporation
preparative tic; [ « ] d —91° (c 0.97, chloroform), lit .25 [a ]o  afforded a colorless syrup which was homogeneous on tic (ben-
— 92.1° (chloroform) as a syrup. zene-methanol, 1 0 :1.5) and showed a single peak by vpc analysis.

A  portion of the syrup was dissolved in methanol and treated The syrup crystallized in a few hours and the crystals were
with acetic anhydride and excess Raney nickel. After stirring triturated with a mixture of ether and petroleum ether (bp 30-
overnight at room temperature the mixture was filtered and the 60°) to give 0.55 g of colorless crystals, mp 70-72°. Recrystal-
filtrate was processed to give 6-acetamido-6-deoxy-l,2:3,4-0- lization from the same solvent gave colorless crystals showing a
isopropylidene-a-D-galactopyranose as a chromatographically purity of over 99% by vpc analysis: mp 78-80°; [ « ] d +1 1 8 °
homogeneous syrup: ir data, 1660 (amide I ),  1550 cm -1 (amide (c 1 , methanol); nmr data, r5.15 (C -l anomeric proton, apparent
I I ) ;  [ « ] d —5.4° (c 1.425, chloroform containing 1% ethanol), singlet), 6.54 (C -l methoxyl protons, singlet), etc. The mother
lit .26 [<*]d — 8 .3 ° (chloroform-ethanol) as a syrup. liquors remaining after the filtration of the crystalline product

6-Chloro-6-deoxy-l,2:3,5-di-0-isopropylidene-a-D-glucofura- were evaporated to a syrup which showed essentially one spot on 
nose (14).— To a solution of 13 (4.4 g) in 30 ml of 1,1,2,2-tetra- tic corresponding to 20; yield 1.38 g (combined yield, 94% ).
chloroethane was added 2 (6.5 g ) in 60 ml of the same solvent. A  portion of this product was purified by preparative tic to give
After 2-3 hr at room temperature an aliquot (2 ml) was withdrawn a crystalline product which was identical (nmr, tic, vpc) with 
from the solution and treated with aqueous sodium bicarbonate. material obtained from the first crop, mp 78-80°.
Investigation of the organic layer by tic (chloroform-2,2,4- Anal. Calcd for C7H 12O4CI2: C, 36.59; H , 5.22; Cl, 30.68.
trimethylpentane-methanol, 100:30:0.4, medium) revealed the Found: C, 36.81; H , 5.68; Cl, 30.78.
presence of the formate ester as the major product. The reaction A  portion of the product was treated with benzaldehyde and
mixture was refluxed for 3.5 hr with stirring, and the dark solu- zinc chloride and the mixture was stirred for 5 hr. Processing of
tion was cooled and treated with cold aqueous sodium bicarbonate. the reaction mixture in the usual way afforded a syrup which
Processing of the organic layer in the usual way afforded 5.1 g was indistinguishable from the original 19 by tic, ir, and nmr.
(70% ) of a pale yellow syrup which was homogeneous by tic. Vpc analysis revealed the presence of the same two components
A  portion was distilled at 84-85° (0.05 mm); [<*]d + 3 6 ° (c 2.64, found in the original mixture; however, the ratio of the faster
chloroform); nmr data, r  4.0 (center of a doublet, Jn  =  3.5 to the slower components was now about 1.8:1 respectively.
Hz, C -l proton), 5.42 (center of a doublet Jn  =  3.5 Hz, C-2 B. By Acid Hydrolysis of 19.— An amount of 19 (0.8 g ) was
proton), etc.; vpc analysis, >98%  pure. dissolved in 10 ml of methanol and the solution -was treated with

Anal. Calcd for C 12H 19O5CI: C , 51.70; H , 6.87; Cl, 12.72. 10 ml of 0.1 N  sulfuric acid. After stirring at 45-50° overnight
Found: C, 51.44; H , 6.80; Cl, 13.22. the solution was neutralized with barium carbonate and processed

A  portion of 14 was hydrolyzed essentially according to Smith31 to give a syrup which showed a major component corresponding
to give crystalline 6-chloro-6-deoxy-a-D-glucopyranose (15), mp to 20 on tic, in addition to some minor more slowly moving
135-136°, [a ] d +95 .8 ° —» +51 .1 ° (18 hr, in water); lit . 31 mp components. A  portion of the syrup was purified by preparative
135-136°, [a ]d +92 .5 ° —> +46 .6 ° (at equilibrium, in water). tic to give a crystalline product, identical (nmr, vpc) with 20

A  portion of 14 (0.2 g ) was reduced with lithium aluminum obtained by procedure A ; mp 70-72°, [<*]d +118° (c 1, methanol)
hydride in ether in the usual way. Processing of the reaction Methyl 2,3-Anhydro-6-chloro-6-deoxy-<*-D-allopyranoside (21).
mixture gave 6-deoxy-l,2:3,5-di-0-isopropylidene-a:-D-glucofura- — To a solution of 20 (0.24 g ) in 7 ml of ethanol was added 1.2 ml
nose (16), as a pale yellow syrup (0.1 g ): nmr data, r  4.0 (center of 1 N  sodium hydroxide and the resulting solution was refluxed
of a doublet, J 12 =  3.5 Hz, C -l proton), 5.42 (center of a doublet for 20 min. Neutralization of the solution with dilute acetic acid,
J 21 =  3.5 Hz, C-2 proton), 8.60 (center of a 15-proton multiplet, extraction with ether, and processing of the ethereal extract in
ketal and C -6 methyl protons), etc. the usual way afforded a colorless syrup which exhibited a single

Methyl 3,4-0-Benzylidene-2,6-dichloro-2,6-dideoxy-a:-D-altro- spot on tic with a mobility very slightly slower than 20 (chloro-
pyranoside (19).— To a solution containing 0.64 g of 2 in 15 ml form-methanol, 10:0.7, fast). The syrup was taken up in ace-
of 1,1,2,2-tetrachloroethane was added dropwise a solution of 17 tone, filtered, and evaporated to a syrup which crystallized.
(1.32 g ) in 25 ml of the same solvent. After stirring overnight Trituration with ether-petroleum ether and filtration gave 0.1 g
at room temperature, an aliquot treated with aqueous bicarbonate (50% ) of 2 1 , mp 90-92°. Two recrystallizations from the same
and examined by tic showed the virtual absence of starting solvent mixture gave pure material: mp 93-94“; [a ] d +1 5 5 °
material (see below). The pale yellow solution was heated at (c 0.59, chloroform); vpc, >99%  pure. Investigation of the
110° for 2-2.5 hr, the resulting dark-colored solution was cooled mother liquors from the crystallization of 21 by vpc and tic
and treated with aqueous bicarbonate, and the processed organic indicated the presence of the epoxide mainly,
layer was evaporated in the presence of butyl alcohol. The re- Anal. Calcd for C7HHO4CI: C , 43.19; H , 5.69; Cl, 18.22.
suiting tan-colored syrup was dissolved in chloroform and de- Found: C, 43.04; H , 5.52; Cl, 18.60.
colorized, and the processed solution was evaporated to an almost A  portion of crude 2 1 (90 mg) was benzoylated in pyridine in
colorless syrup, 1.55 g (97%). The product showed essentially the usual way to give methyl 2,3-anhydro-4-0-benzoyl-6-chloro-
a fast-moving major double spot in addition to one or two slower 6-deoxy-a-D-allopyranoside (22) as a syrup. This product was
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purified by preparative tic (chloroform-2,2,4-trimethylpentane- C -2 protons), 8.62 (center of a nine-proton triplet, ketal and C -6 
methanol, 100:30:1); nmr data, t 4.68, 4.74 (centers of two methyl protons).
doublets, Jvo =  9.5 Hz, J i3 = 1 .5  H z), 5.68 (center of a multiplet, The product was hydrolyzed with 0.02 N  aqueous sulfuric acid 
C-3 proton), 6.35 (center of a four-proton multiplet, C -2 , C-5, at 60° during 20 min and the solution was neutralized with barium 
C -6 protons), 6.45 (C -l methoxyl protons), etc. Treatment of carbonate. Filtration and evaporation of the filtrate gave a
22 with a dilute solution of sodium methoxide in methanol, either syrup which showed essentially one spot corresponding to digi-
at room temperature or at reflux for 30 min, gave the epoxide 21 toxose on tic (chloroform-2,2,4-trimethylpentane-methanol,
as the sole product.  ̂ 100:30:20). Purification by preparative tic gave 8 mg of crys-

Methyl 4,6-0-Benzylidene-2-chloro-2-deoxy-3-0-methyl-a-D- talline D-digitoxose (2,6-dideoxy-D-nbo-hexose) which was iden- 
altropyranoside (24).— A  portion (1 g ) of the crude formate tical (melting point, ir) with an authentic sample. 36'46
ester 23 was dissolved in chloroform and passed through a chilled A  similar sequence of reactions was performed starting with
column containing neutral alumina. The column was washed 19, and digitoxose was the major product identified by tic. In
with chloroform and the fractions were examined by tic. It this case the hydride reduction led, in addition to the expected
appeared that extensive deformylation had taken place. The 2,6-dideoxy derivative, to a mixture of products. The nmr
first eluates containing mostly the deformylated product were spectra of these products lacked the benzylidene acetal proton,
combined and processed to a colorless syrup (0.5 g ). The latter and they could presumably be benzyl ethers, 
was dissolved in 50 ml of methyl iodide and 2 g of silver oxide Reaction of 19 with N-Bromosuccinimide.— To a solution of
was added in portions to the refluxing solution. After refluxing 19 (3.0 g ) in 150 ml of carbon tetrachloride were added 5 g of
overnight, the suspension was filtered and the filtrate was evapo- barium carbonate and 2 g of N B S , and the mixture was refluxed
rated to dryness. The resulting crystalline solid was triturated with stirring for 2.5 hr. Filtration, evaporation of the filtrate,
with cold ether and filtered to give the product in two crops, yield and processing of the resulting syrup afforded a dark yellow
0.35 g, mp 120- 1 2 2 °. Recrystallization from a mixture of ace- syrup (3.9 g ) which contained some starting material (tic, chloro-
tone-ether and petroleum ether gave an analytical sample: form -2 ,2 ,4-trimethylpentane-methanol, 100:40:0.1) in addition
mp 121-122°; [<*]d + 6 8 ° (c 0.82, chloroform); nmr data, r to the expected ring-opening product (major product). A
4.42 (benzylic proton, singlet), 5.26 (C -l proton, singlet), 6.45 portion (0.38 g ) of this syrup was purified by preparative tic to
(C -l methoxyl proton, singlet), 6.60 (C-3 methoxyl protons). give a syrupy product which, based on subsequent transforma-

Anal. Calcd for C 15H ls0.iCl: C, 57.23; H , 6.08; Cl, 11.26. tions, consisted mainly of methyl 4-0-benzoyl-3-bromo-2,6-
Found: C, 57.03; II, 6.10; Cl, 11.04. dichloro-2,3,6-trideoxy-a-D-mannopyranoside (29) (0.2 g ): ir

Methyl 4,6-0-Benzylidene-2-deoxy-3-0-methyl-a-D-n'6o-hexo- data, 1720 cm -1 (ester), 
pyranoside (25).— A  solution of 24 (0.1 g ) in 30 ml of ether was Anal. Calcd for C 14H 150 4BrCI2: C , 42.23; H , 3.79; Br,
added dropwise to a suspension of lithium aluminum hydride 20.07; Cl, 17.81. Found: C, 42.75; H , 4.24; Br, 19.49; Cl,
(1 g ) in ether and the mixture was refluxed for 3 days with stirring. 17.70.
After the addition of water to the cooled reaction mixture, and Methyl 4-0-Benzoyl-6-chloro-2,3-0-dideoxy-a-D-en/iAro-hexo-
processing in the usual way, the ethereal solution was dried and pyranoside (30). A. From 29.— A  mixture of 29 (0.19 g),
evaporated to dryness. The crystalline residue consisted of three 20% palladium on carbon (0.2 g ), and barium carbonate in 70
products which were separated by preparative tic. The compo- ml of methanol was hydrogenated during 8 hr. The suspension
nent with medium mobility (25 mg) was crystallized from a mix- was filtered, and the filtrate was evaporated to a syrup which
ture of ether and petroleum ether, mp 95-97°, [q:]d 136° (c 0.28, showed a major spot on tic, in addition to traces of 29. Purifica-
chloroform), and was found to be identical (ir, vpc) with the tion by preparative tic gave the product (80 mg) as a chromato
title compound; lit . 35 mp 100°, [ « ] d +1 2 7 ° (chloroform). The graphically homogeneous syrup: ir data, 1730 cm “ 1 (ester);
faster (15 mg) and slower (12  mg) components were isolated as vpc, >94%  pure; nmr data, r 5.04 (centr of a multiplet, C -4
syrups which were oxidized by aqueous permanganate and proton), 5.20 (center of a broad triplet, C -l proton), 6.65 (singlet,
exhibited signals for vinyl-type protons in their respective nmr methoxyl protons), 8.05 (center of a two-proton multiplet, C-3,
spectra, but no signals for methylene protons indicating that C-4 protons).
they were unsaturated by-products. Anal. Calcd for Ci4H 170 4Cl: Cl, 12.40. Found: Cl, 12.59.

Methyl 2,6-Dichloro-2,6-dideoxy-3,4-0-isopropylidene-a-D- B. From Methyl 4-0-Benzoyl-6-bromo-2,3,6-trideoxy-a:-D-
altropyranoside (26).— An amount of 20 (0.3 g ) was dissolved in eryiftro-hexopyranoside (31).— An amount of 3141 (75 mg) was 
50 ml of acetone containing 0.01 ml of concentrated sulfuric dissolved in 5 ml of iV,A-dimethylformamide containing 0.1 g of 
acid. The solution was stirred at room temperature overnight lithium chloride. After refluxing the solution for 1 hr, it was
after which another 0.01 ml of acid was added. After a total evaporated to dryness, the residue was dissolved in water, and
time of 36 hr tic showed the virtual absence of starting material. the solution was extracted with ether. Processing the organic
The acid was neutralized with barium carbonate, the salts were phase afforded a pure yellow syrup which was purified by prepara-
filtered and the filtrate was evaporated to dryness. The mobile tive tic to give 30 as a colorless syrup. This product was found
liquid containing acetone condensation products was subjected to to be >99%  pure by vpc analysis and it had the same retention
repeated evaporation from an aqueous solution and the final syrup time as 30 obtained above and had emerged from the column
was dissolved in petroleum ether, dried, and evaporated to a before 31.
syrup which crystallized. Trituration with cold petroleum ether Methyl 2-Azido-3,4-0-benzylidene-6-chloro-2,6-dideoxy-«-i>-
and filtration gave 0.22 g of product, mp 63-65°, >99%  pure by altropyranoside (33).— A  solution of 32 (0.96 g ) in 20 ml of
vpc analysis. Recrystallization from the same solvent afforded 1,1,2,2-tetrachloroethane was added to 2 (0.45 g ) in 10 ml of the
material with mp 65-66°; [<*]d + 6 3 °  (c 0.5, chloroform); same solvent. After stirring for 1 hr at room temperature, the
nmr data, r 5.22 (center of a doublet, Jn =  4.5 Hz, C -l proton), pale yellow solution was refluxed for 3 hr. The dark solution was
5.72 (center of a two-proton multiplet, C-3, C-4 protons), cooled and poured into aqueous sodium bicarbonate and the
6.51 (singlet, methoxyl protons), 8.54 (center of a doublet, organic layer was processed as usual. Evaporation gave a light
ketal methyl protons). brown syrup which was decolorized from chloroform and

Anal. Calcd for C 10H 16O4Cl2: C, 44.50; II, 5 .9 4 . Found: C, evaporated to a dark yellow syrup which showed essentially one
4 4 .5 4 . jj 5 _8 7_ major component on tic (chloroform-2,2,4-trimethylpentane-

Reduction of 26 with Lithium Aluminum Hydride and Isolation methanol, 100:30:0.2, fast); yield 0.95 g. This product was
of D-Digitoxose.— A  solution of 26 (0.1 g ) in 10 ml of tetrahydro- dissolved in ether and passed through a column containing neutral
c , , , . , ■ , ■ , j  • , alumina. Evaporation of the first few tractions after the holdupfuran was added to a suspension of lithium aluminum hydride , , ,  , . ... , ,  .

. , r , , ,, , , m, . . a , volume gave 33 as a colorless syrup (0.44 g, 47% over-all).
(35 mg) in 15 mi of the same solvent. The mixture was refluxed Another Bportion purified further by preparative tic showed
for 48 hr and excess reagent was decomposed by cautious addition [a]D +  3 8 .8 = (c 0.216j chl0roform); ir data, 2100 cm“ 1 (azide),
of water. Filtration of the salts and evaporation of the filtrate no hydroxyl absorption; nmr data, r 3.82, 4.11 (benzylic
gave a syrup which showed a major spot and another spot of protons, approximate ratio, 1 : 1 , integrate for one proton), 5.38,
minor intensity corresponding to unreacted 26 (chloroform-2,2,4- 5 .4 7  (centers of two doublets, J u =  1 and 1.5 Hz, respectively,
trimethylpentane-methanol, 100:40:0.1). The major compo- integrate for one proton, C -l proton), 6.51 (singlet, methoxyl
nent, methyl 2,6-dideoxy-3,4-0-isopropylidene-a-D-n'f>o-hexo- 
pyranoside, was separated by preparative tic and was obtained
as a syrup (35 mg): nmr data, r 0.22 (center of a triplet, J  =  (46) We thank Professor T. Reichstein for a generous sample of d-
4.5 Hz, C -l proton), 7.92 (center of a two-proton multiplet, digitoxose.
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protons), etc. The product decomposed on attempted vpc the yellow solution was stirred for an additional 24 hr. A  2-ml 
analysis. aliquot was treated with aqueous bicarbonate and the organic

Anal. Calcd for C i2H 16N s0 4C1: Cl, 10.88. Found: Cl, layer was processed to give a syrup which exhibited essentially
Xi.25. one spot on tic (hydroxylamine positive) corresponding to the

A  mixture of this product (0.3 g ) in 20 ml of carbon tetra- 6-O-acetyl derivative 7: ir data, 1742 cm-1 (ester). A  small
chloride containing 0.18 g of N B S  and 0.2 g of barium carbonate amount of the 6-chloro derivative 8 was also present. The
was refluxed for 2 hr. The suspension was filtered, and the remainder of the reaction mixture was heated under reflux during
filtrate was evaporated to a syrup which exhibited a major spot 3 hr and the dark solution was processed as described for 8. A
on tic (chloroform-2,2,4-trimethylpentane-methanol, 100:30:- syrup was obtained which was identical in all respects with 8
0.2). The product (0.3 g ) was separated by preparative tic and obtained via reaction with 2; yield 0.36 g (25% ).
the zone corresponding to the major product was isolated and Attempted Reaction of 1 ,2 :3 ,4 -D i O-isopropylidene-a-n galac-
processed to give methyl 2-azido-4-0-benzoyl-3-bromo-6-chloro- topyranose with (Methoxymethylene)dimethyliminium Methyl- 
2,3,6-trideoxy-a-D-mannopyranoside (35) as a syrup. Catalytic sulfate.— A  solution of 1 (1.3 g ) in 15 ml of chloroform was added
hydrogenation of this product in the presence of palladium on to a solution of 12 (5 g ) in 5 ml of chloroform. After stirring at
carbon and barium carbonate in methanol afforded a syrup which room temperature for 4 hr, a portion was treated with aqueous
was dissolved in methanol and treated with acetic anhydride. sodium bicarbonate and the organic layer was processed to a
Evaporation of the solution and purification of the syrupy colorless syrup which consisted of a mixture of starting material
product by preparative tic gave methyl 2-acetamido-4-0-benzoyl- (preponderant) and the 6-O-formate ester 6 , as evidenced by
6-chloro-2,6-dideoxy-o:-D-ara6mo-hexopyranoside (36) (49 mg): tic. Refluxing the remaining solution for 4 hr, followed by proces-
ir data, 1718 (ester), 1660 (amide I ),  1560 cm-1 (amide I I ) ;  sing in the usual manner, gave a syrup which also consisted
nmr data, r 5.40 (singlet, C -l proton), 7.85 (center of a two- mostly of starting material and a small amount of the ester 6
proton multiplet, C-3 proton), 7.96 (singlet, N-acetyl protons), (tic, ir data).
etc. Attempted Reaction of Methyl 4,6-0-Benzylidene-2-deoxy-2-

Anal. Calcd for C 16H 20CINO 5: N , 4.42. Found: N , 4.21. iodo-a-D-altropyranoside with (Chloromethylene)dimethylimi-
Methyl 2 -Acetamido-3 ,4-0 -benzylidene-6-chloro-2 ,6-dideoxy- nium Chloride.— To a solution of 2 (0.39 g) in 6 ml of 1,1,2-tri-

<*-D-altropyranoside (34).— To a solution of 33 (0.4 g ) in 50 ml chloroethane was added 0.15 g of 37 in portions at 0°. An aliquot
of methanol were added excess Raney nickel (previously washed was processed after stirring at room temperature for 3 hr. Ex-
with methanol by decantation) and 5 ml of acetic anhydride. animation by tic revealed the presence of the unsaturated deriva-
After stirring overnight at room temperature, the catalyst was tive 39, and two slow-moving components, in addition to some
filtered, the filtrate was evaporated to dryness, the residue was starting material, (chloroform-2,2,4-trimethylpentane-methanol
taken up in'ether, and some insoluble matter was removed by 100:30:1). Prolonged reaction periods led to extensive decompo-
filtration. Evaporation of the filtrate gave the crystalline product sition (tic) and no definite products could be isolated. The un-
34, contaminated with some inorganic salts which were removed saturated derivative 39, mp 116-118° (lit.44'45 119-129°), could
by washing the solid with cold 0.1 N  acetic acid, followed by be isolated in about 10-15% yield by preparative tic of the product
water. The insoluble crystalline product was homogeneous by after a reaction time of 3-4 hr. The ir spectrum and vpc char-
tic (chloroform-2,2,4-trimethylpentane-methanol, 100:30:0.4, act.eristics of 39 were identical with those of an authentic sample,
medium); yield 0.11 g; mp 209-210°; ir data, 1660 (amide I ),  Treatment of 39 with stoichiometric amounts of 2 even at
1560 cm-1 (amide I I ) .  Recrystallization of a portion from a temperatures as low as — 10° led to the formation of several prod-
small volume of methanol gave an analytical sample; mp 211- ucts and eventual decomposition as evidenced by tic. A t —70°,
212° dec, [<*]d + 9 5 °  (c 0.26, chloroform). This compound was compound 39 remained mostly unchanged during a few hours in
previously reported11 to have mp 179°, [ « ] d +  72° (chloroform). the presence of an equimolar amount of 2.

Anal. Calcd for C i6H 20N O 5C1: C, 56.22; II, 5.89; N , 4.09;
Cl, 10.37. Found: C, 55.93; H , 5.83; N , 3.81; Cl, 10.28.

Attempted Reaction o f l,2 :3 ,4 -D i-0 -isop ropy lid en e-a -D -ga - Registry No.— 8 , 13454-63-2; 14, 19685-14-4; 19,
lactopyranose with (Chloroethylidene)dimethyliminium Chloride. 19685-15-5; 20,19685-16-6; 21,19685-17-7; 24,19685-
— A solution of 1 (1.3 g ) m 15 ml of 1,1,2,2-tetrachIoroethane was 0 t ^  in c o i  oo 7 .
added to a cooled suspension of 3 (1 g ) in 5 ml of the same solvent. 18' 8 5 26> 19684-26-5; 29, 19684-27-6; 30, 19684-28-7; 
After stirring for 1 hr at room temperature 1 g of 3 was added and 33, 19684-23-2; 34, 19684-24-3; 36, 19684-25-4.

Bile Acids. XXVII. Mechanism of Allomerization of Steroids with Raney Nickel1
M . N. M it r a  a n d  W il l ia m  H. E l l io t t

Department of Biochemistry, St. Louis University School of Medicine, St. Louis, Missouri 63104

Received October 3, 1968

The transformation of 3-hydroxy 5/3-steroids to 5a compounds by heating with Raney nickel in boiling p- 
cymene proceeds by dehydrogenation to the 3-keto 5/3 derivative and desaturation to the 3-keto A4-steroids. An 
equilibrium is established between the 3-keto 5/3-, 3-keto A4-, and 3-keto 5a-steroid with the latter predominating.
The 4a hydrogen of the steroid is transferred to the p-cymene. p-Cymene can be replaced with similar aromatic 
or cycloalkyl hydrocarbons.

■ I*
Previously2 it was reported that 3-hydroxy steroids 3-keto-frans-A/B (5a) compounds on heating unde 

and steroidal sapogenins with cis-A/B configuration reflux with freshly prepared Raney nickel in a solvent
(5/3) undergo epimerization at the 5 position to provide such as p-cymene. This procedure has been success

fully applied to normal (5/3) cholanoates with various
(1) (a) This investigation was supported in part by N.i.H. Grant h e - substituents for the preparation of allo-(5a) cholanoates

07878 and AM-09992, (b) The following abbreviations have been used: l ik e  aH0 (J eoX ych olic  a c id ,3 a llo ch en o d eO X ych o lic  a c id ,4
tic, thin layer chromatography; glpc, gas-liquid partition chromatography; m i  . • . _ i n
pic, preparative layer chromatography; ORD, optical rotatory dispersion; Oi, 12a:-trihydFOXy-5<2-Cnolan01C RCld,5’6 Rlld. R ilo -
unless otherwise mentioned, R t, retention time relative to methyl deoxy-
cholate (methyl 3a,12a-dihydroxy-5/3-cholanoate; absolute time, 30 min on (3) H. Danielsson, A. Kallner, and J. Sjovall, J. Biol. Chem., 238, 3846
QF-1, 36 min on OV-17). R{ and R t values of different compounds reported (1963).
in this manuscript have been compared with those of authentic samples and (4) S. A. Ziller, Jr., M. N. Mitra, and W. H. Elliott, Chem. Ind. (London),
found to be identical. 24, 999 (1967).

(2) D. Chakravarti, R. N. Chakravarti, and M. N. Mitra, N a t u r e , 193, (5) I. G. Anderson and G. A. D. Haslewood, Biochem. J., 93, 34 (1964).
1071 (1962). (6) M. N. Mitra and W. H. Elliott, J. Org. Chem., 33, 175 (1968).
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cholic acid.6 Although this method of transformation tion of a sequence of fragments, M  — (42 +  18), M  —
of 5/3-steroids to 5a-steroids had been substantiated by (123 +  18) and M  -  (115 +  42 +  18), comparable to
tic, glpc, ord, mass spectrometry, and chemical deg- those fragments of 4. The base peak of 8, m/e 269, 
radation in many cases,3’4-6'7 no work was carried out M  -  (115 +  18), contrasts to the molecular ion of 4.
on the mechanism by which this transformation takes Fragmentation via M  — 85 is weak in 4 and insignifi-
place. In this paper investigations with a mechanistic cant in 8; the fragment, m/e 124, of considerable in
approach are reported. tensity in 4 is very weak in 8. The fragments, m/e 147

When methyl lithocholate (1) or methyl 3-dehydro- and 145, of 8 probably represent stabilized fragments
lithocholate (2) is heated in boiling p-cymene in the from m/e 261 by loss of the Cn side chain and addition
presence of freshly prepared W-2 Raney nickel catalyst or loss of a proton.
for 10 hr, analysis of the reaction mixture by glpc Reversible Nature of the Reaction.—With sufficient 
showed the presence of about 70% methyl 3-keto-5a- quantities of 4 and 8 available each of these was re-
cholanoate (3), R t 0.71; 20% methyl 3-keto-5/3-cholan- fluxed with Raney nickel in boiling p-cymene and the
oate (2); R t 0.61; and a third substance as a small peak, products were analyzed by glpc. From 4, both 2 and 3
R t 0.93, subsequently identified as methyl 3-keto-A4- were obtained in about 20 and 70% yield, respectively;
cholenoate8 (4) by comparison with an authentic sam- from 8, about 20% 6 and 60% 7 were obtained. In a
pie obtained by Oppenauer oxidation of methyl 3/3- similar experiment with 5a-cholestan-3/3-ol (9) glpc
hydroxy-A6-cholenoate. Isolation of 4 from the reac- analysis showed the presence of 74% 5a-cholestan-3-one
tion mixture by pic, preparative layer chromatograpy, (10), 11% 5/3-cholestan-3-one (coprostanone) (11), and
permitted characterization by uv, ir, and mass spec- 15% A4-cholestenone (12). Previous experiments2
trometry. with several 3/3-hydroxy A5 derivatives showed the

The mass spectrum of 4 showed the molecular ion, presence of 3-keto A4-steroids and 5a-3-ketones but no
m/e 386, as base peak, and the characteristic fragments quantitative experiments were conducted. These data
of methyl esters of bile acids (m/e 371, M  — 15; m/e suggest that Raney nickel promotes the formation of an
355, M  — 31; m/e 271, M  — 115) as well as those frag- equilibrium mixture of 5a- and 5/3-steroids and that the
ments derived from 3-keto A4-steroids (m/e 344, M  — 3-keto A4 derivative is an intermediate in this transfor-
42; m/e 329, M  — (42 +  15); m/e 301, M  — 85; m/e mation.
263, M  — 123; m/e 229, M  — (115 +  42); m/e 124). Role of the Solvent.— In order to ascertain whether 
Shapiro and Djerassi9 found similar fragmentation in the solvent, p-cymene, plays a significant role in this
the mass spectrum of 3-keto-A4-androstene. The mass reaction, glpc-mass spectrometric analysis of the solvent
spectra of 2 and 3 showed the expected fragments m/e was undertaken after the reaction. Small quantities of
373 (M  — 15), m/e 318 (M  — 70) and m/e (M  — 115). the menthanes (cis and trans), p-xylene, ethyl toluene,
The ratio of the relative intensities of the fragments and toluene were characterized. However, these
m/e 318 (M  — 70) from 2 and 3 was approximately 7:1 materials were found in about the same quantities after
in accord with the observations of Budzikiewicz and boiling p-cymene and Raney nickel without steroid,
Djerassi10 on the more favorable loss of ring A  from 3- suggesting that they represent minor products of
keto 5/3-steroids than the corresponding 5a derivatives. action of the catalyst on the solvent. In subsequent

Similar treatment of methyl deoxycholate (5) with experiments substantial quantities of di-p-cymene13
Raney nickel in boiling p-cymene and analysis of the were identified in the hexane eluent from column chro-
products by glpc showed the presence of about 20% matography of the reaction mixture,
methyl 3-keto-12a-hydroxy-5/3-cholanoate (6), 60% In order to define more clearly the role of the solvent 
methyl 3-keto-12a-hydroxy-5a-cholanoate7 (7), and in the reaction, methyl lithocholate (1) was treated with
a small amount of 3-keto-12a-hydroxy-A4-cholenoate Raney nickel in boiling aromatic solvents (xylene, cu-
(8). An attempt was made to prepare the reference mene, diisopropylbenzene) or nonaromatic solvents (1,4-
compound 8 by the action of 2,3-dichloro-5,6-dicyano- dimethylcyclohexane, diisopropylcyclohexane, n-butyl-
benzoquinone on methyl 3-keto-12a-hydroxy-5/3- cyclohexane). The steroid residue obtained after sep-
cholanoate 6, but the product was found to be a mixture aration of solvent and catalyst was analyzed by glpc
of a small amount of 8 with a number of other com- on a column of 3% OV-17 on Gas Chrom Q (Table I).
pounds of very close polarity in tic. A  similar observa- These results show that the alkyl cyclohexanes function
tion was recently reported by Turner and Ringold.11 as well or better than their corresponding aromatic
Consequently, 8 was prepared by the procedure of analogs for the preparation of the 5a derivatives and
Riegel and McIntosh12 from 6 by bromination at C4 suggest that a higher temperature of the reaction me-
followed by dehydrobromination. dium favors the formation of the latter. This behavior

Since 8 is a 12-hydroxy derivative of 4, the mass spec- of the solvent may be due to a tendency of adsorbed
trum should exhibit certain similarities. The M  — 15 hydrogen of Raney nickel to saturate the aromatic ring
fragment of 4 is replaced in 8 by the M  — 18 fragment at the temperature of the reaction medium. This is
(m/e 384), and the M  — 31 fragment common to both supported by the observation that aromatic solvents
spectra is joined in 8 by an M  — 32 fragment (m/e 370). recovered from Raney nickel with or without sterol in-
Loss of a molecule of water from 8 results in the forma- variably contain small amounts of the corresponding

cyclohexanes as detected by glpc on Bentone 34. When
(7) m . n . Mitra and w . h . Eiiiott, j . 0 rg. chem.. ss, 2814 (1968). th e  r e a c t io n  w a s  c a rr ie d  o u t in  th e  p res en ce  o f  r e a d ily
(8) M. J. Haddadin and C. H. Issidorides, ibid., 25, 403 (1960).
(9) R. H. Shapiro and C. Djerassi, J. Amer. Chem. Soc., 86, 2825 (1964). (13) H. Pines, B. Kvetinskas, and V. N. Ipatieff [ibid., 77, 343 (1955)]
(10) H. Budzikiewicz and C. Djerassi, ibid., 84, 1430 (1962). reported mp 156° for di-p-cymene; R. Pappo, B. M. Bloom, and W. S.
(11) A. B. Turner and H. J. Ringold, J. Chem. Soc., C, 1720 (1967). Johnson [ibid., 78, 6354 (1956)] reported mp 157-159°. The product ob-
(12) B. Riegel and A. V. McIntosh, Jr., J. Amer. Chem. Soc., 66 , 1099 tained in these experiments showed mp 158° after crystallization from

(1944). acetone; the structure was supported by uv, ir, and mass spectrometry.
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Table I tion of the 3-keto steroid this material was labeled at
Reaction of Methyl Lithocholate and position 4. Methyl 3-keto-4/3-bromo-5/3-cholanoate
Raney N ickel in Different Solvents» was prepared from 2 and debrominated with zinc and

Methyl 3- tritiatcd acetic acid according to Corey and Sneen17 to
Expti ,_choianoates,_. Provide methyl 3-keto-4a-3H-5/3-cholanoate (13).
no. Solvent Bp, °c Source1’ Rtc 5a 5/3 a< Treatment of 13 with Raney nickel provided the ex-

Alkyl Benzene pected yield of 3, but the product contained less than
1 1,4-Dimethyl- 138 B 0.31 34 56 1 2 %  o f the tritium . A ft e r  separation  o f the recovered
2 Isopropyl- 152-153 A  0.46 43 50 4 solvent into menthanes ( R t 0.45 and 0.50) and p-cymene
3 l-Methyl-4- ( R ,  1.00) by preparative glpc on Bentone 34 and assay

isopropyl- 177 B 1.00 70 20 10 for radioactivity in these components, the tritium was
4 1,4-Disopropyl- 210 A  3.23 73 15 12 found exclusively in p-cymene. Upon oxidation18 of

Alkyl Cyclohexane this material to p-toluic acid, approximately one-half of
5 1,4-Dimethyl- 120-124 A  0.07 65 31 l the tritium was retained in this moiety. These data

0 09 suggest that the tritium was lost from the steroid pref-
6 Isopropyl- lo4-15o A 0.27 78 18 4 erentially to the solvent with approximately equal dis-
s r . n y " i ! ! ! " ! ! !  o o 'In I t  II n tribution between the toluic acid moiety and the iso-
8 1,4-Dnsopropyl- 201-203 C 2.49 77 16 7 i <•
9 Menthone 207 D  2 60 p r o p y l  g ro u p  o f  p -c y m e n e

10 80% p-Cymene- l i m e  o f  th e  R e a c t io n .— Although these studies were
20%  cyclo- carried out in accordance with earlier observations2
hexene B 5 45 rega rd in g  a  reaction  period  o f 10 hr, subsequ en t experi-

° Recovered methyl lithocholate: l, 10%; 2, 3%; 5, 4%; ments have been conducted with 1, 5, and methyl
9, 38%; 10, 50%. 6 Source: A, Aldrich Chemical Co., Inc., cholate in p-cymene and Raney nickel in which aliquots
Milwaukee, Wis.; B, Fisher Scientific Co., St. Louis, M o.; C, of the reaction mixture were removed at various inter-
Chemical Samples Co., Columbus, Ohio; D , Matheson Cole- v a ls  an d  an a lvzed  b v  etnc T h ese  stud io « «h n w  th «t  the
man and Bell, Norwood, Ohio. • R t =  retention time relative vats a n a  an a ly zed  by  glpc. I  hese studies sh o w  th a t the
to p-cymene (absolute time =  20 min) on 5 %  Bentone 34-5% reaction  is com plete w ith in  1 hr, an d  that lon ger periods
diisodecylphthalate. S. F. Spencer, Anal. Chem., 35, 592 °f heating provide no improvement in yield of the 5a-
(1963). steroids.

reducible solvents such as cyclohexene or menthone,
very little transformation from 5/3- to 5a-steroid oc- Discussion
curred as measured by glpc (Table I) in confirmation of On the experimental evidence presented the course of 
the above conclusions. the stereoisomerism of steroids at position 5 in the pres-

Role of the Steroid. A. Structure.— The structural ence of W-2 Raney nickel19 at the reflux temperature of
requirements of the participating steroid were investi- various high-boiling solvents is represented in Chart I.
gated initially with methyl 5/3-cholanoate. After
treatment with the reagents in the usual way, no CHART I
methyl 5a-cholanoate7 could be detected by glpc. In
order to ascertain whether an oxygen function at po- ? Y 'vl ?
sition 7 instead of 3 could promote the transformation jc ° o c h 3  c o o c h 3

at 5, the following methyl esters were treated indi- t % j Raney Ni^
vidually with Raney nickel in boiling p-cymene: 7 a -  H0’ H p-Cymene
hydroxy-5/3- and -5a-cholanoates6-14 and 7a, 12a- s R-n 2, R = H
dihydroxy-5/3- and -5a-cholanoates.6,15 In each case ' ° H
about 25% of the starting material was dehydrogenated j
to the corresponding 7-keto derivative, but no trans- *  I
formation at position 5 could be detected on QF-1 by
glpc, since the major portion of the steroid was re- O --------- * 0
covered unchanged.6,7 These observations confirm 3 r = h 4 R=h
earlier studies8,7 in which 7-dehydro derivatives of the 7. R = OH 8, r = oh
5a and 5/3 series were identified, and demonstrate the
importance of functional oxygen at position 3 for a Raney nickel enjoys three functions in this sequence: 
avorable reaction. . dehydrogenation of the C3 hydroxyl, and dehydrogena-

. Abstraction of Hydrogen.— Studies with 1, tion and rehydrogenation at C4-C 5. The dehydrogena-
and 5, methyl cholate,6 and methyl chenodeoxycholate7 tion at C3 is not unexpected, since the formation of alde-
have shown that the reaction proceeds equally well hydes and ketones from primary and secondary alcohols
with the corresponding 3-dehydro derivatives (e .g ., 2 or over finely divided metal at high temperature has been
6). thus Raney nickel dehydrogenates the secondary reported extensively.16,29,21 To study the mechanism
steroidal alcohol to a ketone similar to that reported by 0f the dehydrogenation of 2 to 4, tritiated 2 was pre-
Raul16 for the preparation of hexanone-3 in 80% yield _
fro m  heXanol-3. ( 17̂  E’ J’ Corey and A - Sneen, J. Amer. Chem. Soc., 78, 6269 (1956).

rp___ „• . , , ( 18) TV. F. Tuley and C. S. Marvel, "Organic Syntheses,” Coll. Vol. I ll,
1 0  g a in  in s ig h t  in to  th o  m ech a n ism  o f  d e h y d ro g e n a -  John Wiley & Sons, Inc., New York, N. Y., 1955, p 822.

(19) R. Mozingo, “ Organic Syntheses,” Coll. Vol. I l l ,  John Wiley &
Sons, Inc., New York, N. y., 1955, p 181.

i ' T gan. r l J; jac<lues' BulL Soc■ Chim- F r 871 <196°)- (20) R. p. A. Sneeden and R. B. Turner, J. Amer. Chem. Soc., 77, 190
(15) A. S. Jones, M. Webb, and F. Smith, J. Chem. Soc., 2164 (1949). (1955), and references cited therein
(16) R. Paul, C. R. Acad. Sci., Paris, 208, 1319 (1939). (21) E. Lieber and F. L. Morritz, Advan. CalaL, 5, 417 (1953)
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pared and formulated as the 4a-tritio derivative in ac- McQuillin, et al,,32 Nishimura, et al.,33 and Combe,
cord with the arguments of Corey and Sneen.17,22 I f  et al.3i Reduction in the presence of palladium under
dehydrogenation of this 4a-3H-3-keto ester occurred nonequilibrating conditions provides varying amounts
solely via cis elimination of the 4/3 and 5/3 hydrogen of the 5/3 or 5a isomers, and is dependent on the acidity,
atoms, the steroid should retain the tritium; if a trans alkalinity, or polarity of the solvent. McQuillin, et
diaxial elimination occurred, the steroid should be de- al.,32 point out that polarization of the 3-keto A4-steroid
void of tritium. Since the steroid did in fact contain will assist deformation and permit the absorbed mole-
very little tritium, cis elimination need not be con- cule to assume the preferred ¿rans-decalin type configu-
sidered. Elimination of the 4a,5/3-diaxial protons by ration. Whereas the /3 face of the a,/3-unsaturated ke-
direct combination with the catalyst is difficult to vis- tone is less hindered than the a side, inspection of
ualize. However, if polarization or enolization of 2 Dreiding models of the enolate or polarized form reveals
occurred in the reaction medium to form the enolate axial interaction on the a side of the molecule only at
(B), the axial tritium would be removed from the steroid positions 2 and 9, as opposed to hinderance at positions
and could appear in the solvent by exchange, in a man- 1, 7, and 10 on the /3 side. Inhoffen and coworkers35
ner analogous to that reported by Horner and Mayer23 showed in 1950 that cholestenone enol ether was re-
between deuterium and the hydrogens of alkyl ben- duced on the a side by palladium and hydrogen. 4-
zenes. The tertiary allylic proton at C5 of the enol (B) Methyl-3-keto A4-steroids provide the more stable 4 a-
could be abstracted by the catalyst from the /3 side of methyl 5a derivatives on catalytic reduction in the

presence of palladium.28,36 Nishimura, et al.,33 have 
I I  I J — *- 1 1 1  —* projected structures for enolic derivatives of 3-keto A4-

steroids in which fixation of the metallic catalyst at the 
H H H 5/3 position enables ring A  to assume a conformation al-

A B most at right angles to the remainder of the structure
. I I I I  and assures/3 attack; a similar structure with the cata-

lyst affixed on the a side assures a more planar configura- 
0 0 D tion and a attack. Each of these cases is concerned

c / with reduction in a nonequilibrating system. Although
the experiments reported here were generally conducted 

jS  for a period of 10 hr, equilibration is reached within 1 hr.
i i i ( c attack i i i Since conditions for catalytic reduction (i.e., room tem-

perature and generally cessation after uptake of 1 mol 
H E of hydrogen) differ appreciably from these experiments,

the mechanistic interpretations of the former cases may 
the molecule to form the dianion (C), which then pro- not apply in ioto here.
ceeds to the a,/3-unsaturated ketone (D). This mech- In reduction of substituted naphthalenes37 under 
anism is essentially the reverse of that suggested by equilibrating conditions several ¿ra?is-decalins were
Barton and Robinson24 for the reduction of a,/3-un- obtained. Siegel38 earlier interpreted the formation of
saturated ketones by metals in liquid ammonia, and in ¿rans-dimethylcyclohexanes as cis addition to a newly
effect supports a irans-diaxial elimination.25 Support migrated double bond generated by the “ half-hydro-
for the involvement of the 3-oxo group in the above is genated”  state. Whether the interpretations of Siegel
found in the inability to detect isomerization of methyl and Weitkamp need to be invoked in this case (e.g.,
5/3-cholanoate under comparable conditions. Addi- intermediate E above) awaits results of additional ex-
tional studies to clarify this subject are now in progress. periments. However, these interpretations offer an

The course of hydrogenation of 3-keto A4-steroids explanation for the formation of 20-30% 7 or 3 by the
has been reviewed by Fieser and Fieser,28 Shoppee,27 action of Raney nickel in boiling p-cymene on methyl
and McQuillin,28 and reinvestigated by Augustine29-31 cholate or methyl chenodeoxycholate,7 respectively.

(22) It should be noted that the specific activity of the tritiated steroid A f t e r  th e  7 « ^ y d r O S y  analog of 8 OF 4 has been formed,
was lower than that of the tritiated acetic acid by a factor of 11, in support the allylic hydroxyl is eliminated to form the conjugated
of the assignment of structure. If inversion did not take place in the forma- 3-ketO A4,6 System, which ÍS then reduced to 7 Or 3.
tion of the tritiated steroid and the product was indeed the 4/3 derivative, a i j i  i n • r - i n i x  i *  j* i
tritium should be eliminated from the steroid whether or not enolization Although Small quantities of 12-ketO derivatives have
occurred. Further studies on this inversion are in progress. been noted in these reactions, in no case has a 12~d.6oxy

(23) l . Horner and d . Mayer, Ann. Chem., 680, i (1964), cited from derivative been detected from 5 or methyl cholate.
c/iem m , 9765 (iiMb The failure of the 7-keto-5/3-cholanoates to undergo

(24) D. H. R. Barton and C. H. Robinson, J. Chem. Soc., 3045 (1954). . . . v; ®
(25) Concerning the composition of the catalyst, v. n . Ipatieff and h. dehydrogenation at position 5 from the (3 side may be

Pines [J. Amer. Chem. Sec., 72, 5320 (1950)1 reported an analysis of W-6
catalyst as 21% alumina, 1.4% metallic aluminum, 0.5% sodium alumínate, (29) R. L. Augustine, J. Org. Chem., 23, 1853 (1958).
and 77% nickel. No comparable analysis has been reported for W-2 catalyst. (30) R. L. Augustine and A. D. Broom, ib id ., 25, 802 (1960).
However, the latter is prepared over a longer period of time than the W-6 (31) R. L. Augustine, ib id ., 28, 152 (1963).
catalyst, and is washed copiously with water after it has been washed to (32) F. C. McQuillin, W. O. Ord, and P. L. Simpson, J. Chem. Soc., 5996
neutrality; the catalyst is finally washed several times with p-cymene before (1963).
use. It should be noted that the allomerization proceeds equally well with (33) S. Nishimura, M. Shimahara, and M. Shiota, J. Org. Chem., 31, 2394
catalyst which is 3 months old, but fails with the triacetate of methyl cholate (1966).
(unpublished observations). (34) M. G. Combe, H. B. Henbest, and W. R. Jackson, J. Chem. Soc.,

(26) L. F. Fieser and M. Fieser, “Steroids,” Reinhold Publishing Corp., 2467 (-1967).
New York, N. Y., 1959, p 272. (35) H. H. Inhoffen, G. Stoeck, G. Koelling, and U. Stoeck, A n n ., 568,

(27) C. W. Shoppee, “ Chemistry of the Steroids,”  Butterworth and Co., 52 (1950).
Ltd., London, 1964, p 50. (36) H. B. Henbest, W. R. Jackson, and I. Malunowicz, J. Chem. Soc.,

(28) F. J. McQuillin in “ Elucidation of Structures by Physical and Chem- 2469 (1967).
ical Methods,”  A. Weissberger, Ed., Part I, Interscience Publishers, New (37) A. W. Weitkamp, Advan. Catal., 18, 1 (1968).
York, N. Y., 1963, p 498. (38) S. Siegel, ib id ., 16, 123 (1966).
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attributed to axial hindrance by the Cio methyl group water, dried over anhydrous sodium sulfate, and analyzed by
and the C8 hydrogen. On the other hand, dehydrogen- glp(r  The solid residue (1.39 g ) in the distillation flask was taken

, , _  , . .  , ■ i • i • i i up in ether and the ether layer dried. After evaporation of the
ation of the more planar 7-keto oa-steroid IS hindered ether, the product was purified by pic with 5%  acetone in benzene
by axial interaction of hydrogen at Cg, Ci, and Ci4. and crystallized from aqueous methanol. An aliquot of the solid
Reduction of As-7-keto steroids is reported to proceed residue (500 mg) by this procedure yielded (i) methyl 3-keto-5a-
primarily by a attack,39,40 although both 5/3 and 5a cholanoate7 (3) [280 mg, mp 113-114°, Rt 0.71, iff 0.60 (5 %
derivatives are formed.41 Evidently the catalyst acetone in benzene)]; (ii) methyl S^keto-o^cholanoate44 (2)

reached the axial 7a-hydroxy group to a limited extent, keto-A4-cholenoate8 (4) [40 mg, mp 125-126°, R t 0.93, R , 0.41,
since about 25% of the 7-keto derivative was formed uv max (C ,H 5O H ) 241.5 mM (log e =  4.22), ir 1730, 1666, 1607,
in each case. 1207, 1184, 1165, 1040, 869 cm“1] .

Oppenauer Oxidation of Methyl 3/3-Hydroxy-A5-cholenoate.—  
Methyl 3/3-hydroxy-A5-choIenate,8 mp 143-144° (1.7 g), was oxi- 

Experimental Section dized by the Oppenauer method.45 The crude oxidation product
(1.65 g ) was purified by chromatography on a column of silica 

Melting points were determined on a Fisher-Johns apparatus ge) followed by crystallization from aqueous methanol. Methyl
and are corrected. Infrared spectra were recorded on a Model 3-keto-A4-cholenoate thus obtained had mp 125-126°; Rt 0.93;
21 Perkin-Elmer double-beam spectrophotometer as Nujol mulls. R, 0.41 (5%  acetone in benzene).
The ultraviolet absorption spectrum was obtained with a Hitachi Action of Raney Nickel on Methyl Deoxycholate.— Methyl
Perkin-Elmer uv spectrophotometer, Model 139. deoxycholate (1.0 g, mp 82°) on treatment with Raney nickel

Analytical tic was carried out on 20 X 20 cm plates coated (ca. 2 g ) in p-cymene (12 ml) in the usual way yielded a product
with 0.25 mm of silica gel G  (Brinkmann Instruments Inc., West- (§90 mg) which was purified by pic using 20% acetone in benzene
bury, N . Y . ) ;  the different steroids were located on the plate followed by crystallization from acetone-hexane. An aliquot of
after development in specified mixtures of acetone and benzene by this product (500 mg) by this procedure yielded (i) methyl 3-
spraying with 10% phosphomolybdic acid in 95% ethanol. keto-12a-hydroxy-5o:-cholanoate7 (7) [270 mg, mp 145°, Rt 1.41,
Preparative layer chromatography (pic) was carried out with o.49 (20% acetone in benzene)]; (ii) methyl 3-keto-12a-
plates coated with 0.5 mm of silica gel H ; the steroids were lo- hydroxy-5/3-cholanoate16 (6) (84 mg, mp 141-142°, Rt 1.17,
cated on the plate after development by spraying with water. R, 0.40); and (iii) methyl 3-keto-12a-hydroxy-A4-cholenoate12

Gas chromatography of steroids was carried out on an F & M  (8) (18 mg, mp 151-152°, Rt 1.87, Rt 0.33).
Model 402 gas chromatograph with a U-shaped glass column (6 Action of 2,3-Dichloro-5,6-dicyanobenzoquinone (D D Q ) on
ft X  0.25 in. o.d.) packed with 3%  OV-17 on Gas Chrom Q (Ap- Methyl 3-Keto-12a-hydroxy-5/3-cholanoate (6 ).— A mixture of 6
plied Science Laboratories, State College, P a .) under the follow- (goo mg) and D D Q  (350 mg) dissolved in 60 ml of dioxane was
ing conditions: flash heater, 280°; column, 260°; detector, refluxed for 6 hr.46 The solution was cooled and the dark brown
280°; helium, 40 psi at a flow rate of 80 cc/min. Quantitation residue left after evaporation of solvent was treated with ben-
of the steroids by glpc was carried out by multiplying the height zene. The benzene solution was passed through a column of
of the peak by the width at half-height. Glpc of the hydrocar- neutral Woelm alumina deactivated with 12% water. The resi-
bons (Table I )  was carried out in the same apparatus with a (jue from the benzene eluate (520 mg) containing a number of
column of 5%  Bentone 34-5%  diisodecylphthalate on Gas compounds was separated by pic into four fractions of different
Chrom Q (100-120 mesh) prepared according tô  Spencer;42 polarity. The fraction (107 mg) with a mobility just less than
flash heater, 100°; column, 60°; detector, 75°; helium, 40 psi that of 6 was purified by repeated pic followed by crystallization
at a flow rate of 65 cc/min. Glpc analysis of p-cymene was car- from acetone-hexane to provide shining needles, mp 170-171°.
ried out on a column of 3%  OV-1 on Gas Chrom Q (100-120 On glpc two distinct peaks appeared, one amounting to about
mesh); flash heater, 100°; column, 70°; detector, 105°; helium, 70% of the mixture corresponded to methyl 3-keto-12a-bydroxy-
40 psi at a flow rate of 25 cc/min. A4-cholenoate, Rt 1.86.

Mass spectrometry was carried out with an L K B  Model 9000 Methyl 3-Keto-12a-hydroxy-A4-cholenoate. A .— Methyl 3- 
single-focusing gas chromatograph mass spectrometer fitted with keto-12«-hydroxy-5/3-cholanoate (6, 1.79 g ) in 20 ml of acetic
molecule separators of the Becker-Ryhage type. For the analy- ac;d was brominated with a solution of 0.257 ml of bromine in 12
sis of p-cymene and companions a coiled glass column (8 ft X  ml of acetic acid according to the procedure of Riegel and M c-
0.25 in. o.d.) packed with 3% OV-1 on Gas Chrom Q (100-120 Intosh.12 Purification of the crude brominated product by pic
mesh) was used with the following conditions: flash heater, 85°; in 15%  acetone in benzene provided a residue, 1.55 g, which,
column, 54°; molecule separator, 104°; ion source, 250°; ac- however, failed to crystallize from acetone-hexane or benzene-
celerating voltage, 3.5 kV; ionizing energy 70 eV; trap current, hexane.
60 /iA. Mass spectra of bile acids were determined with the B. The brominated residue (1.55 g ) was dried and refluxed in
direct inlet probe. . . . .  20 ml of dry pyridine for 4 hr. The solution was poured into

Radioactivity was measured in a Model 3314 Tricarb liquid scin- dilute hydrochloric acid. The resulting precipitate was ex-
tillation spectrometer. Aqueous scintillator43 was used as the tracted with ether-benzene and the extract washed with dilute
medium for assay of tritium. The effluent from glpc was passed hydrochloric acid, sodium bicarbonate solution, and finally with
directly into the aqueous scintillator; the flame jet of the de- water. After evaporation of the solvent, the residue (0.97 g )
tector was replaced with a heated tube 18 in. X  1/16 in. o.d. wag purified by pic in 25% acetone in benzene. The major

Raney Nickel Catalyst. W -2  catalyst was prepared from compound thus obtained (470 mg) on crystallization from ace-
Raney catalyst powder (No. 2813, W . R. Grace and Co., Chat- tone-hexane yielded stout needles of methyl 3-keto-12a-hy-
tanooga, Tenn.) according to the method of Mozingo.19 droxy-A4-cholenoate: mp 151-152°; Rt 1.87; R, 0.33 (20%

Action of Raney Nickel on Methyl Lithocholate.— The proce- acetone in benzene); ir 3472, 1721, 1669, 1612, 1453, 1208, 1179,
dure described here is typical and can be applied to other steroids u 60; 1096, 1055, 866 cm“1; uv max (C2H 5O H ) 241 mM (log c =
referred to earlier. p-Cymene used in this experiment can be re- 4 2 ).
placed by other solvents described earlier. Methyl lithocholate Methyl 3-Keto-4/3-bromo-5/3-cholanoate.— Methyl 3-keto-5jd- 
(1.5 g, mp 128-129°) was mixed with freshly prepared Raney cholanoate44 2 , mp 121-122°; 1.0 g ) in 15 ml of acetic acid was

e.l c&talyst (f a - 3-0 g) an(i  freshly distilled p-cymene (15 m l). mixed with 0.16 ml of bromine in 1.5 ml of acetic acid. The
The Raney nickel was washed with p-eymene just before addi- mixture was allowed to stand 4  hr and then poured on ice. The
tion to remove adherent liquid. After the mixture was refluxed resulting solid was filtered and purified by pic using 3%  acetone 
for 10 hr, the product was filtered and the filtrate was distilled jn benzene and crystallized from acetone-methanol. This af-
m steam. From the distillate p-cymene was separated from forded methyl 3-keto-4/3-bromo-5/3-cholanoate47 (820 mg): 39 40 41 42 43

(39) O. Wintersteiner and M. Moore, J. Amer. Chem. Soc., 65, 1503
(1943). (44) L. F. Fieser and S. Rajagopalan, J. Amer. Chem. Soc., 72, 5530

(40) H. J. Ringold, ibid., 82, 961 (1960). (1950).
(41) I. G. Anderson and G. A. D. Haslewood, Biochem. J., 74, 37p (1960). (45) R. V. Oppenauer, “ Organic Syntheses,” Coll. Vol. II, John Wiley &
(42) See Table I, footnote c. Sons, Inc., New York, N. Y., p 207.
(43) P. D. Ray, E. A. Doisy, Jr., J. T. Matschiner, S. L. Hsia, W. H. (46) H. J. Ringold and A. B. Turner, Chem. Ind. (London), 211 (1962).

Elliott, S. A. Thayer, and E. A. Doisy, J. Biol. Chem., 236, 3158 (1961). (47) L. F. Fieser and R. Ettorre, ibid., 75, 1700 (1953).
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mp 99-100°; Rt 0.61 (3 %  acetone in benzene; R t of methyl 3- 102 dpm/mg, 5 m l), obtained by steam distillation of the product
keto-50-cholanoate, 0.37, and methyl lithocholate, 0.16). from the previous reaction, was oxidized by dilute nitric acid by

Acetic Acid-f48'49.— Acetic anhydride (3.5 g), water (0.5 g ), and the procedure of Tuley and M arvel.18 The crude p-toluic acid-
tritiated water (0.1 g ) with an original activity of 10 mC were 3H  (1.5 g, mp 173-174°) was purified by extraction with toluene
mixed together and refluxed for 1 hr. The product was cooled, in a Soxhlet and chilling the product. p-Toluic acid-3H  was
left overnight at room temperature, and distilled. After reject- separated, dissolved in sodium hydroxide solution, precipitated
ing the first fraction, the second fraction was collected as tritiated by hot dilute hydrochloric acid, and crystallized from toluene:
acetic acid. mp 177-178°; specific activity 0.57 X 10,2 0.59 X  102 dpm/mg

Methyl 3-Keto-4a-3H-5/3-cholanoate (13).— Methjd 3-keto- after two crystallizations.
4/3-bromocholanoate (300 mg) was dissolved in 10 ml of dry ether Action of Raney Nickel on Cholestanol.— A  mixture of choles-
which was added directly into the reaction flask by distillation tanol (510 mg), 20 ml of p-cymene, and Raney nickel catalyst
from lithium aluminum hydride. Tritiated acetic acid (0.3 ml) (ca. 1.2 g ) was heated for 10 hr under reflux in the usual way.
and zinc dust (0.6 g), previously dried in  vacuo, were added to After separation of the catalyst and the solvent, the product (440
the ether solution which was maintained at 15° and magnetically mg) was separated by pic in 5%  acetone in benzene into the
stirred for 1 hr in an atmosphere of nitrogen. Ether was added following compounds: (a ) 5a-cholestan-3-one [270 mg, mp 128°,
and the mixture was filtered. The ethereal filtrate was washed R i 0.80 (R t of cholestanol 0.30, methyl 3-keto-5a-cholanoate
with sodium bicarbonate solution and then with water, and finally 0.60), Rt 0.41 (R t of cholestanol 0.35)]; (b ) 5/3-cholestan-3-one
dried over anhydrous sodium sulfate. On evaporation of ether [32 mg, mp 62°, Rt 0.84, Rt 0.35]; (c) A4-cholestenone [36 mg,
a residue of 249.4 mg was obtained which on tic had the same mp 82°, R t 0.56 ( Rt of methyl 3-keto-A4-cholenoate 0.41), R t
mobility as methyl 3-keto-5/3-cholanoate,7 Rt 0.62 (5%  acetone 0.53]. No  cholestanol was detected in the above reaction prod
in benzene). On crystallization of the residue from acetone- net,,
hexane short needles of methyl 3-keto-4a-3H-5/5-cholanoate,17

mp 1 2 1 - 1 2 2 °, were obtained: specific activity, 2.36 X  104, Registry No.— 2, 1173-32-6; methyl 3-keto-12a-
2.38 x  104 dpm/mg. 3„  .  , , hydroxy-A4-cholenoate, 19684-72-1; p-toluic acid-3H,

Action of Raney Nickel on Methyl 3-Keto-4a-3H-5/3-cholano- 4 J ’ ' ' l  7 1 1
ate.— A  mixture of compound 13 (152 mg), Raney nickel catalyst 19689-62-4, 5p-cholestan-3-one, 601-53-6; A-choles-
(ca. 400 mg), and p-cymene (10 ml) was refluxed in the usual tenone, 601-57-0.
way. After separation of the catalyst and the solvent, the
product (120 mg) was purified by pic in 3%  acetone in benzene. Acknowledgment.— We are grateful for the expert
The major compound (96 mg) on crystallization from aqueous assistance 0f M r. Michael Thorne in gas chromatog- 
methanol yielded shining plates of methyl ¿-keto-oa-cnolanoate: . . ,  r Tt i -r» i • i tvt- A 11
mp 115-116°; specific activity 4.3 X 102, 4.6 X 102 dpm/mg. raphy and Mr. Howard Robinson and Miss Abby

p-Toluic Acid-3H .—p-Cymene-3H  (specific activity 1.24 x  Braxton in mass spectrometry. Deoxycholic acid was 
~ T „ ,_  . r, a generous gift of the Wilson Laboratories, Chicago,(48) E. J. Corey and G. A. Gregonou, Chem. Ind. (London), 81,3127 (1959). Til °  7 0 7

(49) J. D. Roberts, C. M. Regan, and I. Allen, ib id ., 74, 3679 (1952). H i*
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The participation of the neighboring group in two related steroidal a-methoxv alcohols has been studied. 
3/3-Acetoxy-5a-methoxycholestan-6/3-ol, 2a, and 30-acetoxy-6/3-methoxycholestan-5a-ol, 5a, were prepared by 
cleavage of the corresponding 5/3,60- and 5a,6a-epoxides, la  and lb, in methanol in the presence of acetic acid or 
boron trifluoride. The course of the lead tetraacetate oxidation of these alcohols was strongly influenced by 
the adjacent methoxyl group. The structures of the products isolated have been established and mechanisms 
for their formation are discussed.

Since the discovery, in 1959, that CH3, CH2, and CH cyclic,6 and aliphatic6-8 systems have also been shown
groups 5, and sometimes e, to a secondary alcohol group to form cyclic ethers as well as other products. Condi-
could be oxidized by lead tetraacetate1 to give rise to tions for this reaction vary; in the work described here
cyclic ethers, reactions of this type have been exten- the alcohol was treated with lead tetraacetate and
sively studied.2 Much of this work has been done with irradiated in refluxing cyclohexane or benzene in the
steroids3 which are convenient models on which to study presence of iodine.9
the geometrical factors involved in this interesting Certain correlations have been made2b regarding the 
reaction. However, alcohols in diterpene,4 bridged bi- favorable internuclear distance between the oxyradical

. „  , . . , „  , „  , . and the carbon atom carrying hydrogen atoms which
(1) G. Cainelli, M. Lj. Mihailovic, D. Arigom, and O. Jeger, Helv. Chun. , , . , , . . TTT1 , t

Acta, 42, 1124 ( 1959). can  be abstracted lntramolecularly. When a molecule
(2) For excellent reviews, see (a) r. Criegee in “ Oxidation in Organic has more than one alkyl group appropriately situated

Chemistry," Part a , k . b  Wiberg, Ed., Academic Press, New York N. Y  £ hydrogen atom abstraction, other factors may
1965, p 321; (b) K. Heusler and J. Kalvoda, Angew. Chem., 76, 518 (1964). . v  & r - r i  . ,

(3) For example, see (a) j. F. Bagii, p . Morand, and R. Gaudry, j . Org. influence the preferential abstraction ol one hydrogen
Chem., 28, 1207 (1963); (b) K. Heusler and J. Kalvoda, Helv. Chim. Acta.,
16, 2020, 2732 (1963); (c) A. Bowers, E. Denot, L. C. Ibdnez, E. Cabezas,
and H. J. Ringold, J. Org. Chem., 27, 1862 (1962); (d) H. Immer, M. Lj. (5) K. Kitahonoki and A. Matsuura, Tetrahedron Lett., 2263 (1964).
Mihailovic, K. Schaffner, D. Arigoni, and O. Jeger, Helv. Chim. Acta., IB, (6) V. M. MicoviC, R. J. Mamuzic, D. Jeremic, and M, Lj. MihailoviC ,
7. 3 (1962): (e) K. Heusler, J. Kalvoda, P. Wieland, G. Anner, and A. ibid., 2091 (1963): Tetrahedron, 20, 2279 (1964).
Wettstein, ibid.. IB, 2575 (1962); (f) L. Velluz, G. Muller, R. Bardoneschi, (7) V. M. MiCovic, S, Stojcic, S. Mladenovie, and M. StefanoviC, Tetra-
and A. Poittevin, C. R. Acad. Sei., Paris, 2B0, 725 (1960); (g) A. Bowers and hedron Lett., 1559 (1965).
E. Denot, J. Amer. Chem. Soc., 82, 4956 (1960). (8) W. H. Starnes Jr,, J. Org. Chem., 33, 2767 (1968).

(4) U. Scheidegger, K. Schaffner, and O. Jeger, Helv. Chim. Acta., 18, 400 (9) Ch. Meystre, K. Heusler, J. Kalvoda, P. Wieland, G. Anner, and A.
(1962). Wettstein, Helv. Chim. Acta, 45, 1317 (1962).
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atom over another. For example, hydrogen atoms negative Cotton effect curve with a trough at 327 irpi,
attached to an oxygen-bearing carbon atom are more consistent with a C-6 ketone19 in a trans A/B ring
reactive10 than the hydrogen atoms of a methyl group system.
and, as expected, the reactivity of hydrogen atoms Treatment of 3/3-acetoxy-5a-methoxycholestan-6/3-ol, 
decreases11 in the order tertiary >  secondary >  pri- 2a, with excess lead tetraacetate and irradiation in 
mary. refluxing cyclohexane in the presence of iodine gave a

In addition to intramolecular abstraction of suitably crude product from which three pure substances were 
situated hydrogen atoms, oxy radicals produced by isolated by column chromatography. The first com-
oxidation. with lead tetraacetate are also known to pound to be eluted from the column was the methylene-
undergo fragmentation, as shown. The amount of dioxy compound 3b in a yield of 36%. On further 

q . q elution, 3/3-acetoxy-5a-methoxy-6/3,19-oxidocholestane,
| | I ¡| 4 (27%), and 3/3-acetoxy-5a-methoxycholestan-6-one,

>RC- +  C 6 (4%), were isolated.
' / R' The structure of 4 was deduced from its analysis and

by examination of its ir and nmr spectra. The infrared 
cleavage which occurs increases with the stability12,1 spectrum showed a low intensity band at 1497 cm-1 
of the product, R C <. The stability of the ketone which has been assigned33- to the C -H  scissoring of the
formed, the decrease in strain by the loss of bulky protons of the C-19 methylene group of the 6/3,19-oxide,
groups, entropy factors in the resonance stabilization of The nmr spectrum confirmed the presence of an acetate
the radical formed by cleavage, and, in cyclic com- group, a methoxyl group, and a C-19 methylene group.3a
pounds (particularly small rings), the decrease in strain a  broad signal at 4.75 ppm for the hydrogen atom at C-3
as a result of ring opening are also factors which deter- indicated an equatorial configuration20 for the C-3
mine the outcome of the competition between intra- acetate group which would be expected if the A/B ring
molecular hydrogen abstraction and fragmentation. was ¿rans

Examination of the nmr spectrum of compound 3b 
Results showed that the acetate group at C-3 and the C-19

methyl group were intact. The presence of a five- 
Lead Tetraacetate Oxidation of 3 /3-Acetoxy-5 a- membered methylenedioxy group was suggested21 by

methoxycholestan-6/3-ol (2a).— Epimerization at the the appearance of a singlet at 5.1 ppm which integrated
carbon atom bearing the hydroxyl group and at a for two protons. When the spectrum was determined
carbon atom further removed has been shown to occur in benzene instead of CD3C1 an unresolved quartet was
in the lead tetraacetate oxidation of 4/3-hydroxy observed.
steroids14 and of 6a-methyl-6/3-hydroxy steroids.16 A  Examination of Drieding models shows that three 
reversible fragmentation reaction was postulated by isomeric methylenedioxy compounds are possible (Fig-
the authors in both cases to explain the formation of the ure 1). Since the proton attached to C-6 would not be
products isolated. Intermediates in which bond cleav
age had occurred at C-4, C-5 and at C-5, C-6, respec- ,----------0
tively, were invoked. / i / TV  i 7\

In steroids having a secondary hydroxyl group at C-6, /
apart from small quantities of C-6 ketone, only the a /
6/3,19-oxide16 has been isolated.17 It  was therefore C ~ 0
decided to introduce a 5a-methoxy group in a suitable ) \ 0 /
6/3-hydroxy steroid to investigate what influence it Acq__% ^/  y
would have on the course of the lead tetraacetate oxida
tion of the alcohol. i

3/3-Acetoxy-5a-methoxycholestan-6/3-ol, 2a, was pre- 
pared18 by heating 3/3-acetoxy-5/3,6/3-oxidocholestane,
la, in methanol in the presence of acetic acid (Scheme I j~~~T q
I). The relative positions of the hydroxyl and meth- ) \
oxyl groups were confirmed by oxidation of 2a to a AcQ
ketone identified as 3/3-acetoxy-5a-methoxycholestan-
6- O n e , 6. The ORD c u r v e  o f  this c o m p o u n d  had a Figure L~~Possible isomers of the methylenedioxy compound.

(10) P. F. Beal and J. E. Pike, Chem. Ind. (London), 1505 (1960). i j v ^ i •rv c
(11) j . Kaivoda, g . Anner, d . Arigoni, k . Heusier, h . immer, o . Jeger, e x p e c t e d  t o  b e  i n  t o o  d i f f e r e n t  a n  e n v i r o n m e n t  i n  a n y  o f

m . Lj. Mihaiiovic, k. Schaffner, and a . Wettstein, Heiv. chim . Acta, 44, these compounds the triplet centered at 3.86 ppm in the
186 (1961); D. Bertin and J. Perronet, C. R. Acad. Set., Paris, 257, 1946 nmr Spectrum and attributed to the C-6 proton did not
( (12)' j . Kocki, J. Amer. chem. Sac., 84 ,1193 (1962). enable one to establish configurations with any degree

G3) ch. Walling and a . Padwa, ibid., 85,1593 (1963). of certainty. Furthermore, since the band attributed
Acta 35̂ 71963)J Kalv°da’ G' Anner' and A' Wettstein. H'«&>■ Chim. to the 3a_jj coincided with the signal of the methylene-

(15) K. Heusier and J. Kaivoda, Tetrahedron Lett., 1001 (1963); Helv. d lO Xy g ro u p , e x a m in a t io n  Ot the h a lf-b a n d  W id th  of the
Chim. Acta, 46,2732 (1963). former was n o t  possible.

(16) A. Bowers, L. C. Ibdnez, E. Cabezas, and H. J. Ringold, Chem. Ind.
(London), 1299 (1960); A. Bowers, E. Denot, L. C. Ibdnez, E. Cabezas, (19) C. Djerassi, “ Optical Rotatory Dispersion,” McGraw-Hill Book Co.,
and H. J. Ringold, J. Org. Chem., 27, 1862 (1962). Inc., New York, N. Y., 1960, pp 42, 43.

(17) When a 5a-bromine atom is present, varying amounts of 5/3.0/3- (20) N. S. Bhacca and D. H. Williams, “ Application of NM R Spectros-
epoxide are formed, depending on the reaction conditions (P. Morand and copy in Organic Chemistry,” Holden-Day Inc., San Francisco, Calif., 1964, 
M. Kaufman, unpublished observation). p 79.

(18) Cf. R. A. Baxter and F. S. Spring, J. Chem. Soc., 613 (1943). (21) T. A. Crabb and R. C. Cookson, Tetrahedron Lett., 679 (1964).
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Scheme I

C8H i7

" *  A c c X ^  + A c O ^ C f c b  +  ‘

A c O ^ ^ T X  0CH’ ¿ s '0 och3
0  2a, R =  H 3 a, R =  H 4

la, 5/3, 60 b, R = A c  b, R =  Ac \
b, 5a, 6a . j 'v

J \

r+X .4 5 " x A
A c o ^ - V  H>coi  H0 6h ¿ 6

H0 OCH3 6 7a, R =  H \  8

5a,R =  C8H 17 b, R = A c

b, R = C O C H 3

1 /  A e c X ^  + A c o X i^ y H  Ac0X ^
W a  OH n c h o  A 12

r r r ^  10 ? I
A R T ^ i y  -----------------------------------------------

H 0  OR'

9a, R = C 8H17; R' =  CHO

b, R =C O C H 3; R '= C H O

c, R = C 8H 17; R' =  CH2OAc

Hydrolysis of compound 3b under basic conditions The mixture of the epimeric epoxides, la and lb, 
gave the 3/3-hydroxy compound 3a which was subse- obtained by treatment of cholesterol acetate, 12, with
quently oxidized with chromic acid in pyridine to perphthalic acid was treated with boron trifluoride
ketone 8. The ORD curve of this compound showed a etherate26 in methanol and the product isolated was
positive Cotton effect as would be expected with a C-3 subsequently acetylated. By chromatography it was
ketone in a t ra n s  A/B ring system.22 possible to isolate 5a-methoxycholestane-3/3,6j3-diol

Treatment of 3b with hydrogen chloride gas in diacetate, 2b, and 3/3-acetoxy-6j8-methoxycholestan-5a-
ether-methanol cleaved the methylenedioxy group and ol, 5a, in a ratio of 1:2.
hydrolyzed the C-3 acetate group giving a triol. The When 3/S-acetoxy-6/3-methoxycholestan-5a-ol, 5a, was 
structure of this triol was identical with 3/3,5a,6a- oxidized with lead tetraacetate under the same condi-
trihydroxycholestane, 7a, obtained by hydroxylation of tions used for the reaction with 2a, two products were
cholesterol acetate, 12, with osmium tetroxide23 and isolated from the reaction mixture by chromatography
subsequent hydrolysis. The configuration at C-5 and on silica gel. The major product was the keto aldehyde
C-6 of the methylenedioxy compound must therefore be 11 in which cleavage of the C-5, C-6 bond had occurred,
as indicated in 3b. The structure of this substance was confirmed by direct

Lead Tetraacetate Oxidation of 3/3-Acetoxy-6/3- comparison with the same substance obtained by
methoxycholestan-5a-ol (5a).— The lead tetraacetate ozonolysis26 of cholesterol acetate. The other product
oxidation of 5 a- and 5/3-hydroxy steroids has been isolated was assigned the structure 10 on the basis of its
shown24 to yield products in which the C-5, C-10 bond elemental analysis and spectral properties. I t  was also
is cleaved. The introduction of a methoxyl group at shown that when the pure keto aldehyde 11 was eluted
C-6 in steroids having a 5a-hydroxy group has a strong over silica gel it was partially converted into the 
influence on the course of the lead tetraacetate oxidation hydroxy aldehyde 10.
of such compounds and a discussion of these results Under slightly different conditions and using less of 
follows. an excess of lead tetraacetate, Lunn27 has reported the

isolation of the formate ester 9b from 3/3-acetoxy-5a-
(22) C. Djerassi, L. A. Mitscher, and B. J. Mitscher, J . A m er. Chem.

Soc 81 947 (1959). <25) s - Julia, B. Decouvelaere, and F. Englemann, B u ll. Soc. Ch im . F t.,

(23) V. Prelog and E. Tagmann, H elv. C h im . A cta , 27, 1867 (1944). 2277 (1966).
(24) M . Lj. Mihailovic, M . Stefanovit, Lj. Lorenc, and M. GaSi6, Ta tra - (26) J. W. Cornforth, G. D. Hunter, and G. Popjak, B iochem . J . , 84, 590

hedron Le tt., 1865 (1964); M. Lj. Mihailovi6, Lj. Lorenc, M. Gasi6, M. (1953).
Rogic, A. Melera, and M. Stefanovii, Tetrahedron, 22, 2345 (1966). (27) W. H. W. Lunn, J . Org. Chem ., 30, 1649 (1965).
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hydroxy-6/3-methoxypregnan-20-one, 5b. We have Schem e  II
confirmed these results by isolation of the analogous Tx. "¡x
formate ester 9a (30%) from 3/3-acetoxy-60-methoxy-
cholestan-5«-ol, 5a, under the conditions described by 2a —>. f  O'J f  T
Lunn. The structure of 9a was assigned on the basis A c O ^ ^ x  1

of its elemental analysis, its nmr and ir spectra, and the OCH3 OCH3 ^
fact that triol 7a was obtained on hydrolysis of this 13

substance in base. 5a 14
A  small quantity (8 % ) of a second product, identified I li

as acetyl 3/3-acetoxy-5a-hydroxy-6a-cholestanyl formal, ’  ^
9c, was also isolated in this experiment. The empirical "jx, -¡x -¡\
formula (C32H 54O6) of this compound was confirmed by
its mass spectrum and by elemental analysis. Exami- I J  j j | f
nation of the nmr spectrum of this substance indicated AeO Ac()'"'’ x / % q j

the presence of two acetate groups and an AB quartet 0 och3 H3CO
centered at 5.22 ppm was attributed to a methylene 3

group flanked by two oxygen atoms. The group at C-6

was assigned the «-configuration on the basis of the It j
half-band width (20 Hz) of the signal attributed to the ’
6/3-H. 3b

D iscu ss io n  h - h  R, t 9c
As already mentioned, epimerizations have been AcO'^x / ]%r R' = R" = i R' = r" = h

observed in the lead tetraacetate reaction of certain 6  ^ A c 0  ■
steroidal alcohols and these results have been ex- r-̂ i OCRRH"1 tj
plained14-16 by assuming a reversible fragmentation 19

reaction. Bearing this in mind an attempt will now be 18 .
made to correlate the results obtained from the oxida- I |r- r - r - i

tion of both methoxy alcohols. For the sake of
simplicity, it is assumed in the mechanisms discussed Tx. f x .  Tx.
below that decomposition of the lead (IV ) alkoxide ^ x . X x T ^
intermediates formed in these reactions occurs homo- I J J J I T
lytically. A c O " '^ /Ky  A c O '^ / K %  A c O '^ ^ N ^

Looking at Scheme II, it is seen that homolysis of the 9 6 9.6 *■ 9 0

lead (IV ) alkoxide of 2a leads to the formation of an oxy HO^\ I'd J'"'
radical (13 ) which can give rise to the intermediate 14 in H I OH
which cleavage of the C-5, C-6 bond has occurred. 20 21 z''' 2 2

This intermediate can then undergo cyclization with l *
epimerization of the substituent at C-6 to give the ’ 7b 11
oxy radical 17 in which the substituents at C-5 and C-6 9a
are geometrically disposed to allow for abstraction of a 
hydrogen atom from the methoxyl group, resulting in
the formation of 30-acetoxy-5a,6a-methylenedioxy- Displacement of one of these atoms by the oxy radical 
cholestane, 3b. may lead to intermediate 21 which could then decom-

Lead tetraacetate oxidation of 3/3-acetoxy-60-meth- pose to cis glycol 7b. Further reaction with lead
oxycholestan-5«-ol, 5a, using a 2 molar excess of tetraacetate would cleave this glycol in the usual
reagent, can proceed in an analogous manner. Cleav- manner giving ketoaldehyde 1 1 as the final product,
age of the C-5, C-6 bond (16), followed by cyclization The difference in behavior of the two methoxy 
with epimerization at C-6, leads to the formation of the alcohols toward lead tetraacetate can be rationalized on 
intermediate 19 (R  =  R ' =  R ”  =  H ). From this the basis of steric hindrance. By using Dreiding
intermediate it is possible to explain the formation of models it is revealed that the methoxyl group in 17 is
acetyl 3/3-acetoxy-5a-hydroxy-6«-cholestanyl formal, 9c, restricted in its rotation about the C -0  bond at C-5. 
by the abstraction of a proton from the methoxyl group The least hindered position for this group appears to be 
and concomitant addition of an acetoxyl radical. just under the oxy radical. Abstraction of more than
Alternatively, abstraction of two hydrogen atoms from one hydrogen atom with concomitant addition of
the methoxyl group followed by the addition of two iodine is therefore not favored and even if excess lead 
atoms of iodine would give the intermediate 19 (R  =  H, tetraacetate is used the only other products that can be
-R'/ =  H ”  =  I)- Upon displacement of one atom of isolated are the 6,19-oxide 4 (formed via intermediate
iodine by the oxy radical the monoiodomethylene- 13) and methoxy ketone 6.
dioxy intermediate 18 could be formed which, under the In the case of the intermediate 19 (R  =  R ' =  R "  =  
reaction conditions, could decompose to give 30- H ) rotation about the C -0  bond at C-6 does not involve
acetoxycholestane-5«,6a-diol 6-formate, 9a. any serious steric interactions. Abstraction of more

With an excess of lead tetraacetate present the than one hydrogen atom with concomitant addition of
hydrogen atoms of the methoxyl group in 19 (R  =  R ' =  iodine is therefore possible, leading to the formation of
U // =  H ) can be substituted by three atoms of iodine. formate ester 9a when 2 molar excess reagent was used
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a n d  to  k e t o a ld e h y d e  11 w h e n  a  la r g e r  excess  o f  th e  3.8 (m , 3, C H 2O C  and C H O C ),  3.27 (s, 3, O C H 3), 2.0 (s, 3,

r e a g e n t  w a s  u se d . ¿naZ.' Calcd for C 30H5o04: C, 75.90; H , 10.62. Found: C,
75.60; H , 10.62.

FYn erim en ta l S ec tio n 28 Hydrolysis and Oxidation of 3/3-Acetoxy-5a,6a-methylene-
"  dioxycholestane (3b).— Treatment of 3b (0.13 g ) with a solution

3+Acetoxy-5a-methoxycholestan-6/3-ol (2a).— 3/3-Acetoxy- of potassium hydroxide (0.10 g) in 9 :1 methanol-water (10.0 ml)
5/3,6/3-oxidocholestane29 (la , 0.25 g) was dissolved in 9:1 metha- for 12 hr at room temperature gave, after usual work-up, a
nol-acetic acid (30 m l) and the solution was stirred at 60° until crude product (0.10 g ) which could be purified by crystallization
no starting material remained (tic). Usual work-up gave a from acetone. The pure substance -was identified as 3/3-hydroxy-
. crude product (0.24 g) which, upon crystallization from M eO H , 5a,6a-methylenedioxycholestane, 3a: mp 153-155°, [0]d
gave a substance identified as 3/J-acetoxy-5a-methoxycholestan- —80.8°.
6/3-ol, 2a: mp 152.5-154°; [<t>\d — 119° (c 0.6, C H C h ); nmr Sarett31 oxidation of 3a (25 mg) led to the isolation of a crude 
(C D C h ) 8 4.8 (m, 1, w/2 =  20 Hz, CH O Ac), 3.9 (m, 1, w/2 =  9 product which, on crystallization from methanol, afforded a pure
Hz, C H O H ), 3.2 (s, 3, O C H 3), 2.0 (s, 3, O C O C H 3). sample of 5«,6a-methylenedioxycholestan-3-one, 8: mp 167-

Anal. Calcd for CaoHsiO,: C, 75.58; H , 11.00. Found: C, 169°; ir (C H C h ) 1710 cm-* (C = 0 ) ;  O R D  (dioxane) [0 ]6oo
75.83; H , 10.84. — 117°, [0]350 +292°, [0 ] 30s +2250°, [0]261 —3600°.

Oxidation of 3+ac.etoxy-5a-methoxycholestan-6/3-ol (2a, 0.15 Acid Hydrolysis of 3/3-Acetoxy-5a,6a-methylenedioxycholes- 
g) with Jones reagent30 led to the isolation of a crude product tane (3b).— Treatment of 3b (180 mg) in a dry methanolic solu- 
(0 .12  g ) after working up the reaction mixture in the usual man- tion of HC1 gave, on usual work-up, a crude product which af-
ner. Crystallization of this material from methanol gave an forded an analytical sample of 3/?,5a,6a:-trihydroxycholestane,
analytical sample of a substance identified as 3/3-acetoxy-5a- 7a, on crystallization from acetone: mp 236-237° (lit.23 mp
methoxycholestan-6-one, 6: mp 149-150°; [0 ]d —206° (c 0.6, 236-238°).
C H C h ); O R D  (dioxane) [0 ] 6oo -2 8 0 ° , [0 ]327 -5 68 0 °, [0 ]3is Osmium tetroxide oxidation of 3/3-acetoxycholest-5-ene, 23 12,
-1860 °, [0 ] sss +2620°; nmr (CDC13) 5 4.8  (m, 1 , w/2 =  25 and subsequent hydrolysis of the product gave an authentic
Hz, CH O Ac), 3.14 (s, 3, O C H 3), 2.0 (s, 3, O C O C H 3); ir (C H C h ) sample of 3/3,5«,6a:-trihydroxycholestane, 7a, which was identical
1725 (acetate C = 0 ) ,  1700 cm -1 ( C = 0 ) .  in all respects with the substance obtained above by treatment

Ana!. Calcd for C 30H 50O4: C, 75.90; H , 10.62. Found: C, of 3b in a dry methanolic solution of HC1.
75 6 8 - H  10.55. 3/?-Acetoxy-6/?-methoxycholestan-5a:-ol (5a).— Epoxidation of

Lead Tetraacetate Oxidation of 3/3-Acetoxy-5a-methoxy- 3/3-acetoxycholest-5-ene (12, 10.0 g ) was effected by treatment
cholestan-6|3-ol (2a).— Lead tetraacetate (6 .5  g ), previously dried of the latter in an ethereal solution containing an excess of mono-
over P 2O5, and anhydrous calcium carbonate (3.5 g ) were added perphthalic acid for 12 hr at room temperature. The reaction
to benzene (150 m l) and the system was refluxed for 40 min by solution was then washed with an aqueous 20% solution of
means of a 500-W lamp .9 Freshly sublimed I 2 (2.0 g ) and 3 +  N a 2S0 3. Phthalic acid formed in the reaction was removed by
acetoxy-5a-roethoxycholestan-6+ o l (2a, 0.50 g ) were then added filtering the dried ethereal solution through a column of alumina
and the reaction mixture was refluxed for 1 additional hr. The (500 g). The crude product (10.6 g ) which was isolated was
insoluble white residue was removed by filtration over Celite found (by tic) to consist of two major components,
and the filtrate was washed with an aqueous 30% N a ^ C L  Part of the product (5.0 g ) obtained by epoxidation of 12 was
solution (200 m l). After working up in the usual manner, a treated with distilled boron trifluoride etherate (5.0 m l) in dry
crude product (0.48 g ) consisting of three major components (tic) M eO H  (40 ml) for 4 hr at room temperature.26 Usual work-up
was isolated. gave a crude product (4.56 g), part (2.5 g ) of which was acet.yl-

Chromatography of this material over silica gel (500 g ) and ated with acetic anhydride and pyridine for 18 hr at room tem-
elution with benzene separated the first component (19 mg) which, perature. Ice-water was added to the reaction solution and the
after crystallization from methanol, was found to be identical in solid material (2.4 g ) which precipitated was collected by filtra-
all respects with an authentic sample of 3/3-acetoxy-5o!-methoxy- tion. The crude product was found to consist of two major
cholestan-6-one 6 . components (tic) which were subsequently separated by chro-

The second substance (182 mg) to be eluted from the column matography on silica gel (600 g). 
was identified as 3 i3-acetoxy-5« , 6a-methylenedioxycholestane, The first fraction obtained by elution with benzene consisted
3b on the basis of its spectral properties and of its subsequent of an oil (0.60 g ) which consisted mostly of 3/3,6/3-diacetoxy-5a-
chemical reactions. An analytical sample of this substance was methoxycholestane, 2b: nmr (C D C h ) 8 5 0 (m, 1 w/2 =  6 Hz,
obtained by crystallization from methanol: mp 150-152°; 6a -H ), 4.82 (m, 1, w/2 -  25 Hz, 3a-H ), 3.38 (s, 3, O C H 3),
[0 ]d — 137° (c 0.7, C H C h ); nmr (C D C b ) 8 5.1 (m, 1, CH O Ac), 2.0 (s, 3, O C O C H 3), 1.95 (s, 3, O C O C H 3).
5 1 (s 2 O C H 20 )  3 86 (t, 1, C H O C ), 2.0 (s, 3, O CO CH 3), 1.0 Further elution with benzene gave a solid (1.26 g ) which was 
(s 3 C C H 3)- nmr (benzene) 5 4.29, 4.19 (m, 2, O C H oO ). purified by crystallization from methanol and subsequently

’Anal Cal’cd for C 3oH 500 4: C, 75.90; H , 10.62. Found: C, identified as 3+acetoxy-6+methoxyeholestan-5o:-ol, 5a: m p l3 9 -
7 5 7 +  H , 10.42. 141° (lit- mP 139.5-140.5°,32 138-139°,25 124-125° 33); nmr

Further elution with benzene led to the isolation of a third (C D C h ) 5 5.1 (m, 1, 3a-H ), 3.3. (s, 3, O C H 3), 2.99 (s, 1, w/2
substance (136 mg) which could be purified by crystallization =  5 Hz, 6a -H ), 2.05 (s, 3, O C O C H 3).
from methanol-acetone-water. It was identified as 3/3-acetoxy- Oxidation of 3/3-Acetoxy-6/3-methoxycholestan-5a:-ol (5a) with
5«-methoxy-6/3,19-oxidocholestane, 4: mp 110.5-112°; [*]d Excess Lead Tetraacetate.-3+Acetoxy-6+methoxycholestan-
+  32° (c 0 9 C H C h )’ ir (C H C h ) 1720 (acetate C = 0 ) ,  1497 5<*-ol (5a, 0.50 g ) was treated with lead tetraacetate (7.0 g)
cm“ 1 (C H ,O C V  nmr (C D C h ) 8 4.8 (s, 1, w/2 =  26 Hz, CH O Ac), under conditions identical with those previously described for

x_______  the oxidation of 2a. The crude product isolated appeared to
(28) Melting points were determined on a Hoover Uni-Melt apparatus consist of at least two major components (t ic ) and these were

and are uneorrected. Infrared and nmr spectra were recorded on a Beckman separated by chromatography over Silica gel (300 g).
IR-8 infrared spectrophotometer and on a Varian V-4302 60 Me spectrometer, On elution with benzene an oil (148 mg) was isolated which was
respectively. A Durrum-Jasco automatic spectropolarimeter, Model ORD-5, identified as 3/3-acetoXy-5,6-secocholestan-5-on-6-al, 11: ir
and a Perkin-Elmer 141 recording polarimeter were used to determine (C H C h ) 2715 (C H O ), 1735 (acetate C = 0 ) ,  1725 (aldehyde
optical rotatory dispersion curves and optical rotations, respectively. C = 0 ) ,  1700 cm" 1 (C = 0 ) ,  O R D  (dioxane) [0 ]60o +318°, [0]316
Microanalyses were performed in the Microanalytical Laboratory of Dr. A. +  7600° [0] 309 +5400°, [0] 305 +6000°, [0 ]2D5 +1600°, [0] 265
Bernhardt, Max Planck Institute, West Germany SihcaR (200-300 mesh) +5500°. nmr (C D C h ) 5 9.35 (m, 1, C H O ), 5.35 (m, 1, 3a-H ),
and neutral alumina (Woelm, activity I ) were used as adsorbants for column OPOPTT
chromatography. Silica gel G (according to Stahl) was used as adsorbant 2. (S, •>, U U lb l l jJ .
for thin layer chromatography and sulfuric acid was used as spraying agent. A  second substance Was obtained as a Solid (36 mg) on furthei
In working up the products of reactions the organic extracts were washed elution with benzene. Crystallization from ethyl acetate gave
with dilute HC1 solution and/or NaHCOj solution, dried over anhydrous ______________
MgS04, and evaporated to dryness under reduced pressure. , T „  „  „  r 4

(29) J Hattori J. Pharm. Soc. Jap., 60, 125 (1940); Chem. Abstr., 34, (31) G. I. Poos, G. E. Arth, R. E. Beyler, and L. H. Sarett, J. Amer.

7294 (1940). Chem' Soc'■ 76’ 422 (1953)i
(30) K Bouden I M. Heilbron, E. R. H. Jones, and B. C. L. Weedon, (32) J. Hattori, Chem. Abstr., 33, 8622 (1939).

j  chem Soc 39 (1946)- A. Bowers, T. G. Halsall, E. R. H. Jones, and A. J. (33) J. W. Blunt, A. Fischer, M. P. Hartshorn, F. W. Jones, D. N. Kirk,
Lemin, ibid., 2555 (1953). *nd S- W - Young, Tetrahedron, 21, 1567 (1965).
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an analytical sample of a substance identified as 3/3-acetoxy-B- Anal. Calcd for C30H 50O5: C, 73.43; H , 10.27. Found: C,
nor-6f-formylcholestan-5f-ol, 10 : mp 91-92°; ir (CHC13) 73.73; H , 10.47.
3600 (O H ), 2720 (C H O ), 1725 (acetate C = 0 ) ,  1710 cm -1 A  second substance (40 mg) was isolated on further elution with 
(aldehyde C = 0 ) ;  O R D  (dioxane) [0]6oo 74°, [0 ] 316 —277°, benzene. Crystallization from methanol gave an analytical
(0 )  280 +1 6 6 °; nmr (C D C I3) S 9.35 (m, 1, C H O ), 5.1 (m, 1, sample identified as acetyl 3/3-acetoxy-5a:-hydroxy-6a-cholestanyl
3a-H ), 2.05 s, 3, OCOCHa). formal, 9c: mp 156.5-157.5°; nmr (C D C I3) S 5.31, 5.25, 5.20,

Anal. Calcd for C 29H <80 4: C, 75.60; H , 10.50. Found: C, 5.15 (m, 2 , J Ab =  6 Hz, O C H 20 ), 5.2 (m, 1 , 3<*-H), 3 .5  (m 1 
75.34; H , 10.53. w/2 =  20 Hz, 6/3-H), 2.06 (s, 3, O C O C H 3), 2.0 (s, 3, O C O C H 3),’

Preparation of 1 1  by Ozonolysis of 3/3-Acetoxycholest-5-ene 0.94 (s, 3, C H 3 at C -10 ); mass spectrum (70 eV ) m/e (relative 
( 1 2 ).— Ozonized oxygen was passed through a saturated solution intensity) 456 (48), 444 (49), 426 (40), 414 (60), 396 (61), 384
of 3/3-acetoxycholest-5-ene (12, 5.0 g ) in hexane (100 m l) for (99), 368 (100), 360 (86 ).
24 hr.25 The solvent was removed under vacuum and the product Anal. Calcd for C32H6406: C, 71.87; H, 10.18. Found: C,
was washed with petroleum ether and dried under vacuum at 71.72; H, 10.13.
room temperature. Hydrolysis of 9a to 3S,6a,6a-Trihydroxycholestane (7a).— 3/3-

The ozonide was reduced by shaking with zinc powder (7.5 g ) Acetoxycholestane-5a,6a-diol 6-formate (9a, 20 mg) was treated
in acetic acid (50 m l) for 60 hr at room temperature. The zinc with a 0.5 N  methanolic potassium hydroxide solution (5 m l) for
was removed by filtration over Celite and ether (50 m l) was added 12  hr at room temperature. The product which was obtained
to the filtrate which was washed repeatedly with an aqueous by working up in the usual manner was identical in all respects
60% solution of NaHCOs. After usual work-up part (2.7 g ) of with the 3/3,5a,6a-trihydroxycholestane, 7a, prepared by  the
the crude product was chromatographed over silica gel (300 g ). osmium tetroxide oxidation of 3/3-acetoxycholest-5-ene, 12, and
Elution with benzene gave pure 3/3-acetoxy-5,6-secocholestan-5- subsequent hydrolysis.
on-6-al ( 1 1 , 1.0  g, oil) which was identical in all respects with the
substance produced in the lead tetraacetate oxidation of 5a. U c i c t ™  i\r„ 1 ,  1 0 0 1 -7 - 7 0 0  m. oc1crljl . ,

Oxidation of 3/3-Acetoxy-6/3-methoxycholestan-5<*-oI (5a) with , Registry No. 2a, 19317-73-8; 2b, 2515-24-4; 3a,
2 M ol of Lead Tetraacetate.— A  solution of 3/3-acetoxy-6/3- 19289-39-5; 3b, 19289-40-8; 4, 19289-41-9; 5a,
methoxycholestan-5a-ol (5a, 0.50 g ), lead tetraacetate (0.89 g, 2515-20-0; 6, 19289-48-6; 8, 19289-49-7; 9a, 19289-
previousiy dried over P20 5), and iodine (i-O g ) in dry benzene 50-0; 9c, 19289-51-1; 10,19289-52-2; 11,19289-53-3'
(50 m l) was refluxed for 2.75 hr. The reaction mixture was ipn,! tpfranoptntp 54.fi.R7_S
cooled and water (0.5 m l) was added with rapid stirring, followed ’
15 min later by the addition of an aqueous 10% solution of sodium
bisulfite (30 m l). Usual work-up gave a crude product (474 m g) Acknowledgment.— The authors express their thanks
Which was chromatographed over silica gel (300 g ). to Professor R. R. Fraser for helpful discussions con-

Hlution with benzene afforded a fraction (144 mg) of a solid M m :n „  r ,
substance which was crystallized from methanol and identified as , ™ spectra of some of the compounds
3/3-acetoxycholestane-5a,6a-diol 6-formate, 9a: mp 1 4 1 .5- 1 4 3 °; described in this paper. Financial assistance from
nmr (CDC13) 5  8.05 (m, l, O C H O ), 5.05 (m, 2 , 3« -H , 6/3-H ) ’ the National Research Council of Canada and from
2.0  (s, 3, O CO CH 3), 1.03 (s, 3, CHa at C -10 ). Bristol Laboratories is gratefully acknowledged.

Chemical Identification, of the Trail-Following Pheromone 
for a Southern Subterranean Termite1
A k ir a  T a i , F. M atsumura, and H. C. Coppel

Department of Entomology, University of Wisconsin, Madison, Wisconsin 

Received October 10, 1963

The synthetic procedures for the three isomers of a trail-following pheromone of a southern subterranean 
termite were described. Two of the isomers had identical spectroscopic properties as the natural pheromone.
Only one of the isomers, as-3,a's-6,imns-8-dodecatrien-l-ol, showed, however, an outstanding biological activity 
comparable to the natural product: less than 1 pg of the synthesized pheromone (like the natural pheromone) 
stimulated worker termites to follow artificially laid trails on ground-glass surfaces.

The presence of insect pheromones that chemically them to follow the exact streak. Esenther, et al.,6 dis- 
control the behavior of highly specialized social insect covered that woods decayed by the fungus Lenzites
species has been well documented.2 One such phero- trabea Pers. ex Fr. also produced a substance attrac-
mone, termite trail-following substance,”  is secreted tive to the eastern subterranean termite, Reticulitermes
by the sternal gland of various species of termite ftavipes. This substance was later found to work also
workers to mark the source of suitable wood to other as a “ trail-following substance”  against R. flavipes and
workers of the same species.3’4 The substance, when a southern subterranean termite, Reticulitermes vir-
streaked across the surface of a solid object, creates a ginicusf The active principle was purified and ana-
traii-followmg response in termite workers allowing lyzed spectroscopically.7 We now report the synthetic

(1) Supported in part by U. S. Department of Agriculture Forest Service, aspects of the pheromone leading to its identification.
Contract No 12-11-012-560(5), and in part by Hatch Project 822, Wisconsin S y n th e s is  o f  C a n d id a te  C o m p o u n d s  a n d  B ioaS S aV   
Agricultural Experiment Station. Approved for publication by the Director 1 ,  „  rp sn ll n f v o r ira io  „ „  ' 1 r II.
of the Wisconsin Agricultural Experiment Station. We thank Drs. H. R. AS  ^  resU ft OI VariOUS SpectrOSCOpiC analyses of the
Johnston and G. R. Esenther, Forest Service, U. S. Department of Agricul- purified termite pheromone,7 two Candidate Compounds
ture, Gulfport Miss, and Madison wis., respectively, for their cooperation were considered to have spectroscopic properties iden-
in supplying the biological materials; and Dr. P. Bender, Mr. L. D. Sims, + - i , „ ; i t  A  , , F  , , A  • j '  ” ,
and Dr. B. M. Trost, Department of Chemistry, University of Wisconsin, UCal tile natural product: l.e., CiS-3,ClS-Q,tranS-
Madison, for nmr and ir spectroscopic analyses.

(2) M. Jacobson, "Natural Pest Control Agents," Advances in Chemistry (5) G. R. Esenther, T. C. Allen, J. E Casida, and R. D. Shenefelt Science
Senes, No. 53, American Chemical Society, Washington, D. C., 1966, p 17. 134 50 (1961) ' ’

(43) R V ' Smvthe ' r ' r  419 ,(19,81)- *  , , «  3 «>  R ' V ' Smythe, H. C. Coppel, S. H. Lipton, and F. M. Strong, J. Econ.(4; K. V. bmythe and H. C. Coppel, Ann. Entomol. Soc. Amer., 59, 1008 Entomol., 60, 228 (1967).

119661' (7) F. Matsumura, H. C. Coppel, and A. Tai, Nature, 219, 963 (1968).
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S ch em e  I
Zn p-TosCl EtMeBr

C H 3C H 2C H 2CH O  +  B rC H 2C = C H -------- >  C H 3C H 2C H 2C H C H 2CeeeeC H  1 . ---------------->  C H 3C H 2C H 2C H = C H C = C H  >
in THF | 2. KOH-EtOH Cl's

O H  trans
I

CuCl EtMeBr
C H 3C H 2C H 2C H = C H C = C M g B r  +  B rC H 2C = C H -------- >  C H 3C H 2C H 2C H = C H C = C C H 2f e C H  >

CIS cis
trans trans

I I

C H 3C H 2C H 2C H = = C H C = C C H 2C = C M g B r  +  C H 2— C H 2 — >  C H 3C H 2C H 2C H = C H C = C C H 2C fe C H 2C H 2OH
cis \  /  cis
trans O trans

I I I

C H 3C H 2C H 2C H = C H C H = C H C H 2C H = C H C H 2C H 2O H ------ - >  cis,cis,cis +  cis,cis,trans
cis cis cis separation
trans IV  V

8 - an d  c Is -3 ,¿ ran s -6 ,as -8 -dodecatrien -l-o l. T h e  to ta l S ch em e  I I

synthesis o f these tw o  com pou nds an d  the com parison  CH C H C H C = C H  -  EtMgBr 
of their b io log ica l potencies ap p ea red  to b e  the on ly  3 2 2  2. ch, = chcho

m eans to posit ive ly  id en tify  the chem ical structure  o f

the term ite pherom one. T h e  syn thetic  rou te  to o b -  CH3CH2CH2C -C C H (O H )C H = C H 2 ^
tarn the ab o v e  com pounds an d  c ts -3 ,as -6 ,c is -8 -dod e - '  2
c a t r ie n -l-o l a re  sh ow n  in  Schem es I  an d  I I .

A lto g e th e r  15 m g  o f cis ,c is ,c is  I V ,  12 m g  o f cis ,cis , r H , / - = r m ___m c r r  n,.
trans  V ,  and. 35 m g  o f cis ,trans,cis  X I  isom ers o f 3 ,6 ,8 - 3 2 2 trans 2
d o d e c a tr ie n -l-o l w e re  ob ta ined . T h e y  w ere  d isso lved  V U
in ether to m ak e 1 m g/m l o f stock  so lu tion  fro m  w h ich  

sam ples o f v a r io u s  d ilu tion  series w ere  m ade. A  10-
id po rtion  o f the d ilu ted  sam p le  so lu tion  w as  u sed  fo r  I 1 EtM«Br
each  b ioassay . C H = C C H 2CH2OH —  C H = C C H 2CH2o A 0  J

T h e  m in im u m  am ou n ts  req u ired  to s tim u la te  the  

w o rk e r  term ites to  fo llo w  a rtific ia lly  la id  10-cm  path s
a lon g  a  120° arc  on  g ro u n d -g la ss  surfaces w ere  100 p g  [ J___
fo r  cis ,cis ,cis , 10 p g  fo r  cis,trans,cis, an d  0.01 p g  fo r  cis, O 2 CMgBr
cis,trans  as com pared  to the  n a tu ra l term ite  t ra il-fo l- VIII
lo w in g  pherom one, 0.05 pg . T h e  m an ner in  w h ich  the
w o rk e r  term ites fo llo w ed  the tra ils  o f com pou nd  V  w a s  y j j j  +  y j j  CuC1,
iden tica l w ith  that w ith  the n a tu ra l p roduct.

T h e  resu lt c learly  in d icated  th a t cis -3 ,c is -6 ,tran s -8 - / " v

d o d ec a tr ien -l-o l w a s  the term ite  tra il-fo llo w in g  ph ero - CH3CH2CH2C = C C H = C H C H 2C = C C H 2CH20 — L J
m one. u  MeOH

IX

Experimental Section CH3CH2CH2C=CCH=CHCH2Ch=CCH2CH2OH ►
The instrument used for the chromatographic analyses was a „

Beckman GC4 with a dual hydrogen-flame detector. A  post
column (and predetector) splitter was used to divert nine-tenths H H H H H
of the sample to the re-pentane trap at —60°. In all cases, 0.25 j j | j |
in. by 6 ft stainless steel columns were used with the carrier (H e ) CH3CH2CH2C = C C = C C H 2C==CH2CH2OH
speed at 40 ml/min. One tenth of the sample was used for de- 8 | 6 3
tecting the sample peaks. H

as-3,ris-6,cis(ir<ms)-8-Dodecatrien-l-ol (Scheme I). 3-Hepten- c ŝ trans cis
1-yne (I ).— Thirty-five grams of propargyl bromide was treated 
with 26 g (0.36 mol) of ra-butyraldehyde8 (Reformatski reaction);
36 g of crude l-heptyn-4-ol (ca. 0.3 mol) was obtained. It  was
directly converted to p-toluenesulfonyl ester by adding the above and 720 cm-1 (H C = C H  cis). Gas chromatographic analysis
product into a solution of 54 g of p-toluenesulfonyl chloride in indicated the ratio between trans and cis isomers was approxi-
68 ml of pyridine. The product was transferred into 300 ml of mately 1:1.
10% aqueous N aO H  solution at 0°. The ester was extracted 6-Decen-l,4-diyne (I I ).— A  6-g (0.064 mol) portion of 3-
with ether and the solvent was removed. It was refluxed in 250 hepten-l-yne (cis,trans mixture) was added dropwise to a
ml of 18% ethanolic K O H  for 8 hr. The product was extracted Grignard reagent, prepared by reacting 8 g of ethyl bromide and
with 100 ml of Skelly B , washed with 10% aqueous sulfuric acid, 1.8 g of magnesium in 30 ml of ether, and the system was re
distilled water, 5%  of sodium bicarbonate, and distilled water, fluxed until evolution of ethane gas ceased. Cuprous chloride
and dried over sodium sulfate. Removal of solvent and distilla- (0.5 g ) was added to the mixture and the system was stirred for
tion of the residual oil gave 7 g (23.4%) of I, bp 48-55° (135 mm). additional 30 min. Propargyl bromide (8.8 g ) with ether (26 ml) 
The catalytic hydrogenation product (with P t0 2), heptane, was was added dropwise over a period of 4 hr and the system was
checked by a gas chromatographic system; ir (CS2), 3300 refluxed for additional 24 hr.9 The product in ether was washed
(C = C H )  and 2100 (G = C ) ,  1600 (C = C ) ,  952 (H C = C H  trans) --------------------
______________  (9) W. J. Gensler, A. P. Mahadevan, Jr., and J. Casella, J. Amer. Chem.

(8) L. Crombie and A. G. Jacklin, J. Chem. Soc., 1740 (1955). Soc., 78, 163 (1956).
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with 15% sulfuric acid, water, 5%  sodium bicarbonate, and M g in 100 ml of ether) was added dropwise 20 g (0.3 mol) of
water, and dried over sodium sulfate. Removal of solvent and 1-pentyne, and the mixture was refluxed for 1 hr. After cooling
distillation of residue gave 3.6 g (42.5% ) of decene-l,4-diyne, bp to 10°, 16.8 g of acrolein was added dropwise. The mixture was
55-60° (10 mm). Gas chromatographic analyses showed two stirred for an additional 1 hr at 10 °, and was then refluxed for
substances, cis and trans isomers, one with ir (CS2) peak at 720 1 hr. After cooling, a 100-ml aliquot of ice-water was added to
cm -1 and the other with 950 cm-1. Both gave n-decane upon the reaction vessel and the reaction product was extracted three
catalytic hydrogenation with P t0 2; uv, Xmai 226 mg. times with 50 ml each of ether. The solution was dried over

8-Dodecene-3,6-diyn-l-ol (I I I ).— A  1.83-g (0.014 mol) portion sodium sulfate, freed of solvent, and distilled to give 20 g (54.9%)
of 6-decen-l ,4-diyne {cis,trans mixture) was added to a Grignard of V I: bp 79-81° (1 mm); ir (CS2) 3350 (O H ), 3010 (C H  vinyl),
reagent, prepared by  reacting 1.69 g of ethyl bromide and 0.38 2225 (C = C ) ,  1640 (C = C ) ,  920 cm -1 (C = C H 2).
g of magnesium in 25 ml of ether, and the system was refluxed l-Bromo-frans-2-octen-4-yne (V II).— To a cooled solution of 
for 1 hr. After cooling the system to 0° ethylene oxide (0.7 g ) l-octen-4-yn-3-ol (16 g or 0.13 mol in 100 ml ether containing
in 2 ml of ether was added dropwise. Extraction, washing, and 2.4 g of dry pyridine) was added dropwise a solution of 11.8 g of
distillation steps were repeated as above to obtain 1.42 g (58% ) phosphorus tribromide in 30 ml of dry ether over a 20-min period
of I I I :  bp 125-135° (1 mm) {Anal. Calcd for Ci2H 160 : C , with continuous stirring. The reaction mixture was then gently
81.82; H , 9.09. Found C , 82.46; H , 10.53.); ir (CSO of gas heated to reflux for 20 min. Upon cooling, the product was 
chromatographic peak 1, 3400 (broad) for OH , 3000 for C H = C H , poured over ice. The ether phase was washed successively with
2200 for C = C ,  1670 for C H = C H , 1040 for C -O , and 720 cm -1 100 ml each of water, 5% of aqueous sodium carbonate, and
for cis C H = C H ;  ir (CS2) for the peak 2 closely resembled that water and dried over sodium sulfate. Removal of the solvent 
of the peak 1 except for the absence of absorption at 720 cm -1 and distillation of the residue gave 18 g (77.6%) of V I I ;  bp
and the appearance of a new absorption peak at 945 cm -1 for 56-62° (1 mm); ir (CS2) 2200 (C = C ) ,  1610 (C = C ) ,  945 cm -1
trans C H = C H .  Both compounds gave dodecanol upon catalytic (H C = C H , trans).
hydrogenation. irans-6-Dodecene-3,8-diyn-l-ol (X ).— To a 100 ml of tetra-

3,6,8-Dodecatrien-l-ol (IV  and V ).— The above product {i.e., hydrofuran solution with Grignard reagents (6.1 g of E tB r and 
the mixture of cfs-8-an d  frans-dodecen-3,6-diyn-l-ol) was further 1.33 g of M g ) was added dropwise 8.5 g of l-(tetrahydro-2-
purified on a Florisil column (1 X  30 m) with ether as a mobile pyranoxy)-3-butyne, and the mixture was refluxed for 1 hr with
phase. A  0.8-g (4.7 mmol) portion of the column purified stirring. Cuprous chloride (0.5 g ) and then 9 g of V II  was
product was dissolved in 30 ml of methanol containing 4 drops of added to the reaction mixture at 60°, the latter over a period of
quinoline. To hydrogenate selectively the triple bonds only, 4 hr. The reaction continued overnight, and the product was
0.2 g of Lindlar catalyst10 was used under 1 atm of H 2 at room purified as before to give l-(tetrahydro-2-pyranoxy)-6-dodecene-
temperature. The product was extracted, washed, and dried 3,8-diyne ( IX ).  The product was dissolved in 100 ml of M eOH.
over sodium sulfate, and the solvent was partially removed as Concentrated sulfuric acid (16 ml) was added to the solution,
before. The cis and trans isomers were separated and purified and the system was kept for 24 hr at room temperature. The
twice on gas chromatographic systems (SE52 and N G A  columns). reaction mixture was poured into 1 1. of 5%  sulfuric acid, and
Only one-tenth of the final product was purified in this manner the product was extracted three times with 100 ml each of Skelly-
to yield 15 mg of IV  and 12 mg of V  (IV  and V  combined yield: solve B . Removal of the solvent and distillation of the residue
32.0% ). gave 7.5 g (46.0%) of pearl yellow oil, ¿rans-6-dodecene-3,8-diyn-

Both compounds were unstable in the concentrated state: l-o l (X ),  bp 120-125° (0.8 mm). Gas chromatography on N G A
they polymerized even under nitrogen at 0°. Elemental analysis (170°) gave a single peak; ir (CS2) 3300 (O H ), 3005 (C H = C H ) ,
was conducted upon their precursor, 8-dodecene-3,6-diyn-l-ol 2200 (Cfe=C), 1660 and 1610 (C = C ) ,  1040 (C -O ), 950 (C H = C H ,
only. trans). Catalytic hydrogenation with P t0 2 gave an identical

Compound V  showed the following spectral properties: ir peak as n-dodecanol by two glpc systems (SE52 and N G A ).
(CS2) 3600-3260 (O H ), 3000 (= C H ) ,  1055 (C -O ), 925 and 980 as-3,frans-6,cis-8-Dodecatrien-l-ol (X I).— The above product 
(C H = C H ,  trans-cis conjugated), 728 cm -1 (C H = C H  cis); (X )  was further purified on a Florisil column (2.5 X  30 cm) with
uv (n-pentane) Xma!t 234 m/u; nmr (CCU ) S 0.92 (t, 3 H , J  =  6.5 ether. A  1-g (5.9 mmol) portion of the purified material was
Hz, C H 3C H 2), 1.25-1.51 (m, 2 H , C H 3C H 2), 1.99-2.32 (m, 5 H , dissolved in 30 ml of M eOH  containing 4 drops of quinoline and
= C H C H 2C H 2 and O H ), 2.76-2.99 (m, 2 H , = C H C H 2C H = ) ,  was hydrogenated10 with 0.2 g of Lindlar catalyst at room tem-
3.55 (t, 2 H , J  — 6.5 Hz, C H 2C H 2O H ), 5.0-6.1 (m, 6 H  olefinic perature. Glpc purification of one-twentieth of the reaction
proton). Compound IV  showed the following spectral proper- product gave 35 mg (6 6% ) of pure cis-3,trans-6,« 's -8-dodecatrien-
ties: ir (CS2) 3600-3260 (O H ), 3000 (= C H ) ,  1055 (C -O ), 720 l-ol (X I ) .  Uv , nmr, and ir spectra were identical with those of
cm -1 (C H = C H  cis, prominent); nmr same as V  except 1.90- cfs-3,cts-6,frans-8-dodecatrien-l-ol (V ). Catalytic hydrogenation
2.35 (= C H C H 2C H 2); uv (n-pentane) Xma,  235 mft . Both isomers gave a compound identical with dodecanol in two glpc systems,
gave dodecan-l-ol by a catalytic hydrogenation with platinum
oxide. V  behaved in a manner identical with the natural product Registry No.' I  (cis), 764-57-8; I  (trans), 764-58-9; 
in all chromatographic tests. II(cis), 19926-59-1; I I (trans), 19926-60-4; I I I ( cts),

cfs-3,frans-6,m-8-Dodecatrien-l-ol (Scheme II ). l-Octen-4- 19926-61-5; I I I  (irons), 19926-62-6; IV , 19926-63-7;
yn-3-ol (V I)- To a Grignard reagent (36 g of E tB r and 8 g of v> 19926-64-8; VI, 19926-65-9; V II, 19926-66-0;

(10) H. Lindlar, H elv. C h im . Acta, 35, 446 (1952). X, 19926-67-1.
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Reactions of Some Acylquinolones with Diazomethane1
J. W. Huffman and J. H. Cecil2

Department of Chemistry and Geology, Clemson University, Clemson, South Carolina 29631

Received November 19, 1968

Several acylquinolones have been treated with diazomethane and the products characterized principally by  
spectroscopic means. 3-Isobutyryl-4-hydroxy-8-methoxy-2-quinolone (2c) gave 3-isobutyryl-4,8-dimethoxy-
2- quinolone (4a), l-methyl-2-isobutyryl-4,8-dimethoxy-2-quinolone (9), and 3-isopropyl-8-methoxy-9-methyl- 
furo[2,3-6]-4-quinolone (6a). 3-Isovaleryl-4-hydroxy-8-methoxy-2-quinolone (2b) gave 3-(2-oxo-3-methyl- 
pentyl)-4,8-dimethoxy-2-quinolone (3b), 3-(2-oxo-3-methylpentyl)-2,4,8-trimethoxyquinoline (11), and 3- 
isobutyl-8-methoxy-9-methylfuro[2,3-b]-4-quinolone (6b). 3-Isobutyryl-4-hydroxy-2-quinolone (2d) gave
3- (2-oxo-3-methylbutyl)-4-ethoxy-2-quinolone (3c), 3-isobutyryl-4-methoxy-2-quinolone (4b), 3-isopropyl-9- 
methylfuro[2,3-6]-4-quinolone (6c), and 3-isopropyl-3-hydroxy-4-methoxy-2,3-dihydrofuro[2,3-6]quinoline (13).
Treatment with hydrochloric acid gave 3-isopropylfuro[2,3-b]-4-quinolone (14) from 13, and 3b from 11.

In previous work directed toward a general synthesis methyl singlet, the typical isopropyl pattern with a
of furoquinoline alkaloids such as lunacrine (1), the re- methyl doublet (</ =  7 Hz) at 1.35 ppm, and a rather
actions of the 3-acylquinolones 2a and 2b with diazo- deshielded methine multiplet centered about 3.32 ppm.
methane have been reported to give 3a and 3b (Chart I), Irradiation of the methine multiplet collapsed the dou-
the result of insertion into the side chain in addition to blet at 6.95 to a singlet, indicating that the isopropyl
0  methylation. 1 Reduction of these quinolones and group is adjacent to the vinyl proton. The ultraviolet
cyclization leads to isobutyl furoquinolines rather than spectrum of B is virtually identical with that reported
the desired isopropyl derivatives. In an attempt to for anhydrobalfouridine; which has been shown to have
take advantage of this homologation reaction, the 3- the assigned structure (5) by its reduction to lunacrine
isobutyryl-4-hydroxy-2-quinolones 2c and 2d were (l).6 Although the melting points of B and anhydro-
treated with diazomethane, in the expectation that balfouridine only differ by 1 °, the mixture melting
suitable precursors to the lunacrine alkaloids could be point7 of the two is depressed, the infrared spectra are
obtained. not identical and on the basis of these data B is assigned

Treatment of 3-isobutyryl-4-hydroxy-8-methoxy-2- the structure 3-isopropyl-8-methoxy-9-methylfuro-
quinolone (2c) with ethereal diazomethane gave a mix- [2,3-5 ]-4-quinolone (6a). It  was originally thought
ture from which two compounds, A  and B, were isolated. that 6a may have been anhydrobalfouridine on the basis
Compound A, Q 5H 17NO 4, shows a split carbonyl band of the chemical shift (6.95 ppm) of the furyl proton. It
in the infrared with absorption at 5.98 and 6.20 p. The has been suggested that a protons of furoquinolones of
6.20-m absorption is at somewhat longer wavelength general structure 7 have a chemical shift of 7.20-7.24
than that generally associated with 2-quinolones3 (6.02- ppm while the ¡3 protons are in the range 6.98-7.01 ppm.
6.10 p), however, the nmr spectrum is lacking the res- The synthesis of the furoquinolone (6a) with a-proton
onances due to the deshielded C-5 proton in a 4-quino- resonance at 6.95 ppm indicates that these assignments
lone. 4,5 This spectrum is essentially the same as that of are probably reversed. Apparently, in these 4 -quin-
the starting quinolone (2c), with a barely resolved pair olone systems, the /3 protons are deshielded very
of singlets centered about 4.01 ppm in place of the strongly by the 4-carbonyl, while the a protons are in
methoxyl singlet at 4.00 ppm. On the basis of these the normal range for those in simple furans.
data, A  must be 3-isobutyryl-4,8-dimethoxy-2-quino- House, et a l.f have reported the use of both methanol 
lone (4a), the result of simple O methylation. and boron trifluoride as catalysts for the diazomethane

Compound B has an empirical formula of Ci6H 17N 0 3 homologation of ketones. These catalysts were there-
and the infrared spectrum shows carbonyl absorption at fore employed in the reaction of 3-isobutyryl-4-hydroxy-
6.11 p, at somewhat lower wavelength than that gen- 8-methoxy-2-quinolone (2c) with diazomethane,
erally associated with 4-quinolones (6.13-6.17 p ) ,3 how- Large volumes of methanol gave a mixture, from which,
ever the nmr spectrum has the highly deshielded C-5 after repeated chromatography on alumina, were iso
proton resonance at 8.10 ppm indicative of a 4- lated two compounds. One of these was 3-isopropyl-
quinolone.4,5 This C-5 proton is the X  portion of the 8-methoxy-9-methylfuro [2,3-5 ]-4-quinolone (6 a), while 
A B X  multiplet, (Jmth0 =  8 Hz and Jmeta =  2  Hz) and the second compound, Ci6H 19N 0 4, shows carbonyl ab-
in addition to the AB multiplet at 6.95-7.30 ppm, the sorption in the infrared at 5.95 and 6.20 p. The ultra
balance of the nmr spectrum of B shows a vinyl doublet violet spectrum of this compound is similar to that of 
(J  =  1 Hz) at 6.95 ppm, a methoxyl singlet, an N- 3-isobutyryl-4,8-dimethoxy-2-quinolone (4a); however,

the spectrum shifts in neither acid or base, while that of
(1) This work was supported in part by Grant GM-08731 and Research 4a shifts in base (Scheme I). The nmr Spectrum haS a

Career Program Award 1-K3-GM-5433 from the National Institute of pair of singlets at 3.92 ppm with an area Corresponding
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“ The Furanoquinoline Alkaloids.” Previous paper: J. W. Huffman, *0 nine protons, whereas 4a has a pair of SmgletS at 4.01
s. p . Garg, and j . h . Cecil, j . Org. chem., 3i, 1276 (1966). ppm with an area corresponding to six protons. This

(2) Abstracted in part from a dissertation presented by J. H. Cecil in m e th a n o l C a ta ly z e d  p r o d u c t  m u s t th e r e fo r e  b e  1-
partial fulfillment of the requirements for the Ph.D. degree, Clemson
University, Dec 1968.

(3) (a) M. F. Grundon, N. J. McCorkindale, and M. N. Rodgers, J.
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Chart I  Scheme I
0  OH 0  c h 2N2
¡i • ji 2c--------> 4a +  6a +  9

^ ^ V ^ r 18% 24% 10%L JL \  L JL c h 2n !
CH3 N ^ N ^ a) 2b--------3b +  6b +11

Aph I I  I 32% 0.7% 1%
och3Ch3 k H

, 1. NaBH< „p ,
1 2a, R =  i-Bu;Rl =  H { 2. TsCl, pyridine |

b, R = /-BujR1 = OCH3
c, R =  ¿-Pr;R' =  OCH3
d, R =  i-Pr;R‘ =  H OJ CH2Ni ,2d-------->- 3c +  4b +  6c +  13

OCH3 CH30 0 16% 14% 25% 9%
i  .. .R . 1 1  .CH3 IiOi O  ̂ f r r r  ihc*

0  CH3 14
R' ch3 R' h

3a R = ¿-Bu- R1 = H 4a R = OCH The use of boron trifluoride as a catalyst for the reac-
b’ R = i-Bu-RI=OCH b R=H  J ti°n of 3-isobutyryl-4-hydroxy-8-methoxy-2-quinolone
c R = i-Pr-R1 = H ’ (2c) with diazomethane gave a bright yellow solid,

which, when dissolved in methanol, gave a yellow solu- 
9 9 R tion that turned colorless as it was warmed. From

CH3 this c°l°riess solution, only the starting quinolone (2c)
| | £  )>—/  [ jf ]T  / could be obtained. Moreover, while the ultraviolet
^ V i v r ~ 0  CH3 spectra in methanol of 2c and the diazomethane product

I I were identical, the infrared spectra were not. Owing to
3CH;J CH3 the instability of this material it could not be character-

5 6a, R = ¡-Pr; R1 = OCH3 ized completely; however, it appears that this com-
b, R=i-Bu;R1 = OCH3 pound is the enol ether (10).
c, R = i-Pr;R1=H Since the isobutyrylquinolones did not give homolo-

0  gation to any appreciable extent, it was felt that a repe-
II ,R tition of the reaction of 3-isovaleryl-4-hydroxy-8-meth-

oxy-2-quinolone (2b) with diazomethane might lead to 
^ the simple O-alkylated acylquinolone. However, the

| major product of the treatment of 2b with ethereal di-
CH3 azomethane was the inserted quinolone (3b), identical
7 with that previously reported.1

0CH Two other compounds, C and D, were also isolated in
CH39 9  0 | 3 small quantity from this reaction. Compound C has

an emPirical formula of Ci7H19N 0 3 and its infrared,
I f  [ j i  J j[ | ultraviolet, and nmr spectra were quite similar to those

CH3 C i i 3 of the furoquinolone (6a). Compound C is thus as-
¿CH I | signed the structure 3-isobutyl-8-methoxy-9-methyl-

3CH3 3H furo[2,3-6]-4-quinolone (6b). The nmr spectrum of C
9 10 is in complete agreement with this assignment, showing

in addition to a vinyl proton multiplet at 7.02 ppm, the 
OCH3 OCH3 typical isobutyl pattern of a broadened doublet at 2.71
1 CH3 J ppm, a multiplet at 1.8-2.5 ppm, and a doublet at 0.97

p || T j  ----- 1 ppm. These are assigned, respectively, to the methy-
CH3 lene, methine, and methyl protons of the isobutyl group.

I 3 °  I Tlie infrared spectrum of D has absorption at 5.87 u
0CHs CH3 assigned to the side chain carbonyl, and medium inten-

II 12 sity absorption at 6.15 m which is probably due to aro
matic absorption, since the nmr spectrum shows no evi- 

CH dence supporting a 4-quinolone structure. The ultra-
OCH3 oh CH3 0 V  violet spectrum of D has much the same shape as that

Ik /  11 /rî CH:, of the 2-quinolone (3b), but is altered on acidification
I B  T >  CHa \ \ ll S  and does not shift in basic solution. The nmr spectrum

° f T> shows singlets at 3.82, 3.93, 4.05, and 4.10 ppm 
| with an area ratio equivalent to eleven protons. These

13 H data, particularly the shift of the ultraviolet spectrum
14 in acidic solution, suggests that D is a trimethoxyquin-

oline. Treatment of D with hydrochloric acid gives 
methyl-2-isobutyryl-4,8-dimethoxy-2-quinolone (9), the the 2-quinolone (3b), and consequently D must be 3- 
result of N ,0  dialkylation. (2-oxo-3-methylpentyl)-2,4,8-trimethoxyquinoline (11).
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In order to explore further the nature of these reac- at 4.33 ppm with a superimposed methoxyl singlet at
tions of 3-acylquinolones, 3-isobutyryl-4-hydroxy-2- 4.22 ppm suggests that H is 3-hydroxy-3-isopropyl-4-
quinolone (2d) was also treated with diazomethane to methoxy-2,3-dihydrofuro [2 ,3 -6  ]quinoline (13). Con-
give a mixture from which two compounds, E and F, firmation of this structural assignment was aceom-
were isolated. Compound E has an empirical formula plished by the conversion of 13 by treatment with dilute
of Ci6H i5N 0 2, and the infrared spectrum has the hydrochloric acid into 3-isopropylfuro [2 ,3 -6  ]-4 -quin-
medium intensity carbonyl absorption at 6.15 n typical done (13).9 The nmr spectrum of 13 is identical with
of a 4-quinolone. The nmr spectrum of E is the same that of 3-isopropyl-9-methylfuro[2,3-6]-4-quinolone 6c,
as that of furoquinoline (6a), however the methoxyl with the exception of the absence of the N-methyl sin-
singlet is absent. Compound E is therefore 3-isopro- ' glet.
pyl-9-methylfuro [2,3-6 ]-4-quinolone (6c). The product distributions obtained in these reactions

Compound F has the empirical formula C15H 17NO3, of 3-acyl-4-hydroxy-2-quinolones are summarized in
corresponding to the addition of two methylene units. Scheme I, and although the above data indicate that
The infrared spectrum shows strong 2-quinolone car- their course is quite complex, the observed products
bonyl absorption at 6 .0  m and nonconjugated carbonyl may all be explained in terms of the generally accepted
absorption at 5.85 y. The nmr spectrum has a three- mechanism for the reaction of diazomethane with aryl
proton methoxy singlet at 3.92 ppm and a two-proton alkyl ketones.8 In Scheme I I  the over-all course of
methylene singlet at 3.88 ppm in addition to aromatic
and isopropyl signals. On the basis of these data F is Schem e  II
assigned the structure 3-(2-oxo-methylbutyl)-4-meth- -
oxy-2-quinolone (3c), the result of both homologation OH 0 ” H
and 0  methylation. Reduction of 3c with sodium I  II ? 0  R
borohydride afforded the corresponding alcohol which I ^ V y ^ R  ch2n„
on treatment with p-toluensulfonyl chloride-pyridine > [ I I  'l ch2N,
gave 2-isopropyl-4-methoxy-2,3-dihydrofuro [2,3-6]- | 1 ® 0

quinolone (12), by analogy with the synthesis of the iso- H R H
butyl analog. 1 The spectral data for both these com- 2

pounds (see Experimental Section) were in agreement a’ ,c’ / 15

with the assigned structures. There was insufficient /  ,
material to complete the synthesis of demethoxylun- CHl,N2 /  I
acrine, and attempts to repeat this sequence gave vari
able results (vide infra). 4a, b 3a, b, c .—51 ,

When, however, the diazomethane reaction with 3- 0 ''H''0

isobutyryl-4-hydroxy-2-quinolone (2c) was repeated I i^R
under apparently identical conditions, the inserted quin-
olone (3c) could not be isolated although both thin ---- 0

layer chromatography and spectral measurements in
dicated that it was present. However, a third com- 16

pound, G, was obtained. The empirical formula of G
is C 14H 15NO3, corresponding to the addition of one these reactions is summarized and several generaliza-
methylene group, and the infrared spectrum is almost tions may be made concerning the interaction of these
identical with that of quinolone (3c), having peaks at quinolones with diazomethane. First, direct 0  methyl-
5.87 and 6 .1  u- The nmr spectrum, however, shows ation is competitive with the addition of diazomethane
only one singlet at 4.04 ppm with an area corresponding to the carbonyl group in the case of the 3-isobutyryl
to three protons plus aromatic and isopropyl resonances, compounds (2c, d). However, in the reactions of the
and compound G is therefore 3 -isobutyryl-4 -methoxy- 3-isovaleryl ketones (2a, b ),1 only the homologated ke-
2-quinolone (4b), the result of simple 0  methylation. tones could be isolated. This is easily explained in

In other reactions of 2c with diazomethane, again terms of steric hindrance in the vicinity of the carbonyl
under apparently identical conditions, neither the in- group caused by the a-isopropyl group in 2a and b, as
serted nor the noninserted quinolones were isolated; opposed to the methylene group in 2c and d.10 

however, the furoouinolone (6c) and another new com- 111 the intermediate (15) arising from the addition of
pound, H, could be obtained. Compound H has an diazomethane to the carbonyl group, hydrogen bonding
empirical formula of C 15H 17NO3, indicating addition of between the C-4 hydroxyl and the alkoxide moiety in
two methylene units, and the infrared spectrum has the side chain must be invoked in order to explain the
strong hydroxyl absorption at 3.13 y. The ultraviolet exclusive formation of linear furoqumolones in these

, r tt 1 r. ■ •, v. 4. , ■ , , ,, reactions since it has been observed that nucleophilicspectrum of H shifts in acid, but not in base, and the , , ,. c ,, . ,
r  , . , . ’ , , 1 . , ,  , „  _ , dispfacement reactions of this type normally give the

nmr spectrum does not have the deshielded C-5 proton , • .. T , ,• . , - , ,, . , , . , , , angular isomer. 11 Intermediate 15 may decompose by
multiplet, ruling out a 4-quinolone structure and sug- Qne of twQ pathS| either migration of the aryl residue
gesting that H is a qumolme. There is also present in to give the homoiogated ketone8 or cyclization to afford
the nmr a broadened singlet due to the hydroxyl proton an intermediate (16) which may then give rise to the
at 5.45 ppm, which is repioved by shaking with D 20.
mi c n ^  nj. o  n  (9) E. A. Clarke and M. F. Grundon [J. Chem. Soc., 438 (1964)] haveThe presence of a one-proton multiplet at 2.7 ppm and car̂ d out simiIar reactions in this series.
tWO doublets (J  =  7 Hz) at 1.10 and 0.76 ppm indicates (10) The possibility that 0 methylation precedes addition to the carbonyl 

the presence of an isopropyl group attached to an r rE id T d Y e T c ^ ^  ^  Biffin' L' Cr°mbie’ aDd
asymmetric center. A  simple A B  quartet ( J  =  13 Hz) d l )  J. w . Huffman and L. E. Browder, J. Org. Chem., 29, 2598 (1964).
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various furoquinolones obtained from these reactions. nm r, 507: i _7 '® ^  D)> 3.92, 3;9?rS •<'NCH3 ’ nm? ?r° i  

The former path appears to be favored when R  -  iso- ie3' ™ ,
butyl and the latter when R  =  isopropyl, and these 68_69°.
differences m ust b e  caused  b y  su b t le  d ifferences in  the Anal. Calcd for Ci6H 19N 0 4: C, 66.42; H , 6.62; N ,  4.84. 
con fo rm ation  o f in term ed iate  15 caused  in  tu rn  b y  Found: C, 66.24; H , 6.72; N ,  4.82.
differences in  the  b u lk  o f the isop ropy l an d  iso b u ty l C . -T h e  diazomethane reaction was repeated with a solution

of 2.00 g of the quinolone (2c) and 1 ml of boron trinuoride ether- 
groups. ate jn go 0f methylene chloride. To this solution was added

diazomethane from 4.0 g of nitrosomethylurea in 40 ml of dry 
. i2 ether. The solution was allowed to stir overnight, washed with

E xp erim en ta l Section  sodium bicarbonate and water, dried, and boiled to dryness,

3-Isobutyryl-4-hydroxy-8-methoxy-2-qumolone (2c) was pre- S^ing 1.97 g (93.6%) of the cross-conjugated enol ether (10). 
pared by the method reported earlier for the synthesis of 3- attempted recrystalhzation of this yeUow compound from
isovaleryl-8-methoxy-2-quinolonel (2b). From 12.0 g of 4-hy- methanol gave colorless solutions on warming from wh ch o ^ y
droxy-S-methoxy-2-quinolone and 25.0 ml of isobutyryl chloride he starting quinolone (2c) could be obtained A ll O z a 
was obtained 12.33 g (75.2%) of 3-isobutyryl-4-hydroxy-8- tempts to purify this œmpound gave only 2c ir 6 10 M ^ C -O b
methoxy-2-quinolone (2c). Recrystallization from methylene ™  5 71-7 .3  m (Ar H ), 4.00, 4.10 (O C H ,), 1.34 d (/  -  6 Hz,

chloride-hexane gave white needles: mp= 166-167°; ir 6.05 uv Qf 3 .Isovaleryl.4.hydroxy.8.methoxy-2-quinolone with
max, neu ra an a i »  M e • ’ nmr j  7 .ft-"! $  Diazomethane.— To a solution of 4.00 g of the above quinolone

7 a ’ l m  ’ A i'PTT'i 4- o n « fOCH  'i *1 22 d (J  — 7 Hz (2b) ‘m  1^0 ml of absolute ether was added a trace of methanol
s a ?  “ j 3z f f i  7f?  - 1 »  » 1  <f »  « ■ »  »  of d— T  ,r  «¿ O  j o t

t, , '  vu nitrosomethylurea. The solution was allowed to stir overnight.
m A n i r Cakd ¿ r  C „H 15N O ,f  C,~64.36; H , 5.79; N , 5.36. Filtration gave 0 42 g o f3 -(2 -oxo-4 -m ethylpe^^^^^
t? t . n  rq . it  c . at c 9Q 2-qumolone (3b), identical with an authentic sample.1 Honing
^ Reaction of 3-Isobutyryl 4-hydr0xy-8-meth0xy-2-quinol0ne with the solution to dryness gave a red glass which was chromato- 
Diazomethane. A .— To a slurry of 5.00 g of the above quinolone 011 Merck acid-washed alumina. material
(2c) in 100 ml of absolute ether was added 100 ml of a solution Elution with methylene chloride gave 0.17 g of ssolidi matenah
of diazomethane in dry ether made from 8.00 g of nitrosomethyl- Dissolving this material in hexane and cooling to o gave 0.025 g 
urea. A  trace of methanol was added and the slurry stirred 0 6 % ) of 0-methyh8-methoxy-3usobut
overnight at room temperature. Reducing the volume of solu- (bb ). mp 125 1 , lr . m ( )» 2fi2 h og i’
tion gave 1.31 g of recovered starting material. Boiling the solu- 235 mM (log == ‘  4.40) 241 sh (4.45) 24'7 g -5 3 ),  262 sh 3.86 ,*• “ *r fT ,* "d *■ *which -  *—“«*•* “ S W  SSVS. Sts?: Si
M S Ur dw ™ hi t T e r ' c U „ r i d ^ „ .  1:1 g.v „  0.93 ,
(24.3% ) of 3-is0pr0pyl-8-methoxy-9-methylfuro[2,3-6]-4-quino- 4 -!2 s (OCHa), 3.9° s (N C H ,), 2.71 d (/  =  7 Hz, C H 2) 1.8-2 5
lone (6a), recrystallized from methylene chloride-hexane as m (C H ), 0.97 d (J  6 z, isopropy ). e ana y ica sa p 
colorless needles : mp 130-131 °, a mixture melting point with recrystallized from hexane as colorless needles mp 126-127 
anhydrobalfouridine7 was 110-120»; ir 6.11 M ( 0 = 0 ) ;  uv max, Anal. Calcd1 for C „H i.NO ,: C 71.56, H , 6.71, N , 4.91.
neutral and base, 235 mM (log e =  4.40), 241 sh (4.45), 247 F<? nd:. C ’,71i61; H ’ 6'84; 4‘85'f ,, ,
(4.53), 262 sh (3.86), 295 sh (3.66), 303 (3.73), 327 sh (3.80), Cooling thehexane mother liquors from the above crystalliza-
339 (3.98), 354 (3.93), acid, 248 (4.59), 303 (3.60), 328 sh (3.71), ^  to ~ 15 • folIowed by immediate R a t io n ,  gave¡ O .M 5 g
340 (3.88), 354 (3.88); nmr 8 8.10 q {Jmlho =  8 Hz, J me,a =  2 (1 ;°% ) of 3-(2-oxo-4-methylpentyl)-2,4 8-trimethoxyqumoline
Hz, C-5 H ), 6.95-7.30 (Ar H ), 6.95 d (J  =  1 Hz =C H ),4 .0 1  < H ): ^  m  max neutral and base 246 mM (log .
s (O C H ,), 3.83 s (N C H .), ca. 3.3 m (C H ), 1.35 d (J  =  7 Hz, 4.66), 247 sh (3.73) 280 (3.73) 290 (3.65) 315 (3.35) 328
isopropyl). Irradiation of the multiplet at 3.3 collapsed the l3-28), acld 247 (4A8), 2o7 sh (4.29), 283 (3 ./0)> 315' (3.62)
doublet at 6.95 to a singlet. The analytical sample was re- 333^(3.46); nmr 6.9-7.7 m (Ar H )  4T0 4.05, 3.93 s (O C B g ,
crystallized from methylene chloride-hexane, mp 130.0-130.5°. 3.82 s ( C CH 2C O ), 1.8 2.5 m (C H 2C H ), 0.9 ( ,

Anal. Calcd for C 16H „ N 0 3: C, 70.83; H , 6.32; N , 5.16. isopropyl). The analytical sample recrystallized from hexane as
Found: C, 70.66; H , 6.21; N , 5.07. coloriess needles mp 62-63 .

Elution with methylene chloride gave 0.68 g (17.5%) of 3- ^  Anal. Calcd for CigH^NO,. C , 68.1 , , • , , • •
isobutyryl-4,8-dimethoxy-2-qwnolone (4a), crystallized from Found: C , 67.9o; H  7.18; IN , 4.34.
methylene chloride-hexane: mp 183-186°; ir 5.98 ( C = 0 )  and Heating this 2-methoxyquinoline (11) on a steam bath with
6.20 m (amide C = 0 ) ;  uv max, neutral and acid, 225 mM (log e =  10% hydrochloric acid gave 3-(2-oxo-4-methylpentyl)-4,8-di-
4.10), 253 (4.22), 287 (3.69), base 253 (4.36), 275 sh (3.84); methoxy-2-qumolone (3b). . . , . .
nmr 8 7.0-7.8 (Ar H ), 4.01 (O C H 3, six protons), 3.50 m (C H ), Further repeated chromatography of the remaining material
1.27 d (J  =  7 Hz, isopropyl). The analytical sample was re- from the diazomethane reaction gave only an additional 0.97 g
crystallized from methylene chloride-hexane as colorless plates, (31.6% total) of 3-(2-oxo-4-methylpentyl)-4,8-dimet oxy-
mp 189-191° quinolone (3b).

Anal. Calcd for C 15H „ N 0 4: C, 65.44; H , 6.22; N , 5.09. 3-Isobutyryl-4-hydroxy-2-quinolone (2d) was prepared m the
Found- C  65 31- H  6 23* N  5.08. same manner as the 8-methoxy analog (2c). brom lo.u g ot

B.— 'The’diazomethane reaction was repeated with 7.00 g of 4-hydroxy-2-quinolone and 35.0 ml of isobutyryl chloride there
quinolone (2c) in 100 ml of methanol and 100 ml of an ether solu- was obtained 12.7 g (59% ) of a white solid, mp 198 SOI .
tion of diazomethane from 20.0 g of nitrosomethylurea. Boiling Recrystallization from ethyl acetate-cyclohexane gave light
the solution to dryness gave a red glass which, after being chro- yellow needles: mp 221-224 (lit. mp 222-224 ), ir 6.0 m,
matographed three times on Merck acid-washed alumina, gave uv max, neutral and acid, 220 m/i (log t 4.25), 237 (4.44), 306
0.77 g (10.0%) of l-methyl-3-isobutyryl-4,8-dimethoxy-2-quino- (4.04).  ̂ , , , . , _■
lone (9). Crystallization from hexane gave white needles: mp Reaction of 3-Isobutyryl-4-hydroxy-2-qumolone with Diazo-
61-63°; ir 5.95 ( C = 0 )  and 6.20 M (amide C = 0 ) ;  uv max methane. A.— To a slurry of 4.72 g of the above quinolone (2d)
neutral, acid, base, 232 mM (log e =  4.55), 258 (4.41), 291 (3.93); m 75 ml of absolute ether at 0-5 was added 100 ml of a solution
--------------------  of diazomethane in dry ether made from 8.00 g of mtrosomethyi-

(12) Melting points were determined on a Kofler hot stage or a Hershberg urea. A  trace of methanol was added and the slurry stirred
melting point apparatus and are uncorrected. Infrared spectra were taken overnight at room temperature. Reducing the volume of solu-
as potassium bromide disks using a Perkin-Elmer Model 137 spectrophotom- tjon gave 1-15 g 0f reC0vered starting material. Boiling the
eter. Ultraviolet spectra were taken in methanol, using a Perkm-Elmer golution to dryness gave a red glass which was chromatographed
Model 202 spectrophotometer. Nuclear magnetic resonance spectra were p at 1 - j  i i ,
recorded on a Varian Associates A-60 nuclear magnetic resonance spectrom- 80 S of Merck acid-washed alumina,
eter using deuteriochloroform as a solvent unless otherwise noted, and
tetramethylsilane as an internal reference. Analyses were performed by (13) N. S. Vul’fsan and R. B. Zhurin, Zh. Vses. Khim. Obshch. im  D. I .
Galbraith Laboratories, Knoxville, Tenn. Mendeleeva, 5, 352 (1960); Chem. Abstr., 54, 24733 (1960).
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Elution with absolute ether yielded 0.96 g (25.0%) of 9- 3-Isopropylfuro[2,3-6]-4-quinolone (14).— 'To 0.140 g of 3 - 
methyl-3-isopropylfuro[2,3-5]-4-quinolone (6c), recrystallized hydroxy-3-isopropyl-4-methoxy-2,3-dihydrofuro [2,3-6] quinoline 
from methylene chloride-hexane as colorless needles: mp 139.0- (13) was added 20 ml of 10% hydrochloric acid. After 1.5 hr of
139.7°; ir 6.15 // (C = 0 ) ;  u v  max, neutral and base, 240 heating on a steam bath, the solution was cooled, filtered, and the
(log c =  4.23), 252 (4.20), 260 (4.23), 285 (3.23), 295 (3.23), solid recrystallized from methanol-water yielding 0.050 g (41.0%)
328 sh (3.67), 339 (3.79), 353 sh (3.71), acid ca. 243 (4.57), of colorless cubes: mp 245-258°; ir 6.12 n; uv max, neutral
257 sh (3.88), 305 (3.47), 318 (3.69), 333 sh (3.74), 343 (3.82), 238 mM (log e =  4.42), 249 (4.36), 257 (4.39), 282 (3.40), 294
355 sh (3.77); nmr (CDC13), 5 8.45 m (C-5 H ), 7.1-7.75 (A r-H ), (3.40), 320 sh (3.80), 332 (3.92), 340 sh (3.84), acid, 241 (4.68),
6.98 d (J =  1 Hz, = C H ) ,  3.72 s (N C H 3), 3.34 m (C H ), 1.38 d 257 sh (4.10), 286 (3.33), 299 sh (3.57), 318 sh (3.78), 334
(J  =  7 Hz, isopropyl); nmr (d6-D M S O ) S 8.28 m, 7.2-7.8 m, (3.88), 342 sh (3.80), base 232 (4.29), 255 sh (4.52), 262 (4.59),
7.41 s, 3.85 s, 3.25 m, 1.31 d (J  =  6.5 H z). The analytical 307 sh (3.53), 320 sh (3.70), 331 sh (3.82), 342 (3.93), 355
sample was recrystallized from methylene chloride-hexane, mp (3.85); nmr (d6-D M S O ) 5 8.33 m (C-5 H ), 7.2-7 .8 m (Ar H ), 
140.0-140.5°. 7.41 d (J  =  1 Hz, = C H ) ,  3.28 m (C H ), 1.33 d (J  =  6 Hz,

Anal. Calcd for C i5H i5N 0 2: C, 74.67; H , 6.27; N , 5.80. isopropyl). The analytical sample was recrystallized from metha- 
Found: C, 74.49; H , 6.40; N , 5.83. nol-water, mp 245-247°.

Elution with methylene chloride-isopropyl alcohol 20:1  gave Anal. Calcd for Ci4H 13N 0 2: C, 73.99; H , 5.77; N , 6.16.
0.65 g (16.2%) of 3-(2-oxo-3-methylbutyl)-4-methoxy-2-quinolone Found: C, 74.09; H , 5.90; N , 6.02.
(3c). Crystallization from methylene chloride-hexane gave 3-(2-Hydroxy-3-methylbutyl)-4-methoxy-2-quinolone.— To a
white needles: ir 5.85 m ( C = 0 )  and 6.0 /» (amide C = 0 ) ;  uv solution of 0.22 g of 3c in 50 ml of 95% ethanol was added 2.00 g
max, neutral and acid, 231 m// (log £ =  4.28), 245 sh (3.80), 264 of sodium borohydride. The solution was heated at reflux 5 hr,
(3.59), 271 (3.70), 279 (3.65), 314 (3.44), 324 (3.61), 336 (3.55); concentrated to about one-half its volume, and diluted with
nmr 5 7.2-7.9 m (Ar H ), 3.92 s (O C H 3), 3.88 s (Ar CH2), 2.89 m water. The aqueous suspension was extracted with four portions
(C H ), 1.25 d (J  =  7 Hz, isopropyl). Recrystallization from of methylene chloride, the extracts were combined and dried,
methylene chloride-hexane gave the analytical sample, mp and the solvent was removed. Crystallization from hexane-ethyl
182-183°. acetate gave 0.14 g (63% ) of colorless needles: mp 156-157°;

Anal. Calcd for C 15H 17N O 3: C, 69.48; H , 6.61; N , 5.40. ir 6.10 // (C = 0 ) ;  u v  max, neutral acid, base and 231 m/i (log
Found: C, 69.18; H , 6.39; N , 5.68. e =  4.39), 245 sh (3.98), 272 (3.82), 280 (3.77), 311 sh (3.63),

B. — The diazomethane reaction was repeated with 10.00 g of 324 (3.76), 336 sh (3.63); nmr 5 7.2-7.9 (A rH ), 4.02 s (O H ),
the quinolone (2d) and diazomethane from 20.00 g of nitroso- 4.00 s (O C H 3), 3.90 t (C H 2), 3.69 (C H O H ), ca. 1.8 m (C H -
methylurea. Reducing the volume of solution gave 3.80 g of (C H 3)2), 1.05 d (J =  7 Hz, isopropyl). The analytical sample,
recovered starting material and a red glass which was chro- mp 166-167°, was crystallized from hexane-ethyl acetate,
matographed on Merck acid-washed alumina. Elution with Anal. Calcd for C 15H 19N O 3: C, 68.94; H , 7.35; N , 5.36.
methylene chloride gave 0.59 g (9 .9% ) of the furoquinolone (6c). Found: C, 69.24; H , 7.50; N , 5.20.
Elution with methylene chloride-isopropyl alcohol 20:1 gave 2-Isopropyl-4-methoxy-2,3-dibydrofuro[2,3-fe] quinoline (12).—
1.50 g of a white solid which by tic was a mixture of the inserted To a solution of 0.170 g of 3-(2-hydroxy-3-methylbutyl)-4-
and noninserted acylquinolones. Several recrystallizations from methoxy-2-quinolone in 3 ml of dry pyridine was added 0.70 g of
methylene chloride-hexane gave 0.91 g (13.8%) of 3-isobutyryl- p-toluenesulfonyl chloride. The reaction mixture stood at room
4-methoxy-2-quinolone (4b): ir 5.87 // ( C = 0 )  and 6.1 /x (amide temperature 72 hr, was diluted with water, and the precipitated
C = 0 ) ;  uv max, neutral and acid, 228 m/x (log £ =  4.40), 273 solid collected. The filtrates were made strongly basic with 10%
(3.70), 278 (3.71), 328 (3.63), base 236 (4.41), 273 sh (3.69), sodium hydroxide and extracted with four portions of methylene
338 (3.50); nmr 5 7.1-8.1 m (A r H ), 4.04 s (O C H 3), 3.40 m chloride. The organic extracts were dried and the solvents
(C H ), 1.31 d (/  =  7 H z, isopropyl). The analytical sample was removed at reduced pressure leaving a brown oil which was 
recrystallized from methylene chloride-hexane, mp 158-160°. combined with original precipitate, dissolved in 1:1 hexane-

Anal. Calcd for C hH i5N 0 3: C, 68.56; H , 6.16; N , 5.71: methylene chloride and chromatographed on Merck acid-washed
Found: C, 68.79; H , 6.18; N , 5.65. alumina. Elution with the same solvents gave 0.050 g (32% ) of

C. — The diazomethane reaction was repeated with 3.00 g of 12; uv, neutral and base, 229 m/x (log £ =  4.56), 232 sh (4.44),
the quinolone (2d) and diazomethane from 6.00 g of nitroso- 252 (3.74), 262 (3.75), 272 (3.78), 283 (3.70), 309 (3.48), 323
methylurea, followed by chromatography on Merck acid-washed (3.51), acid 216 (4.44), 234 (4.47), 239 sh (4.45), 293 (3.93),
alumina. Elution with benzene gave 0.56 g (17.9%) of the furo- 304 (3.88), 317 (3.76); nmr 6 7.1-8.1 (A rH ), 4.40 m (O C H ),
quinolone (6c). Elution with benzene-isopropyl alcohol 100:1 4.10 (O C H 3), 3.35 m (C H 2), 195 m (C H 3)2, 0.98 d (J  =  7 Hz,
gave 0.31 g (9 .2% ) of 3-hydroxy-3-isopropyl-4-methoxy-2,3- isopropyl). Recrystallization from hexane-methylene chloride 
dihydrofuro [2,3-6] quinoline (13). Crystallization from methy- gave the analytical sample, mp 125-126°.
lene chloride-hexane gave a white amorphous solid: mp 157- Anal. Calcd for Ci3H n N 0 2: C, 74.05; H , 7.04; N , 5.76. 
159°; ir 3.13 ¡1 (O H ); uv max, neutral and base, 228 m/x (log Found: C, 73.85; H , 7.21; N , 5.93.
£ =  4.52), 239 sh (4.45), 264 (3.67), 274 (3.73), 285 (3.67), 305
sh (3.41), 314 (3.63), 328 (3.67), acid 238 (4.49), 293 (3.87), _  . .  w  ,  1Q7A,
314 sh (3.77); nmr 5 7.2-8.1 m (Ar H ), 5.45 s (O H ), 4.33 A B  Registry No.— Diazomethane, 334-88-3; 2c, 19765-
(J  =  13  Hz, O C H 2), 4.22 s (O C H 3), 2.7 m (C H ), 1.10 d QJ =  7 48-1; 3c, 19765-49-2; 4a, 19779-44-3; 4b, 19765-50-5;
Hz, isopropyl), 0.76 d (J  =  7 Hz, isopropyl). Recrystallization 6a, 19765-51-6; 6b, 19765-52-7; 6c, 19765-53-8;
from methylene chloride-hexane gave the analytical sample, mp g  19765-54-9 ■ 11 19765-55-0' 12 19765-56-1' 13

Calcd for C 15H 17N 0 3: C , 69.48; H , 6.61; N , 5.40. 19765-57-2; 14, 19765-58-3; 3-(2-hydroxy-3-methyl-
Found: C , 69.77; H , 6 .6 8 ; N , 5.32. butyl)-4-methoxy-2-qumoloiie, 19765-59-4.
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Diels-Alder Reactions of 2-Pyrones. Direction of the Addition 
Reaction with Acetylenesla
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Department of Chemistry, University of Iowa, Iowa City, Iowa 522Ifi 
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The Diels-Alder reactions of unsymmetrically substituted acetylenes with 2-pyrones containing unsym- 
metrically substituted diene fragments reveal varying degrees of stereoselectivity with regard to the direction 
of addition, depending on the positions and types of substituents. Extended Huckel MO calculations of the 
net charge distribution on the reactants can be used to predict the direction of addition when phenylacetylene 
is the dienophile, but the method is not general when methyl propiolate is the dienophile.

Diels-Alder reactions of 2-pyrones with acetylenes reactions of phenylated and unphenylated 2-pyrones
produce benzene derivatives by loss of carbon dioxide with acetylenic dienphiles were studied to examine rela-
from the intermediate adduct.2 Alder and Rickert tive reactivities and stereochemical preferences. Ac-
initially reported the reactions of 5-carbomethoxy-2- cordingly, 4,6-diphenyl-10 (1), 4,5,6-triphenyl-11 (2), 5-
pyrone, 4,6-dimethyl-5-carbomethoxy-2-pyrone, and carbomethoxy-12 (3), 4,5-diphenyl-6 (4), and 3-carbo-
4-hydroxy-6-methyl-2-pyrone with diethyl acetylene- ethoxy-2-pyrone13 (5) were prepared. Their reactions
dicarboxylate.2 The methyl or ethyl diesters of acetyl- with one or more of the following dienophiles: maleic
enedicarboxylic acid have also been employed as di- anhydride (6), N-phenylmaleimide (7), dimethyl acetyl-
enophiles in reactions with 4-methoxy-6-methyl-,3 6- enedicarboxylate (8), methyl or ethyl propiolate (9),
carbomethoxy-,4 4,5-diphenyl-,5 3-methyl-4-ethyl-,6 3- diphenylacetylene (10), and phenylacetylene (11), were
methyl-4-propyl-,6 3-methyl-4-n-butyl-,6 and 3,5,6-tri- carried out.
methyl-2-pyrones.7 5-Carbomethoxy-2-pyrone, 5- 
methyl-2-pyrone, and 2-pyrone itself undergo this re- feH5

action with bis (trimethylstannyl) acetylene.8 2-Py- c6Hs/^ . CHizP v^ %i cefl5i^ '^
rone also reacts with phenyltrimethylstannylacetylene J l0 A 0Js0 ^ 0A 0 ,
and bis (trimethylsilyl) acetylene,8 with an unusual re- C®’5 Ĉ 5
arrangement occurring in the latter case. With this last 1 2  3 4

exception, the Diels-Alder reaction in each of these ex- ~  ~  ~
amples has given rise to a single benzene derivative
since either the acetylene or the diene fragment of the o o
2-pyrone was symmetrically substituted. When the ^ ^ , co2ch2ch3 J  J i
acetylene and the diene fragment are both unsymmet- ^ 0Ag W  C®̂ 5
rically substituted, however, the possibility of forming o o
two isomeric benzene derivatives exists. One such 5 6 7

reaction has been reported,9 but only one isomer was ~ ~  X-
formed.

R, R_ CH3O^C=COzCH3 HC=C02R, R- -CHj, -CH^Hj

iX C  *! *
4 0 U | W = CC6H5 W = CH

R(3 JO m.

In the interest of preparing phenylated polyphenyl- ~  ~  ’ X" 0
enes from bis-2-pyrones and diethynylbenzenes, model 15 • x ’ N-ceH5

(1) (a) Supported in part by the U. S. Army Research Office, Durham,
N. C. (b) To whom communications regarding this paper should be sent. Results

(2) K. Alder and H. Rickert, Ber., 70, 1354 (1937).

5  e. K. d 29 2534 J and 2 ™ct ̂  6 , and 2 with 7 in refluxing
(1964). xylene, to form the crystalline double adducts 12-14,

(5) a . Pad™ and r . Hartman, j .  Amer. chem. Soc., 88, 1518 (1966). respectively. Dimethyl 3,4,5-triphenylphthalate (15)
(6) N. Shusherina, R. Levina, and V. Shostakcvskii, Zh. Obshch. Khirn., '  '

29, 3237 (1959); Chem. Abstr., 84, 13057» (1960). (10) F. Feist, H. Pauschardt, and H. Dibbern, Ber., 58B, 2311 (1925)
(7) N. Dmitrieva, A. Shil’nikova, N. Shusherina, and R. Levina, Zh. (11) S. Ruhemann, J. Chem. Soc., 97 , 459 (1910).

Obshch. Khim., 34, 2835 (1964); Chem. Abstr., 61, 16042/ (1964). (12) J. Boyer and W. Schoen, “ Organic Syntheses,” Coll. Vol IV  John
(8) A. Evnin and D. Seyferth, J. Amer. Chem. Soc., 89, 952, 4793 (1967). Wiley & Sons, Inc., New York, N. Y., 1963, p 532.
(9) J. Schreiber, W. Leimgruber, M. Pesaro, P. Schudel, T. Threlfall, and (13) T. Windholz, L. Peteraon, and G. Kent, J. Org. Chem. 28. 1443

A. Eschenmoser, Helv. Chim. Acta, 44, 540 (1961). (1963).
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is produced from 2 and 8, also in refluxing xylene. The Discussion
reactions of 32 and 46 with 8 have been reported. Py- The olefin dienophiles maleic anhydride (6), N- 
rones 1 and 2 react in refluxing xylene with 9 (R  =  phenylmaleimide (7), and the acetylenes (8, 9) contain
e r s )  to form methyl 2,4-diphenylbenzoate (16) and ing carboxylic acid functions react with pyrones under
methyl 2,3,4-triphenylbenzoate (17), respectively, while much less vigorous conditions than those required for 
3 and 9 (R  =  CH3) yield a 3:2 mixture of dimethyl phenyl-substituted acetylenes. The results summar- 
terephthalate (18, R  =  CH3) and dimethyl isophthalate ized ;n Table I  indicate that the direction of addition in 
(19, R  =  CH3) under the same conditions. these reactions, where a choice is available, is similar to

that observed for unsymmetrically substituted butadi- 
£ h5 C6H5 enes.16 The relative energies of activation with respect

ĉ y y ° 2CH3 l<i£-^l'C0zCH3 c6h5-|^=^co2ch3 to the direction of addition may be a result of polar 
co-ch, attraction between the diene and the dienophile, steric

5 effects, or a combination of these. The fact that di-
^  l6 l7 enophiles substituted with highly polar groups react

more readily suggests that polar attraction is an im
portant factor in determining the direction of addition. 

In order to assess the influence of the polar nature of

OcojR cogR C6H5 the reactants, charge distributions on 2-pyrone (30),
f Y C° *  CiY V cy% 5-carbomethoxy-2-pyrone (3), 3-carbomethoxy-2-py-

^ A cOjR rone (5), methyl propiolate (9), and phenylacetylene
co2r %h5 (11) were calculated with an iterative extended Hiickel

computer program.17 Coulomb integrals were ob- 
13- 15 f.S ill tained from the valence-state ionization potentials18

and were adjusted for charge with Cusachs’ B term in 
the equation Hu =  H°u — Bqit where Hu is the ad- 

cOgCHs co2ch2ch3 justed Coulomb integral, qt the charge, and B the

^ i f f T 06118 ( f j l  C6̂ 5] f ) l  parameter for each particular orbital of each element.19
The resonance integrals were calculated according to 

CgH5 CgH5 the Wolfsberg- -H elmholz geometric mean20 with K  =
1.75.17 Orbital exponents were taken from tables by 

22 23 24 25 dementi and Raimondi21 and were not adjusted for
charge. The hydrogen exponent was set at 1.20. In 
order to correct excessive charge buildup at the more 

?°2ch3 i\lcgH^H3 cOgCHgCHj electronegative oxygen atoms, the Hamiltonian matrix
f V *  5 |7j| ( f ) T  l ( j l  elements were iterated using a damping technique to a

set of self-consistent matrix elements and charges. 
%h5 ĉ 9 Through the equation g,- =  (Xg,-_i +  Ci)/(1 +  X) (X =

9.0), the newly calculated charges C,- are damped and 
S® SJ ^3 BB q% is used to calculate the new Hu- This is repeated

until the charge distribution no longer changes more 
The dienophiles 10 and 11 require stronger conditions than 0.05 on iteration. Where the bond distances and

(200-300°, sealed tube) for reaction. Under these con- angles for the compounds had not been experimentally
ditions, 1-5 react with 10 to form 1,2,3,5-tetraphenyl- determined, they were obtained from the angles and
benzene (21), pentaphenylbenzene (22), methyl 3,4- distances listed for similar compounds and/or func-
diphenylbenzoate (23), 1,2,4,5-tetraphenylbenzene (24), tional groups.22 The following electron densities were
and ethyl 2,3-diphenylbenzoate (25), respectively. obtained.
Pyrone 2 and 11 yield both 21 and 1,2,3,4-tetraphenyl- The net atomic charge has been successfully used as a 
benzene (26) in an approximately 1:5 ratio, while 3 and reactivity index in aromatic substitution.23 2j The
11 yield methyl 4-phenylbenzoate (27). The reaction close agreement between the experimental dipole mo-
of 5 and 11 yields a 2:1 mixture of ethyl 2-phenylbenz- ment and that calculated from the extended Hiickel
oate (28) and ethyl 3-phenylbenzoate (29), while 5 and program lends support to the use of the net atomic
9 (R  =  CH3CH2) yield a 4:1 mixture of diethyl iso- charges as representative isolated molecule reactivity
phthalate (19, R  =  CH3CH2) and diethyl phthalate
( o n  "R   PPT C *TT (16) A. S. Onishchenko, “ Diene Synthesis,” Israel Program for Scientific
(ZU, ±1 — V v il3Cv.tt2; • Translations, Ltd., Jerusalem, 1964, pp 22-34.

The reactions of 5 are m contrast to an earlier report (17) R. Hoffmann, J. Chem. Phys., 39, 1397 (1963); 40, 2745 (1964).
that electron-withdrawing substituents such as nitro, (18) H. a . Skinner and H. O. Pritchard, Trans. Faraday Soc., 49, 1254

i ,1 o r i i  „  o  (1953); H. O. Pritchard and H. A. Skinner, Chem. Rev., 55, 745 (1955).
Sulfo, or carboxyl groups in the 3 position OI the 2-py- (19) L c Cusachs and j. w. Reynolds, J. Chem. Phys., 43, 8160 (1965).
rone ring completely deactivate the diene system, mak- (20) m . Wolfsberg and l . Heimhoiz, ibid., 2 0, 837 (1952).
ing it inert to the diene synthesis.14 Compound 5 and (21> E- Ele“ enti ^ai“ °ndi,/6T,d:’ 3®’ 2686 (1®63)-

® *7, , . . 1 ^  1 1 (22) L. E. Sulton, Sci. Ed., Tables of Interatomic Distances and Con-
ItS 6-methyl and. 6-phenyl derivatives have also been figurations in Molecules and Ions,”  The Chemical Society, London, 1958; 
shown to undergo diene syntheses with ethylene, to Suppi, 1965.

■ , 1 1  1 1  ie (23) A. Streitweiser, Jr., “ Molecular Orbital Theory for Organic Chem-
yield double adducts. ist8>„  j ohn Wiley *  Sons, I nc., New York, N. Y „  1961, PP 328-334.

(24) H. H. Greenwood and R. McWeeney, Advan. Phys. Org. Chem., 4, 
(14) N. Shusherina, N. Dmitrieva, E. Luk’yanets, and R. Levina, Usp. 73 (1966).

Khim. 36 436 (1967). (25) L. Salem, "The Molecular Orbital Theory of Conjugated Systems,”
(15)’ F. Baker and L. Stock, J. Org. Chem., 32, 3344 (1967). W. A. Benjamin, Inc., New York, N. Y., 1966, pp 288-297.
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T a b l e  I

D i e l s - A l d e r  R e a c t i o n s  b e t w e e n  A s y m m e t r i c a l l y  S u b s t i t u t e d  2 - P y r o n e s  a n d  A c e t y l e n e s

Diene Dienophiles Product(s) (yield, %, and ratio)

1 9, R  =  C H 3 Methyl 2,4-diphenylbenzoate (16) (70)
2 9, R  =  C H 3 Methyl 2,3,4-triphenylbenzoate (17) (55)
2 11 1,2,3,4- and 1,2,3,5-tetraphenylbenzenes (26 and 21) (38.9, 5 :1 )
3 9, R  =  C H 3 Dimethyl isophthalate and dimethyl terephthalate, (19 and 18) (40, 2 :3 )
3 11  Methyl 4-phenylbenzoate (27) (60)
5 9, R  =  C H 3C H 2 Diethyl phthalate and diethyl isophthalate (20 and 19) (50, 1:4)
5 11  Ethyl 2 - and 3-phenylbenzoates (28 and 29) (60, 2 : 1 )

T a b l e  I I

N e t  A t o m i c  C h a r g e s

Compd --------------------------------------------- Atom, charge---------------------------- -----------------
H,

H T Hs 1, -0.275 5, 0.041 9, 0.050

' 2> 0 183 6- 0 104 l0> 0 056
A a A  3, 0.048 7, -0 .398  11, 0.087

H“ ° 7 4, 0.043 8, 0.060
30

Total charge —0.001
<>5,1* P)

14 1, -0 .233  7, -0 .359  13, -0 .256A 2, 0.231 8, 0.045 14, 0.108
3, 0.048 9, 0.040 15, 0.059

4, 0.048 10, 0.230 16, 0.060
hu -  0, 5, 0.082 11, 0.068 17, 0.060

3 6, 0.125 12, -0 .360
Total charge — 0.004

?3 ? ‘3 1, -0 .25 6  7, -0 .3 8 0  13, -0 .295

Hi0> < 4V ' C\  2, 0212  8, ° - 200 14< 0101
L ,  A  0,2 3, 0.110 9, 0.064 15, 0.072

4, 0.074 10, 0.062 16, 0.075
5 (R-CHj) 5, 0.055 11, 0.094 17, 0.075

14 <*«»> 6, 0.120 12, -0 .387
Total charge —0.004

H H
“ W  12 1, -0 .07 9  6, -0 .02 0  11, 0.027

Hh-C ^ Q ,— ( O V - H u 2> - 0  052 7, -0 .017  12, 0.027
) i- 5(  3, 0.008 8, -0 .011  13, 0.030

H= « „  4, -0 .011  9, 0.030 14, 0.056
11 5, -0 .017  10, 0.027

Total charge —0.002

Ai(calcd) 0.90 D  
M(obsd) 0.72-0.84 D «

05 1, 0.080 6, -0 .298
H,— C2= C 3— Cf  2, 0.008 7, 0.104

SOs-C H 3 3. 0.033 8, 0.070
9 7 4, 0.207 9, 0.072

5, -0 .350  10, 0.073
Total charge —0.001

“ A. L. McClellan, “Tables of Experimental Dipole Moments,” Freeman and Co., San Francisco , Calif., 1963.

indices. The net atomic charges calculated (Table I I )  is obtained (5:1). In the reaction of 5 with I I , there is
can be used to correctly predict the direction of addition a slight difference in the charges on atoms 3 and 6 of 5,
of phenylacetylene to 2, 3, and 5. Alignment of the but product 28, which is formed in the greatest amount,
reactants, so that the most electronegative (terminal) is that which is predicted. The reaction of 3 with 9
carbon in phenylacetylene and the most electropositive yields mostly 18, and the reaction of 5 with 9 affords
carbon in the corresponding pyrone form the new bond, two isomers. However, isomers obtained from the re
predicts the product and allows the greatest dissipation actions of 1 and 2 with 9 are not those which would be
of charge in the formation of the new bond. In the expected from a consideration of charges,
calculation, pyrone itself was taken as a model for both The extended Hiickel method neglects steric factors, 
the phenyl-substituted pyrones 1 and 2 on the assump- so that this contribution cannot be evaluated easily,
tion that the phenyl groups would not alter the net For the reactions of methyl propiolate with dienes, cal-
atomic charges on the pyrone ring. culation of the energies of activation of the transition

In the case of the reaction of 2 with 11, however, prod- state leading to the two isomers would probably provide
uct 26 is predicted while in fact a mixture of 26 and 21 a more suitable answer.
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Experimental Section residual oil yielded one cut, bp 95-100° (0.3 mm), 0.56 g (50%),
identified as a 4 :1  mixture of diethyl isophthalate and diethyl 

Reactants. Pyrones l ,10 2,11 3,12 4,5 and 513 were synthesized phthalate by nmr and glpc comparisons with authentic samples, 
according to published procedures, as was diphenylacetylene Reactions of 4,6-diphenvl-, 4,5,6-triphenyl-, 5-carbomethoxy- 
(10).26 The dienophiles 6-9 and 11 were obtained commercially. 4,5-diphenyl-, and 3-carboethoxy-2-pyrones with diphenyl-
Reagent grade xylene and toluene were used as solvents. Nm r acetylene or phenylacetylene were run in 20-ml lyophilization
spectra were run on a \ arian A60A spectrometer; microanalyses tubes using 10 ml of toluene as solvent. After filling, each tube
were peroformed by Micro-Tech Laboratories, Inc., of Skokie, was subjected to three freeze-thaw cycles in liquid nitrogen
111. Melting points are uncorrected. under reduced pressure and was sealed under reduced pressure

1,3-Diphenyl-2-bicyclo[2.2.2]octene-5,6,7,8-tetracarboxylic Di- The tubes were heated at 250° for 24 hr for the 5-carbomethoxy-
anhydride (12). A solution of 1.5 g (6.0 mmoles) of 4,6-di- and 3-carboethoxy-2-pyrones and at 300° (unless otherwise
phenyl-2-pyrone10 and 1.2 g (12 mmoles) of maleic anhydride in noted) for 24 hr for the others, in a 476-ml Parr bomb containing
20 ml of xylene was heated at reflux for 8 hr. After cooling, the 75-100 ml of toluene. Heat was applied by electric mantle,
solid product was collected and recrystallized from toluene. The the temperature being controlled by a Jelrus automatic controller
yield of the product, mp 322-325°, was 0.83 g (35% ). Anal. connected to a thermocouple in the bomb head. Tubes were
Calcd for CirHisCb: C , 72.00; H , 4.00. Found: C, 71.75; cooled in a Dry Ice-acetone bath before opening and products

4.05. were isolated by removal of solvent and recrystallization or
1.2.3- Triphenyl-2-bicyclo[2.2.2]octene-5,6,7,8-tetracarboxylic vacuum distillation.

Dianhydride (13).— 4,5,6-Triphenyl-2-pyroneu (3.0 g, 9.0 1,2,3,5-Tetraphenylbenzene (21).— 4,6-Diphenyl-2-pyrone10
mmoles), maleic anhydride (1.9 g, 20 mmoles), and 55 ml of ( 1 .3  g> 5.0  mmoles) and diphenylacetylene (0.97 g, 5.5 mmoles)
xylene were heated at reflux for 24 hr. The solid product was yielded, after recrystallization from 6:1 benzene-methanol, 1.4
recrystallized from toluene to yield 1.9 g (44% ) of product, mp g (74% ) 1,2,3,5-tetraphenylbenzene, mp 222-224° (lit.30’ mp
333-334°. Anal. Calcd for C 3oH2o06: C, 75.63; H, 4.20. 224-226°).
Found: C, 75.63; H , 4.37. Pentaphenylbenzene (2 2 1.— 4,5,6-Triphenyl-2-pyrone (1.62 g,

1.2.3- Triphenyl-2-bicyclo[2.2.2]octene-5,6,7,8-tetracarboxylic 5.00 mmoles) and diphenylacetylene (0.97 g, 5.50 mmoles)
Di(N-phenyl)imide (14).— A  solution of 2.0 g (6.0 mmoles) of yielded, after recrystallization from 1:1 benzene-methanol, 1.24
4,5,6-triphenyl-2-pyroneu and 2.1 g (12 mmoles) of N-phenyl- g (54% ) of pentaphenylbenzene, mp 247-250° (lit .31 mp 251°).
maleimide in 50 ml of xylene was heated at reflux for 14 hr. The Methyl 3,4-Diphenylbenzoate (23).— 5-Carbomethoxy-2-py-
solid product, 2.2  g (60% ) after recrystallization from toluene, rone12 ( 1 .1  g, 8.0 mmoles) and diphenylacetylene ( 1 .4  g, 8.0
had mp 330-332°. Anal. Calcd for C 42H 30O4N 2: C, 80.51; mmoles) yielded, after recrystallization from methanol, 0.99 g
H , 4.79. Found: C, 80.80; H , 5.03. (43% ) of methyl 3,4-diphenylbenzoate, mp 130-131° (lit .32 mp

Dimethyl 3,4,5-Triphenylphthalate (15).— Dimethyl acetylene- 127°).
dicarboxylate (2.0 g, 14 mmoles) and 4,5,6-triphenyl-2-pyrone 1,2,4,5-Tetraphenylbenzene (24).— 4,5-Diphenyl-2-pyrone5
(2.0 g, 6.0 mmoles) were heated at reflux in 50 ml of xylene for (0.76 g, 3.0 mmoles) and diphenylacetylene (0.55 g, 3.0 mmoles)
46 hr. Removal of solvent under vacuum left dimethyl 3,4,5- yielded, after recrystallization from toluene, 0.78 g (68% ) of
triphenylphthalate, which, after recrystallization from methanol, 1,2,4,5-tetraphenylbenzene, mp 263-265° (lit .31 mp 262-263°). 
yielded 1.8 g (75% ), mp 174-176° (lit .27 mp 174-175°). Ethyl 2,3-Diphenylbenzoate (25).— 3-Carboethoxy-2-pyrone13

Methyl 2,4-Diphenylbenzoate (16).— A  solution of 0.52 g (2.1 (1.0 g, 6.0 mmoles) and diphenylacetylene (1.2 g, 6.0 mmoles)
mmoles) of 4,6-diphenyl-2-pyrone10 and 0.4 g (4.2 mmoles) of yielded an oily product. Vacuum distillation yielded recovered
methyl propiolate in 10 ml of xylene was heated at reflux for diphenylacetylene and an oil, bp 14-180° (0.3 mm), which
60 hr. Removal of solvent left a gummy solid. On several crystallized from 95% ethanol giving 0.38 g (21% ) of product,
extractions with small portions of Skellysolve B X  and after After three recrystallizations from 95% ethanol, the analytical
recrystallization from Skellysolve B X  0.43 g (70% ) of methyl sample melted at 90-91.5°. Anal. Calcd for C 21H 18O 2: C,
2,4-diphenylbenzoate, mp 76-78° (lit .28 mp 75.5-76°), was 83.44; H , 5.96. Found; C, 83.25; H , 5.96.
obtained. 1,2,3,5- and 1,2,3,4-Tetraphenylbenzenes (21 and 26).— 4,5,6-

Methyl 2,3,4-Triphenylbenzoate (17).— 4,5,6-Triphenyl-2-py- Triphenyl-2-pyrone11 (3.51 g, 10.9 mmoles) and 1.11 g (10.9
rone11 (1.5 g, 4.6 mmoles) and methyl propiolate (0.50 g, 6.0 mmoles) of phenylacetylene were combined as above in a 50-ml
mmoles) were heated at reflux for 22 hr. Cooling precipitated lyophilization tube with 30 ml of toluene. The tube was heated
0.6 g of starting pyrone. Concentration of the mother liquor at 200° for 90 hr, followed by 225° for 24 hr. Cooling, opening 
yielded 0.56 g (55% ) of methyl 2,3,4-triphenylbenzoate, mp the tube, and allowing it to stand for 2 days caused the crystal-
147-149°, after recrystallization from methanol (lit..27 mp lization of 0.753 g (21.4%) of starting 2-pyrone. Addition of a
141.5-142.5° for methyl 3,4,5-triphenylbenzoate). The nmr few milliliters of methanol to the mother liquor crystllized two
spectrum showed an A B  quartet centered at S 7.7 in accordance successive crops of 1,2,3,4-tetraphenylbenzene (0.727 g, 17.4%),
with the assigned structure of methyl 2,3,4-triphenylbenzoate. mp 190-192° (lit .31 mp 190-191°). Evaporation of the mother
Anal. Calcd for C 26H 20O2: C, 85.71; H , 5.49. Found: C , liquor and extraction of the residue with 50 ml of methanol left
85.47; H , 5.62. a mixture of products, 1.797 g (43.2%), from which 1,2,3,4-

Dimethyl Terephthalate (18) and Dimethyl Isophthalate (19). tetraphenylbenzene (0.625 g, 15.1%) and 1,2,3,5-tetraphenyl-
— A  solution of 0.79 g (5.0 mmoles) of 5-carbomethoxy-2- benzene (0.268 g, 6.98%) were isolated by numerous fractional
pyrone12 and 0.84 g (10 mmoles) of methyl propiolate in 10 ml of recrystallizations.
xylene was heated at reflux for 90 hr. Removal of solvent and The same reaction, run at 300° for 24 hr, yielded no recovered
recrystallization from Skellysolve B  yielded 0.37 g (40% ) of 2-pyrone, and gave compounds 21 and 26 in yields of 12 and 14%,
product, mp 65-90°. Two recrystallizations of this material respectively, from an 80% yield of crude products,
from a minimum amount of 95% ethanol yielded 0.15 g of di- Methyl 4-Phenylbenzoate (27).— 5-Carbomethoxy-2-pyrone12
methyl terephthalate, mp 139-140°.29 Evaporation of the ( 1 .1  g, 8.0 mmoles) and phenylacetylene (0.82 g, 8.0 mmoles)
combined Skellysolve B  and ethanol mother liquors, and re- yielded, after recrystallization from methanol, 1.0 g (60% ) of
crystallization of the residue once from 95% ethanol and twice methyl 4-phenylbenzoate, mp 118-120° (lit .32 mp 118°).
from Skellysolve B  yielded 0.10 g of dimethy isophthalate, mp Ethyl 2-Phenylbenzoate (28) and Ethyl 3-Phenylbenzoate (29).
67-68° (lit.29 mp 6 8 ° ).  Both isomers were further identified — 3-Carboethoxy-2-pyrone (2.2 g, 13 mmoles) and phenylacetyl-
by their nmr spectra. The terephthalate:isophthalate ratio was ene (1.8 g, 19 mmoles) yielded 1.7 g (60% ) of oil, bp 115-140°
3:2. (0.3 mm), consisting of ethyl 2-phenylbenzoate and ethyl 3-

Diethyl Isophthalate (19) and Diethyl Phthalate (20).— 3- phenylbenzoate in a ratio of 2:1, as shown by nmr.
Carboethoxy-2-pyrone13 (0.84 g, 5.0 mmoles), ethyl propiolate
(0.70 g, 7.0  mmoles), and 5 ml of xylene were heated at reflux Registry No.— 12, 19926-51-3; 13, 19926-52-4; 14, 
for 30 hr. Removal of solvent and vacuum distillation of the 19926-53-5; 17, 19926-47-7; 25, 19926-48-8; 28,

(26) A. C. Cope, D. S. Smith, and R. J. Cotter, ref 12, p 377. 19926-49-9; 29, 19926-50-2.
(27) W. Polaczkowa, O. Achmatowicz, Jr., and J. Bohm, Roczniki Chem.,

31, 115 (1957); Chem. Abstr., 51, 14630<i (1957). (30) G. F. Woods, J. E. Swenarton, and R. B. Isaacson, J. Org. Chem., 36,
(28) C. K. Bradsher and I. Swerlick, J . Amer. Chem. Soc., 72, 4189 (1950). 309 (1961).
(29) “ Handbook of Chemistry and Physics,” 41st ed, Chemical Rubber (31) W. Dilthey anc G. Hurtig, Ber., 67, 2004 (1934).

Publishing Co., Cleveland, Ohio, 1959, pp 1062, 1234. (32) K. Alder and J. Haydn, Ann., 670, 201 (1950).
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Several enol esters of 2-benzylcyclohexane-l,3-diones (5) were treated with polyphosphoric acid (P P A ). The 
reaction products were the aryl alkyl ketones (6 ). This constitutes a new acylation at aromatic carbon using enol 
esters as acylating agents, and also a novel molecular rearrangement comprising an interannular migration of 
the acyl group. The chemical and spectroscopic properties of these compounds, as well as that of other new 
compounds prepared in the synthetic sequence, are described. When 2b was treated with cyclohexane-1,3-dione 
enol acetate in the presence of PPA , 6b was obtained. Stereochemical considerations suggest the reaction 
mechanism as intermolecular.

Two of the most well-known organic reactions are the The enol acetate of 2a was prepared by its treatment 
Friedel-Crafts acylation1 and alkylation and its familiar with acetic anhydride and p-toluenesulfonic acid. The
Fries modification.2 Acid catalysts are used in both product 5a shows in its ir spectrum the characteristic
reactions, polyphosphoric acid (PPA ) being one that is absorption bands for the vinyl ester (1750 c n r 1), the
gaining more adepts.3 In the Fries rearrangement,4 a,/3-unsaturated carbonyl (1665 and 1645 cm“ 1), ’ and
treatment of phenol esters with acid catalysts gives rise the monosubstituted benzene (690 cm“ 1). In its nmr
to 1,3 or 1,5 shifts of the acyl group, producing the o- spectrum three singlets are observed at 8 2.06 (3 H),
or p-acylphenols. 3 .4 8  (2 H ), and 7.15 (5 H ), corresponding successively

In the present paper we wish to report the results to the acetate, the benzylie methylene, and the aromatic
obtained when some enol esters of 2-benzylcyclohexane- protons; the annular methylene groups exhibit a
1,3-diones are treated with PPA. A  rapid, general multiplet centered at 8 2.31 (6 H).
method for the preparation of enol esters was developed; A  crystalline product (Ci5H180 3) could be isolated 
it consists in the heating of the 1,3-diketone with excess when this acetate (5a) was heated in the presence of
anhydride and a catalytic amount of p-toluenesulfonic PPA, and the reaction mixture was purified by chroma-
acid on the steam bath, followed by the high-vacuum tography. The acidic character of this substance, its
distillation of the mixture. This allowed the recovery positive ferric chloride test, and its ir spectrum (which
of the excess anhydride and avoided the hydrolysis of shows bands at 3150 (broad), 1620 and 1630 cm“ 1)
the labile enol esters. indicated that this product is an isomer of 5a containing

In the cases under study the products obtained from the free enol grouping, 
the treatment of the esters with PPA  resulted from the The fact that the acetyl group had migrated to the 
migration of the acyl group to the C-4 position of the aromatic ring in this compound was deduced from its ir
aromatic rmg (Scheme I ; 5 a 6 a ,  5 b 6 b ,  etc.). spectrum which exhibits a strong peak at 1670 cm“ 1

Ihe mentioned sequences appear to be the first (Ar-CO) and lacks the band in the 700-em“ 1 region,
reported on acylations of aromatic hydrocarbons by the This group was assigned to C-4 position in the aromatic
action of aliphatic enol esters. At the same time they ring, based on the nmr spectrum which has a singlet at
constitute the interesting case of an interannular 1,8 8 2.54 (3 H ) (due to the CH3COAr) and two doublets at
migration of the acyl group. Chemical and spectra- 7.33 (2 H, J  =  8 cps) and 7.72 (2 H, J  =  8 cps) (due to
scopic evidence of the mentioned structures is given the aromatic protons); the shape and position of the
be(21w' . . , doublets are in full agreement with the ABA'B 'arom a-

the simplest example of the sequence is the one tic system of a p-alkylacetophenone.7 The other bands 
starting with 2-benzylcyclohexane-l,3-dione (2a) which in the nmr spectrum, those due to the methylene pro- 
was obtained by the general method of Stetter and tons of this compound (6a), appear as a quintet at
K ll uke- .. f , 5 1.96 (2 H, J  =  5.5 cps) (C-5), a triplet at 2.45 (4 H,

A  small amount of the 2,2-dibenzyl derivative (3) J  =  5.5 cps) (C-4 and C-6), and a singlet at 3.70
was also obtained in this experiment. It  possesses a (benzylie methylene).
peculiar nmr spectrum, in which, for example, the C-5 The propionic enol ester (5c) of the 2-benzylcyclo- 
methylene protons are found at a higher field 8 0.83) hexane-1,3-dione was also prepared; all of these spectra
than the usual for such protons (5 2); this must be due are also in accord with its structure,
to t e shielding by the phenyl rings, as a result of the Transposition of the propionyl group by heating the 
geometry m the molecule.6 ester with PPA  gave the 2-(4-propionylbenzyl)cyclo-

(1) H. O. House, "Modern Synthetic Reactions,” W. A. Benjamin Inc hexane-1,3-dione. Its SpectrOSCOpic behavior is  V e ry

Ne(2)R°efkereNncJi p “ ’2p 282' similar to that of the acetylbenzyl derivative (6a) and
(3) F.eUheHgeani H. R '. Snyder, Advan. Org. Chem.. 1, 35 (1960) fu 0 y  SUPP0rtS th e  P ro p o s ed  S tru ctu re  (6c).

Pu^hPersdNe?Yo0; k , T 0Y :Um 7 Rpea3ri8an8emeIlt8'" ^  '  Int“ e S,' ^  h F ' * * “ <>»■ A- Pier, “ Varian
(5) H. Stetter and E. Klauke, Chem. B e r . , 85, 1065 (1952). Alto c llif  D H W l ' " ' ™  v f  N °' Varian ASS° “ ‘ateS’ Pal°
(6) E Cortes and F Wall« Rni n, ■ tt • at i a . Alto, Caul., D. H. williams and I. Fleming, Spectroscopic Methods in

16 1965) H A P  A T  k l  f ° d - MeX•’ 1?’ ° rganic Chemistry,”  McGraw-Hill Book Co., Inc., New York, N. Y  1966(1965), H. A. P. de Jongh and H. Wynberg, Tetrahedron, 21, 515 (1965). p 121. ’

2192 Correa and M ainero The Journal of Organic Chemistry



Sch em e  I

i p ,  u  X ^JXJJ c^lohexane-l, 3-dione W T  A  +  R  0 +  I  J

X.
b, R =  CH3;R ' =  H 2a, R H |

/  b, R =  CH3 R ^

(R'C0),0, TsOH /  3, R =  H
X  4, R =  CH3

¿ 0 6  — -  Oy4 o 6

r 0 ^ R' R' R R' R o  ̂ r/

5a, R =  H; R '=C H 3 6a, R =  H; R '=C H 3 7, R =  R' =  CH3
b, R =  R' =  CH3 b, R =  R' =  CH3
c, R =  H; R' =  CH2CH3 c, R =  H; R' =  CH2CH3
d, R =  CH3; R' =  CH2CH3 d, R =  CH3; R' =  CH2CH3

In this transposition experiment (from 5c) as in the separated singlets at 5 6.87 and 7.47, as is expected for
former one (from 5a) no other product was obtained on two isolated protons in different electronic environ-
treatment with PPA, but the yields were very low and a ments. This evidence permits an assignment of the 4
large amount of substrate was recovered (in the form of position in the aromatic ring to the migrated acyl group.
2a and not of the esters 5c or 5a, probably because of the The compound 6b gives an enol acetate (7) and a 2,4-
hydrolytic conditions of the isolation procedure). dinitrophenylhydrazone.

Based on the consideration that this acylation is an In a similar way the enol propionate of 2b (5d) was 
electrophilic substitution on the aromatic ring and so obtained. It  underwent the aforementioned rearrange-
electron-donor groups must facilitate it, another series ment to give the 4-acetyl derivative 6d whose structure
was found which gives much better yields. The series was derived from its chemical and spectroscopic proper-
starts with the 2-(2,5-dimethylbenzyl)cyclohexane-l,3- ties. Its nmr, for example, is very similar to that of the
dione (2b). It  was prepared through the condensation 4-acetyl derivative 6b (see Table I).
of 2,5-dimethylbenzyl chloride (lb ) with cyclohexane- The examination of models permits one to see that in
1,3-dione. the conformations of 5 the acyl carbon atom lies near

A  small amount of the 2,0-dibenzyl derivative 4 was the C-2 aromatic carbon and not as near the C-3 or C-4
produced in the reaction. The structure of this com- positions. I f  the reaction mechanism were intramolec-
pound was easily deduced from the examination of its ular, the C-2 acyl derivatives should have been ob-
nmr spectrum; it resembles that of the monobenzyl tained. The fact that we obtained only the C-4 acyl
derivative 2b (see Table I ) and indeed 4 may be trans- compounds led us to think that the mechanism here is
formed into 2b by heating with diluted acid, as corre- intermolecular. A  further experiment was carried out
sponds to the behavior of an enol ether. in connection with this; the nonacetylated compound

The enol acetate of 2b (5b) was prepared by the usual 2b was treated with cyclohexane-1,3-dione enol acetate
method. The strong, characteristic, enol-ester band in the presence of PPA, giving a good yield of 6b; this
appears in its ir spectrum at 1750 cm-1. Its nmr spec- result also suggests the mechanism of the reaction as
trum exhibits in the aromatic region (5 6.96) a signal being intermolecular, although it does not exclude the
with the familiar shape of the 1,2,4-trisubstituted ben- possibility of the production of 6b intramolecularly
zene. through an initial ester-exchange reaction before the

When 5b was treated with PPA  it was rearranged in a final acylation, 
quantitative manner to 6b, which has an acid character Further studies on mechanistic aspects of the reaction 
and gives a positive ferric chloride test. are in progress.

The ir spectrum for 6b confirms the proposed struc
ture showing bands for its enolic 1,3-diketone at 3150
(broad), 1710 and 1600 cm -1, for the aryl ketone at Experimental Section
1665 cm b and for the 1,2,4,5-tetrasubstituted ben- Melting points are uncorrected. Ir spectra were run in ehloro- 
zene at 870 cm-1. In its nmr spectrum the aroma- form solution on a Beckman IR-8 spectrophotometer. Uv spectra
tic methyl, acetyl, and benzylic methylene protons were determined in ethanol solution on a Unicam SP-800 spectro-
appear as singlets, respectively, at 5 2.33, 2.42, 2.53, photometer. Nmr (Table I )  and mass spectra were determined,

i o rn ,i i j ,  1 , i respectively, on a Varian A-60A spectrometer and on a double-
and 3.56; the annular methylene protons are shown as a fo(£sing H itachi-Perkin-Elmer RM U-6D  spectrometer. The
complex signal centered at 8 2.28. The peaks corre- microanalyses were performed by Dr. Franz Paseher, Bonn,
sponding to the aromatic protons are seen as two well- Germany, and by Schwarzkopf Microanalytical Labs, Woodside,
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T a b l e  I
N m r  Sp e c tr a  o f  B e n zy l c y c l o h e x a n e d io n e  D e r iv a t iv e s 0

----------------------------------------------------------------------------------8, ppm--------------------------------------------------------------------------------- -
Compd CHa-Ar Cyclic CH2 R'COO R'CO-Ar Benzyl CH2 H-Ar

2ab 2.04 (qn, 2, /  6), 3.60 (s, 2) 7.18 (s, 5)
2.42 (t, 4, J  6)

2b 2.30 (s, 6) 2.23 (m, 6) 3.64 (s,,2) 6.93 (m, 3)
3 0.83 (qn, 2, J  6), 3.25 (s, 4) 7.15 (m, 10)

1.87 (t, 4, J  6)
4 2.18 (s, 6), 2.15 (m, 6) 3.61 (s, 2), 7.00 (m, 6)

2.24 (s, 6) 5.02 (s, 2)
5a 2.31 (m, 6) 2.06 (s, 3) 3.48 (s, 2) 7.15 (s, 5)
5b 2.24 (s, 6) 2.34 (m, 6) 1.98 (s, 3) 3.52 (s, 2) 6.96 (m, 3)
5c 2.26 (m, 6) 1.12 (t, 3, /  7), 3.53 (s, 2) 7.18 (s, 5)

2.41 (q, 2, J  7)
5d 2.23 (s, 6) 2.31 (m, 6) 1.99 (t, 3, J  7), 3.43 (s, 2) 6.48 (m, 3)

2.17 (q, 2, J  7)
6a 1.93 (qn, 2, J  6), 2.54 (s, 3) 3.70 (s, 2) 7.33 (d, 2, J  8),

2.45 (t, 4, J  6) 7.72 (d, 2, J  8)
6b 2.33 (s, 3), 2.28 (m, 6) 2.53 (s, 3) 3.56 (s, 2) 6.87 (s, 1),

2.42 (s, 3) 7.47 (s, 1)
6c 1.97 (qn, 2, J  6), 1.23 (t, 3, J  7), 3.75 (s, 2) 7.34 (d, 2, J  8),

2.50 (t, 4, J  6) 2.98 (q, 2, J  7) 7.87 (d, 2, J  8)
6 #  2.33 (s, 3), 2.25 (m, 6) 1.10 (t, 3, J  7), 3.57 (s, 2) 6.93 (s, 1),

2.36 (s, 3) 2.90 (q, 2, J  7) 7.50 (s, 1)
7 2.34 (s, 3), 2.42 (m, 6) 2.17 (s, 3) 2.56 (s, 3) 3 57 (s, 2) 6.90 (s, 1),

2.48 (s, 3) 7.52 (s, 1)
° TM S  was the internal standard. Coupling constants (J ) are given in Hz; s =  singlet, d =  doublet, t =  triplet, q =  quartet, 

qn =  quintet, m =  multiplet; chloroform solutions were used unless otherwise specified. The signal of the hydroxylic proton suffers 
variation in its form and position and sometimes is lost in the noise. b In acetone solution.

N . Y .  Aluminum oxide standarized Merck (Brockmann grade and 1600 cm-1 (conj C = 0  and C = C );  uv max, 205 m/n («
I —I I ) ,  was used for chromatographic columns. 39,080), 260 (53,740); uv min, 225 mp. (e 11,327).

2-Benzylcyclohexane-l,3-dione (2a) and 2,2-Dibenzylcyclo- Anal. Calcd for C^HieCh: C, 73.75; H , 6.60; O, 19.65.
hexane-1,3-dione (3).— Using the method of Stetter and Klauke,5 Found: C, 73.85; H, 6.44; 0,19.79.
and starting with 11.5 g of cyclohexane-1,3-dione, 14 g of 2a 2-Benzylcyclohex-2-en-3-ol-l-one Propionate (5c).— To a solu-
(mp 185°) was obtained; ir, 3200 broad (enol OH ), 1700 (keto tion of 20 g of 2a in 90 ml of warm propionic anhydride, 1.4 g of
form C = 0 ) ,  1610 (conj C = 0  and C = C ),  695 cm-1 (mono- p-toluenesulfonic acid was added. After heating the mixture for
substituted benzene). 2 hr, vacuum distillation afforded 25 g of the ester 5c, a pale

The neutral product on the above reaction was extracted with yellow liquid [bp 168° (7 mm)] which crystallized on cooling
ether from the alkaline aqueous solution. The residue after to give a colorless solid: mp 35-39°; ir, 1750 (ester C = 0 ) ,
drying (NaiS04) and evaporation of the ether extracts was re- 1665 and 1645 (conj C = 0  and C = C ),  690 and 660 cm-1 (mono-
crystallized from ethanol giving 5 g of 3: mp 141-142°; ir, substituted benzene); uv max, 207 mp (e 12,398), 230 infl
1708 and 1682 (keto form C = 0 ) ,  1600, 1572, 1490, 1450, and (8394), 243 (9169); mass spectrum (70 eV ), m/e (relative in-
695 cm-1 (monosubstituted benzene); uv max, 204 m/u (e tensity) 258 (1.2), 202 (17.3), 91 (11.8), 57 (100), 29 (58.3).
11,403), 260 (269), and 295 (116). Anal. Calcd for C,6H 180 3: C, 74.40; H , 7.02; 0 , 18.58.

2-Benzylcyclohex-2-en-3-ol-l-one Acetate (5a).— A  solution of Found: C, 74.14; H, 7.19; 0 , 18.47.
4 g of 2-benzylcyclohexane-l,3-dione (2a) and 280 mg of p- 2-(4-Propionylbenzyl)cyclohexane-l,3-dione (6c).— A  mixture
toluenesulfonic acid in acetic anhydride (36 m l) was heated for of 5 g of propionate 5c and P P A  was heated for 45 min. After
1 hr. Vacuum distillation afforded 3 g of the acetate (5a): the addition of ice and water the mixture was extracted with
bp 178-183° (7 mm); ir, 1750 (ester C = 0 ) ,  1665 and 1645 chloroform. The organic extracts were washed with water and
(conj 0 = 0  and C = C ),  690 cm-1 (monosubstituted benzene); evaporated to dryness. The solid yellow residue (4 g ) was
uv max, 207 (e 9549), 217 infl (8661), 238 (7440). dissolved in benzene (40 g ) and chromatographed on alumina

Anal. Calcd for C i5H i60 3: C, 73.75; H , 6.60; O, 19.65. (100 g); 2-benzylcyclohexane-l,3-dione (2a) (3.5 g ) was re-
Found: C, 73.78; H, 6.89; O, 19.95. covered in the first fractions, eluted with benzene and chloro-

2-(4-Acetylbenzyl)cyclohexane-l,3-dione (6a).— The general form. Rearranged product 6c was collected in the fractions
method used for the rearrangement reaction was as follows.3 eluted with acetone (evaporated at room temperature). The
An intimate mixture of the enol ester with an excess of P P A 8 product was recrystallized from acetone-ether, giving 165 mg;
(ten times its weight) was heated in a closed vessel, with ocas- mp 167-172°; ir, 3150 broad (enol O H ), 1700 (keto form C = 0 ) ,
sional stirring, on the steam bath, until a deep red color was de- 1670 (aryl ketone C = 0 ) ,  1620 sh and 1600 cm-1 (conj C = 0  and
veloped. An excess of ice and water, ten times the weight of C = C );  uv max, 205 m/i (e 18,855), 260 (25,313); uv min, 225
P PA , was added with stirring to allow the hydrolysis of the excess mi» (« 5940); mass spectrum (70 eV ), m/e (relative intensity)
acid. A  precipitate appeared which was worked up as indicated. 258 (7.4) 229 (34.4), 55 (45.9), 43 (100), 28 (50).

A  mixture of 2 g of the acetate (5a) and P P A  was heated for Anal. Calcd for C i6H i80 3: C, 74.40; H, 7.02; O, 18.58.
45 min. The precipitate which appeared after the hydrolysis of Found: C, 74.13; H, 7.21; O, 18.74.
the acid was extracted with chloroform. The chloroform solution 2-(2,5-Dimethylbenzyl)cyclohexane-l,3-dione (2b).— To asolu-
was dried (Na2S04), concentrated (to approximately 100 ml) and tion of 3.3 g (0.03 mol) of cyclohexane-1,3-dione in 7 ml of 20%
chromatographed on a column of alumina (40 g). The first aqueous potassium hydroxide, 4.6 ml (0.03 mol) of 2,5-dimethyl-
fractions, eluted with chloroform, contained the recovered benzyl benzyl chloride® ( l b )  and 0.3 g of potassium iodide were added;
derivative 2a, 1.5 g. The 4-acetyl derivative 6a was collected the stirred mixture was kept 1 hr on the steam bath and then
on the remaining fractions, eluted with acetone. I t  was recrystal- cooled at room temperature. Potassium hydroxide (10%, 200
lized from acetone-ether, acetone-cyclohexane, and then from ml) was added to dissolve the solid formed. The aqueous solu-
methanol-water (0.15 g, mp 178°); ir, 3150 broad (enol O H ), tion was extracted with ether and acidified with hydrochloric
1700 sh (keto form C = 0 ) ,  1670 (aryl ketone C = 0 ) ,  1620 sh acid to pH 4. The precipitate was filtered off under vacuum and

(8) Polyphosphoric acid, Matheson Coleman & Bell (approximately
HsPiOi»), was used for the majority of the experiments. (9) J. C. Bardhan and S. C. Sengupta, J. Chem. Soc., 2525 (1932).
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recrystallized from methanol-water yielding 3.0 g of the product was heated for 1 hr, poured over water, and extracted. The
2b: mp 171°; ir, 3400 broad (enol O H ), 1740 and 1710 (keto chloroform extracts (dried and concentrated) were chromato
form C = 0 ) ,  1610 cm-1 (conj C = 0  and C = C ) ;  uv max, 204 graphed over 60 g of alumina. In the first fractions eluted with
m/x (e 18,884), 263 (15,314); uv min, 233 m*x (e 3799). chloroform (2-5), cyclohexane-1,3-dione was recovered (1.1 g,

Anal. Calcd for Ci5H180 2: C, 78.23; H , 7.88; 0 , 13.90. mp 103°). In  the latter with the same eluent (8—18) 6b (1.8 g,
Found: C, 77.98; H , 7.80; 0,13.71. mp 171°) was obtained; mixture melting point and ir spectrum

2-(2,5-Dimethylbenzyl)-3-(2,5-dimethylbenzyloxy)cyclohex-2- were indistinguishable from that of the compound obtained from
en-l-one (4).— The ether extracts from the above reaction were 5b. By the usual methods the enol acetate 7 (mp 80°) and the
washed with water, dried (N a2S04), and evaporated, giving a 2,4-dinitrophenylhydrazone (mp 260°) of 6b were prepared, 
solid (670 mg, mp 133°) which was recrystallized from ethanol 2-(2,5-Dimethylbenzyl)cyclohex-2-en-3-ol-l-one Propionate
to obtain the analytical sample of 4 (mp 136°): ir, 1630 and 1600 (5d).— A  solution of 5 g of 2-(2,5-dimethylbenzyl)cyclohexane-
(a,d-unsat C = 0 ) ,  880 and 805 cm“ 1 (1,2,4-trisubstituted ben- 1,3-dione (2b) and 500 mg of p-toluenesulfonic acid in 50 ml of
zene); uv max, 204 mju (e 27,183), 269 (18,953); uv min, 234 propionic anhydride was heated for 40 min. On vacuum distilla-
m/i (« 3833). tion, 6 g of the propionate 5d [bp 170° (7 mm)] was obtained;

Anal. Calcd for C2)H 280 2: C, 82.72; H, 8.10; O, 9.18. ir, 1750 (ester C = 0 ) ,  1665 and 1640 (conj C = 0  and C— C), 880
Found: C, 82.43; H , 8.40; O, 9.36. and 810 cm-1 (1,2,4- trisubstituted benzene); uv max, 203 m/u

4 (15 mg) was refluxed with 7 ml of 10% hydrochloric acid and (e 17,184), 218 infl (12,819), 239 (10,637).
then filtered. The reaction product 2b was purified (extraction Anal. Calcd for CisH2jOa: C, 75.50; H , 7.74; O, 16.76.
with 10% K O H ) obtaining 5 mg, mp 170°. Its ir spectrum was Found: C, 75.66; H, 7.82; 0,16.52.
superimposable with that of the condensation product. 2-(4-Propionyl-2,5-dimetliylbenzyl)cyclohexane-l,3-dione (6d).

2-(2,5-Dimethylbenzyl)cyclohex-2-en-3-ol-l-one Acetate (5b). — A  mixture of the propionate 5d (5 g ) with P P A  was heated
— A  solution of 15 g of 2b and 800 mg of p-toluenesulfonic acid in for 1 hr. After the hydrolysis of the excess acid the mixture was
40 ml of acetic anhydride was heated at the steam bath for 35 extracted with chloroform. The extracts were dried (CaCl2),
min; the solution was allowed to reach the room temperature concentrated, and chromatographed over alumina (60 g).
and poured into 500 ml of water. The white crowded needles Chloroform eluted from the column the unreacted compound (as
(17 g ) of the acetate (5b), melting at 70°, were filtered and dried 2b). The propionyl derivative (6d, 1 g ) was collected in the
under vacuum. Recrystallization from ether-hexane led to the fractions eluted with acetone (concentrated at room tempera-
analytical sample: mp 70°; ir, 1750 (ester C = 0 ) ,  1665 and ture). Recrystallization from acetone-ether gave 350 mg (mp
1645 (conj C = 0  and C = C ),  900 and 810 cm-1 (1,2,4-trisub- 180-182°); ir, 3200 broad (enol OH ), 1700 (keto form C = 0 ) ,
stituted benzene); uv max, 203 mju (e 15,657), 218 infl (11,164), 1665 (aryl ketone C = 0 ) ,  1610 cm-1 (conj C = 0  and C = C );
238 (9122). uv max, 213 mp (e 22,339), 261 (22,052); uv min, 232 mp

Anal. Calcd for CnH2o03: C, 74.97; H , 7.40; O, 17.63. (e 6587).
Found: C, 75.02; H , 7.03; O, 18.08. Anal. Calcd for C,8H220 3: C, 75.50; H , 7.74; O, 16.76.

2-(4-Acetyl-2,5-dimethylbenzyl)cyclohexane-l,3-dione (6b). Found: C, 75.26; H , 8.15; O, 16.37.
(a ) From 5b.— A  mixture of 15 g of the acetate 5b with P P A  was
heated for 30 min. After the addition of ice and water a beige R e g is tr y  N o .— 2a, 19755-60-3; 2b, 19755-61-4;
precipitate (mp 140°) appeared, which was extracted with chloro- 739-03-7; 4, 19755-63-6; 5a, 19755-64-7; 5b,
form. The organic layer was washed with water, dried (CaCl2), 19 7 5 5 . 65 . 8 ; 5c, 19755-66-9; 5d, 19755-67-0; 6a,
and evaporated to a small volume (70 ml). On cooling, the prod-
uct 6b crystallized (quantitative yield, mp 183°). Its analytical 19755 68-1, 6b, 19/55-75-0, 6c, 19779-36-3, 6a,
sample was prepared by crystallization from chloroform (needles 19755-76-1; 7, 19755-77-2.
mp 186°); ir, 3250 broad (enol OH ), 1700 (keto form C = 0 ) ,
1665 (aryl ketone C = 0 ) ,  1610 cm-1 (conj C = 0  and C = C ),  this Acknowledgments.— This study was carried out with
band was shifted to 1550 cm-1 in the K Br pellet spectrum; flic help of a grant from the Research Corporation to
yV8"32)’ 2 13  mM 26’866'1’ 262 (27,593); uv mm’ 232 mM whom we are indebted. We express our gratitude to

A n a l Calcd for C „H 2„03: C, 74.97; H , 7.40; O, 17.62. Dr. J. Romo for its stimulating interest during our
Found: C, 74.48; H , 7.60; O, 17.59. whole work. Help received in various aspects from

(b ) From 2b.— Cyclohexane-1,3-dione (mp 105°) was obtained Professor J. Garcilaso is warmly acknowledged,
by the Thompson method10 and transformed into its enol acetate Nmr and mass spectra were determined, respectively,
[bp 95° (1 mm)l by the general procedure described above A d M  E Cort6s at the Institute de
mixture of 1.54 g of this acetate, 2.3 g of 2b, and 50 g of r\rA J . . . . , T • t a x  . .
-----------------  Q u im ica, U m vers idad  JNacional A u ton o m a  de M e x ic o ;

do) r . b . Thompson, “ Organic Syntheses,” Coil. Voi. i i  John wney & th ro u g h  th e  c o u r te s y  o f  D r .  A .  S a n d o v a l.  W e  w a n t
Sons, Inc., New York, N. Y., 1943, p 278; the commercial Aldrich product, °  J . ,
stabilized with sodium chloride, was also used for the condensations. to  exp ress  OUI* aC K n O W ledgem en t to  t l ie m .
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Base C leavage o f  /3 ,7 -U n sa tu ra te d  B ic y c lic  C y c lo b u ta n o n e s
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Department of Chemistry, Indiana University, Bloomington, Indiana 474OI

Received October 23, 1968

Treatment of chrysanthenone (13) with hydroxide ion under a variety of conditions produced as the major 
product acid 15a and a smaller but significant quantity of acid 17a. The ratio of 15a: 17a varied from 91:9 to 
76:24 depending upon reaction conditions. Treatment of the isomeric ketone 20 with hydroxide ion under the 
same conditions produced relatively greater quantities of acid 17a: i.e., the ratio of 15a to 17a varied from 
72:28 to 43:57. Cleavage of 13 or 20 with potassium methoxide afforded the corresponding esters in approxi
mately the same ratios: 60:40 vs. 56:44, respectively. Cleavage of the ketone 14 with hydroxide provided 
both acids 16a and 22a in ratios which again varied with reaction conditions, i.e., 72:28 to 56:44. The mecha
nistic implications of these contrasting results are discussed.

Whereas saturated four-membered ring ketones con- Sch em e  II
tained in a bicyclic ring structure of the type 1 are \
stable to refluxing methanolic potassium hydroxide, P-y* J L 0H >- i J + f J
the corresponding /3,7 -unsaturated ketones 2 are rela- \ L _ S  2' H \ __ /  \ — /
tively labile under these conditions. 3-6 The driving 6 / /
force for the cleavage of these ketones results from a
combination of ring strain and the stabilization rendered 7 8

by the it orbitals of the double bond to an incipient Cl— ^
carbanion developing in the transition state. Since 1. qh~
protonation can occur at either of two sites of the 2- H+
developing allyl anion 4, cleavage of ketones of type 2 cr
would be expected to yield both possible olefimc car- 9
boxylates 5a and 5b (Scheme I).

Sch em e  I  F  \ +  I 1  T  I

V A  ^  <XX)H ^ t 0 0 H C00H

® ^ In contrast to the above anticipated reactions,
1 2 hydroxide ion cleavages of chrysanthenone (13) and

7 2,6,6-trimethylbicyclo[3.2.0]hept-2-en-7-one (14) are
I reputed to yield the single isomeric products 2,2,4-

trimethyl-3-cyclohexene-l-carboxylic acid (15a)4 and 
f I ■*— f  1 — [  1 2,2-dimethyl-2-(3-methyl-2-cyclopentenyl)acetic acid
WriCH,),, ^Y(CH2)„ y c Hj)„ (16a),7 respectively. A  reinvestigation of the base

COOH COO“  cleavage of these and related cyclobutanones was
initiated in order to understand better the mechanism 

5b 4 5a of the cleavage process and explain the exclusive forma-
T j  j u- 1 rr 1 1 1  o o /*\ , , tion of isomers 15a and 16a.Indeed, bicyclo[o.l.lJnon-2-en-8-one (6 ) on treat

ment with 2 0 %  methanolic potassium hydroxide is / / \
transformed (after acidification) to a mixture of
approximately equimolar quantities of cfs-4-cyclooc- \  -  > f
tene-l-carboxylic acid (7) and c i s-3 - c y c 1 o o c te n e-1 - 2 H
carboxylic acid (8 ) 3 (Scheme II ). Similarly the chloro 0  I
ketone 9 is cleaved to a mixture of l-methyl-2-cfs- 13 COOH

chloro-4-cyclohexene-l-carboxylic acid (10) and 1- 15a
methy]-2,4-cyclohexadiene-l-carboxylic acid ( 1 2 ) (pre- I 1

sumably via the intermediate l l ) . 6b'° /p  ^

(1) The Procter & Gamble Co. 2. H+ \ x ^ C O O H
(2) Indiana University. E. W. and P. W. J. acknowledge gratefully sup-

port by the National Science Foundation. 14 '
(3) W. F. Erman and H. C. Kretschmar, J .  A m e r .  C h e m . S o c ., 89, 3842 16a

(1967).
(4) J. de Pascual Teresa, H. Sanchez Bellido, and I. Sanchez Bellido, -p

A n a le s  R e a l  S o c .  E s p a n .  F is .  Q u im . (Madrid), B58, 339 (1962). IvCSUltS
(5) A. R. Penfold, G. R. Ramage, and J. L. Simonsen, J .  C h e m . S o c . , T

1 4 9 6  (1 9 3 9). Cleavage of Chrysanthenone. Initially, the exact
(6) (a) r. m. Dodson, j. R. Lewis, w. p. Webb, e. Wenkert, and r. d. procedure of de Pascual Teresa, et al. , 4 was followed for

the cleava§e of chrysanthenone with aqueous meth-
to 12 under the same conditions, the rate of formation of 12 from 10 is too
low to account for the yield of 12 obtained in the base cleavage of 9: E. (7) J. J. Beereboom, J .  A m e r .  C h e m . S o c . , 85, 3525 (1963); J .  O rg . C h e m .,
Wenkert and P. Bakuzis, unpublished observations. 30, 4230 (1965).
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T a b l e  I

B a s e  C l e a v a g e  o f  C y c l o b u t a n o n e s  13 a n d  20
% of

Base reed
conen, Temp, % yield® starting Ratio6

Run Ketone Base Base source Solvent M  °C 15b 17b ketone 15:17

1 13 KO H  Reagent pellets Anhy CH3OH 2 78 41 6 87 13
2 13 KO H  Reagent pellets Anhy CH3OH 4 78 32 6 16 85 15
3 13 KO H  Reagent pellets 95% aq CH3OH 4 78 49 8 17 86 14
4 13 K O H  K H -H 2O (3 :1 ) T H F  c 26-27 28 3 91 9
5 13 KO H  (C H 3)3C 0 - K +-H 20  (3 :1 ) T H F  c 26-27 49 15 11 76 24
6 13 K O H  (C H 3)3C 0 - K + -H 20  (1 :1 .4 ) T H F  c 26-27 45 14 11 76 24
7 13 CH 30 - K  + CH 3OH, K  CH 3OH 1 78 16 11 9 60 40
8 13 CH 30 " K  + CH 3OH, K  CH 3OH 4 78 39* 24 d 0 61 39
9 13 (C H 3)3C O “ K  + (C H 3)3COH, K  (C H 3)3COH 1 82 39« 24« 0 63 37/

10 20 K O H  Reagent pellets CH3OH 2 78 20 27 43 57
11 20 K O H  Reagent pellets CH3OH 4 78 21 28 20 42 58
12 20 K O H  (C H 3)3C 0 - K + -H 20  (10:3) T H F  c 78 31 16 1 66 34
13 20 CH3O -K +  CH3OH, K  CH3OH 1 26-27 29 22 0 56 44

0 Based upon distilled methyl ester derivatives. b Based upon gas chromatographic analysis of the methyl ester derivatives before 
and after distillation. The product ratios of all runs were duplicated within 3%. « Heterogeneous mixture. d Based upon combined
yield of methyl ester produced directly from the reaction and the methyl ester produced from treatment of the acidic products with 
diazomethane. ' Based upon combined yield of ¿-butyl ester produced directly from the reaction and the methyl ester produced from 
treatment of the acidic products with diazomethane. 1 Based upon the ratio of ¿-butyl esters only.

anolic potassium hydroxide (run 3, Table I). Although droxide, afforded the two acids 15a and 17a in almost
both acids 15a and 17a were produced under these equimolar quantities with the acid 17a slightly pre
conditions,8 the former greatly predominated regardless dominating (runs 10, 11, Table I). However, when
of the concentration of base or water present in the potassium hydride-water13 (run 13, Table I ) or potas-
reaction mixture (compare runs 1-3, Table I). A t sium butoxide-water13 (run 12, Table I )  was employed
lower concentrations of base small quantities of neric for cleavage of 20 the acid 15a predominated once again,
acid (18a) and geranic acid (19a) are produced by a The ratio of 15b to 17b from cleavage of 20 withmeth-
competitive thermally induced process9-12 (see Experi- oxide compared favorably with that obtained from the
mental Section, run 1). When the ketone 13 was cleavage of 13 with methoxide (compare run 13 to runs
treated with a dispersion of anhydrous potassium 7 and 8, Table I).
hydroxide (prepared by adding water to excess potas
sium hydride)13 the two acids 15a and 17a were pro- / I I
duced in a ratio of 91:9. Surprisingly, the ratio of — f ^ l  ¡ 1
15a: 17a dropped to 76:24 when the hydroxide was ) \ y
generated from potassium ¿-butoxide-water using the [ |
general cleavage procedure of Gassman, et al.13 Scission <y COOR COOR
of 13 with potassium methoxide in methanol showed 13 15 17
only a slight preference for the production of ester 15b
(runs 7 and 8, Table I). , 1 1

In contrast to the case of chrysanthenone the isomeric v V  J^^-COOR
ketone 2,4,4-trimethyIbicyclo[3.1.1]hept-2-en-6-one / f  I f
(20), when cleaved with methanolic potassium hy- \ C O O R  jjj

(8) The free acids are produced from the carboxylate salt only after 2 q _ jg
acidification of the alkaline solution with hydrochloric acid during work-up. 10

(9) Conversely, in refluxing 5% aqueous potassium hydroxide the ketone a B =  H; b J? — Me; Cj R =  ¿-Bu; d, R =  Et
13 is converted exclusively to geranic acid instead of the acids 15a and
17®.* ‘ '10 ™ s latter reaction undoubtedly is thermally initiated, however, X h e  j g  a n d  1Qa w e re  id e n t i f ie d  b y
and probably proceeds via the ketene 1.11 In an analogous manner, chrysan- _ ’ . ’ ’ J
thenone undergoes slow cleavage to methyl 3,7-dimethyl-seg-<hs-3,6-octa- COmpRlTSOIl o f  th.6 HlfrRrCu. £111(1 IUXir SpGCtrR R lld  g£LS
dienoate (ii) in refluxing methanol in the absence of hydroxide iond* chromatography retention times of the corresponding

I _̂ o I methyl ester derivatives of each with authentic speci-
T^cooMe mens. An authentic specimen of 15b prepared by

L  L  diazomethane methylation of the known 2,2,4-tri-
J Z  methyl-3-cyclohexene-l-carboxylic acid,14a was con-

> ii verted to the isomer 17b by heating with boron trifluo-
(10) m . Kotake and h . Nonaka, Ann., 607, 153 ( 1957). ride etherate in dichloroethane. That skeletal rear-
(11) e . p. Blanchard, Jr., chem. ind. (London), 293 ( 1958). r a n g e m e n t o r  fu r th e r  m ig r a t io n  o f  th e  o le f in  d id  n o t

(12) W'T  ®rman' Chem■ s° ; i90’ 779 (19®9̂ ' occur during the acid treatment was clearly shown by
(13) P. G. Gassman, J. T. Lumb, and F. V. Zalar, ibid., 89, 946 (1967). . . & f  „  rp, ,

We should emphasize that maximum 3'ields of acid cleavage products were e x a m in a t io n  Of th e  n m r S p ec tru m  Ol 17b. 4 11 US, t i le
obtained when the Gassman method was employed. Since ring opening (/eW l-d im ethyl p ro to n s  W ere a p p a re n t  as U n cou p led

r r L t i r r i r / e d 3 superimposed singlets at r 9 .O6  the C-4 methyl peak
fragmentation of larger ring ketones, the exact 3:1 ratio of potassium t- p e rs is te d  Sit 8.40, £tlld tll6 single OlcfllllC  p ro to n  RppGRrcd
butoxide to water was not required for cleavage of the cyclobutanones. ^  ^

iesufe "’ater COU’d be US6d "  eXC6SS (e'°" 866 ™n 6) With°Ut VarIati°n ln In view of the possibility of equilibration of 15a and
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17a during work-up of the product mixtures from each The structure of the acid 16a was confirmed by com- 
of the above reactions further comment about the acid- parison of the spectral properties of its methyl ester
catalyzed isomerization of 15a to 17a is necessary. derivative with those of methyl 2,2-dimethyl-2-(3-
The acid 15a is isomerized slowly to 17a on storage, but methyl-2-cyclopentenyl) acetate (16b) reported by Beer-
undergoes more rapid conversion to 17a in ethereal eboom.7 The spectral properties of the isomeric ester
hydrogen chloride Thus treatment of 15a for 3 hr at 22b are strikingly similar to those of 16b. However, an
room temperature with ethereal hydrogen chloride exhaustive comparison of the nmr spectra of 16b and
produced 15a and 17a and the lactone 21 in 47, 9, and 22b clearly distinguished the two structures. As
3% yields, respectively. Prolonged treatment (16 hr) expected of an allyl proton the ring C-l proton in 16b
with ethereal hydrogen chloride afforded the same occurred at 0.48 ppm lower field than the nonallylic C-l
materials in yields of 33, 16, and 18%, respectively. proton in 22b (see the Experimental Section for details
However, isomerization during work-up of the base of the nmr spectrum),
cleavage products of 13 and 20 was negligible when
they were methylated with diazomethane immediately Discussion
after acidification and extraction with ether. Thus,
the product distribution observed was that resulting The cleavage of /3,y-unsaturated cyclobutanones may 
directly from base cleavage of the ketones and not from be envisioned as a three-step process: (1) attack of
subsequent acid-catalyzed rearrangement. base on the carbonyl function to produce the intermedi-

Product distribution of the free acids at equilibrium ate anion 3, (2) bond scission, and (3) protonation of
was not determined since under more drastic conditions the resulting allyl anion 4 at either of two possible sites,
the acids were transformed exclusively to the lactone The exact mode of protonation, however, is a point of
21 (see, for example, isomerization with boron trifluoride speculation. Thus, protonation may occur either by
etherate, Experimental Section). However, acid isom- an inter- or intramolecular process at a point in the
erization of the ester 15b indicated a thermodynamic bond scission which resembles more closely the initially
preference for the ester 17b at equilibrium. The ratio produced anion 3 or at a point which approximates the
of 17b: 15b reached a maximum of 70:30 after a 30-min fully developed ally] anion 4. In the subsequent
reflux with 10% boron trifluoride etherate in dichloro- discussion we propose that protonation is concerted
ethane and this ratio did not change on further treat- with bond scission but that the mode and timing of the
ment with acid. process is dependent upon reaction conditions and

| | (V n structure variations in the cyclobutanones.
j i/  The diverse nature of the protonation process may

— ► f  be developed by considering first the cleavage of
V x  chrysanthenone with hydroxide ion. Attack of hydrox-

I I \ ide on 13 yields the initial anion 23 which would collapse
2 i to the allyl anion 25.

15 17 We will consider first that protonation occurs at a
a, R= H; b, R = Me; c, R = f-butyl; d, R = Et point in the bond-scission process which closely resem-

T . . , , , , , , , , ,, bles the fully developed anion 25.16a It  is at once
Isomerization of an isolated double bond normally , ,,, . ,, . , . . . TT J tempting to suggest that production of 15 as the maiorrequires a base stronger than hydroxide ion.1415 How- f  , . ,, , . . • , , ,
H . , . °  J ,, . ,, . ... „  product is the consequence of inter- or intramolecularever, in order to gam some assurance that the initially , .. , ., ,4 , • , , ^  _ ... .® , . . ,  , protonation at the less hindered 0-5 position of the

produced acids 15a and 17a are not isomerized under . „  , „  , TTT.f. , . , , , , ,, anion 25 (see Scheme III). Ih e  relatively small
the basic conditions employed for cleavage, the one . , , ,. . ., ,. , , c„_ . . i -,r , , ., . ’ , ,, differences in product distribution observed from
isomer 15a was treated with hydroxide ion under the . e , ,  j  , , , .... , ,

i •, i <• i o j - cleavage of 13 under different solvent conditions couldconditions described for base cleavage runs 3 and o. , . °  c ,,™ ..  j  i , . , ■ , be interpreted as differences in susceptibility of the
The acid was recovered unchanged in each instance. -c , , , • c . ,.u

.. , r, o mu i  ̂ specific proton source to stenc factors.156Cleavage of 2,6,6-Tnmethylbicyclo 3.2.0]hept-2-en- ' c , 1 , ,
«  c .i , , , ... Such an argument, however, seems untenable m light7-one (14).— Cleavage of the cyclobutanone 14 with . , .. . °  . ’ , ,. ., .
, , , . ,, ... • • i c -  j of the striking difference in product distribution frombase produced both possible isomeric oletmic acids . , ,  , , ,  , . ,, ,., ,  , ,, f .... . , cleavage of ketones 13 and 20 m methanolic potassium16a and 22a regardless of the conditions employed , , . , , , nl ,°  hydroxide (compare runs 1 and 2 with 10 and 11).

¿ _ I I Scission of these ketones would lead to the same allyl
__f  j 0H- | / \  ion 25 and, consequently, under identical conditions of

^ C ^ / C O O H  % / C O O H  ( 15) (a) Such a mechanism was originally proposed by Cristol for the
|Xs* I \  base cleavage of dehydronorcamphor to 3-cyclopentenyl acetic acid.ub

Recently, however, Paasivirta has shown that base cleavage of this ketone 
22a yields a 1:1 mixture of the 2- and 3-cyclopentylacetic acids.150 (b) S. J.

A p p  T fth lp  m  W h p n  th e  pxnpt e on d it in n s  n f ‘Rpprp- Cri8to1 and R  K ' Frecman' ibid-  83- 4427 (1961); (c) J' Paasivirta, Tetra-isee lao ie n ; .  wnen tne exact conaitions oi rscere hedron Letters, 2867 (1968); Suomer. Kemistiiehti, B4i, 335 (1968). (d)
boom7 were used (run 2, Table II) the isomer 16a It is assumed, without qualification, that protonation of the anion occurs
reached a maximum, but, even under these conditions, before the dianion iii is produced. Cleavages with potassium f-but.oxide- 
__  1 -j • • • n 1 . . . .  A1 water or potassium hydride—water, in fact, could proceed via the dianion iii.
223. WRS produced in signinCRIlt CjURIltitieS. Almost Intermodular protonation of the dianion iii, however, should proceed with
equimolar quantities of the two acids were isolated the same stereoselectivity as for the anion 26.

when the cleavage was performed employing the condi
tions of Gassman, et al.13 x P l

(14) (a) O. N. Jitkow and M. T. Bogert, J. Amer. Chem. Soc., 63, 1979 i
(1941); (b) see A. Schriesheim and C. A. Rowe, Jr., ibid., 84, 3160 (1962), COO
for a review. iii
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T a b l e  II
B ase  C l e a v a g e  o f  C y c l o b u t a n o n e  14

% of
Base reed

concn, Temp, % yield“ starting Ratio6
Run Ketone Base Base source Solvent M  °C  16b 22b material 16b :22b
1 14 KO H  Reagent pellets CH3OH 4 78 4 3 14 62 38
2 14 K O H  Reagent pellets 95% aq CH3OH 4 78 5 2 9 72 28
3 14 K O H  (C H 3)3C 0 -K + -H 20  (3 :1 ) T H F  c 26-27 28 22 6 56 44

° Based upon distilled methyl ester derivatives. 6 Based upon gas chromatography of the corresponding methyl ester derivatives 
before and after distillation. The product ratios were reproduced within 3%. c Heterogeneous mixture.

Schem e  III inant protonation of the C-3 site of 23 if intramolecular
OH q- I protonation is the principal course of reaction. The
/  / HQ /  /  ¿ A .  formation of maximum yields of acid 15a with hydroxide

0 \ \ — 4, J  in the presence of an aprotic solvent (run 4, Table I ) is
X. y  v=± V  \  consistent with this proposal. The C-4 gem-dimethyl

(Iqq- group in 24, however, might be expected to retard 
' '  / *  |5 intramolecular protonation (depicted by 29) at the C-3

23 / c -5 protonation site in this isomer and allow competitive intramolecular
13 "'A I // least hindered site (depicted by 28) and intermolecular protonation at

C-l. This would explain the fact that significant 
J quantities of both acids 15a and 17a are produced from

I \  c-3 protonation 20 regardless of cleavage conditions. The differences
COOH x. I in relative proportions of 15a and 17a produced from 20

2 0  25 \  I f  in the absence and presence of a protic solvent could be
Sk y< explained by the relative contributions of intramolecu-

I lar and intermolecular protonation with this isomer.
OH 0-  COO-

’ UaT L-al
cleavage, should yield products of the same composition
regardless of whether protonation is intramolecular or 26 27
intermolecular. When 13 and 20 are cleaved in
methanolic potassium hydroxide, protonation must q q____ H
occur before the completely developed anion 25 is pro- X  "'H / j /  / |
duced, i.e., protonation must occur concerted with ring
rupture at a point in the transition state which more '/3 / ( '/ i
closely resembles the anions 23 and 24, below.16

Logical arguments can be presented to explain the '
observed results if it is assumed that protonation in the 28 29
presence of an aprotic solvent occurs exclusively by an
intramolecular process and in the presence of a protic T. , . . .  . , . . . .  , . .
solvent by competing inter- and intramolecular pro- I f  methoxide ion (or butoxide ion) replaces hydroxide 
ceggeg as the attacking nucleophile, intramolecular protona-

Again considering first the cleavage of chrysan- tion of the expected intermediate anion 30’ and 31 
thenone (13), intramolecular protonation at the C-l (from ai)d 20’ respectively) is impossible and only 
site by what can be envisaged as a 1,3-proton transfer intermolecular protonation can occur. Approximate y 
(see structure 26) would produce 17; intramolecular equimolar quantities of the two isomeric acids should
protonation at C-3 by a 1,5-proton transfer (see be and are, produced from both ketones 13 and 20
structure 27) would produce 15.17 Examination of a under these conditions.
Dreiding model of 23 reveals that the hydroxyl proton
is ideally disposed to interact with the IT orbitals of the (18) Lithium aluminum hydride reduction of chrysanthenone (13) leads

olefin. I t  ie reasonable, therefore, to expect predom-
mediate 30 in exclusion of its epimer.

(16) We have already eliminated the possibility that the isomer of greater
thermodynamic stability is produced from cleavage of 13 on grounds that ?
the A4 isomer (17b) is favored over the A3 isomer (15b) on acid equilibration H 0 - -\ \
by a factor of at least 7:3. Isolation of different quantities of the two acids 
15a and 17a from methanolic potassium hydroxide scission of 13 and 20 
also precludes the possibility that protonation occurs in such a manner as to
produce the most stable olefin. ^

(17) For other examples of base-catalyzed 1,3- and 1,5-hydrogen transfers
involving allylic anion systems see D. J. Cram, “ Fundamentals of Car- (19) (a) J. J. Hurst and G. H. Whitham, J . Chem. S oc., 2864 (1960);
banion Chemistry,”  Academic Press, New York, N. Y., 1965, Chapter V, (b) P. Demarco, E. Farkas, D. Doddrell, B. L. Mylari, and E. Wenkert, 
pp 175-210. «/. A m er. Chem. Soc., 90, 5480 (1968).

Vol. 34, No. 7, July 1969 ft,7-Unsaturated Bicyclic Cyclobutanones 2199



OCH3 q _ combined product from two runs was distilled from an 18-in.
J  / ptr r\ /  / spinning band column to afford 1.742 g of a mixture of chrysan-

J thenone (13) and ketone 20, bp 70-80° (10.0 mm), 11.864 g of
X T  \  ketone 13, bp 80-81° (11.2 mm), [ « ] 26d -1 2 .2 °, and 3.753 g of

. a mixture of isopiperitenone and l,2-dimethyltricyclo[3.3.0.02,7]-
jT  octan-6-one, bp 70-80° (7.0-5.25 mm). The ketone 13, bp

' 80-81° (11.2 mm), [a ]26D —12.2°, was used for the cleavage re-
30 31 actions described below.

. . . .  . Preparation of 2,4,4-Trimethylbicyclo[3.1.1]hept-2-en-6-one
Th u s  fa r  in  our discussion w e  h a ve  ign ored  the results (20).— A solution of 7.923 g of chrysanthenone (13), [ « p D

ob ta in ed  from  c leavage  o f  k eton e 13 and 20 using the —12.2°, in 450 ml of cyclohexane was irradiated as previously
potassium  ¿-bu tox id e-H 20 - T H F  system  o f Gassm an. described21 for a period of 130 min. Removal of solvent and

A t  least 1 equ iv  o f  ¿-butyl a lcoh ol is present in  the flasb distilIat+Ion aff° rded ° ;2.588g hqu1ldr’Qb1pn? ^ 10o6° (44^
, , , , , mm), consisting of 2,4,4-tnmethylbicyclol3.1.0]hex-2-ene and

system  bu t w h eth er th e  ¿-butyl a lcoh o l is com p lexed  2,6,6-trimethylbicyclo [3.l.0]hex-2-ene and 3.193 g (40% ) of -
w ith  h yd ro x id e  ion  or w h eth er a heterogeneous or liquid, bp 87-89° (10.0 mm), comprised of ketone 13 (39% ) and
hom ogeneous system  is present is uncertain . Specula- ketone 20 (61% ). The two isomers were separated by prepara
tio n  abou t these runs th ere fore  m ust be w ith h e ld  u n til t 've g'pc on an M °del 7 0 instrument using an 8 ft  x  0.75
,, , , ■ ,• <• ,1 • , , ,, 1 x 1 m. stainless steel column packed with 15% Carbowax 20M on
th e  characteristics o f  th is system  are b e tte r  understood. 60_70 mesh Anakrom ABS at 100° and 150 ml/min helium flow.
N oneth eless, th e  results o f  these c leavages  are included  There was isolated 997 mg of ketone 20, bp 89° (10.0 mm), the
to  em phasize the syn th etic  va lu e  o f G assm an ’ s proce- spectral data of which were consistent with those reported
dure (see re f 13) previously.21 The material as prepared above from several com-

In  th e  case o f th e  c leavage  o f  the fiv e/ fou r fused biacd ™as. wa,s e ^ f lo yed ui the base cleavage reactions.
. „  , 6 2,6,6-Trimethylbicyclo[3.2.0]hept-2-en-7-one (14) was pre-
ketone^ 14, regardless o f  c leavage  conditions, b o th  pared by the method of Beereboom7'23 except that the pure ketone
isom eric acids are p roduced  in  s ign ifican t quantities . was isolated by fractional distillation as described by Erman.21
E xam in a tion  o f m olecu lar m odels ind icates th a t the After fractionation there was isolated from 200.0 g of geranic
h y d ro x y l p ro ton  o f the in it ia lly  p roduced  an ion 32 is acid 25-78 g of ketone 14, bp 81° (11.0 mm), containing only

, • , •, u r  1 - , , c T i i -  traces of p-methyl-a-methylstyrene. Redistillation afforded
n o t id ea lly  su ited fo r  a 1,5 -proton  transfer. In  th is 18.80 g of ketone 14, bp 88-89° (12.2 mm). Gas chromato-
m stance p ro ton a tio n  m ay  occur b y  one o f  th e  severa l graphic analysis on column 2 at 100° and 60 ml/min helium
oth er m en tion ed  in ter- or in tram olecu lar processes. flow showed a single peak. The spectral properties (nmr, uv, ir)

were consistent with those reported by Beereboom.7
I O I HO Alkaline Cleavage of Chrysanthenone (13). A. With 4.0 M

2I \ \  q -  95% Methanolic Potassium Hydroxide (Run 3, Table I ) .—
p 3f | \l Essentially the method of de Pascual Teresa, et at.,4 was employed
I------ I-for the cleavage of chrysanthenone with 95% methanolic potas-

32 sium hydroxide. A  solution of 504 mg (0.003 mol) of chrysan
thenone, [a ]28D —12.2°, in 5 ml of 4.0 M  95% methanolic potas- 

. sium hydroxide solution maintained under a nitrogen atmosphere
Experimental Section was heated at reflux for a period of 16 hr. The bulk of the solvent

„  , , ,  ■ , , , • , rr,, was removed under reduced pressure; the mixture was dilutedGeneral.— Melting points were determined on a Thomas- ... on , , . , i. j  ■ 1 cTT • , , , . . with 20 ml of water and was washed with 100 ml of ether. The
Hoover capillary melting point apparatus or on a micro hot stage ,, , ,  , , , ■ , ,, ; j  u t - - 7 , , T r , ethereal layer was evaporated to yield 176 mg of residual liquid,and are corrected; boiling points are uncorrected. Infrared , , • , r  c
spectra were recorded on Perkin-Elmer Model 137 or Model 257 t T *  , hqu,ld by glpc mdlcatf  the presen“  ^  50%
* 1 1 1 1 vr 1 . ketone 13 (17% yield), lh e  aqueous layer was acidified with

spectrophotometers. .Nuclear magnetic resonance spectra were n , e 0 aA  j  U1 • -a mi , , ,
miw i i- • , , * Li -j -vr • tt * , r\r\ 9 ml of 2 N  hydrochloric acid. 1 he precipitated oil was extractedrun as 10% solutions in carbon tetrachloride on a Yarian H A -100 • 1Arv , e ,, ,, i i u ,, , , , i.u i -i . , i f with 100 ml of ether; the ethereal layer was washed with twospectrometer using tetramethylsilane as an internal reference. m i  > • f , , . , , J

A  • i k-f; „ ® „ j j  4. n • .i , 10-ml portions of water, dried by swirling over magnesiumChemical shifts are recorded as parts per million on the r scale. lf , * ■ , - irv . , J , j  , «> , r m
, , , , AT i .. , , sulfate for a period of 10 mm, and evaporated to afford 519 mgcoupling constants as hertz. Nuclear magnetic resonance data c i i , i . 1V -j • ,

are recorded in the order: chemical shift (multiplicity, where C01lor êsS } %  n
s =  singlet, d =  doublet, t =  triplet, q =  quartet, and m =  dissolved m 50 ml of ether and treated with 100 ml of a 2-3% 

i ,• i , t „ , , • 4. . • x v j ethereal diazomethane solution, lh e  mixture was stored atmultiplet coupling constant, interpretation). Gas chromato- A KO f 0a • u j c
,• , c, 1 i 0-5 for 30 min, washed with 6 ml of dilute hydrochloric acid,graphic separations were made on one of two columns: column 1 , , c , f J , . \

a 10 ft X  0.25 in. stainless steel column packed with 20% T  ^turated sodium bicarbonate, and water, and
GE-SF-96 silicon oil on 70-80 mesh Anakrom ABS; column 2, dT d ° Ver magneslu”  sulfate. Evaporation of ether under 

i a cl n oc , ■ i , , i , J . nnrJ  reduced pressure and short-path distillation of the residuala 10 ft X  0.25 in. stainless steel column packed with 20% ,• -j a j  , c i i or0  ̂ N
Reoplex 400 on 60-80 mesh Anakrom 300. Microanalyses were hquld afforded 343 of Cf0l ° f oSSo bqtuld’ 80-85 (4.0 mm),
performed by T . Atanovich and associates of these laboratories whl,ch WaS+ comprised of methyl 2 2,4-trimethyl-4-cyclohexene-I- 
and by Spang Microanalytical Laboratories, Ann Arbor, Mich. Carb° X,ylat® (̂ b ) ’ r^ ef f n t™ e 7o'5 8%  yf i d - and
Gas chromatographic retention times are recorded relative to air. f 16̂ 1 (15b)\ re‘

Preparation of Chrysanthenone (13).-Chrysanthenone2» was ten) 10n 8° '8 ( 8 6 f o %  y f ‘d ) (“ al^ ? d,by cbr° “
prepared by a variation21 of the procedure of Hurst and Whit- matography on column 1 at 100 and 60 m /nun helium flow), 
m a n .*  A  solution of 13.332 g of verbenone22 (G ]28d -2 5 6 ° ) Each of the esters 15b and 17b was collected by preparative gas
in 400 ml of glacial acetic acid was irradiated as previously chromatography on the same column above The gas chromato-
described21 with a 450-W Hanovia mercury arc lamp for a period Sophie retention time and the infrared and nmr spectra of the
of 2 hr and 35 min. The reaction mixture was diluted with est®[ 5b ; ldentical with the sample of methyl 2,2,4-tn- 
400 ml of water and extracted with 1 1. of ether. The ethereal methyl-3-cyclohexene-l-carboxylate (15b) prepared by Diels-
layer was separated, washed with three 250-ml portions of water, ^ der co.nde" satlon ° f ao/ybc acid aad 2,4-dimethyl-2,4-penta-
four 150-ml portions of saturated sodium carbonate, two 250-ml dl<T  and subs,equf  * methy laHon. below.
portions of water, and 100 ml of saturated sodium chloride solu- f  ^ ' r T  !  pT^ lties and gas ebromatog-
tion, and dried over magnesium sulfate. Evaporation of ether raphy retention time of the ester 17b were identical with the 
under reduced pressure afforded 13.38 g of yellow liquid. The bltamed by acld-catalyzed rearrangement of the ester

, , , , ., , • j, . ■ . , , „  „ B. With 4 M  Methanolic Potassium Hydroxide (Run 2,
(20) A sample of chrysanthenone was kindly furnished by Dr. Sanchez t\ t? l - n 4.u j , .

Bellido for initial experiments. TabIe 1 )•— Essentially the same procedure as described above for
(21) W. F. Erman, J . A m er. Chem . Soc., 89, 3828 (1967).
(22) We are grateful to The Organic Chemicals Group, Glidden-Durkee (23) Ch. Balant, Ch. A. Vodoz, H. Kappeler, and H. Schinz, H elv. C h im .

Division, SCM Corp., Jacksonville, Fla., for a generous supply of verbenone. A cta , 34, 722 (1951).
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cleavage of 13 in 95% methanol was employed. Treatment of thenone (13) in 5.0 ml of 1.0 M  anhydrous methanolic potassium
500 mg (0.003 mol) of ketone 13 with 5 ml of 4.0 M  methanolic methoxide was heated at reflux under a nitrogen atmosphere for
potassium hydroxide solution maintained at reflux for 16 hr a period of 16 hr. The bulk of the methanol was removed under
afforded, after work-up, méthylation, and distillation, 230 mg reduced pressure, and the residue was diluted with 5.0 ml of
of a mixture of ester 15b (85%, 32% yield) and 17b (15%, 6% water and extracted with 50 ml of ether. The ethereal layer was
yield), bp 85-100° (4.25-4.5 mm). The products were isolated washed with four 10-ml portions of water and dried over mag-
and identified as above. From the ethereal washings there was nesium sulfate for 4 hr; the solvent was evaporated and the
recovered 161 mg of residual liquid. Analysis of the residue by product was subjected to short-path distillation to afford 157 mg
glpc indicated the presence of 48% ketone 13 (16% yield). of colorless liquid, bp 70-80° (2.5 mm). Gas chromatography

C. With 2 M  Methanolic Potassium Hydroxide (Run 1, as described in A , above, indicated the presence of five com-
Table I ).— From 383 mg (2.5 X  10-3 mol) of ketone 13 in 5 ml of pounds: chrysanthenone (13) (14%, 9% yield), ester 17b (21%,
2.0 M  methanolic potassium hydroxide solution there was iso-' 11% yield), ester 15b (31%, 16% yield), methyl nerate (18b)
lated after méthylation and distillation 234 mg of a mixture, bp (12%, 6%  yield), and methyl geranate (19b) (22%, 12%, yield).
70-80° (2.5 mm), comprised of 17b, retention time 75.5 min Each of the compounds 1-5 was collected by preparative gas
(12%, 6% yield), 15b, retention time 80.8 min (82%, 41% chromatography as described above. The nmr and infrared 
yield), methyl nerate (18b), retention time 111.8 min (2% , 1% spectra and gas chromatography retention times of each of the
yield), and methyl geranate (19b), retention time 148 min (4%, compounds 15b, 17b, 18b, and 19b were identical with authentic
2% yield) (analyzed by glpc as in A ). specimens as described above.

The esters 15b and 17b were isolated and identified as before. I. With Potassium ¿-Butoxide in ¿-Butyl Alcohol (Run 9,
The esters 18b and 19b were similarly isolated by preparative Table I ) .— A  solution of 204 mg (1.7 X  10-3 mol) of chrysan-
glpc. Comparison of the glpc retention time and the infrared thenone (13) in 5.0 ml of a solution of 1.0 M  potassium ¿-butoxide
and nmr spectral properties of the esters 18b and 19b with those in ¿-butyl alcohol was heated at reflux (80°) under a nitrogen
of authentic specimens of methyl nerate and methyl geranate, atmosphere for a period of 16 hr. The mixture was cooled to
prepared below, proved the identity of these two materials. 40° and the bulk of the ¿-butyl alcohol was removed under

D. With Potassium Hydride-W ater (Run 4, Table I ).—  reduced pressure. The residue was diluted with 10 ml of water
Essentially the procedure of Gassman, et al.,13 was followed. and extracted with 100 ml of ether. The ethereal layer was
To a rapidly stirred suspension of 10.0 g of 40% potassium washed with four 10-ml portions of water and dried over mag-
hydride (4.0 g, 0.10 mol, of potassium hydride in mineral oil) nesium sulfate. Evaporation of solvent and short-path distilla-
in 12.5 ml of anhydrous tetrahydrofuran maintained under a tion afforded 43 mg of liquid, bp 141° (10.5 mm), comprised of
nitrogen atmosphere at 0-5° was added 540 mg of water. The ¿-butyl 2,2,4-trimethyl-4-cyclohexene-l-carboxylate (17c) (37%,
mixture was allowed to warm to room temperature, 26-27°, 5%yield)and ¿-butyl 2,2,4-trimethyl-3-cyclohexene-l-carboxylate
when 499 mg (0.003 mol) of chrysanthenone (13) in 12.5 ml of (15c) (63%, 8%  yield) (analyzed on column 1 at 135° and 60
tetrahydrofuran was added. The mixture was stirred at 26-27° ml/min helium flow). The two peaks were isolated by prepara-
for 24 hr and cooled to 0-5° and 10 ml of water was added cau- tive gas chromatography on the same column and identified by
tiously. The mixture was immediately washed with ether; comparison of the infrared and nmr spectrum of each with the
the water layer was partitioned and acidified with 31 ml of 2 ¿V authentic specimens prepared below.
hydrochloric acid. The precipitated acid was extracted with The combined water layers from above were acidified by drop-
100 ml of ether; the ethereal layer was washed with water and wise addition of concentrated hydrochloric acid; the product was
dried. The solvent was evaporated to yield 742 mg of residual extracted with 100 ml of ether; the ethereal layer was washed
liquid. Esterification with diazomethane afforded 189 mg of with two 10-ml portions of water and dried over magnesium
distilled liquid, bp 90-100° (4.0-9.0 mm), consisting of 15b sulfate. Evaporation of solvent afforded 150 mg of residual
(91%, 28% yield) and 17b (9%, 3% yield). Products were carboxylic acid, infrared X 3.5-3.9, 5.85-5.9 m, which was dis-
isolated and identified as above. solved in 50 ml of ether and treated with 50 ml of 2%  diazo-

E. With Potassium ¿-Butoxide-Water (3 :1 ) (Run 5, Table methane solution. After storage at 0-5° for 2 hr the excess
I ).— Essentially the procedure of Gassman, et al.,13 was em- diazomethane was destroyed by cautious addition of 12 ml of
ployed except that tetrahydrofuran was utilized as solvent. 10% hydrochloric acid; the ethereal solution was washed with
To a solution of 4.001 g (0.036 mol) of potassium ¿-butoxide in three 20-ml portions of water and dried over magnesium sulfate.
12.5 ml of tetrahydrofuran maintained at 26-27° under an at- Evaporation of solvent and short-path distillation afforded 125
mosphere of argon was added 200 mg of water. To this mixture mg of colorless liquid, bp 70-75° (2.5 mm), which consisted of
was added 507 mg (0.003 mol) of 13 in 12.5 ml of tetrahydrofuran. methyl ester 17b (38%, 19% yield) and methyl ester 15b (62%,,
The mixture was stirred at room temperature for 24 hr and worked 3 1% yield). Methyl nerate and methyl geranate were not
up as above for the potassium hydride run. Esterification af- observed in the reaction mixture. The two esters (17b and 15b)
forded 391 mg of distilled liquid, bp 94-100° (4.2 mm), consisting were collected and their identities revealed by nmr and infrared
of 15b (76%, 49% yield) and 17b (24%, 15% yield). From spectral comparisons with authentic specimens.
theethereal washings there was isolated 59 mg (11% ) of recovered Base Cleavages of 2,4,4-Trimethylbicyclo[3.1.1]hept-2-en-6-
ketone 13. one (20) (Runs 10-14, Table I ).— Cleavages of the ketone 20

F. With Potassium f-Butoxide-Water (1:1.4) (Run 6, Table were performed in the same manner as the cleavages of ketone
I).— The procedure was the same as above except for the ratio 13 . In  each instance 500 ±  5 mg of ketone was treated with
of potassium ¿-butoxide to water. base. Yields are based upon distilled ester product. Results

G. With 4 M  Methanolic Potassium Methoxide (Run 8, are recorded in Table I.
Table I ) .— A solution of 505 mg (0.003 mol) of 13 in 5.0 ml of 4.0 Base Cleavages of 2,6,6-Trimethylbicyclo[3.2.0]hept-2-en-7- 
M  methanolic potassium methoxide (prepared by addition of one (14).— Alkaline cleavages of ketone 14 were performed as
1.55 g of potassium to 10 ml of dry methanol) was heated at reflux above for ketone 13 using 500 ±  4 mg of ketone 14. Results are
under a nitrogen atmosphere for 16 hr. The bulk of the methanol recorded in Table I I .  Best yields of esters 16b and 22b were
was removed under reduced pressure, and the mixture was obtained under conditions of run 3, Table I I .  Isolation of
diluted with 10 ml of water and extracted with 100 ml of ether. products from a 1.0-g scale run is described below.
The ethereal layer was washed with five 10-ml portions of water, Preparation of Methyl 2-(3-methyl-2-cyclopentenyl-2,2-di-
dried, and distilled to yield 228 mg of a mixture of 15b (61%, methylacetate (16b) and Methyl 2-(3-methyl-3-cyclopentenyl)-
23% yield) and 17b (39%, 14% yield). The water layer was 2,2-dimethylacetate (22b).— A  solution of 1.005 g (6.8 X  10~3
acidified and the acid fraction was esterified as in A  above to mol) of ketone 14 was treated as described in E above with potas-
yield 159 mg of ester mixture, bp 68-75° (3.0 mm), consisting sium ¿-butoxide-water except that double the quantities of re-
of 15b (61%, 16% yield) and 17b (39%, 10% yield ).24 agents were used. After work-up, esterification, and distillation

H . With 1 M  Methanolic Potassium Methoxide (Run 7, 0f product, there was isolated 470 mg of colorless liquid, bp
Table I ) .— A  solution of 250 mg (1.7 X  10-3 mol) of chrysan- 120-126° (4.0—4.5 mm), which was comprised of ester 16b (56%,
----------------- 22% yield) and ester 22b (44%, 17% yield). The two esters

(24) The acid products undoubtedly arise via an Sn2 displacement by were isolated by preparative glpc on column 2 at 100° and 120
methoxide on the methyl ester carbon: see, for example, J. F. Bunnety helium flow. Final purification was made by short-path
M. M. Robison, and F. C. Pennington, J. Amer. Chem. Soc., 72, 2378 ' ... . r  u r -
(1950); R. A. Sneen and A. M. Rosenberg, /. Org. Chem., 26, 2099 (1961); distillation. . ,
and w. vcn E. Doering and L. H. Knox, J. Amer. Chem. Soc., 74, 5683 The ester 16b, retention time 26.0 min, was isolated as a color-
(1952). less liquid: ir (CC14) 5.77 (carbonyl), 6.02 n (olefin); nmr (CC14)
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t  4.91 (m, olefinic proton), 6.46 (s, ester methyl), 7.10 (broad m, bicarbonate, and two 10-ml portions of water and dried over
C - l),  7.8-8.4 (m, C-4, C-5 protons), 8.31 (m, C-3 methyl pro- magnesium sulfate. Evaporation of solvent and short-path
tons), 8.98, 9.01 (singlets, gem-dimethyls). The nmr spectrum distillation afforded 140 mg of distillate, bp 120-144° (7.75-8.50
of 16b in CDC13 was identical with that reported by Beereboom.7 mm). Analysis by temperature-programmed gas chromatog-

Anal. Calcd for CnHi80 2: C, 72.49; H, 9.96. Found: C, raphy on column 2 at 100-150° indicated the presence of three
72.50; H, 9.85. components: ester 17b, 20% (16% yield); ester 15b, 40%

The ester 22b, retention time 39.5 min, was isolated as a color- (33% yield); and lactone 21, 20% (18% yield), 
less liquid: ir (CCh) 5.77, 9.01 n ; nmr (CC14) t 4.90 (m, C-4 The two esters 17b and 15b were collected by preparative gas 
proton), 6.46 (s, ester methyl protons), 7.52 (quintet with fine chromatography on column 2 at 100° and 60 ml/min helium
splitting, C-l proton), 7.8-8.1 (m, C-2 and C-5 protons), 8.39 flow as liquids and identified by spectral comparisons, respec-
(s, C-2 methyl protons), 8.96 (s, gem-dimethyl protons). tively, with the authentic ester 15b prepared from the acid 15a

Anal. Calcd for CuH 1802: C, 72.49; H , 9.96. Found: C, above, and the ester 17b, prepared by rearrangement of the ester
72.47; H , 9.90. 15b with boron trifluoride etherate, below.

Preparation of Methyl Nerate (18b) and Methyl Geranate The lactone 21 was collected on the same column at 150° as
(19b).— Treatment of 10.00 g (0.06 mol) of commercial geranic colorless crystals, mp 58.5-61.5°, identical with the lactone
acid (Frit.zsche Bros., Inc.) with excess diazomethane afforded prepared below, procedure B.
7.346 g (68%) of the corresponding methyl ester mixture, bp Treatment of 96.2 mg of the acid 15a in a similar manner with
95-96° (2.5 mm) [lit.25 bp 90-92° (3 mm)], comprised of 28% ethereal hydrogen chloride for a period of 3 hr afforded 61 mg
methyl nerate and 72% methyl geranate. The two isomers 18b, of a mixture of 17b, 16% (9% yield); 15b, 80% (47% yield); and
relative retention time 12.3 min, and 19b, relative retention time 21, 5% (3%  yield).
15.0 min, were separated by gas chromatography on column 1 at B. With Boron Trifluoride Etherate in 1,2-Dichloroethane.
150° and 60 ml/min helium flow or on an 8 ft X  0.75 in. column Preparation of 2,2,4-Trimethyl-4-ds-hydroxy-3-cyclohexene-l- 
packed with 15% Carbowax 20 M  on 60-70 mesh Anakrom ABS carboxylic Acid Lactone (21).— A  solution of 1.008 g (0.006
at 150° and 100 ml/min helium flow. mol) of the acid 15a, mp 81.0-83.1°, in 23 ml of 1,2-dichloro-

Methyl nerate was isolated as a colorless liquid: ir (neat) ethane containing 8.0 ml of boron trifluoride etherate was
5.79 (conj C = 0 ) ,  6.05 (olefin) 8.58 m (ester); nmr (CCh) t heated at reflux for 75 min. The bulk of the dichloroethane was
4.42 (s, C-2 proton), 4.95 (t with fine splitting, C-6 proton), removed under reduced pressure; the residue was dissolved in
6.40 (s, ester methyl), 7.3-7.6 (m, C-4 protons), 7.8-8.1 (m, 100 ml of ether, and the ethereal layer was washed with 25 ml of
C-5 protons), 8.15 (s, C-3 methyl), 8.35, 8.40 (s, C-7 methyls). water, 10 ml of 10% sodium hydroxide, and four 20-ml portions

Methyl geranate was isolated as a colorless liquid: ir (neat) of water and dried over magnesium sulfate. Evaporation of
5.79 (C = 0 ) ,  6.03 (olefin), 8.1-8.2, 8.63 m (ester); nmr (CCh) r solvent afforded 679 g (70% ) of residual oil which, on analysis
4.38 (s, C-2 proton), 4.96 (m, C-6 proton), 6.37 (s, ester methyl), by gas chromatography as above, indicated the presence only of
7.83 (s, with fine splitting, C-3 methyl), 8.32, 8.40 (s, C-7 lactone 21. Short-path distillation gave 412 mg (42% ) of color-
methyls). less oil, bp 120-130° (4.5 mm). The oil crystallized from petro-

Preparation of 2,2,4-Trimethyl-3-cyclohexene-l-carboxylic Acid leum ether afforded 205 mg (21%) of the lactone 21 as colorless
(15a).— Essentially the procedure of Jitkow and Bogert14 was prisms: mp 66.8-67.8°; ir (CC14) 5.70 m (bicyclic lactone26);
employed with the following exceptions. A  mixture of 65.60 g nmr (CC14) r 7.91-8.60 (m, methylene and methyne protons),
(0.68 mol) of 2,4-dimethyl-l,3-pentadiene and 73.90 g (1.03 8.70 (s, C-4 methyl), 8.90, 8.96 (s, C-2 gem-dimethyl),
mol) of acrylic acid was heated in a glass-lined autoclave under Anal. Calcd for CioHi602: C, 71.4; H, 9.6. Found: C,
a back pressure of 1500 psi nitrogen at 155-160° for 16 hr. 71.5; H , 9.5.
After work-up and distillation from a 12-in. Vigreux column there Isomerization of Methyl 2,2,4-Trimethyl-3-cyclohexene-l-
was isolated 58.118 g (51%) of 15a, bp 125° (3.1 mm), mp 79- carboxylate (15b).— A  solution of 964 mg (5.3 X  10-4 mol) of
81°. One recrystallization from acetic acid-water afforded 15a the ester 15b, bp 122° (7.25 mm), in 20 ml of 1,2-dichloroethane
as colorless plates: mp 84.0-85.1° (59% recovery); ir (CCh) containing 6.0 ml of boron trifluoride etherate was heated at 
3.0-4.0 (carboxyl OH ), 5.90 m (C = 0 ) ;  nmr (CC14) r 4.90 (m, reflux for 30 min. The mixture was cooled to room temperature,
C-3 proton), 7.6-7.8 (m, C-5 proton), 7.8-8.3 (m, C -l and C-6 diluted with 50 ml of ether, and washed with two 15-ml portions
protons), 8.32 (broad s, C-4 methyl), 8.82, 9.01 (C-2 gem- of water, 15 ml of saturated sodium bicarbonate, and two 
dimethyls). 15-ml portions of water, dried, and evaporated to yield 844 mg

Anal. Calcd for Ci0H 16O2: C, 71.39; H, 9.59. Found: C, of colorless liquid. Distillation from a modified Hickman still
71.46; I I,  9.72. afforded 425 mg of colorless liquid, bp 120-144° (7.75-8.50 mm),

Methyl 2,2,4-Trimethyl-3-cyclohexene-l-carboxylate (15b) was consisting of ester 17b, 70% (31% yield), and ester 15b, 30%
prepared either by treatment of the acid 15a with excess diazo- (13% yield), as analyzed by programmed-temperature gas
methane or by treatment of the corresponding acid chloride with chromatography on colunm 2 at 100-150°.
methanol. The two esters were isolated by gas chromatography on column

From 342 mg (2.2 X  10-3 mol) of acid 15a, mp 84.0-85.1°, in 2 at 100° and 60 ml/min helium flow. The ester 15b was identical
50 ml of ether treated with 20 ml of 2% ethereal diazomethane in every respect with the ester 15b prepared directly from acid
for a period of 1 hr, there was obtained 289 mg (78% ) of the 15a above. The ester 17b was isolated as a colorless liquid: 
ester 15b: bp 127° (7.5 mm); ir (neat) 5.75 (C = 0 ) ,  8.25, 8.65, ir (neat) 5.75 (C = 0 ) ,  8.1-8.9, 8.96, 8.75 /j.; nmr (CC14) r 4.75
9.63 m; nmr (CC14) r 5.00 (s, C-3 proton), 6.45 (s, ester methyl), (m, C-5 proton), 6.46 (s, ester methyl), 7.75-8.3 (m, C -l, C-3,
7.7-8.0 (m, C-5 allyl), 8.0-8.5 (m, C -l and C-6 protons), 8.42 C-6 protons), 8.40 (broad s, C-4 methyl), 9.06 (s, gem-dimethyl
(s, C-4 methyl), 8.97, 9.15 (C-2 gem-dimethyls). protons).

Anal. Calcd for CnH 180 2: C, 72.49; H, 9.96. Found: C, Anal. Calcd for C „H 180 2: C, 72.49; H , 9.96. Found: C, 
72.51; H, 9.73. 72.48; H, 9.82.

Isomerization of 2,2,4-Trimethyl-3-cyclohexene-l-carboxylic Treatment of 436 mg (2.4 X  10-4 mol) of the ester 15b, bp
Acid (15a). A. With Ethereal Hydrogen Chloride.— A  solution 85-88° (5.25-6.25 mm), in 10.0 ml of dichloroethane containing
of 158 mg (9.4 X  10“ 4 mol) of the acid 15a, mp 84-85°, in 100 3.0 ml (3.357 g ) of boron trifluoride etherate at reflux for 1.0 hr
ml of anhydrous ether saturated with dry hydrogen chloride was afforded 233 mg of liquid, bp 125-140° (7.5 mm), containing
stored at 26-27° for a period of 16 hr. The mixture was washed ester 17b, 14% (8%  yield); ester 15b, 6% (2% yield); lactone
cautiously with three 20-ml portions of water, dried, and evapo- 21, 50% (29% yield); and a mixture of ethyl 2,2,4-trimethyl-3-
rated to afford 149 mg of colorless oil: ir (neat) 3-4 (carboxyl cyclohexene-l-carboxylate (15d) and ethyl 2,2,4-trimethyl-4-
OH ), 5.7-5.9 ¡j. broad (lactone C = 0  and carboxylic acid C = 0 ) .  cyclohexene-l-carboxylate (17d), 30% (16% yield).
The oil was dissolved in 10 ml of ether and treated with 20 ml of Preparative gas chromatography on column 2 at 150° and 60
2-3%  ethereal diazomethane and this mixture was stored at ml/min helium flow separated the esters 17b and 15b (relative
0-5° for 20 min. Excess diazomethane was destroyed by addition retention time 9.0 min) from the esters 15d and 17d (relative
of 5 ml of 10% hydrochloric acid. The ethereal layer was washed retention time 14.2 min) and the lactone 21 (relative retention
with 10 ml of 10% hydrochloric acid, 5 ml of saturated sodium time 16.5 min). The two isomers 17b and 15b were separated

(25) G. I. Samokhvalov, M. A. Miropal’skaya, L. A. Vakulova, and N. A.
Preobrazhenskii, Dokl. Akad. N a u k ,  S S S R ,  84, 1179 (1952); Chem. Abstr., (26) P. Wilder, Jr., and A. Winston, J .  Amer. Chem. Soc., 77, 5598
47, 3277 (1953). (1955).
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and collected on the same column at 100° and 60 ml/min helium water followed by 500 mg of the acid 15a, mp 84-85°, as described
flow. The lactone was recollected at 150° for final purification. in cleavage reaction E, above. The mixture was stirred at 26-

The ester mixture I5d-l7d could not be separated by glpc. 27° for 24 hr when the bulk of the T H F  was removed under re-
That the latter mixture was indeed composed of 17d and 15d was duced pressure. The residue was dissolved in 25 ml of water and
shown by the infrared [5.76 y (ester C = 0 ) ]  and nmr spectra. the water layer was washed with ether. The cold aqueous layer
The nmr spectrum indicated the presence of ~ 7 0 %  17d and 30% was acidified with 23 ml of 2 N  hydrochloric acid and the acid
15d. Principal peaks of the nmr spectrum of 15d were assigned was extracted in the usual fashion to furnish 347 mg (70%) of
as follows: r  5.0 (s, C-3 proton), 7.9 (q, ester methylene), crystalline acid. Esterification with diazomethane afforded 300
7.9-8.3 (m, C -l, C-4, C-5 protons), 8.38 (s, C-4 methyl), 8.75 mg of ester, bp 80-105° (0.5-1.0 mm), which on analysis by glpc
(t, ester methyl), 8.91, 9.11 (s, C-2 gem-dimethyls). Nmr on two different columns (0.25 in. X  10 ft  columns packed with
signals of isomer I7d were assigned as follows: r 4.72 (m, C-5 20% SE-30 silicon oil and with 20% Carbowax 20M T M P A
proton), 7.9 (q, ester methylene), 7.9-8.3 (m, C -l, C-4, C-5 on 60-80 mesh AW  DMCS-300) showed a single peak of retention
protons), 8.38 (s, C-4 methyl), 8.75 (t, ester methyl), 9.02, 9.03 time identical with ester 15b. (The isomeric ester 17b was
(s, C-2 gem-dimethyls). separated cleanly from 15b under these conditions.) The infrared

Preparation of ¿-Butyl 2,2,4-Trimethyl-3-cyclohexene-l-car- spectrum of the collected material was identical in every major 
boxylate (15c).— To a solution of 5.587 g (0.050 mol) of potassium respect with ester 15b prepared above.
¿-butoxide in 45 ml of ¿-butyl alcohol (freshly distilled over so- B. With 4 M  95% Methanolic Potassium Hydroxide.— A
dium) was added 4.00 g of the acid chloride of 15a prepared in the solution of 503 mg of acid 15a in 5 ml of 4.0 M  95% methanolic
same manner as described for preparation of ester 15b and this potassium hydroxide solution was heated at reflux for 16 hr as
mixture was stirred at room temperature under a nitrogen at- in cleavage run 3 above. Removal of solvent, dilution with 20
mosphere for a period of 45 min. After removal of the bulk of ml of water, acidification, and ether extraction afforded 419 mg
the ¿-butyl alcohol under reduced pressure the mixture was (84% ) of recovered acid, mp 79-81°. Esterification with diazo-
diluted with 25 ml of water and extracted with 150 ml of ether. methane afforded 347 mg of ester, bp 90-100° (1.0 mm). Analy-
The ethereal layer was washed with four 25-ml portions of water sis by glpc as described above for the attempted base isomeriza-
and dried over magnesium sulfate. Evaporation of solvent tion with potassium ¿-butoxide-water indicated only ester 15b.
afforded 1.699 g of residual liquid which on short-path distillation
afforded 862 mg (18%) Of 15c as a colorless liquid: bp 141° Acknowledgments.— The authors are indebted to
(10.5 mm); lr (neat) 5.76 m; nmr (CC14) r 5.12 (broads, C-3), w/r t __f  u • 1 *n j  j. i_ • i • ,
8.0 (t, J  =  6.1 Hz, C-l), 8.2-8.4 (m, C-5, C-6), 8.5 (s, fine M r : ^  h lS/ k l led  tech m ca l assistance
splitting, C-4 olefinic methyl), 8.69 (s, ¿-butyl methyls), 9.02, anci to Mr. 1 eter Bakuzis for his critical review of the 
9.20 (s, C-2 gem-dimethyls). manuscript.

Anal. Calcd for Ci4H240 2: C, 74.95; H, 10.78. Found: C,

75-09; H, 10.79. Registry No.— 15a, 13746-43-5; 15b, 19766-10-0;

[5?. S K  • « .  •«*>.
TH F.— To a solution of 4.011 g (0.036 mol) of potassium t- 17b, 19766 14-4, 17d, 19766-lo 5, 18b, 1862-61-9,
butoxide in 12.5 ml of tetrahydrofuran was added 200 mg of 19b, 1189-09-9; 21,19766-16-6; 22b, 19766-17-7.
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We report the stereoselective syntheses and chemical structure proof of the exo ( la ) and endo ( lb )  isomers 
of 17-hydroxymethyl-4,5-tetramethylene[2.2]paracyclophane. We have also examined the spectral properties 
of these and related isomeric, fused-ring paracyclophanes, and have discovered an interesting nmr correlation 
which is indicative of exo or endo substitution in these systems.

The acetolysis of 2-([2.2]paracyclophenyl)ethyl p- of 17-hydroxymethyl-4,5-tetramethylene[2.2]paracy- 
toluenesulfonate involves intermediate formation of a clophane. In this paper we discuss the details of the 
phenonium ion.1 Because of the presence of two stereoselective syntheses. We also report an interest-
aromatic rings in paracyclophanes, several questions ing nmr correlation that may be a general method for
arise concerning the stereochemistry of this acetolysis determining the exo or endo stereochemistry at the 17 
reaction. To examine the stereochemical details of position of 4,5-tetramethylene [2.2]paracyclophanes that
solvolysis reactions of [2.2]paracyclophane derivatives,2 have an oxygen atom in the substituent group, 
we have synthesized the exo (la ) and endo (lb ) isomers

Results

Synthetic.— The starting material for the syntheses 
of alcohols la and lb is 4,5-tetramethylene-17-oxo-
[2.2]paracyclophane (2).3 We were not consistently

la, Y = CH2 0H .G K

lb, Y = H < Z I> 0

X = CH20H ~

(1) D. J. Cram and L. A. Singer, J. A m e r .  C h e m . Soc., 86, 1075 (1963). (3) D. J. Cram, C. K. Dalton, and G. R. Knox, J. A m e r .  C h e m . Soc., 86,
(2) M. J. Nugent and T. L. Vigo, unpublished results. 1088 (1963).
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able to obtain satisfactory yields of 2; therefore the 
modified synthetic sequence described in the Experi- [1
mental Section was used. The synthesis of la in 60% 
yield from ketone 2 is shown in Scheme I. The a

Sch em e  I

2 ( c6 h5) 3 pch2 o c h3 ci~

NAH, DMSO
< H > choch3 

I hcio4
T ether » 1

10 N0BH4-  ' f 4  jiAf v  J W L
carbon of 3 completely incorporates deuterium after
68 hr at room temperature in a mixture of sodium- 7ppm. 6ppm. 7ppm. 6 ppm.
deuterium oxide-tetrahydrofuran4 as was evidenced by la lb

the collapse of the aldehyde proton doublet to a singlet.
The starting aldehyde is recovered from sodium-water- Figure 1.—Partial nmr spectra of la  and lb  in deuteriochloro- 

tetrahydrofuran reaction mixture in 65% yield after form'
the same period of time. Nearly quantitative re
duction of this recovered aldehyde with sodium boro- these intense peaks is smaller for the exo isomer than
hydride shows no contamination by the endo isomer lb. ôr b̂e endo isomer as is shown in tab le I. In fused-

The endo alcohol lb was synthesized via 2 using a 
W ittig reaction followed by hydroboration with disi- T a b l e  I
amylborane5 as is shown in Scheme II. Alcohol lb is St e r e o c h e m ic a l  C o r r e l a tio n  o f  I som eric ,

F u sed -R in g  P ara c y c lo ph a n e s  w it h  N m r  Sp e c tr a

Sch e m e  I I  Integral of Integral of
Stereo- low field high field Separation,

,r  u \ irw  I disiamylborane chemistry 17 substituent peak peak Hz

2 (W j - l 3 L = j 2 . N ^ r o 2 endo OH (5b)“ 1.7 1.0 13
NoH, DMSO ^ CH endo OAc6 1.4 1.0 17.5

2 endo CH2OH (lb ) 0.8 1.0 22.5
endo CHjOTs6 0.9 1.0 19

isomeric with alcohol la  and has the same general exo OH (5a)° 0.7 1.0 5
structure as was determined spectroscopically. The exo CHO 1.5 1.0 4.5
conversion of ketone 2 into alcohol lb  proceeds in 64% exo CH2OH (la) 1.0 1.0 10
over-all yield. ex0 CHiOTs6 1.2 1.0 10

Spectral.— We have examined the hydroxyl stretch- “ M- J- Nugent, Chem. Commun., 1160 (1967). 6 M. J. Nugent 
ing frequency of the alcohols la and lb and found at and T ' L ' Vlg0’ unPubllshed results,
high dilution (0.003 M )  in carbon tetrachloride that
la  had its only hydroxyl absorption at 3640 cm-1, rm® Paracy cl°phane derivatives with no stereochem-
while lb showed hydroxyl absorption at 3634 cm -1.6 lstW at the 17 Position such as 2, the olefin precursor of
These frequencies are in the region of free hydroxyl lb > and the methylvinyl ether precursor of la, only one
absorptions 3650-3590 cm -1,7 and higher than the very mtense Peak 1S observed in the region between 6
7r-bonded absorption at 3601 c m '1 for 2-phenylethanol.8 and 7 PPm> or severa-l intense peaks are observed, no

We have also examined the nmr spectra of vari- two of which can be described as the most intense in
ous 17-substituted 4,5-tetramethylene[2.2]paracyclo- this portion of the spectrum,
phanes. An exo or endo oxygen-containing substituent
at this position, causes two peaks which are more Discussion
intense than any other peaks to appear between 6 and
7 ppm. As an example, this part of the nmr spectra exo stere°chemistry of la follows from its alde-
of la  and lb are shown in Figure 1. The separation of hy de Precursor being the more stable, less hindered

exo is o m e r .9' 10 W e  h a v e  d e m o n s tra te d  th a t  th e  a ld e h y d e
(4) This procedure is similar to that described by m . Rosenbium and o b ta in e d  f r o m  th e  m e th y lv in y l  e th e r  d e r iv a t iv e  o f  2 is

g“  r  43, 1 ( 1963), and ref- ^ Y ^ d  under conditions where enoliza-
erences cited therein. tion is complete as was evidenced by complete deute-

(6) These measurements were made on a Beckman IE-7 in silica cells of r iu m  e x c h a n g e  in  d eu te r iu m  Oxide. S in ce  s id e  p ro d u c ts
10-mm path length (Pyrocell Manufacturing Co. No. S-22-350) which trans- „ „ „  c__j  ■ , , , j  , ,,
mit 90% of the light in this region. We are indebted to the chemistry ^  f ° rm e d  ln  th lS re a c t io n , ES W as d e m o n s tra te d  b y  t ic ,
faculty at Louisiana State University of New Orleans for the use of this th is  re su lt  d oe s  n o t  m e a n  th a t  th e  r e a c t io n  m ix tu re  a t
instrument.

(7) L. J. Bellamy, “ The Infrared Spectra of Complex Molecules,”  John (9) That the endo-17-substituted isomer is more sterically hindered has
Wiley & Sons, Inc., New York, N. Y., 1964, p 96. been demonstrated in the case of the exo- and endo-17-hydroxy-4,5-tetra-

(8) D. S. Trifan, J. C. Weinmann, and L. P. Kuhn, J. Amer. Chem. Soc., methylene[2.2]paracyclophanes, 6a and 5b, respectively.10
79, 6566 (1957). (10) Reference a, Table I.
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equilibrium consists of 65% exo aldehyde and 35% to yield 2.90 g (67% ) of the desired crude ketone, mp 108-113°
endo aldehyde. All of our attempts to prepare the (Ut-3 mP 107-108°). Recrystallization from ether produced

7 1 J R J  u r  - i i  u material melting from 111 to 113 .
endo aldehyde or carboxylic add have been unsuccessful. e* 0-i7-Formyl-4,5-tetramethylene[2.2]paracyclophane ( 3 ) . -

The assignment o f  endo stereochemistry to alcohol The W ittig  reagent from (methoxymethyl)triphenylphosphonium
lb  is based primarily on the synthetic method. Disi- chloride (3.43 g, 10.0 mmol) was prepared using the method of
amylborane usually adds to cyclic olefins from the Corey, el al.n Ketone 2 (1.38 g, 5.0 mmol) in 15 ml of warm
least hindered side.6 Thus, since the alcohols la  and dimethyl sulfoxide was added at room temperature and the re.

. . . , . . . . , action mixture was heated at 6o for 21 hr with stirring. Ihe
lb  are isomeric, one IS led to the assignment of endo reaction was quenched by careful addition of water, then ex-
stereochemistry to alcohol lb. tracted with five portions of ether. The combined ethereal

The ir absorptions of the hydroxyl groups of dilute extracts were washed seven times with water, dried over sodium
samples of la  and lb  occur for both isomers in the 3634- sulfate, and evaporated to yield a yellow semisolid. This mixture 

, • T ,, , , i , was dissolved in a small amount of benzene and chromatographed
3640-cm-1 region. In the next lower homologs, exo- on silica geL The crude vinyl ether (0 .9o g, 62%) was eluted
(5a) and endo-17-hydroxy-4,5-tetramethyleneparacy- with i :9 ether-petroleum ether. The melting point of this 
clophane (5b), hydroxyl absorption occurs at 3617- material was 83-86°. Recrystallization from petroleum ether
3618 cm-1.10 In neither case is there any evidence that save product melting at 90-93°. The methylvinyl ether (1.12 g,
the electron cloud above the planes of the aromatic 3.8 n\mol) wfs in 30 ml of ether and the solution was

. , , „  . . .. heated on a steam bath. Approximately 10 ml of ether saturated
rings in paracyclophane has more affinity for tt bonding with 72% perchloric acid was added in portions over a 30-min
to hydroxyl hydrogens than the tt cloud between the period. The reaction mixture was then cooled and washed with
aromatic rings in these fused-ring paracyclophane de- water until neutral. Evaporation of the ether produced the
rivatives exo aldehyde 3 (1.02 g, 97%), mp 130-131°. An analytical

m, i j. rn t  u ,, , . , , ■ t , sample, mp 132-134°, was obtained after three recrystallizations1 he data m I  able 1 show that the separation between c 1 ,, 1 ’ .i,. 1 . from ether-petroleum ether.
the most intense peaks m the 6-7-ppm region oi the Ana,_ Calcd for C2iH220 : C, 86.85; H, 7.64. Found: C, 
nmr spectra of fused-ring paracyclophane derivatives 86.69; H, 7.60.
varies with stereochemistry at the 17 position in a ezo-17-Hydroxymethyl-4,5-tetramethylene[2 .2 ]paracyclophane
predictable way. We have examined the separation of (la ).-S o d iu m  borohydride (0.21 g, 5.6 mmol) was added to a 

. , i <■ ,i , , solution of pure aldehyde 3 (0.78 g, 2.8 mmol) in 14 ml of 9o%
these intense peaks for the enc/o-substltuted derivatives ethanol. After 2.5 hr, water was added and the reaction mixture 
and found that the separation varies from 13 to 22.5 was extracted three times with ether. The ethereal extracts
Hz, while for exo-substituted derivatives the separation were washed with water and dried over sodium sulfate. Evapora-
varies from 5 to 10 Hz. The applicability of this cor- t 'on of the solvent produced a pale yellow oil when mixed with
relation in the same w av to alcohols 5a and 5h as well ether-petroleum ether to give a quantitative yield of productrelation m tne same way to alcohols ba ana bD as well of mp 118_ 12i° . An analytical sample, mp 122-123.5°, was
as to alcohols la  and lb  lends credence to the stereo- obtained by recrystallization from ether-petroleum ether.
chemical assignments. Anal. Calcd for C24H240 : C, 86.25; H, 8.27. Found: C,

86.01; H, 8.23.
Experimental Section 17-Methylene-4,5-tetramethylene[2.2]paracyclophane was

P prepared by the W ittig reaction of triphenylmethylphosphonium
6-[2.2]Paracyclophanylbutyric Acid Methyl Ester,— /3-[2.2]- bromide (4.28 g, 12 mmol) with ketone 2 (2.2 g, 8 mmol) at

Paracyclophanoylpropipnic acid3 (18.8 g, 61 mmol) and 9.4 ml room temperature; the experimental conditions were essentially
(0.18 mol) of 100% hydrazine hydrate were dissolved in 450 ml the same as those in the W ittig reaction described above. The
of diethylene glycol which contained IS.7 g of potassium hydrox- olefin product was isolated in 86% yield (1.75 g, mp 94-98°).
ide. The conditions of this reaction were essentially those used Recrystallization from 1:1 methanol-ether gave an analytical
for reduction of 4,5-tetramethylene-?-(7-carboxylpropyl)-[2.2]- sample, mp 99-101°.
paracyclophane.3 The reaction mixture was poured into 3 1. of Anal. Calcd for C2iH22: C, 91.92; H, 8.08. Found: C,
water, and the aqueous phase was washed three times with ether. 92.16; H, 7.86.
The aqueous phase was acidified with concentrated sulfuric acid mdo-l7-Hydroxymethyl-4,5-tetramethylene[2.2]paracyclophane
and the resulting dark gum was dissolved in chloroform. The ( lb )  was prepared by hydroboration of 17-methylene-4,5-
chloroform solution was washed with water until the washings tetramethylene[2.2]paracyclophane with disiamylborane, fol-
were neutral, separated, dried over sodium sulfate, and evapo- lowed by alkaline oxidation with hydrogen peroxide.5 The
rated to dryness. The dark gum thus obtained was dissolved in disiamylborane was generated by reaction of 3.3 ml (30 mmol) of
a mixture of 260 ml of methanol and 3.5 ml of concentrated sul- 2-methyl-2-butene with 0.45 g (12 mmol) of sodium borohydride
furic acid and was refluxed for 1 hr. The reaction mixture was in 12 ml of diglyme and 2.08 ml (2.24 g, 16 mmol) of boron tri-
then poured into 1 1. of water and extracted four times with fluoride etherate. The disiamylborane thus produced was
ether. The combined ethereal extracts were washed with water, allowed to react with 1.4 g (5 mmol) of olefin in 12 ml of diglyme
dried over sodium sulfate, and evaporated. The resulting brown at room temperature for 23 hr. The work-up was carried out
oil was chromatographed on silica gel; the ester was eluted with according to the published procedure,5 and the resulting oil was
1:9 ether-petroleum ether (bp 35-80°) (5.5 g, 30% yield); chromatographed on silica gel. A  solution of 1:3 ether-hexane
two recrystallizations from ether produced an analytical sample, eluted the desired alcohol (1.1 g ) in 75% yield. Recrystallizatkm
mp 89.5-91.5°. from ether gave an analytically pure sample, mp 121.5-123.5°.

Anal. Calcd for C2iH240 2: C, 81.78; H, 7.84. Found: C, A  mixture of this pure alcohol lb  with its epimer la  gave a 20°
81.63; H, 7.87. depression of melting point.

4 ,5-Tetram ethylene-l7-oxo [2.2]paracyclophane (2).— Equal Anal. Calcd for C2iH240 : C, 86.25; H, 8.27. Found: C,
weights of 5-[2.2]paracyclophanylbutyric acid methyl ester and 85.95; H, 8.18.
sodium hydroxide were refluxed for 5 min in 1:1 ethanol—water. Isomerization Experiments with cro-l7-Formyl-4,5-tetrarnethy-
Acidification of the cooled (0 °) solution with concentrated hydro- len e [2.2]paracyclophane (3).— To a solution of tetrahydrofuran
chloric acid produced 5-[2.2]paracyclophanylbutyric acid in which had been redistilled from lithium aluminum hydride and
96% yield, mp 121-124° (lit.3 mp 123-124°). The dry acid 1 ml of redistilled deuterium oxide was added 3 mg of sodium.
(4.60 g, 15.6 mmol) was dissolved in 42.4 ml of trifiuoroacetic After the reaction subsided, 87 mg of aldehyde 3 in 4 ml of le-
anhydride and stirred at room temperature for 2 hr. The reaction distilled tetrahydrofuran was added and the reaction was allowed
mixture was then poured into an ice slush containing excess to proceed at room temperature for 68 hr. After this period,
sodium bicarbonate. Water was added and the mixture was solvent was removed by vacuum distillation at room tempera-
extracted four times with ether. The ethereal extracts were ture; the nmr spectrum of the crude reaction mixture in deuterio-
washed with water until neutral, separated, and dried over -----------------
sodium sulfate. Evaporation of the ether produced an orange ( l l )  R. Greemvald, M. Chaykovsky, and E. J. Corey, J. Org. Chem., 23,
oil which was chromatographed on grade I I I  neutral alumina 2063 (1963).
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chloroform showed a broadened singlet at 9.50 ppm for the aide- phane, 19933-75-6; 5-[2.2 Jparacyclophanylbutyric acid
hyde proton. When this reaction was carried out under identical methvl ester 19933-76-7
conditions using water in place of deuterium oxide, the crude ’
reaction mixture showed a doublet for the aldehyde proton with Acknowledgment.— The authors are indebted to Mr.
J =  1'5 ,Hzf; Under these conditions the starting aldehyde was p aul Kronlage w h o helped  to  prepare some of the 
recovered after column chromatography in 65% yield. . , , , ,

starting materials. Ihis research was supported by a
National Science Foundation Grant to Tulane Univer-

Registry No.— la, 19916-80-4; la (p-toluenesulfon- sity. The Varian A-60 instrument used in this work
ate), 19955-02-3; lb, 19916-81-5; lb (p-toluenesulfon- was purchased with National Science Foundation funds,
ate), 19916-82-6; 3, 19916-83-7; 5b (acetate), 19933- [2.2[Paracyclophane was generously supplied by Union
74-5; 17-methylene-4,5-tetramethylene[2.2]paracyclo- Carbide Corp.

Selective Reductions. XIII. The Reaction of A1 2-Cyclopentenones 
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The reduction of 2-cyclopenten-l-one and 5,6-dihydro-endo-dicyclopentadien-l-one with metal hydrides 
takes place with considerable concomitant saturation of the double bond. However, the inverse addition of 
0.667 mole equiv of aluminum hydride to 2-cyclopenten-l-one, 3-substituted 2-cyclopenten-l-ones, 5,6-dihydro- 
eredo-dicyclopentadien-l-one, and 3-substituted 5,6-dihydro-mdo-dicyclopentadien-l-ones, produces the un
saturated carbinols in satisfactory purity and yield and thus provides an effective route for the selective reduction 
of the carbonyl group in A2-cyclopentenones.

The reduction of a,/3-unsaturated ketones to the cor- bond. Cookson7 has reported that the reduction of 
responding unsaturated carbinols with metal hydrides exo-dicyclopentadien-l-one with lithium aluminum hy-
has often been reported to occur with varying amounts dride yielded only the saturated alcohol. Story and
of concomitant saturation of the double bond, thereby Fahrenholtz8 have demonstrated that cfs-bicyclo-
affording saturated ketone and alcohol.2’3 This mode [3.2.0]hepta-3,6-dien-2-one (I I I ) ,  when reduced with
of behavior is especially enhanced in A2-cyclopenten-
ones. Thus, while Woodward and Katz4 reported that IT—>
the reduction of endo-dicyclopentadien-l-one (I ) with /A /A / A

r  r  t
/  H0 \ lithium tri-i-butoxyaluminohydride, gave, as the major

H product, cfs-bicyclo [3.2.0 ]-6-hepten-2-one (IV ) along
U with asmall amount of the saturated alcohol V .9-12 Pa-

, . , , ., ~ , , , , , quette13 has reported that the reduction of cfs-bicyclo-lithium aluminum hydride afforded the unsaturated ro nl, , „ 0
, , , tt ah . . r^-ir R v. > , ,  . [3.2.0Jhept-3-en-2-one with lithium aluminum hydride,alcohol II, Allara5 and Dillmg6 have been unable to , - co . j  , . , . J , , ’j  ,, , , even at —78,, afforded a complex mixture of productsreproduce these resuits, obtaining substantial amounts \/ , , , , , , . ,  , ,  . , accompanying the desired unsaturated alcohol,

of saturated products even at considerably reduced T ■ c A  , , , .,__  , . „  . , , In view of these dimculties, and because a number oftemperatures. Aliara5 has also reported that the re- , ,  , , , .’ , c ,, ,
t r a a■ i, a j  , A2-cyclopentenols were required for other work, a sys-duction of 5,6-dihydro-enao-dicvclopentadien-l-one , ,. , , , , ,  a e , ,, , ’ ,
1-4-u- i • i. j A  j j- i tematicstudyoftheeftectofmetalhydndeson2-cvclo-(V 11) with lithium aluminum hydride and sodium boro- , , J ,

hydride produced substantial reduction of the double T  T  and/ ’6A lhydro-ewd°-dlcy cloPerita-dien-l-one (V ll )  was undertaken.
(1) Research assistant on grants (G 19878 and GP 6492 X ) provided by

the National Science Foundation. (7 ) R. S. Cookson, N. S. Isaacs, and M. Szelke, T e tra h e d ro n , 20, 717
(2) (a) N. Gaylord, “ Reduction with Complex Metal Hydrides,”  Inter- (1964).

science Publishers, Inc., New York, N. Y., 1956, pp 180-183; (b) V. M. (8) P. R. Story and S. R. Fahrenholtz, J .  A m e r .  C h e m . S o c . ,  87, 1623
Micovic and M. L. Mihailovic, “ Lithium Aluminum Hydride in Organic (1965).
Chemistry,” Naukna Knjiga, Belgrade, Yugoslavia, 1955. (9) Lithium tri-i-butoxyaluminohydride, in contrast to lithium aluminum

(3) P. L. Southwick, N. Latif, B. M. Fitzgerald, and N. M. Zaczek, hydride and lithium trimethoxyaluminohydride, has previously been re-
J .  O rg . C h e m ., 31, 1 (1966), and references cited therein. ported10-12 to reduce cinnamaldehyde without attacking the double bond.

(4) R. B. Woodward and T. J. Katz, T e tra h e d ro n , 6, 70 (1959). (10) F. A. Hochstein and W. G. Brown, J .  A m e r .  C h e m . S o c . , 70, 3483
(5) D. L. Allara, Ph.D. Thesis, University of California, Los Angeles, (1948).

1964. (1 1 ) H. C. Brown and P. M. Weissman, ib id . , 87, 5614 (1965).
(6) W. L. Dilling, Britton Laboratory, Dow Chemical Co., private com- (12) H. C. Brown and P. M. Weissman, I s r a e l  J .  C h e m ., 1, 430 (1963).

munication. (13) L. A. Paquette and O. Cox, J .  A m e r .  C h e m . S o c . , 89, 5633 (1967).
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T a b le  I
Metal Hydride Reductions of 5,6-DiHYDRo-mdo-DicYCLOPENTADiEN-l-oNE“

/----------------------------------------- Products, %------------------------------------------'

^  ^  ^  ^
Reagent Solvent R ^

L iA lH 4 E t20* 31.3 13.8 28.3 26.6
L iA lH 4 Et,0».<» 0 67 12.0 21.0
L iA lH 4 TH F* 0 0 100 0
L 1AIH 4 THF®'/'”* 0 0 100 0
L iA lH i TIIF® 0 0 67.2 32.8
L iA lH (O C H 3)3 THF® 45.0 42.0 9.6 3.4
LiA lH (O C H 3)3 T H F 4 0 45.0 41.0 14.0
L iA lH [O C (C H 3)3]3 THF® 0 0 84.5 15.5
NaBH4 E tO H 4 0 0 0 100
A1H3 THF® 0 66.6 14.2 19.2
A1HS THF* 0 65.8 32.7 1.5
A1H3 T H F L i 0 84.6 7.1 8.3
A1H3 TH FL i.* 0 86.0 10.0 4.0
A1H„ T H F L i.i 27.3 64.3 5.9 2.5

0 Product analysis by glpc. Unless otherwise specified, the reaction consists of the normal addition of 1 mole of ketone to 1 mole 
of metal hydride. b Starting material. * 0.25 hr at 25°. d Reference 5. These results could not be reproduced. * 0.25 hr, 0°. / In
verse addition. ® 17 hr at 0°. 4 0.5 hr at 78°. * 1 hr at 0°. 1 0.5 hr at 0°. 4 0.667 mole equiv of reagent. 1 0.33 mole equiv of 
reagent. m 0.25 mole equiv of reagent.

T a b le  I I
Metal Hydride Reductions of 2-Cyclopent3N-1-one“

> ,------------------------------------Products, %---------------------- -11

0 OH 0 OH

Reagent Solvent 6 '  6  6  6

LiA lH 4 EtA> [0 85 15 0
L iAlH 4 T H F “* 0 14.0 2.5 83.5
L iA lH (O C H 3)3 THF«' 0 90.5 0 9.5
L iA lH [O C (C H 3)3]3 THF«1 0 0 11.2 88.8
NaBH i EtOH* 0 0 0 100
A lH a THF/ 0 83.8 8.7 7.5
A1H3 TH F/“ 4 0 90.0 6.1 3.9

“ Product analysis by glpc. Unless otherwise specified, the reaction consists of the normal addition of 1 mole of ketone to 1 mole of 
metal hydride. 6 Starting material. * A t —10°, ref 5. d 17 hr at 0°. * 0.5 hr at 78°. / 0.5 hr at 0°. ® Inverse addition. 4 0.667
mole equiv of reagent.

K ten-l-one with lithium aluminum hydride (inverse ad-
dition in THF, 0.5 hr at 0°) afforded 70% of the un- 
saturated carbinol and 30% of 3-methylcyclopentanol, 

0 \  j| demonstrating that while the presence of a 3 substitu-
JL \ —* ent decreases double bond saturation, such saturation

f ij q still occurs.
^  The mechanism of double bond saturation is still

uncertain,2,3,5-8,10,15 but from the results in Table I, it 
is apparent that the unsaturated alcohol, once formed, 

Results and Discussion jg stable to the reaction conditions. Saturated alcohol,
2-Cyclopenten- 1-one and 5,6-dihydro-endo-dicyclo- however, increases with time, indicating that, depend- 

pentadien-l-one were reduced with lithium aluminum ing on the reagent, a metal hydride can add either 1,2
hydride, lithium trimethoxyaluminohydride, lithium or 1>4 to the unsaturated ketone, the 1,4 attack then
tri-f-butoxyaluminohydride, sodium borohydride, and being followed by a slower reduction of the initially
aluminum hydride. Tables I  and I I  show that, with formed enolate. That similar results for these reduc-
the exception of lithium trimethoxyaluminohydride and tions were obtained with both 2-cyclopenten-l-one and 
aluminum hydride, nearly exclusive saturation of the 5,6-dihydro-mdo-dicyclopentadien-l-one makes ques- 
double bond resulted from the reaction of metal hy- tionable the proposal by Story8 that attack of hydride
drides with these A2-cyclopentanones under a variety of on the double bond is preferred in hindered cyclopen-
conditions.14 The reduction of 3-methyl-2-cyclopen- tenones because the salt resulting from 1,2 exo attack of

the reagent cannot be accommodated in the endo posi-
(14) It should be noted that the effect of lithium tri-i-butoxyalumino- xj 

hydride and lithium trimethoxyaluminohydride on the double bond of 
. A2-cyclopentenones differs from the effect reported11,12 for cinnamaldehyde,

indicating that the results with cinnamaldehyde, generally regarded as a
model for reductions of a,/3-unsaturated carbonyls, may not be general. (15) M. E. Cain, J. Chem. Soc., 3532 (1964).
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Aluminum hydride16'17 was found to be the most gen- Hydride in T H F —  Into a dry 50-ml round-bottom flask fitted
erally selective reagent for the selective reduction of the Wlt  ̂ a ma§netic stirrer and an injection port with a rubber
carbonyl group in A2-cyclopentenones. The inverse cap, were p lacedunder nitrogen 2 1 ml of a 1.27 M

f r . Ca'7 i • t , • , , lithium aluminum hydride solution in tetrahydrofuran (3.5
addition of 0.667 mole equiv of aluminum hydride, pre- mmoles of LiA1H() and 10 ml of dry tetrahydrofuran. To this
p a re d  b y  the m eth od  p rev io u sly  desc ribed , 17 to 2-cy c lo - stirred solution, maintained at 0 ° in an ice bath, there was
p e n ten -l-o n e , 3 -Substituted  2 -cyc lopen ten -l-on es , slowly added 3.5 mmoles of ketone in 10 ml of dry tetrahydro-
5,6-dihydro-endo-dicyclopentadien-l-one, and 3-sub- furan. The mixture was stirred for the appropriate time, and
stitiited 5 6 d ih v d rn-enrfn-dicvclonentadien 1 ones has then a 1:1 a0ueous tetrahydrofuran solution was added slowlystituted dinyaro enao Uicyciopentadien i  ones Das untll no more hydrogen was evoived. After the addition of a
p ro d u ced  good  y ie lds of the co rrespond ing u n satu rated  standard naphthalene solution (to serve as an internal glpc
carbinols in excellent purity (see Table I I I ) .  Conse- standard), the reaction mixture was washed in a separatory
quently, this method provides an effective route for the funnel with a saturated solution of sodium potassium tartrate,
selective 1,2 reduction  o f A 2-cyclopentenones, an  im - and the tetrahydrofuran layer was dried (MgSO<). The solution

, , , e 1 r  ! 1 was concentrated by rotary evaporation and the product was
p o rtan t  com ponent o f m an y  po lycyclic  m olecules. examined by glpc. (For the inverse addition experiment, the

procedure was appropriately altered.) For the bicyclic ketone, 
T able  I I I  all analyses were carried out on a Perkin-Elmer 226 temperature-

R eduction  op A ’-C yclo penteno nes  w ith  programmed capillary instrument fitted with a 150 ft X  0.01
. „  m - Larbowax 20 M  column. The saturated products were
A lu m in u m  H ydride  identified by comparison of the retention times with authentic

Carbinol, Carbinol, samples.23 For the 2-cyclopenten-l-one reductions, all analyses
A2-Cyclopentenone % purity % yield were carried out on a p erkin-Elmer 154 gas chromatograph

2-  Cyelopenten-l-one 90.0° 79.0° fitted with a 3-ft column of Carbowax 20 M  on Chromosorb W ,
3- Methyl-2-cyclopenten- H M D S  treated.

1-one 1006 76.2C Reduction of 5,6-Dihydro-endo-dicyclopentadien-l-one with
3-Phenyl-2-cyclopenten- Lithium Aluminum Hydride in Ether.— The procedure reported

2 one lOO6 73« by Allara6 was used. Ketone, 1 g, in 10 ml of anhydrous diethyl

5.6- Dihy dro-erado-dicyclo- ^  WaSf and^ d from ,a droPPinS furlllel into a stirred
. solution of 0.12 g of lithium aluminum hydride in 45 ml of dry

pentadien-l-one 86.0 64.9 diethyl ether contained in a 100-ml round-bottom flask pre-
3-Methyl-5,6-dihydro-en<fo- viously flushed with nitrogen. After the addition was complete,

dicyclopentadien-l-one lOO6 89.0“ the reaction was stirred for 15 min more. The mixture was
3-Phenyl-5,6-dihydro-erado- hydrolyzed by adding successively 1 ml of water, 1 ml of 15%

dicyclopentadien-l-one 100° 92.5“ sodium hydroxide, and 5 ml of water. After the addition of a
“ Analysis by glpc. b Analysis by nmr. “ Isolated yield. standard naphthalene solution, the mixture was filtered, washed

once with water, and dried (K 2C 0 3). The solution was concen-
. , . _  trated by rotary evaporation and the product was examined

Experimental Section by gipc

A2-Cyclopentenones.— 2-Cyclopenten-l-one, bp 150-152°, ji20d General Procedure for the Reductions with Lithium Tri-
1.4795 (lit.18 bp 151-154°, ti20d 1.4810), 3-methyl-2-cyclopenten- methoxyaluminohydride and Lithium Tri-i-butoxyaluminohy-
1-one, bp 78-82° (20 mm), k 20d 1.4842 (lit.19 bp 74-76° (16 mm), dride.— Into a dry 50-ml round-bottom flask fitted with a mag-
re 20d 1.4818), 3-phenyl-2-cyclopenten-l-one, mp 81-82.5° (lit .20 netic stirrer and an injection port with a rubber syringe cap were
mp 81-83°), and 5,6-dihydro-eredo-dicyclopentadien-l-one, mp placed, under nitrogen, 6.05 ml of a 1.65 M  lithium aluminum
49° (lit.21 mp 50-51°), were prepared by the reported procedures. hydride solution in tetrahydrofuran (40 mmoles of hydride) and
3-MethyI-5,6-dihydro-eredo-dicyclopentadien-l-one, bp 110-112° 10 ml of dry tetrahydrofuran. To this stirred solution, main-
(3 mm), re26D 1.5262, and 3-phenyl-5,6-dihydro-endo-dicyelo- tained at the appropriate temperature, there was slowly added

T a b l e  IV

P h y s ic a l  P r o p e r t ie s  o f  t h e  A 2-C y c l o p e n t e n o l s

'---------- Calcd, %-----------. ,---------- Found, %---------- •
A2-Cyclopentenola (registry no.) Mp, °C Formula C H N C H N

3-Methyl-2-cyclopenten-l-ol Liquid“
(p-nitrobenzoate) (19926-45-5) 91.5-92.5° C i3H i3N 0 4 63.15 5.30 5.67 63.24 5.48 5.66

3-Pheny 1-2-cyclopen ten- l-ol
(19926-46-6) 103.3-105.3“ C „H 120  82.46 7.55 82.28 7.53

5.6-  Dihydro-endo-dicyclopen tadien-
endo- l-ol(19926-79-5) 103-105M C I0H 14O 79.95 9.39 79.51 9.52

3-Methyl-5,6-dihydro-endo-dicyclo-
pentadien-mcfo-l-ol (19926-80-8) 79.4-79.9° C uH 160  80.44 9.83 80.54 10.04

3-Phenyl-5,6-dihydro-endo-dicyclo-
pentadien-endo-l-ol (19926-81-9) 96-976 C i6H i80  84.91 8.02 85.01 8.24

“ Bp 70-71° (12 mm), nw d 1.4706. b Recrystallized from hexane. “ Recrystallized from chloroform-hexane. d Reduction of
5,6-dihydro-endo-dicyclopentadien-l-one with aluminum deuteride, prepared from lithium aluminum deuteride, also produced the 
corresponding unsaturated deuterated alcohol.

pentadien-l-one, mp 127.8-128.4, were also prepared22 and will 30 mmoles of dry methanol (¿-butyl alcohol). After the solution 
be reported in a later paper. had reached thermal equilibrium, 2.5 mmoles of ketone in 4 ml

General P rocedure for the Reductions with Lithium Aluminum of dry tetrahydrofuran was slowly added. The reaction mixture

(16) M. J. Jorgenson, Tetrahedron Letters, 559 (1962). was stirred for the appropriate time and then slowly hydrolyzed
(17) H. c. Brown and N. M. Yoon, J. Amer. Chem. Soc., 88, 1464 (1966); a 1 a9ueous tetrahydrofuran solution. After the addition

N. M. Yoon and H. C. Brown, ibid., 90, 2927 (1968). °* a standard naphthalene solution, the mixture was washed in
(18) K. Alder and F. H. Flock, Ber., 89, 1732 (1956). a separatory funnel with a saturated solution of sodium potassium
(19) R. M. Aeheson and R. Robinson, J. Chem. Soc., 1127 (1952). tartrate, and the tetrahydrofuran layer was dried (M gS 0 4).
(20) R. Riemschneider and R. Nerin, Monatsh., 91, 829 (1960). The solution was analyzed as before.
(21) K. Alder and G. Stein, Ann., 504, 205 (1935). ------------------
(22) H. M. Hess, Ph.D. Thesis, Purdue University, 1969. (23) H. C. Brown and I. Rothberg, unpublished data.
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General Procedure for the Reductions with Sodium Boro- General Procedure for the Preparative-Scale Reduction of
hydride.— Ketone, 5.0 mmoles, in 10 ml of ethanol was treated A 2-Cyclopentenones.— The reduction of 3-methyI-2-cyclopenten-
at room temperature with 10 mmoles of sodium borohydride in 1-one is typical of the procedure used. Into a 1-1. round-bottom
10 ml of ethanol. A fter the exothermic reaction had ended flask fitted with a magnetic stirrer and an injection port with a
(about 20 min), the mixture was heated on a steam bath for 10 rubber syringe cap, was placed, under nitrogen, 10 g (104 mmoles)
min more. The reaction mixture was hydrolyzed with 25 ml of of 3-methyl-2-cyclopenten-l-one in 400 ml of dry tetrahydro-
a 3% sodium hydroxide solution. After the addition of a standard furan. The solution was brought to 0° by means of an ice bath
naphthalene solution, the solution was extracted several times and 90 ml of a 0.V7 M  aluminum hydride solution in tetrahydro-
with ether, and the ether layer was dried (M gSOi). The solution furan (69.3 mmoles of A1H3) was added dropwise over a 15-min
was concentrated by rotary evaporation and analyzed as before. period. After the addition was complete, the reaction mixture

General Procedure for the Reductions with Aluminum Hy- was stirred at 0° for 30 min more and then hydrolyzed by adding
dride.— Into a 50-ml round-bottom flask fitted with a magnetic successively 2.1 ml of water, 2.1 ml of 15% sodium hydroxide,
stirrer and an injection port with a rubber syringe cap, were and 6.3 ml of water. The aqueous layer was salted out with so-
placed, under nitrogen, 2 mmoles of ketone in enough dry tetra- dium carbonate and the aqueous layer was extracted with ether,
hydrofuran to bring the total volume of the final solution to 10 The combined organic layers were washed with a saturated
ml. The solution was brought to 0° by means of an ice bath, sodium bicarbonate solution and dried (K 2C 03). Removal of
and the appropriate amount of a standard aluminum hydride the solvent by rotary evaporation afforded 8.5 g of liquid,
solution in tetrahydrofuran, prepared by the method of Brown Distillation of the liquid (12 mm) produced 7.8 g (79.5 mmoles,
and Yoon,17 was added dropwise (for the normal addition ex- 76.2% yield) of carbinol. The physical properties of 3-methyl-2-
periments, the ketone was added slowly to the aluminum hydride cyclopenten-l-ol and the other A 3-cyclopentenols prepared by
solution). The mixture was stirred for the appropriate time at this procedure are recorded in Table IV .
0°. The hydrolysis and analysis procedures were the same as for
the lithium aluminum hydride experiments. Registry No.—■Aluminum hydride, 1302-30-3.

Perhydroindan Derivatives. X I.la The 7-MethoxyhexahydrofIuorene System
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Department of Chemistry, Massachusetts Institute of Technology, Cambridge, Massachusetts 02139

Received November 7, 1968

The knowrn methoxyhexahydrofluorenone 6 has been converted into acids 1-4 desired as models for study of 
transformations in the aromatic ring. Of the various methods used to introduce the carboxyl functions, the 
selective lithium-hydrogen exchange and subsequent carbonation reactions applied to the olefins 10 and 35 and 
to alcohol 8 are worthy of special note.

As part of our study of synthetic routes to the gib- the B and C rings were cis fused.3b Reduction of the
berellins,2 we wished to study the acids 1-4 as model ketone 6 with L iA lH4 yielded a single alcohol believed to
compounds for the transformation of the aromatic A  have the stereochemistry indicated in structure 8 as a
ring into the nonaromatic system (e.g., 5) present in result of attack of the complex metal hydride anion from
the gibberellins. This paper describes the preparation the less hindered side.30'4 Conversion of this alcohol 8
and interrelation of these model acids 1-4. to the crude methanesulfonate ester followed by reac-

H H tion with sodium cyanide yielded the olefin 9 rather than
the desired nitrile. Olefin formation was more easily 

Jr^AlJm ß Ü JT J T  J  effected by brief acid-catalyzed dehydration to form
CH30 the trisubstituted olefin 10 which was readily isomerized

Rl HO,C 1 r,H to the tetrasubstituted olefin 9.
1 R =C0,H- R, = H 3 R =CO,H- R =H The acids 1 and 2 were most efficiently prepared by
2, R, = H; Rj = C02H 4, R, =  H; R, = C02H conversion of the olefin 10 (or mixtures of 9 and 10) to

q j_j the allylic lithium reagent which was carbonated to form
the unsaturated acid 11 accompanied by small amounts 

\ / 1 | of the isomeric acid 12. Hydrogenation of the unsat-
urated acid 11 yielded the acid 1 as a result of the cis 

OC V H 1 H addition of hydrogen from the less hindered side of the
3 2 olefin 11. The methyl ester 13 of acid 1 could be epi-
5 merized and then hydrolyzed to yield the more stable

The starting material for these acids was the known C-9 epimer in which the carboxyl function is trans to
ketone 6 (Scheme I )  prepared by acid-catalyzed cycli- the methylene groups of ring C.
zation3 of the unsaturated ketone 7. The formation of An alternative route (Scheme I I )  to the acid 2, al- 
the ketone 6 under equilibrating conditions ensured the though less efficient, provided evidence that the B-C
formation of the more stable diastereoisomer in which ring fusion in acids 1 and 2 was cis. In this sequence

, , , , „  , „  , . t nv ™sr, the ketone was converted to olefins 15 and 16 by reac-(1) (a) This research has been supported by Research Grant No. GP-5685 . . . jr
from the National Science Foundation and by Public Health Service Grant tioil with the appropriate W lttig reagents. Hydrolysis
No. 1-R01-CA10933-01 from the National Cancer Institute, (b) National Qf ^Rg enoj ether 15 (mixture of geometrical isomers)

j.  Sanier, w. G. Ken- afforded the aldehyde 17 which was oxidized to the acid
yon, and j . j. Riehi, /. Org. chem., 33,957 ( 1668); (b) H. o. House, j . k . 2. Hydroboration of the olefin 16 proceeded by attack
Larson, and h. c. Muiier, ibid 33, 961 ( 1968). from the less hindered side to yield, after oxidation, the

(3) (a) W. G. Dauben and J. W. Collette, J. Amer. Chem. Soc., 81, 967 
(1959); (b) H. O. House, V. Paragamian, R. S. Ro, and D. J. Wluka,
ibid., 82, 1457 (1960); (c) H. O. House, V. Paragamian, and D. J. Wluka, (4) H. O. House, R. G. Carlson, H. Müller, A. W. Noltes, and C. D.
ibid., 82, 2561 (1960). Slater, ibid., 84, 2614 (1962).
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hydroxy methyl derivative 18. This alcohol 18, also and dimethylaminomethyl groups.6 Presumably the
produced from the acid 1, was the C-9 epimer of the success of these reactions is attributable to reaction of
hydroxymethyl derivative 19 formed from the acid 2. the normally hexameric or tetrameric alkyllithium re
in  an attempt to obtain the acid 2 via the glycidic ester agents7“ to form complexes (e.g., 29) in which the more
20, the ketone 6 was treated with ethyl chloroacetate reactive monomeric or dimeric form of the lithium re-
under the usual conditions for producing glycidic esters.6 agent is complexed with the ortho donor substituents 
However, the only material isolated was the C-alkyla- and is in a favorable position for metal—hydrogen ex- 
tion product 21 presumed to have the indicated stereo- change.
chemistry by analogy with earlier studies.315'0’4 Reaction of the alcohol 8 (Scheme IV ) with n-butvl-

To examine the course of electrophilic substitution lithium in a hexane-ether mixture resulted in little if 
reactions, the methoxy acid 2 was subjected to the any C metallation and the alcohol 8 was recovered,
bromination and acetylation reactions summarized in However, the corresponding reaction with a mixture of
Scheme I I I .  The nmr spectra of the monosubstitution n-butyllithium and sodium ¿-butoxide in hexane7b fol-
products 22 and 23 and their derivatives 24 and 25 es- lowed by carbonation produced the desired carboxylic
tablished that substitution had occurred at position C-6 acid 30 in high yield. The structurally specific metal-
rather than at the desired position C-8. An attempt to lation evidently has rigid requirements for success since
acylate the monobromo acid 22 led to acid-catalyzed the same metallating conditions applied to the homol-
decarbonylation to yield an olefin. Therefore, these ogous alcohol 18 produced a complex mixture of acidic
potential routes to C-8 substituted derivatives were products perhaps caused by competing metallation at
abandoned. the benzylic positions. Activation of the n-biityllith-

We next turned our attention to metallation reactions ium by the addition of N,N,N',N'-tetramethylethyl- 
with the methoxy alcohol 8. This investigation was ... , . r, . „  , ,
prompted by earlier observations that metallation of V r T i X L d » ^
a r o m a t ic  h y d ro c a rb o n s  W ith  li th iu m  re a g e n ts  WaS aC- (b) H- Gilman and J. W. Morton, Org. Reactions, 8, 258 (1954); (C) f . n .

celerated by the presence of ortho substituents with un- r T ’vL u !!a,t!.x,Tand ^ r  ' J’ °T\ ,3461 (1963); (d), , , , . , , . , , : K. L. Vaulx, F. N. Jones, and C. R. Hauser, ibid., 30, 58 (1965); (e) K. P
shared electron pairs such as methoxyl, methoxymethyl, Klein and c. r . Hauser, ibid., 32, 1479 ( 1967); ®  r . l . Gay and c. r .

Hauser, J. Amer. Chem. Soc., 89, 2297 (1967).
(5) (a) M. S. Newman and B. J. Magerlein, Org. Reactions, 5, 413 (1949); (7) (a) T. L. Brown, Accounts Chem. Res., 1, 23 (1968); (b) this mixture

(b) W. S. Johnson, J. S. Belew, L. J. Chinn, and R. H. Hunt, J. Amer. Chem. of reactants is reported to form n-butylsodium: L. Lochmann, J. Pospisil,
Soc., 78, 4995 (1953). and D. Lim, Tetrahedron Letters, 257 (1966).
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Scheme II Scheme III
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illustrated in Scheme V. Hydrogenation of the un- 
6 ciCH2co2Et̂  1 1  saturated acid 37b afforded the less stable diacid 3 which

i-BuOK ch could be epimerized at C-9 with potassium hydroxide
II CH2C02R to form the more stable epimer 4. These stereochem

ical results are analogous to the aforementioned hydro- 
genation of acid 11 to produce the less stable saturated 
epimer 1. Hydrogenation of the unsaturated ester 37a 

H produced the less stable diester epimer 38. However,
------ f i  the conditions required to saponify this ester also epi-

merized the acid (or ester) to produce the more stable 
3 0 \  H diacid 4.

CH

¿Q2gt Experimental Section9

20 7-Methoxy-a's-l,la,2,3,4,4a-hexahydrofluoren-9-ol (8).'— Re
action of 1-cyanocyclohexene with m-methoxyphenylmagnesium

enediamine8 prior to metallation resulted in loss of struc- b™mi, f  in f t .O  solution or with m-methoxyphenylmagnesium
\ . , , chloride in tetrahydrofuran solution following the general pro-

tural specificity. A  mixture of the ester 31 and com- cedures described previously3b'c'4 produced the unsaturated
pounds believed to be the ester 32 and lactone 33 was ketone 7 (52-80% yield) as a pale yellow liquid: bp 129-134°
obtained from the alcohol 18 and both acids 30 and 34 (0.5 mm) [lit.3a 164-167° (4 m m )]; ir (CC14), 1650 (C = 0 )  and

were produced from the alcohol 8. In these latter cases, ----------------
we presume that the organolithium-diamine complex is W  AU meltine foints are corrected and all boiling points are uncorrected.

^ . _ - . . n 1 i Unless otherwise stated magnesium sulfate was employed as a drying agent.
more stable than the alternative aikoxide complex such The infrared 8pectra were determined with a Perkin-Eimer Model 237

as structure 29 with the result that the structural sped- infrared recording spectrophotometer fitted with a grating. The ultraviolet
c  frnm  n nnmnlpY n f thp tvn p  20 i<? lost, spectra were determined with a Cary recording spectrophotometer, Modelhcity resulting from a  complex of tne type z y  is lost. 14 The nmr speotra were determined at eo m c with a varian, Model

The further transformation of the hydroxy acid 30 to A-60, nmr spectrometer. The chemical shift values are expressed either in
the mixture of unsaturated acid derivatives 36 and 37 is cycles per second or S values (parts per million) relative to a tetramethyl-

silane internal standard. The mass spectra were obtained with a CEC, 
(8) The use of amines to produce reactive monomeric or dimeric com- Model 21-130, or with a Hitachi (Perkin-Eimer) mass spectrometer. The 

plexes with organolithium compounds has been reported by (a) G. G. microanalyses were performed by Dr. S. M. Nagy and his associates. All
Eberhardt and W. A. Butte, J. Org. Chem., 29, 2928 (1964); (b) C. G. reactions involving organometallic or strongly basic intermediates were
Screttas and J. F. Eastham, J. Amer. Chem. Soc., 87, 3276 (1965). performed under a nitrogen atmosphere.
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Scheme IV  Scheme V
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C H , 0 , C ^ ^  R  32 3 8 .E .C H ,

X X D  + iCH30 „  solution of 50.0 g (231 mmol) of the ketone 6 in 300 ml of tetra-
HOCH2' V H 0  hydrofuran. After the resulting mixture had been stirred at

20-25° for 3.5 hr, it was cooled (ice bath), treated successively 
31 I | I 1 with 3.65 ml of H20 , 3.65 ml of aqueous 15% NaOH, and 10.95

QH 0 and filtered to remove the inorganic salts. The 
3 A  T V h  residue was washed with CH2C12 and the combined organic fil-

0 = <  c h 2 trates were concentrated. Recrystallization of the residual solid
J  (hexane-CH2Cl2) separated 47.27 g (93.5%) of the alcohol 8 as

33 colorless needles: mp 147-147.5°; ir (CHC13), 3590 and 3450
cm-1 (free and assoc O H ); uv (95% E tOH ), 220 mM sh (t 7780),

1. n-BuLi,Me2NCH2CH3NMe2 HCT 1̂ .  227 sh (7260), 282 (2750), and 288 (2410); nmr [(C D 3)2SO], 5
8 T e a ---------------------- *  30 +  I I] I I 6.6-7.2 (3 H  m, aryl C H ), 4.7-5.3 (1 H  m, >C H O ), 3.72 (3 H s,

3 H q+ OCH3), and 0.8-3.5 (11 H m, OH and aliphatic C H ); mass
J 3 H O ' \  H spectrum, molecular ion m/e 218, abundant fragments m/e 200,

H 175, 172, and 121.
34 Anal. Calcd for CuH 180 2: C, 77.03; H, 8.31. Found: C,

77.05; H, 8.40.
Preparation of the Olefins 9 and 10— A  mixture of 781 mg (3.58 

1640 cm 1 (C = C );  uv (95% E tO H ), 218 mM (e 19,600), 247 mmol) of the alcohol and 501 mg (4.37 mmol) of CH3S02C1
(11,300), and 301 (2260); nmr (CC14), 3 6.7-7.4 (4 H  m, aryl in 4 ml of pyridine was stirred for 1 hr at 0°, allowed to stand
C H ), 6.43 (1 H br, vinyl C H ), 3.76 (3 H  s, OCH3), and 1.4-2.6 overnight in a refrigerator, and then partitioned between Et20
(8 H  m, aliphatic C H ); mass spectrum, molecular ion m/e and cold H20 . The Et20  solution was washed successively with
216, fragments m/e 184, 135, 92, 77, 41, 39, and 27. Cyclization cold, dilute, aqueous HC1 and with aqueous N aH C 03 and then 
of the unsaturated ketone 7 in concentrated H 2S04 for 5 min at dried and concentrated. The residual crude sulfonate (and/or
60° afforded the ketone 6 as white needles from hexane: mp olefin), an orange oil, was treated with a solution of 486 mg (9.92
99-100°. (lit.3“ mp 99-100°); yield 69-85%; ir (CC1<), 1715 mmol) of N aCN  in 9.5 ml of (CH 3)2SO, and then heated to 40°
cm 1 (C = 0 ) ;  uv (95% E tOH ), 218 m/x (e 27,700), 248 (9170), for 2.5 hr, and partitioned between H20  and Et20 . The organic
and 319 (3930); nmr (CDC13), 8 7.0-7.5 (3 H  m, aryl C H ), layer was washed with H 20 , dried, and concentrated to leave
3.81 (3 H  s, OCH3), and 1.0-3.7 (10 H  m, aliphatic C H ); 0.55 g (77% ) of the crude olefin 9 as a pale orange solid, mp
mass spectrum, molecular ion m/e 216, abundant fragments m/e 40—50°. A  warm MeOH solution of the product was decolorized
188, 187, 175, 174, 173, 162, and 160. and cooled to separate the pure olefin 9 as white needles: mp

To a cold (0 °) suspension of 3.65 g (96.4 mmol) of L iA lH 4 in 58-58.5°; ir (CHC13), 1620 and 1610 cm“ 1 (C = C ) ;  uv (95%
100 ml of tetrahydrofuran was added, dropwise with stirring, a E tO H ), 266 mM (e 16,200) and 274 sh (13,600); nmr (CDC13), S
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6.6- 7.2 (3 H  m, aryl C H ), 3.74 (3 H  s, OCH3), 3.13 (2 H br s, 5% Pd-C  catalyst. After 11 hr the H 2 uptake (37.2 ml or 1.50
benzylic CH2), 2.1—2.6 (4 H  m, allylic CH2), and 1 .4—2.0 (4 H m, mmol) ceased and the mixture was filtered, concentrated, and
aliphatic CH2); mass spectrum, molecular ion m/e 200, abundant diluted with water. The crude acidic product (329 mg of pale
fragments m/e 199, 172, 171, 129, 128, and 44. yellow solid) was recrystallized (E t20-hexane) to separate 214

Anal. Calcd for CuHi60 : C, 83.96; H, 8.05. Found: C, mg (58.8%) of the acid 1 as colorless needles, mp 182-186°.
83.98; H, 8.1 1 . Recrystallization gave the pure acid 1 : mp 186-187°; ir (CHC13),

A  solution of 500 mg (2.29 mmol) of the alcohol 8 and 20 mg 1710 cm“ 1 (carboxyl C = 0 ) ;  uv (95% E tO H ), 218 mM (e 6330),
of TsOH in 20 ml of PhH was refluxed for 5 min and then cooled, 227 (6780), 281 (2430), and 288 (2140); nmr (CDC13), S 10.76
washed with aqueous NaHCOs, dried over Na2S04, and concern (1 H  br, COOH), 6 .7-7.4 (3 H m, aryl C H ), 4.06 (1 H d, 7  =
trated. The residual yellow oil crystallized from EtOH solution' 6 Hz, A rCH C 02R ), 3.85 (3 H  s, OCH3), and o!9-3.5 (10 H  m, ali
as 409 mg (89.5%) of light yellow solid, mp 30-32°. Recrystal- phaticlCH); mass spectrum, molecular ion m/e 246, abundant
lization gave the pure olefin 10 as a white solid: mp 31.7-32.7°; fragments m/e 204, 203, 201, 159, and 115.
ir (CC14), 1620cm-1 (C = C ) ;  uv (9 5 % EtO H ), 226mM («25,900), Anal. Calcd for Ci5Hi80 3: C, 73.14; H, 7.37. Found: C,
264 (7220), 293 (3240), and 303 (3030); nmr (CC14), 5 7.06 73.35; H, 7.18.
(1 H  d, J  =  7.7 Hz, C-5 aryl C H ), 6.68 (1 H  d, /  =  2.2 Hz, Reaction of 920 mg (3.74 mmol) of the acid 1 with excess 
C-8 aryl C H ), 6.48 (1 H , d of d, J  =  2.2 and 7.7 Hz, C-6 aryl ethereal CH2N 2 followed by recrystallization of the crude neutral
CH ), 6.19 (1 H  br s, vinyl C H ), 3.68 (3 H s, OCH3), and 0.8-3.3 product from Et20  yielded 928 mg (95.5%) of the ester 13 as
(9 H  m, aliphatic C H ); mass spectrum, molecular ion m/e 200, white needles, mp 77.5-78.2°. Recrystallization (H 20 -M e0 H ) 
abundant fragments m/e 199, 172, 171, 129, 128, and 105. separated the pure methyl ester 13:' mp 78-79°; ir (CHC13),'

Anal. Calcd for ChH isO: C, 83.96; H , 8.05. Found: C, 1740 cm“ 1 (ester C = 0 ) ;  uv (95% E tO H ), 227 mM (e 8190), 282
83.95; H, 8.21. (2810), and 288 (2470); nmr (CDC13), S 6.5-7.2 (3 H m, aryl

The same olefin 10 (mp 31.5-32.5°) was obtained in 28% yield CH ), 3.87 (1 H  d. J  =  7 Hz, A rC H C 0 2R ), 3.73 (3 H s, OCH3),
by reaction of the alcohol 8 with CH 3S02C1 in pyridine solution 3.69 (3 I i  s, OCH3), and 0.8-3.4 (10 H  m, aliphatic C H ); mass
for 4 hr at 25-30°. A  solution of 516 mg (2.58 mmol) of this spectrum, molecular ion m/e 260, abundant fragments m/e 217,
olefin 10 and 100 mg (2.5 mmol) of NaOH in 3 ml of EtOH was 201, 200, 159, and 115.
stirred for 2 hr at 25-30° and then acidified with aqueous HC1 and Anal. Calcd for CI6H 20O3: C, 73.82; H, 7.74. Found: C,
concentrated. An Et20  solution of the residual oil was washed 73.89; H , 7.82.
with H 20, dried, and concentrated. Recrystallization of the Gas chromatographic analyses10 established that ester 14 was
crude product from EtOH separated 349 mg (67.9%) of the eluted more rapidly than ester 13 and that neither ester was
olefin 9, mp 57-58° (identified with the previously described contaminated with the other epimer. A  solution of 490 mg ( 1.88
sample by a mixture melting point and by comparison of ir, mmol) of the ester 13 and 446 mg of NaOMe in 10 ml of MeOH
uv, and nmr spectra). was refluxed for 12 hr and then 2 ml of H 20  was added and re-

Preparation of the Unsaturated Acids 11 and 12. To a cold fluxing was continued for 5 hr. The resulting suspension was
( - 7 8 ° )  solution of 791 mg (3.96 mmol) of the tetrahydrofluorene acidified with aqueous HC1 and filtered to separate 382 mg of
9 and a few milligrams of Ph3CH in 10 ml of tetrahydrofuran was crude product. Recrystallization (EtcO-hexane) separated 379
added 6 ml (ca. 6 mmol) of a solution of M eLi in tetrahydrofuran. mg (82.2%) of the acid 2 as cubic crystals, mp 116-118°. This
The initially yellow solution was allowed to warm to room sample, mp 117-118° after recrystallization, was identified with
temperature (during which time it assumed the red color of the the subsequently described sample of acid 2 by a mixture melting
Ph3C~) and then poured, with stirring into a slurry of 20 g of point and comparison of ir spectra.
Dry Ice in 20 ml of tetrahydrofuran. The resulting mixture was Preparation of the Saturated Acid 2.— To the basic solution11
acidified with dilute aqueous HC1, filtered, and extracted with prepared from 1.85 g (77.2 mmol) of NaH  and 36 ml of (CH 3)2SO
Et20 . The E t20  solution was extracted successively with aqueous was added a solution of 26.48 g (77.2 mmol) of methoxymethyl-
NaCl and aqueous N aH C 03. After acidification of the aqueous triphenylphosphonium chloride, 12 mp 196-200° dec (lit .12 201-
N aH C 0 3 extract, the usual manipulations separated 825 mg 202° dec), to form a red solution of the ylide. A  solution of 9.81
(84%) of the crude acids 11 and 12, mp 133-145°. Recrystalliza- g (45.4 mmol) of the ketone 6 in 34 ml of tetrahydrofuran was
tion (CCh-hexane) separated 540 mg (55.7%) of the acid 11, added to the ylide solution. The resulting mixture was heated
mp 153.5-155° dec. Recrystallization (E t20 )  separated the acid to 50° with stirring for 7 hr and then cooled and partitioned be
l l  as white prisms: mp 156-157° dec; ir (CHC13), 1710 (car- tween H 20  and pentane. The pentane extract was concentrated,
boxyl C = 0 )  and 1615 cm-1 (C = C );  uv (95% E tO H ),r268 m/i (e filtered to separate the Ph3PO, and further concentrated to leave
14,600) and 276sh (13,200); nmr (CDC13), 5 10.45 (1 H, COOH), 13.92 g of the crude enol ethers 15 as an orange oil which ex-
6.6- 7.4 (3 H  m, aryl C H ), 4.17 (1 H br, benzylic C H ), 3.82 (3 H  hibited no infrared absorption in the 6-m region attributable to the
s, OCH3), 2.2-2.7 (4 H m, allylic C H ), and 1.5-2.1 (4 H  m, starting ketone 6. From a comparable experiment, the crude
aliphatic C H ); mass spectrum, molecular ion m/e 244, abundant product was chromatographed on silicic acid. The fractions
fragments m/e 200, 199, 172, 171, and 44. eluted with Et«0-hexane mixtures were liquid with spectral

Anal. Calcd for Ci5H i60 3: C, 73.75; H , 6.60. Found: C, characteristics consistent with the enol ether 15: ir (CHC13),
73.54; H, 6.60. 1675 cm-1 (enol ether C = C ) ;  uv (95% E tO H ), 214 m/u (e

In a subsequent preparation, 50.0 g (0.232 mol) of the ketone 19,800), 267 (12,900), 274 (11,300), and 309 (8250); nmr
6 was reduced, the crude alcohol 8 was dehydrated, and the crude (CDC13), S 6 .0-7.5 (4 H  m, aryl and vinyl C H ), 3.66, 3.70, 3.76,
olefin 9 and/or 10 was metallated and carbonated. The crude and 3.78 (6 H total, 4 s, OCH3, of stereoisomeric enol ethers 15),
acidic product was recrystallized (CH 2Cl2-hexane) to sep- and 0.8-3.5 (10 H m, aliphatic C H ); mass spectrum, weak
arate 42.2 g (74.6% over-all) of the crude acid 11, mp 127- molecular ion m/e 244, abundant fragments m/e 74, 59, 57, 56,
149° dec, which was hydrogenated as subsequently described to 45, 43, and 41.
yield 22.3 g (39.3% over-all) of the saturated acid 1, mp 185-187°. A  comparable reaction was run with 256 mg (10.6 mmol) of
The nonvolatile portion of the mother liquor remaining after NaH , 14.5 ml of (CH 3)2SO, 3.753 g (10.5 mmol) of methyltri-
separation of acid 11 was treated with 0.5 g of TsOH in refluxing phenylphosphonium bromide, 1.732 g (8.02 mmol) of the ketone
MeOH for 12 hr. The acidic fraction separated after this treat- 6, and 10 ml of tetrahydrofuran employing a reaction time of 26
ment was recrystallized (C H 2Cl2-hexane) to separate 2.0 g hr at 55-60°. The crude product was chromatographed on neu-
(3.5%) of the isomeric unsaturated acid 12 as white crystals: tral alumina (activity I )  and the fractions (1.57 g) eluted with
mp 158-159°; ir (CHC13), 1740 (sh), 1695 (carboxyl C==0), hexane were combined, concentrated, and distilled in a short-
1625 and 1605 cm -1 (C = C );  uv (95% E tO H ), 230 mu (e 32,800), path still (0.01 mm and 88-93° bath) to separate 1.49 g (87%) of
265 (5970), 294 (2560), and 305 (2370); nmr (CDC13), t> 12.0 the olefin 16 as a colorless liquid: ir (CHC13), 1640 and 870
(1 H br, COOH), 6.5-7.5 (3 H  m, aryl C H ), 6.45 (1 H s, vinyl cm- i (C = C H 2i; uv (95% E tOH ), 213 mM (e 23,800), 252
CH ), 3.77 (3 H s, OCH3), and 0.8-3.2 (8 H m, aliphatic C H ); (10,900), 306 (5430), and 314 (4780); nmr (CDC13), S 6.6-7.3
mass spectrum, abundant fragments m/e 200, 172, 171, 157, (3 H m, aryl CH ), 5.38 (1 H d, J  =  2 Hz, vinyl C H ), 4.93 (1 H
141, 129, 128, and 44. _____________
^ Anal. Calcd for Ci/Hifi03. C, 73.75, H , 6.60. Found. C, ( 10) A gas chromatography column packed with silicone gum, SE-30,
/3.95; H, 6.67. _ suspended on Chromosorb P was employed for this analysis.

Preparation of the Saturated Acid 1.— A  solution of 361 mg (n )  R Qreenwald, M. Chaykovsky, and E. J. Corey, J. Org. Chem., 28,
(1.47 mmol) of the olefinic acid 11 in 8 ml of EtOH was hydro- 1 1 2 8  (1963).
genated at 25-30° and atmospheric pressure over 36.1 mg of a (12) G. Wittig and M. Sc’nlosser, Chem. Ber., 94, 1 3 7 3  (1961).
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d, J  =  2 Hz, vinyl C H ), 3.77 (3 H  s, OCH3), and 1.0-3.5 (10 H  1710 cm-1 (carboxyl C = 0 ) ;  uv (95% E tO H ) 222 mu sh (
m, aliphatic C H ); mass spectrum, molecular ion m/e 214, 7050) and 283 (3050); nmr [(C D 3)2SO] S 6 .3-72 (3 H  m arvi
abundant fragments m/e 199, 186, 185, 160, 128, and 115. C H ), 3.58 (1 H  d, J  =  7 Hz', A rC H C 02R ), and 1.0-3.2 (10 H

Anal. Calcd for Ci5H 1sO: C, 84.07; H, 8.47. Found: C, m, aliphatic C H ); mass spectrum, abundant fragments' m/e 86 
84.11; H , 8.61. 84, 49, 43, and 40.

To a cold (0 °) solution of the 13.9 g of the crude enol ether 15 Anal. Calcd for C „H 160 3: C, 72.39; H , 6.94. Found- C 
in 480 ml of tetrahydrofuran was added, dropwise and with 72.19; H , 6.90. ’ ’
stirring over a 15-min period, 47 ml of aqueous 70% HC104. Reaction of the Ketone 6 with Ethyl Chloroacetate — To a cold 
The resulting solution was stirred for 2 hr at 25-30° and made (10°), stirred suspension of 1.998 g (9.24 mmol) of the ketone 6
basic with aqueous NaOH and concentrated under reduced 1.131 g (9.23 mmol) of ethyl chloroacetate, and 1 5 ml of t
pressure. The residue was extracted with Et,20  and the extract BuOH was added, dropwise and with stirring a solution of
was dried and concentrated to leave 13.7 g of the crude aldehyde ¿-BuOK prepared from 395 mg (10.1 mg-atom) of K  and 8 ml
17 as an orange oil which contained no enol ether (infrared analy- of ¿-BuOH.
sis). From a comparable hydrolysis of 294 mg of the enol ether The reaction mixture was stirred at 15-20° for 2 hr and then
15, the crude product (396 mg) was distilled in a short-path still concentrated under reduced pressure and extracted with E t O
(0.04 mm and 120-130° bath) to separate 226 mg (81% ) of the After the EtsO solution had been washed successively with H  O
aldehyde 17 as a pale yellow liquid: ir (CHC1,), 2720 (aldehyde and aqueous NaCl and then dried, concentration left 2.687 e of
C H ) and 1720 cm 1 (C = 0 ) ;  uv (95% EtOH ), 281 m/x (e 2790) residual pale yellow oil. The thin layer chromatogram14 of this
and 287 sh (2510); nmr (CDC13), S 9.70 (1 H d, J  =  3 Hz, CHO, a material showed two spots corresponding in R t value to the start
barely discernible doublet, J  =  3 Hz, centered at 9.80 suggests ing ketone 6 and a component believed to be the ester 21a
the presence of a small amount of the second aldehyde stereo- The crude product had infrared absorption (CCh) at 1735 fester 
isomer 17 epimeric at C-9), 6.6-7.3 (3 H  m, aryl C H ), 3.77 C = 0 )  and 1715 cm“ 1 (ketone C = 0 )  with prominent nmr peaks
(3 H  s, OCH3), 3.57 (1 H, d of d, J  =  3 and 6 Hz, ArCHCO), (CCh) at a 3.80 and 2.63 attributable to OCH3 and CH2CO,R
and 1.0-3.3 (10 H  m, aliphatic C H ); mass spectrum, molecular functions.
ion m/e 230, abundant fragments m/e 201, 159, 121, and 115. A  mixture of 1.106 g of this crude product, 710 mg of NaOH

Anal. Calcd for Ci5H 180 2: C, 78.23; H , 7.88. Found: C, and 7.1 ml of H20  was refluxed with stirring for 4 hr and then
78 38; H  8 07 partitioned between H 20  and Et.O. Concentration of the E t,0

To a cold (3 ) solution of 13.7 g of the crude aldehyde 17 in 1700 layer separated 201 mg of crude unchanged starting ketone 6
ml of acetone was added, dropwise and with stirring over 7 min, After the aqueous phase had been acidified and extracted with
15.8 ml of aqueous 2.67 M  H2C r04.14 After the resulting solu- CH2C12, the organic extract was dried and concentrated to leave
tion had been stirred for 4 mm, excess x-PrOH was added and the 768 mg of the crude acid 21b, mp 145-148° Recrystallization
solution was concentrated and then partitioned between H20  (EtOAc-liexane) separated 593 mg of the keto acid 21b as pale
and E t20 . The E t20  extract was dried and concentrated tan plates, mp 151-152°. An additional crystallization raised
to leave a crude product (7.48 g of dark oil) which was crystal- the melting point to 152-153°; ir (CH Clj), 1715 cm“ 1 (br
lized (EtiO-hexane) to separate 5.333 g (46.7% based on the C = 0  of ketone and carboxyl group); uv (95% E tO H ) 220
ketone 6) of crude acid 2 as tan prisms, mp 113-116°. Decoloriza- mM (e 26,700), 249 (8190), and 320 (3650)- 'nmr (CD Ch) 5

tion (carbon) and recrystallization afforded 4.20 g of the acid 2 10.75 (1 H, COOH), 6.9-7.7 (3 H  m aryl C H ) 3 84 (3 H  s
(mp 116-118°) as pale tan prisms: mp 117.5-118.5° after further OCH3), 3.38 (1 H m, benzylic C H ), 2.86 (2 H  s CH,CO„R) and
recrystallization; ir (CHC13), 1705 c m '1 (carboxyl C = 0 ) ;  0.8-2.4 (8 H  m, aliphatic C H ); mass spectrum molecular ion
uv (95% E tO H ), 218 mM sh (e 8670), 282 (2850), and 287 (2580); m/e 274, abundant fragments m/e 186 144 116 115 57 56 45
nmr (CDC13), 5 11.15 (1 H, COOH), 6.6-7.4 (3 H m, aryl C H ), 44, 43, and 41. ’ ’ ’ ’ ’
3.77 (3 H  s, OCH3, superimposed on a second 1 H  signal, Ar- Anal. Calcd for C16H180 4: C, 70.05; H  6.61. Found- C 
C H C 02R ), and 1.0-3.4 (10 H  m, aliphatic C H ); mass spectrum, 70.07; H , 6.67.
molecular ion m/e 246, abundant fragments m/e 203, 201, 159, From a comparable reaction employing 1,2-dimethoxyethane

n5f l ) ’ r  itu 'r n  w  n  n  vq i , tt -t w j r ,  a? the reaction solvent, the crude product obtained corresponded
^  Calcdflar C 'sHuA- C, 73.14; H , 7.37. Found: C, closely in ir and nmr absorption to the crude product obtained

u , i.o i.  with ¿-BuOH as the reaction solvent.
Reaction of 1.05 g (4.27 mmol) of the acid 2 with excess ethereal Preparation of the Hydroxymethyl Derivatives 18 and 19 - A  

CH2N 2 afforded 1.178 g of crude neutral product. Distillation mixture obtained from 180 mg (4.75 mmol) of L iA lH , 958 mv
in a short-path still (0.05 mm and 115-117° bath) separated 1.04 (3.89 mmol) of the acid 2, and 10 ml of E t20  was stirred at 25-
g (93.8%) of the methyl ester 14 as a colorless liquid: ir (CC14), 30° for 5 hr, the excess hydride reagentwas d « S e d  whh

C H )° 3 70d n  H  n c °H -1 ’ n r w f  3 ?  iV - T v  “ I  aqueous 10% H ’S° 4- After the E t20  extract had been dried
C H ) 3.70 (3 H  s, OCH3), 3.64 (3 H  s, OCH3), and 1 0-3.7 and concentrated, the residual oil (933 mg) was distilled in a
(11 H  m, aliphatic C H ), mass spectrum, molecular ion m/e 260, short-path still (0.07 mm and 130-135° bath) to seDarate 840 
abundant fragments m/e 217, 201, 200 157, and 115 mg (92.8%) of the alcohol 19 as a pale yellow^viscous liqmd

A ™ L C ^ t o r C l^ w0*' C < 73'H2’ H > 7 * *'74' Found: C > ir (CHC13), 3600 and 3440 cm-1 (free and assoc O H ); uv (95%

After a mixture of 506 mg (2.05 mmol) of the acid 2 and 1.2 ml S ’ nmr 3*82 S u f
(17 mmol) of SOCl2 had been stirred at 25-30° for 5 hr, the re- ¿C H ,). an overlapping^ doublet in t ^  region 9^2  h ’
su tmg solution was added to excess aqueous N H . and then CH2O R), 2.05 (1 H s, disappears with added D20 , OH ), and 1 0-
177 5C» )  obTiined 2  amide (o l4  mg, mp 176- 3.5 (11 H m, aliphatic C H ); mass spectrum, molecular ion
a n  from orgamc extract was recrystallized m/e 232, abundant fragments m/e 201, 196 139 112 57 43 and

(H 20 -E tO H ) to separate 433 mg (86.1%) of the amide 28 as 4 1 . or, ruo, lew, n z ,  0/, 43, and
white needles: mp 178.5-179°; ir (CHC13), 1670 cm“ 1 (amide Anal Calcd for CvH ,n( V  C 77 55- TT s fie t? A n  
C = 0 ) ;  uv (95% E tO H ), 218 mM (« 8320), 282 (2890), and 287 77A8? f I ,  8 71. C, 77.5o, H, 8.68. Found: C,

3264°f3 H T rO CT?))2a!idS506 34 77m ( HH “ ’ i T i “ ™ 1 C H )’ A  comParable reduction employing 1.022 g (27.0 mmol) of 3.64 (3 H s, OCIH ), and 1.0-3 7 (11 H m, aliphatic C H ); mass L iA1H4, 5.009 g (20.4 mmol) of the acid 1, and 140 ml of tetra-

200 ’ and 49 10n ^  w/* 201 ’ M ro fu ra n  yielded 4.779 g of neutral product as a white sohd
Ana! Calcd for C H NO • P  78 a a - W 7 e, m  k 7 , ^crystallization from hexane separated 3.821 g (80.8%) of the

Found C 73 3J H  7 95 N  5 68 ’ 1 ’ f T  alC° h°.1 ^  38 wWte CTystals’ mp 94^ 5°> identifiedou a . r,, ta.au, a ,  t.yo, ¡\, o-o8. the subsequently described sample by a mixture melting noint
mixture of 1.005 g (4.08 mmol) of the methoxy acid 2, 11.5 and comparison of ir and nmr spectra.

ml of aqueous 48% HBr, and 11 ml of HOAc was refluxed for A  solution containing 4.701 g (21.9 mmol) of the olefin 16 and
5 hr and then partitioned between water and CH2C12. The 13.9 mmol of B2H 6 in 20 ml of tetrahydrofuran was stirred at
organic phase was dried concentrated and crystallized (CH 2C12-  25-30° for 2 hr and then treated with 2.6 ml of water. The

needles: mp m ‘-178°; 7 ( S i e l t ) !  S Z o ' a d  Oh“ S  r6Sulting mixture was heated 45-50°, treated successively with

, „  _  „  . , „  „ (14) A Plate Coated with silicic acid and eluted with a hexane-EtiO mix-
(13) D. C. Kleinfelter and P. von R. Schleyer, Org. S y n . , 42, 79 (1962). ture was employed for this analysis.
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2.5 ml of aqueous 3 M  NaOH and 2.7 ml of aqueous 30% H 20 2 The diacid 25 separated as 221 mg (76.3% based on acid 2) of
and then stirred at 40° for 1.5 hr. After the resulting mixture white needles: mp 211-212°; ir (K B r pellet), 1740 (intramolecu-
had been partitioned between aqueous NaCl and E t20 , the larly H-bonded carboxyl C = 0 )  and 1710 cm -1 (carboxyl C = 0 ) ;
organic layer was dried and concentrated to leave 5.248 g of the uv (95% E tO H ), 212 m î (e 30,400), 243 (8540), and 304 (4480);
crude alcohol, mp 83.5-88°. Recrystallization (hexane) sepa- nmr (CDC13), S 10.6 (2 H  s, COOH), 7.81 (1 H  s, aryl C H ),
rated 4.18 g (81.9%) of the alcohol 18 as white crystals, mp 94- 7.05 (1 H  s, aryl C H ), 3.98 (3 H s, OCH3), 3.75 (1 H  d, /  =  6
94.5°. Recrystallization raised the melting point to 95-95.5°; Hz, A rC H C 0 2R ), and 1.0-3.5 (10 H  m, aliphatic C H ); mass
ir (CHC13), 3590 and 3440 cm-1 (free and assoc O H ); uv (95% spectrum, abundant fragments m/e 58, 57, 56, 44, and 43.
E tOH ), 228 mu (e 7820), 282 (3010), and 288 (2610); nmr (CD- Anal. Calcd for Ci6H 180 5: C, 66.19; H , 6.25. Found: C, 
Cl3), 5 6 .4-7.2 (3 H  m, aryl C H ), 3.6-4.2 (2 H  m, CH2O R), 3.71 66.17; H, 6.28.
(3 H s, OCH3), and 0.8-3.4 (12 H  m, OH and aliphatic C H ); Preparation of the Hydroxy Acids 30 and 34.— To a vigorously
mass spectrum, molecular ion m/e 232, abundant fragments stirred mixture of 31.73 g (0.330 mol) of sublimed (220-250° at
m/e 202, 201, 159, 121, and 115. 0.05 mm), powdered i-BuONa, 34.7 g (0.159 mol) of the alcohol

Anal. Calcd for Ci5H 20O2: C, 77.55; H , 8.68. Found: C, 8, and 500 ml hexane was added, dropwise over a 15-min period,
77.58; H, 8.68. 230 ml of a hexane solution containing 0.356 mol of n-BuLi,

Bromination of the Acid 2.— A  solution of 199 mg (0.81 mmol) while the reaction mixture was kept at approximately 30°.
of the acid 2 in 2 ml of HOAc was treated with 0.05 ml (ca. 1 The resulting dark red solution was stirred at 25-30° for 1 hr
mmol) of Br2 and the resulting solution was stirred at 25-30° and then siphoned, with stirring, into a flask containing pow-
for 1 hr and then concentrated under reduced pressure. At- dered Dry Ice. The reaction mixture was diluted with 450 ml
tempts to recrystallize the residual crude acid 22 (267 mg of of H20  and then 30 g of Na2C 0 3 was added with stirring and the
viscous orange oil) were unsuccessful; ir (CHC13), 1710 cm-1 resulting mixture was allowed to stand overnight. The relatively
(carboxyl C = 0 ) ;  nmr (CDC1S), 5 7.23 (1 H  s, aryl C H ), 6.85 insoluble sodium salt of acid 30 was collected. From the re- 
(1 H  s, aryl C H ), 3.80 (3 H  s, OCH3), 3.62 (2 H  d, /  =  6 Hz, maining organic layer, 2.32 g of the crude unchanged alcohol 8
ArCH C 02R ), and 0.8-3.5 (ca. 11 H m, aliphatic C H ). A  was recovered. The sodium salt of acid 30 was acidified with
mixture of 173 mg (0.5 mmol) of the crude acid 22 and 1 ml aqueous HC1 and extracted with CH2C12. After the CH2C12
(14 mmol) of SOCl2 was stirred for 4 hr and the resulting solution extract had been dried and concentrated, the residual acid
was poured into aqueous N H 3 and extracted with CH 2C12. (36.90 g ) was recrystallized (CH 2Cl2-hexane) to separate 33.8 g
The organic extract was dried and concentrated to leave 198 (88.0% based on unrecovered alcohol) of the acid 30, mp 133—
mg of the crude amide 24, mp 167-170°. Recrystallization 137°. The pure hydroxy acid 30 crystallized (CH 2C12—hexane) as 
(H 20 -E tO H ) separated 135mg (78.5%) of thebromo amide 24as white needles: mp 136-137°; ir (CHC13), 3240 (broad, OH )
white needles, mp 172-173.5°. After recrystallization the ma- and 1725 cm-1 (carboxyl C = 0 ) ;  uv (95% E tO H ), 291 m#< (e
terial melted at 173.5-174.5°; ir (CHC13), 1680 cm“ 1 (amide 2860) with intense end absorption; nmr (CDC13), 5 7.4-8.8 (2 H
C = 0 ) ;  uv (95% E tO H ), 288 mM (<e 4620) and 294 (4210); br, OH and COOH), an AB  pattern with J  =  9 Hz and estimated 
nmr [<CD3)2SO], 5 7.23 (1 H s, aryl C H ), 6.85 (1 H s, aryl C H ), line positions of 7.38 and 6.97 (2 H , aryl CH at C-5 and C-6 ),
7.42 and 6.87 (2 H, br, N H 2), 3.72 (3 H  s, OCH3), 3.52 (1 H  d, 5.35 (1 H  d, J  =  6.5 Hz, ArCH O R ), 4.05 (3 H  s, OCH3), and
J  =  6 Hz, A rCH C O NR2), and 1.0-3.3 (10 H  m, aliphatic C H ); 1.0-3.1 (10 H  m, aliphatic C H ); mass spectrum, abundant
mass spectrum, abundant fragments m/e 186, 144, 116, and 115. fragments m/e 258, 244, 226, 213, 212, 198, and 184.

Anal. Calcd for Ci5H 18B rN 02: C, 55.56; H , 5.59; N , 4.32; Anal. Calcd for Ci5H,80 4: C, 68.68; H , 6.92. Found: C,
Br, 24.65. Found: C, 55.75; H, 5.74; N , 4.33; Br, 24.61. 68.49; H , 6.89.

To a cold (0 °) solution prepared from 248 mg (1.86 mmol) of Reaction of 2.758 g (10.5 mmol) of the acid 30 with excess 
A1C13, 283 mg (3.61 mmol) of AcCl, and 0.6 ml of CH 2C12 was ethereal CH 2N 2 yielded 2.70 g (92.8%) of the methyl ester 40 as 
added, dropwise and with stirring, a solution of 252 mg (ca. 0.7 white needles (mp 120.5-121.5 ) from hexane. Recrystafiiza-
mmol) of the crude bromo acid 22 in 1.2 ml of CH2C12. Gas tion raised the melting point to 121- 122°; ir (CHC13), 3570,
evolution was observed during the addition. The resulting mix- 3400 (O H ), 1735, and 1705 cm 1 (ester C = 0 ,  partial intra-
ture was stirred at 0° for 15 min and at 25-30° for 45 min and molecular H  bonding); uv (95% E tO H ), 292 m/x (e 3190); nmr
then partitioned between aqueous HC1 and CH2C12. The organic (CDC13), AB  pattern with J  =  8.5 Hz and estimated line posi-
extract was dried and concentrated and the residual yellow solid tions of S 7.27 and 6.87 (2 H , aryl CH at C-5 and C-6 ), 5.17 
(205 mg) was recrystallized (H 20 -E t0 H ) to separate 90.2 mg (1 H  br t, collapsed to d, J  =  6 Hz, upon addition of D 20 , Ar-
(44% ) of the bromo olefin 26 as pale yellow plates, mp 130.5- C H O R), 3.92 (3 H  s, OCH3), 3.83 (3 H  s, OCH3), and 1.0-3.3
132°. Recrystallization raised the melting point to 131-133°; (11 H  m, OH and aliphatic C H ); mass spectrum, molecular ion
ir (CHC13), 1630 cm" 1 (C = C );  uv (95% E tO H ), 217 mM (e m/e 276, abundant fragments m/e 248, 243, 216, 201, 165, 115,
27,900), 269 (13,400), 280 sh (10,600), 306 (2750), and 316 44, and 41.
sh (1950); nmr (CDC13), 5 7.17 (1 H  s, aryl C H ), 6.88 (1 H  s, Anal. Calcd for C,6H 20O4: C, 69.54; H , 7.30. Found: C,
aryl C H ), 3.81 (3 H  s, OCH3), 3.09 (2 H, br, benzylic CH2), 69.54; H , 7.34.
2.1-2.5 (4 H  m, allylic CH2), and 1.5-2.0 (4 H m, aliphatic To a stirred solution prepared from 2.010 g (9.22 mmol) ot
CH ,); mass spectrum, molecular ion m/e 280 (81Br isotope), the alcohol 8, 50 ml of hexane, 5.95 ml of a hexane solution con-
abundant fragments m/e 252, 250, 199, 171, and 128. taining 9.22 mmol of ra-BuLi, and 1.12 g (9.62 mmol) of (M e2-

Anal. Calcd for CnHi5BrO: C, 60.23; H, 5.42; Br, 28.59. N C H 2-)2 was added 6.10 ml of a hexane solution containing
Found: C, 60.22; H , 5.27; Br, 28.80. 9.45 mmol of n-BuLi. The resulting mixture from which a tan

Acetylation of the Acid 2.— To a cold (0 °) solution prepared precipitate began to separate after 2 min, was refluxed with
from 752 mg (5.63 mmol) of A1C13, 773 mg (9.83 mmol) of AcCl, stirring for 30 min and then siphoned into a stirred mixture of
and 1.6 ml of CH2C12 was added a solution of 492 mg (2.00 mmol) Dry Ice and hexane. The resulting mixture was extracted with
of the acid 2 in 2.6 ml of CH2C12. The resulting solution was aqueous N a2C 0 3 and the remaining hexane solution was con-
stirred at 0° for 20 min and at 25-30° for 40 min and partitioned centrated to separate 525 mg of the unchanged alcohol 8 After
between aqueous HC1 and CH2C12. After the CH 2C12 solution the aqueous extract had been acidified and extracted with GH2U 2,
had been dried and concentrated, the crude keto acid 23 was the organic layer was dried and concentrated to leave 1.83b g ot
obtained as a viscous oil (634 mg) which could not be induced to the crude acidic products as a yellow oil. Fractional crystalliza-
crystallize; ir (CHC13), 1710 (carboxyl C = 0 )  and 1660 cm“ 1 tion (CH 2Cl2-hexane and CH 2C12) separated 1.4713 g (82 3% ) of
(conjugated ketone C = 0 ) ;  nmr (CDC13), 5 9.27 (1 H  s, COOH), crystalline fractions containing various proportions of the acids 
7 43 ( i  H  s aryl C H ), 6.93 (1 H  s, aryl C H ), 3.82 (3 H  s, OCH3), 30 and 34. Recrystallization of the more soluble fractions sepa-
3 69 (1 H d J  =  6 Hz A rCH C 02R ), 2.55 (3 H  s, CH 3CO), and rated a sample of the pure hydroxy acid 30 as white needles,
1.0-3.5 (10 H, aliphatic C H ). mp 136-137°, identified with the previously described sample by

A  solution of 289 mg (1 mmol) of the crude keto acid 23 and comparison of ir spectra. From the less soluble fractions, re-
1.8 ml of an aqueous solution containing 2.7 mmol of NaOCl in crystallization (CH 2Cl2-hexane) separated ^  Pure hydroxy
5 ml of aqueous 10% NaOH was stirred at 25-30° for 5 min and acid 34 as white needles: mp lo4-156 ; ir (CHC13) 3570 3-60
at 40° for 30 min. The resulting solution was successively treated (O H ), and 1730 cm (carboxyl 0 = 0 ) ,  uv (9o% HtOH), 16
with aqueous NaHSOs, extracted with CH 2C12, acidified with mM G 28,20°). H
aqueous HC1, and extracted with CH 2C12. After the final extract 5 11.2 (2 H  b q  OH and CO O H)L 8T7 (1 BI s aryl CH ) 7 43
had been dried and concentrated, an E t20  solution of the residual (1 H  s, aryl C H ), 5.43 ( l  H d ,  J  -  6 Hz, ArCH O R), 3.81 (3 H
solid (231 mg) was decolorized (carbon) and diluted with hexane. s, OCH3), and 0.9-3.4 (10 H  m, aliphatic C H ); mass spectrum,
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abundant fragments m/e 200,172, 171,141, 129,128,115, and 44. (E tO H ) to separate 1.60 g (30.5%) of the diester 36 as
Anal. Calcd for Ci5H 180 4: C, 6S.68; H, 6.92. Found: C, white prisms: mp 105.5-106°; ir (CHCI3), 1725 cm-1 (ester

68.45; H , 6.84. C = 0 ) ;  uv (95% EtOH ), 235 mM (e 28,800) and 317 (3850); nmr
Preparation of the Keto Acid Derivatives 41 and 42.— After (CDC13), S 7.45 (I H d, .] =  8.5 Hz, aryl C H ), 6.73 (1 H s,

reaction of 1.002 g (3.82 mmol) of the hydroxy acid 30 with 1.2 vinyl C H ), 6.69 (1 H  d, J  =  8.5 Hz, aryl C H ), 3.93, 3.85 3.61
ml (3.2 mmol) of aqueous 2.67 M  H2Cr0413 in 100 ml of acetone (three 3 H  s, OCH3), and 0.8-3.2 (8 H  m, aliphatic C H ); mass
at 2-4° for 5 min, the excess oxidant was destroyed with i-  spectrum, molecular ion m/e 316, abundant fragments m/e 284,
PrOH and the solution was concentrated and partitioned between 257, 256, 225, 46, 45, 43, and 31.
H20  and CH2C12. The organic layer was dried and concentrated Anal. Calcd for CigHjoCV. C, 68.34; H, 6.37. Found: C,
to leave 917 mg (92.3%) of the crude keto acid 41 as a tan solid, 68.28; H, 6.44.
mp 211-215°. An EtOH solution of the product was decolorized The later fractions eluted (2-4%  E t20  in PhH ) were combined 
(charcoal) and diluted with hexane. The pure keto acid 41 and recrystallized (E tO H ) to separate 2.00 g (38% ) of the diester
crystallized as pale yellow prisms: mp 214-216°; ir (CHC13), 37a as white needles: mp 91-91.5°; ir (CHC13), 1730 cm-1
1715 cm-1 (br, carboxyl and ketone C = 0 ) ;  uv (95% E tO H ), (ester C = 0 ) ;  uv (95% E tOH ), 273 m^ (« 14,000) with intense
218 m/ti (e 23,200), 248 (6490), and 323 (4060); nmr (pyridine-ds), end absorption (e 22,900 at 210 m^); nmr (CDC13), S 7.22 (1 H  d,
S 14.4-15.4 (1 H , COOH), AB  pattern with J  =  8.5 Hz and line J  =  8.5 Hz, aryl C H ), 6.89 (1 H d, /  =  8.5 Hz, aryl C H ), 4.44
positions estimated to be 7.43 and 7.30 (2 H, aryl CH at C-5 and (1 H  br, A rC H C 02R ), 3.86 (6 H  s, OCH3), 3.64 (3 H  s, OCH3),
C-6), 3.79 (3 H  s, OCH3), and 0.8-3.5 (10 H  m, aliphatic C H ). 2.1-2.7 (4 H  m, allylic C II2), and 1.5-2.1 (4 H  m, aliphatic

Anal. Calcd for C isH i60 4: C, 69.21; H , 6.20. Found: C, CH2); mass spectrum, molecular ion m/e 316, abundant frag-
69.19; H , 6.24. ments m/e 257, 256, 225, 44, and 31.

The same reaction procedure was followed with 989 mg (3.59 Anal. Calcd for C i3H 2o05: C, 68.34; H, 6.37. Found: C,
mmol) of the hydroxy ester 40 and 1.15 ml (3.07 mmol) of aqueous 68.49; H, 6.52.
2.67 M  H 2Cr04u in 60 ml of acetone. The crude product (1.177 A  mixture of 485 mg (1.54 mmol) of the diester 37a, 156 mg 
g of pale yellow oil) was distilled in a short-path still (0.07 mm (3.89 mmol) of NaOH, and 7 ml of H 20  was refluxed under N 2
and 160-170° bath) to separate 966 mg of the keto ester 42 as for 45 min. The resulting solution was acidified to separate the
a viscous yellow liquid: ir (CHC13), 1720 cm-1 (broad, ester and crude acidic product which was collected and recrystallized
ketone C = 0 ) ;  uv (95% E tO H ), 220 mm (« 23,700), 244 (6650), (H 20 -M eO H ). The diacid 37b separated as 329 mg (74% ) of
and 323 (4280); nmr (CDC13), AB  pattern with J  =  8.5 Hz and white needles, mp 187° dec (dependent on rate of heating),
estimated line positions of S 7.48 and 7.20 (2 H, aryl CH at Recrystallization raised the decomposition point of the diacid
C-5 and C-6), 3.95 (3 H  s, OCH3), 3.85 (3 H s, OCH3), and 0.9- 37b to 200° (dependent on rate of heating); ir (K B r pellet),
3.5 (10 H  m, aliphatic C H ); mass spectrum, molecular ion 1720 (carboxyl C = 0 )  and 1640 cm-1 (C = C );  uv (95% E tO H ),
m/e 274, abundant fragments m/e 259, 243, 241, 115, 104, 77, 273 m^ (e 13,400) and 333 (2220); nmr (pyridine-ds), AB  pattern
59, 55, 45, 44, 43, 41, and 39. (/  =  8 H z) with estimated line positions at 5 7.32 and 7.03 (2 H,

Anal. Calcd for C i6H i80 4: C, 70.05; H , 6.61. Found: C, aryl C H ), 5.05 (1 H  br s, ArCH C 02R ), 3.81 (3 H  s, OCH3), 
69.92; H , 6.59. 2.0-3.0 (4 H m, allylic CH2), and 1.3-2.0 (4 H m, aliphatic

Preparation of the Unsaturated Acid Derivatives 35 and 43.—  CH2).
A  solution of 4.857 g (18.6 mmol) of the hydroxy acid 30 and Anal. Calcd for Ci6H160 5: C, 66.66; H, 5.59. Found: C,
436 mg of TsOH in 125 ml of PhH was refluxed with continuous 66.68; H, 5.66.
separation of H 20  for 1 hr and then washed with H20 , dried, and Hydrogenation of the Diester 37a.— A  solution of 324 mg (1.03
concentrated. The residual unsaturated acid 35, mp 155-157°, mmol) of the diester 37a in 7.5 ml of MeOH was hydrogenated
amounted to 4.468 g (98.8%). A  portion of the material at 25° and atmospheric pressure over 62.5 mg of a 5%  P t-C
was recrystallized (C H 2Cl2-hexane) to give the pure un- catalyst. After 2.75 hr the H2 uptake (25 ml or 1.0 equiv)
saturated acid 35 as pale yellow prisms: mp 161.5-162.5°; ceased and the mixture was filtered and concentrated. Theresidual
ir (CHCI3), 1730 cm-1 (ester C = 0 ) ;  uv (95% E tO H ), 232 mu crude diester 38 amounted to 339 mg of colorless liquid [ir
( «  21,800), 264 (11,500), and 318 (4140); nmr (CDC13), 5 11.20 (CHC13), 1730 cm-1 (ester C = 0 ) ]  which has three nmr peaks
(1 H s, COOH), 7.38 (1 H s, vinyl C H ), 7.40 (1 H d, J  =  8 Hz, (CDC13) attributable to methoxyl groups at S 3.85, 3.77, and
aryl C H ), 6.73 ( l H d ,  /  =  8 Hz, aryl CH ), 4.00 (3 H  s, OCH3), 3.68. A  mixture of this crude diester with 294 mg (7.35 mmol) of
and 0.8-3.2 (9 H m, aliphatic C H ); mass spectrum, molecular NaOH and 20 ml of H 20  was refluxed for 1.75 hr and the resulting
ion m/e 244, abundant fragments m/e 226, 212, and 198. solution was acidified and extracted with CH2C12.

Anal. Calcd for C i5H i60 3: C, 73.75; H , 6.60. Found: C, After the organic extract had been dried and concentrated, a
73.74; H, 6.55. solution of the crude acidic product in PhH -C H 2Cl2 deposited

A  119-mg (0.487 mmol) sample of the unsaturated acid was 258 mg (86.3%) of the crystalline diacid 4, mp 190-191° dec.
esterified with excess ethereal CH2N 2 and the crude product was Recrystallization (acetone-hexane) afforded the diacid 4 as
recrystallized (hexane) to separate 74.5 mg (59.5%) of the white needles: mp 189.5-190.5° dec; ir (K B r pellet), 1735 and
unsaturated ester 43 as pale yellow plates: mp 95-96°; ir 1690 cm-1 (carboxyl C = 0 ) ;  uv (95% E tO H ), 299 mjx (e 3280)
(CHCI3), 1720 (ester C = 0 )  and 1615 cm "1 (C = C );  uv (95% with intense end absorption; nmr (pyridine-d5), S 14.80 (2 H  s,
E tO H ), 235 mu (c 21,200), 262 (11,300), and 316 (4300); nmr carboxyl OH ), AB  pattern (J  =  8.5 H z) with estimated line
(CDCls), S 7.31 (1 H d, J  =  8.5 Hz, aryl C H ), 6.68 (1 H  d, positions at 7.29 and 6.93 (2 H, aryl C H ), 4.45 (1 H  d, /  =  4 Hz,
J  =  8.5 Hz, aryl C H ), 6.60 (1 H s, vinyl C H ), 3.92 (3 H s, A rCH C 02R ), 3.73 (3 H s, OCH3), and 1.0-3.9 (10 H  m, aliphatic
OCH3), 3.83 (3 H  s, OCH3), and 0.8-3.2 (9 H  m, aliphatic C H ); CH ).
mass spectrum, molecular ion m/e 258, abundant fragments Anal. Calcd for CieHX80 5: C, 66.19; H, 6.25. Found: C,
m/e 227, 226, 199, 198, 141, 128, and 115. 66.18; H, 6.22.

Anal. Calcd for Ci6Hi80 3: C, 74.40; H, 7.02. Found: C, A  149-mg sample of the diacid 4 was esterified with ethereal
74.29; H, 7.05. CH2N 2 to yield 170 mg of the crude diester 39 as a pale yellow

Preparation of the Unsaturated Diesters 36 and 37a.— To a oil. The crude product was distilled in a short-path still (0.05
solution of 4.051 g (16.6 mmol) of the unsaturated acid 35 in mm and 140-150° bath) to separate 143 mg (88% ) of the diester
100 ml of tetrahydrofuran was added, dropwise and with stirring, 39 as a pale yellow liquid: ir (CHC13), 1730 cm 1 (ester C = 0 ) ;
23 ml of an Et20  solution containing 37.3 mmol of M eLi. During uv (95% E tO H ), 300 (e 3470) with intense end absorption 
the initial phase of the addition a white precipitate separated and (e 25,500 at 210 m^); nmr (CDC13), AB  pattern (J  =  9 H z)
then largely redissolved as the addition continued to give a deep with estimated line positions at S 7.27 and 6.88 (2 H, aryl C H ),
red solution. After the solution had been stirred at 35-40° for 3.84 (6 H s, OCH3), 3.65 (3 H s, OCH3), and 0.9-4.0 (11 H  m,
15 min it was siphoned onto Dry Ice with thorough mixing. The aliphatic C H ); mass spectrum, weak molecular ion m/e 318,
resulting mixture was diluted with Et20  and extracted with abundant fragments m/e 258, 220, 206, 205, and 57.
aqueous N a2C 03. The aqueous extract was acidified (HC1) and Anal. Calcd for C!8H220 5: C, 67.91; H , 6.97. Found: C,
the crude acid mixture which separated was collected, dissolved 68.33; H, 7.14.
in 100 ml of tetrahydrofuran, and esterified with excess ethereal Hydrogenation of the Diacid 37b.— A  solution of 422 mg (1.45
C H 2N 2. The neutral product, a mixture14 of esters 36 and 37a, mmol) of the diacid 37b in a mixture of 20 ml of HOAc and 20
amounted to 5.289 g of a pale orange oil which partially crystal- ml of tetrahydrofuran was hydrogenated at 25° and atmospheric
lized on standing. The material was chromatographed (Si02). pressure over 81.7 mg of a 5%  P t-C  catalyst. A fter 2.75 hr
The early fractions eluted (1%  E t20  in PhH ) were recrystallized when the H 2 uptake was 37.0 ml (1.04 equiv), the mixture was
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filtered and concentrated. The residual solid was recrystallized suspension was refluxed for 45 min and then added to excess Dry 
(acetone-hexane) to separate 343.6 mg (81.2%) of the diacid 3 Ice with thorough agitation. The usual isolation procedure sepa- 
as white needles, mp 196.5-198.5° dec. Recrystallization raised rated 981 mg of crude starting material in the neutral fraction
the decomposition point to 201-203°; ir (KBr pellet), 1705 and 2.077 g of crude acid product as an oil. This acidic product
cm-1 (carboxyl C = 0 ) ;  uv (95% E tO H ), 300 m/i (e 3390) with was esterified with ethereal CH2N 2 to give 2.119 g of orange oil
intense end absorption; nmr (pyridine-ds), S 12.8-14.2 (2 H  br, which contained14 three components. Chromatography on
carboxyl O H ), AB  pattern (J  =  8.5 H z) with estimated line Si02 separated an additional 326 mg of the starting alcohol 18
position at 7.28 and 6.95 (2 H , aryl C H ), 4.71 (1 H  d, J  =  7 (eluted with Et20 -P h H ) followed by 245 mg of a liquid fraction
Hz, A rC H C 02R ), 3.78 (3 H  s, OCH3), and 0.8-3.5 (10 H m, (eluted with Et20 -P h H ) with ir and nmr absorption suggesting
aliphatic C H ). it to be a mixture of the ester 32 and the lactone 33. Our efforts

Anal. Calcd for C i6H i80 5: C, 66.19; H , 6.25. Found: C, to obtain either of these components pure were unsuccessful.
66.52; H, 6.44. Later chromatographic fractions (eluted with E t20 -P h H )

A  solution of 120 mg (0.415 mmol) of the diacid 3 and 574 mg afforded 328 mg of crude ester 31 which was recrystallized
(8.7 mmol) of K O H  in 3.5 ml of HOCH2CH2OH was refluxed (CH 2Cl2-hexane). The pure ester 31 separated as 246 mg of
under N 2 for 2.5 hr and then poured into H20 , acidified, and white needles: mp 115.5-116°; ir (C H CL), 3590, 3470 (OH ),
extracted with CH2C12. After the organic extract had been dried and 1720 cm-1 (ester C = 0 ) ;  uv (95% EtO H ), 215 nut (e 34,500),
and concentrated, the residual crystalline diacid 4 (95.9 mg or 244 (9300), and 304 (4750); nmr (CDC13), 5 7.58 (1 H br s, aryl
79.8%, mp 184.5-186° dec) was recrystallized (acetone-hexane) C H ), 7.05 (1 H br s, aryl C H ), 4.05 (2 H  d, /  =  3.5 Hz, CH2OR),
to separate the diacid 4, mp 187-188° dec, identified with the 3.88 (6 H  s, OCHs), and 0.7-3.5 (12 H  m, OH and aliphatic C H );
previously described sample by a mixture melting point and com- mass spectrum, abundant fragments m/e 57, 45, 44, 43, 41, 31,
parison of ir spectra. , 29, 28, 18, and 17.

A  166-mg sample of the diacid 3 was esterified with ethereal Anal. Calcd for CnH220 4: C, 70.32; H , 7.64. Found: C, 
CH2N 2 and the crude neutral product was distilled in a short-path 70.38; H , 7.64. 
still (0.05 mm and 140-150° bath) to yield 168 mg (92% ) of the
diester'38 as a colorless liquid: ir (CHC13), 1735 cm -' (ester Registry No.— 1, 19765-79-8; 2, 19765-80-1; 3,
C = 0 ) ;  uv (95% E tO H ), 302 mM (* 3750) with intense end ab- 19765-81-2; 4, 19765-82-3; 6 , 19765-83-4; 8 , 19765- 
sorption (e 27,700 at 210 mM); nmr (CDC13), AB  pattern (J  =  Q . ’ ’ ’ ’ c _ R . . .  10 n .
8.5 H z) with estimated line positions at 5 7.27 and 6.90 (2 H , 84-5, 9, 19766 18-8, 10, 19765-85-6, 11, 19766 19-9,
aryl C H ), 4.22 (1 H  d , /  =  6 Hz, ArCHCOaR), 3.86, 3.79, 3.68 12, 19766-20-2; 13, 19765-86-7; 14, 19765-87-8;
(three 3 H s, OCH3), and 0.8-3.5 (10 H  m, aliphatic C H ); 1 5 , 19765-88-9; 16, 19765-89-0; 17, 19765-90-3; 18,

„sPe®tI û , m?oi:uIair t n~ /e 3S h  abundant frasments 19765-91-4; 19, 19765-92-5; 21b, 19765-93-6; 22,
m/e 220, 206, 20o, 126, 84, 83, 55, and 43. 1Q765 Q4 7- 23 1Q*765 95 S ' 24 19779 41 O' 25

Anal. Calcd for C18H 220 5: C, 67.91; H , 6.97. Found: C, 19/05-94-7, 23, 19/05-95-8, 24, 19//9-41-U, 25,
67.73; H , 7.06. 19765-96-9; 26, 19766-21-3; 27, 19779-42-1; 28,

Metallation of the Alcohol 18.— A  suspension of 2.501 g (10.8 19765-97-0; 30, 19765-98-1; 31, 19765-99-2; 34,
mmol) of the alcohol 18 in 55 ml of hexane was treated with a 19766-00-8; 35, 19766-22-4; 36, 19766-23-5; 37a,
hexane solution containing 11.9 mmol of n-BuLi. A  solution was 19766-24-6; 37b, 19766-01-9; 38, 19779-43-2; 39,
formed from which a new precipitate slowly separated. To this «  n w o n m i .  i m c c  m o .  a J
stirred suspension was added 1.443 g (12.4 mmol) of (M e2N C H 2- )2 19766 02 0, 40, 19766 03-1, 41, 19766 04-2, 42,
and 12.4 mmol of n-BuLi in hexane solution. The resulting 19766-05-3; 43, 19766-25-7.

___________ Notes____________________________________________________

Effects o f Solvent on the Cyclopropylidene- into the precursors of these products, the reaction using
Allene Conversion1 the 2,2-diphenylcyclopropyl system was studied in some

R HO R
W. M . Jones2 and Johnny M . W albrick  I I 0  I

base ^ ^ x ^  | __n  ( / /
Department of Chemistry, University of Florida, p ------ "N ) +  h — L

Gainesville, Florida 32601 u R C=C I ^K 14 / \ K

Received December 16,1968 detail. From a variety of observations, it was con
cluded that both the spiropentane and the allene have 

In previous investigations in these laboratories on carbene as a common precursor. However, if this
the chemistry of substituted diazocyclopropanes and -were the sole progenitor to both products, it was rea- 
cyclopropylidenes, it was found that treatment of the soned that a plot of the ratio of spiropentane to allene 
N-nitrosourea or N-nitrosocarbamate of a cyclopropane the concentration of alkene should be linear. In
with base in the presence of an alkene gives a very clean fa(p  when such a plot was made (Figure 1), it showed
reaction yielding primarily two products, a spiropen- a g^rong curvature.6 Furthermore, although it was
tane and an allene.3-6 In an attempt to gain insight recognized that the curvature could arise from a sol

vent effect as a result of the large change in alkene con-
(1) Based partly upon a dissertationEmittedbs' E M .  Walbrick to the tration ( L 14_H.35 M ) the exceptionally good fit to

Faculty of the University of Florida in partial fulfillment of the require- v
ments for the degree of Doctor of Philosophy. * »

(2) Alfred P. Sloan Fellow, 1963-1967. idenes, see P. S. Skell and R. R. Engel, ibid.. 89, 2912 (1967), and references
(3) W. M. Jones, M. H. Grasley, and D. G. Baarda, J. Am. Chem. Soc., included therein.

86 912 (1964); D. L. Muck and W. M. Jones, ibid., 88, 74 (1966); W. M. (4) W. M. Jones, ibid., 82, 6200 (1960); W. M. Jones, M. H. Grasley,
Jones, D. L. Muck, and T. K. Tandy, Jr., ibid., 88, 68 (1966); W. M. Jones and W. S. Brey, Jr., ibid., 85, 2754 (1963).
and D. L. Muck, ibid., 88, 3798 (1966); for additional work on cyclopropyl- (5) W. M. Jones and M. H. Grasley, Tetrahedron Letters, 927 (1962).
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\ / k< again a marked curvature in the plot was observed
 ̂ /*, (Figure 2), albeit less severe.

'  ^  *  As a possible resolution to the apparent dichotomy
C =  c=C  created by the optical activity studies which pointed

/ \ to a single allene precursor and the competition studies
which favored a dual mechanism, we looked to a pos- 

the curve calculated from the more complex scheme sible solvent effect as the cause of the latter. To test
(Scheme I) involving two different intermediates led us this hypothesis, a solvent was sought which would meet
to prefer a reaction scheme in which both the diazo- two basic requirements: (1) polarity equal to or
cyclopropane and the carbene gave the allene.6 At greater than cyclohexene and (2) inertness to the in-
this time we report a variety of recent observations that termediate (most certainly the carbene). The solvent
lead us to the conclusion that the curve in Figure 1 does, that was finally found to meet these requirements was
in fact, result from a medium effect and, as a result, two benzene. Polarity was determined for cyclohexane,
distinct allene precursors are not required in this reac- cyclohexene, and benzene using the Berson 0 criterion.8
tion. fi values were found to be 0.595, 0.506, and 0.497, re-

We were led to this new conclusion in a somewhat spectively. Inertness of the carbene to benzene was
circuitous way. During an investigation of the forma- evidenced by the complete absence (<1%) of new prod-
tion of optically active 1,3-diphenylallene from the cor- ucts. The results of this investigation using cyclo-
responding optically active ethyl N-nitroso-N-(irans- hexene-benzene mixtures are shown in Figure 2. It
2,3-diphenylcyclopropyl) carbamate6 it was found that will be noted that the resulting curve is actually in the
the activity of the allene did not change as the solvent opposite direction from the cyclohexane case. For
was varied over the range from pure cyclohexane to this to be consistent with Scheme I, k\/k2 must be nega-
cyclohexene. The allene was obtained with rotations tive. Since this is a physical impossibility, it must be
of 686 ±  30° and 683 ±  30° in cyclohexane and cyclo- concluded that Scheme I is not a proper description of
hexene, respectively. If Scheme I were operative, in- the reaction under consideration. Furthermore, when
creased cyclohexene concentration would decrease the a few points were taken for an evaluation of the effect of
amount of allene resulting from the carbene. Since it is using benzene as the diluting solvent on the previously
highly unlikely that the ring opening of both the car- reported 2,2-diphenylcyclopropyl system, it was found
bene and the diazocyclopropane, with their different that again the direction of the curvature was reversed,
steric circumstances6 as well as different symmetry- It was also found that, in the 2,3-diphenylcyclopropyl
allowed ring-opening modes7 would lead to allene of the system (the only one studied under the following condi-
same optical purity, it was necessary to consider the tions) the direction of curvature became even more
possibility that the allene in fact has only one precursor. severe as solvent polarity was increased beyond ben-
To this end a plot of the ratio of spiropentane to allene zene. For example, the spiropentane/allene ratios re
vs. olefin concentration was carried out on the 2,3-di- suiting from the generation of the 2,3-diphenylcyclo-
phenylcyclopropyl system in essentially the same man- propylidene in 1.03 M  cyclohexene in cyclohexane,
ner as that reported for the 2,2-diphenylcyclopropyl benzene, and methylene bromide were found to be
system. In fact, when the reaction was carried out in 0.034, 0.028, and 0.013, respectively. In other words,
varying mixtures of cyclohexane and cyclohexene, once the rate of addition of the carbene to olefin relative to

its collapse to the allene appears to be sensitive to sol-
(6) j. m. waibrick, j. w. Wilson, jr., and w. m. Jones, j .  Am. chem. vent polarity, the more polar the solvent, the more the

jSoc., 90, 2895 (1968); W. M. Jones, J. W. Wilson, Jr., and F. B. Tutwiler, 
ibid., 8», 3309 (1963).

(7) Private communication from Professor R. Hoffmann, Cornell Univer- (8) A. Berson, Z. Hamlet, and W. A. Mueller, J. Am. Chem. Soc., 84, 297
fiity. (1962).
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ring opening is favored.9-11 This could arise either from Finally it should be noted that these reactions are 
an increase in the rate of ring opening, a decrease in the extremely “ clean”  reactions and yields are essentially
rate of spiropentane formation, or a combination of quantitative. Glpc analyses of the reaction products
both. A t this time, these two possibilities cannot be show that in addition to 1,3-diphenylallene the reac-
distinguished. However, it should be noted that due tions in benzene and methylene bromide yielded no
to the differences in symmetry of the two cyclopropanes other reaction products (<1%  detectable), the reaction
the greater degree of curvature in Figure 1 relative to in pure cyclohexane yielded only one additional product
Figure 2 would be anticipated if the ring-opening transi- (2.6%, presumably the corresponding insertion prod-
tion state were more polar than the carbene. However, uct), the reaction in methanol yielded only one other
it is difficult to understand why the rate of the electro- product, 1 - methoxy - trans - 2,3 - diphenylcyclopropane
cyclic ring opening of the symmetrical 2,3-diphenyl- (33%), and the reaction in cyclohexene yielded only
cyclopropylidene would be affected by changes in sol- one other product, the spiropentane (26%). The op-
vent polarity in view of the observations of both Bat- tically active spiropentane, [a]26D + 135°, isolated from
tiste12 and Criegee,13 who have found that the rate of the reaction in cyclohexene is to our knowledge the

> first optically active spiropentane to be reported.
[ \  /  R| In conclusion, one final point should be emphasized.

J  \ h y  Whereas the results presented in this paper eliminate
HOR the necessity for two different precursors in this reac-

\~T tion, and, in fact, support a single intermediate, they
2 | j  \  do not define its structure. However, from the pre-

viously reported properties of the spiropentane pre
comparable ring openings of cyclobutenes is insensitive cursor,3 5 there can be little doubt but that it is the
to the nature of the medium. carbene in the singlet (ground ?) state.

It  was also found that, in contrast to the insensi
tivity of the stereochemistry of the ring opening to Experimental Section

minor variations in solvent polarity (cyclohexane, cyclo- General.— Melting points were determined in a Thomas-
hexene, and benzene gave nearly identical rotations), Hoover capillary melting point apparatus and are uncorrected,
protonic solvents showed dramatic effects on this prop- Infrared spectra were recorded on a Beckman Model 1R10 in-

, ,1 1 o j- i_ , ,, , , ■ , , Irared spectrophotometer. Nuclear magnetic resonance spectra
erty. Thus, the 1,3-diphenylallene obtained from re- were run in dilute carbon tetrachloride solution on a Varian
actions in benzene, f-butyl alcohol, and methanol was A-60A spectrometer using tetramethylsilane as internal reference,
found to have rotations of 607 ±  30°, 350 ±  30°, and Chemical shifts are recorded as parts per million on the r scale,
197 ±  30°, respectively. Inasmuch as the direction of coupling constants as cycles per second. Nuclear magnetic

,mg opening is apparently controlled by stoic repul- i" S K &  «
sion of the 2,3 substituents, this decrease in activity m = multiplet, coupling constant), integration, and interpreta-
with increased acid strength may simply reflect an in- tion. Optical rotations were measured in l-dm  tubes with a
crease in the effective bulkiness at C -l resulting from Perkin-Elmer Model 141 high-precision digital read-out polar-
solvation. This effect can be seen by using a Newman imeter- Concentrations are given m g/100 ml. The elemental

• i • i , • , j t t  tp analyses were performed by Galbraith Laboratories, Inc.,
projection and Sighting down the 1,2 bond of I. Fac- Knoxville, Tenn. Analytical thin layer chromatography was
tors that promote rotation of Ri in a clockwise direction accomplished on 2 X  8 in. plates coated in this laboratory with
should lead to increased activity while any effect that 0.25-mm layers of Merck silica gel H F2M using ultraviolet detec-
could promote counterclockwise rotation would cause tlon- Gas-liquid partition chromatography (glpc) was per-

a decrease in activity. Thus, if the alcohol solvates the £ [ „ " %  X “ “ “ ' S ' » ' ’1'
carbene by hydrogen bonding to the nonbonded pair, was accomplished on a Model 600-D H i-Fi gas chromatograph,
the effective bulkiness should be increased in such a way equipped with a hydrogen flame ionization detector and employ-
as to promote counterclockwise rotation of R i and a lnS nitrogen as a carrier gas. The preparative work was ac-
net decrease in activity 14 complished on a Model A-350-B dual-column, temperature-

“ ’ programming gas chromatograph fitted with a thermistor detec-
R R + tor and employing helium as a carrier gas. The instrument was

Nv + N2 fitted by the manufacturers with accessory parts from a Model
SN^—-— N2 R0H>- '\/—  \ /  __ * A-700 automatic preparative gas chromatograph which allowed

ft 'H  automatic injection and collection of samples. Column speci-
R  fications and operating conditions of these instruments are speci-

fied in the individual experiments. Mass spectra were obtained 
4\+  /G  ft\  / H  on an Hitachi Perkin-Elmer Model RM U 6E mass spectrometer.

C— C =  C — ► C = C  =  C Ultraviolet determinations were run on a Cary Model 15 double-
I 'R  y /  ^ r  beam recording spectrophotometer employing silica cells.

H
may reflect a singlet ground state for this carbene or inefficient coupling 
between the carbene and the heavy atom. Both of these possibilities are 

R'OH under investigation.
' (10) C f . N. J. Turro, “ Molecular Photochemistry,”  W. A. Benjamin, Inc.,

New York, N. Y ., 1967, pp 27-29.
/ H  ( 11 ) p. 8. Skell and R. R. Engle, J .  A m .  C h e m . S o c . , 88, 3749 (1966), and

C — 0 ===C references cited therein; W. T. Borden, T e tra h e d ro n  L e t te rs , 447 (1967).
py/1 | \ p  (12) Private communication from Professor M . A. Battiste, University
n  OR H K of Florida.

(13) R. Criegee, A n g e w . C h e m . In t e r n .  E d .  E n g l . ,  7, 559  (1968).
-------------------- (14) Partial reaction involving the following represents an alternative

(9) The increased rate of ring opening in CH 2Br2 is particularly striking explanation for the decreased optical purity of the allene in the experiments
since spin-orbit coupling10 between the carbene and the heavy atom solvent that were run in alcohol as a solvent. Complete absence of the ether and
would be expected to promote intersystem crossing to the triplet cyclo- independent demonstration of its stability to reaction conditions argue
propylidene which apparently does not open to allene.11 This observation against this.
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Ethyl ( — )-N-Nitroso-N-(frans-2,3-diphenylcyclopropyl)carba- gas evolution was complete (1 hr), analysis of an aliquot of the
mate.— The procedure as described in an earlier publication6 reaction mixture by glpc on the 600-D instrument with a Vs in.
was utilized to yield the N-nitrosocarbamate as a yellow oil, X  5 ft column packed with 6% apiezon L  on 60-80 mesh Gas-

—251° (c 7.4, ether). This material was homogeneous as Chrom Z at 233° and an inlet pressure of 30 psig showed a 26%
shown by tic (pentane-ether eluent) and had identical ir and nmr yield of the spiropentane. After addition of 150 ml of heptane
spectra with those reported.3 The racemic material was pre- to the reaction mixture and evaporation in  vacuo to a volume of
pared in an identical manner. approximately 60 ml, the mixture was chromatographed over

Decomposition of Ethyl (±)-N-Nitroso-N-(frans-2,3-diphenyl- 220 g of silica (hexane eluent). Incomplete separation was
cyclopropyl)carbamate in Cyclohexane-Cyclohexene and Benz- obtained as glpc analysis of the chromatography fractions showed
ene-Cyclohexene Mixtures. Determination of Spiropentane/ elution of the allene, followed by fractions containing both allene
Allene Ratios.— A  47.8-ml, magnetically stirred, water-jacketed, and spiropentane, then followed by fractions containing only the
volumetric reaction flask connected to a pressure-compensated spiropentane. These latter fractions were combined and evapo-
gas buret and a constant-temperature circulator at 30.0° was rated to an oil. Crystallization of this oil from 95% ethanol at
thoroughly flushed with dry nitrogen. After addition of 0.0620 g —78° gave 66 mg of the spiropentane: M d26 +135° (c 19.54,
(0.20 mmole) of the N-nitrosocarbamate and the appropriate hexane); mp 97-97.5°; infrared, 1600, 750, and 700 
solvent mixture, a 0.38-ml (0.20 mmole) portion of 5.6 M  sodium cm-1 (phenyls); nmr, t 2.85 (m ) ten phenyls, 7.67 (pair of
methoxide in methanol was added. The reaction was allowed doublets, 3.8 cps) two hydrogens of spiropentane adjacent to
to continue until nitrogen evolution was complete; this normally phenyls, 8.0-9.2 (m ) ten remaining protons; mass spectrum,
required 3 hr and gave 80-100% gas evolution. The mixture was m/e 274 (parent peak), 192, 191, 183, 141, 115, and 91; ultra-
then analyzed by glpc using the 600-D instrument with a Vs in. violet, X'6* EtoH 238 mu (log e 4.2), X“ % Et0H 268 m^ (log e
X 6 ft  column packed with 10% SE 30 on 60-80 mesh Chrom W  3.2), 275 m/i (log e 3.0).
with DMCS at 156° with temperature programming for elution Anal. Calcd for C2lI l 22: C, 91.92; H, 8.08. Found: C,
of the spiropentane. In each case the chromatogram showed no 91.65; H, 8.07.
components in addition to the standard, allene, and spiropentane l-Methoxy-lrcms-2,3-diphenylcydopropane.— To a solution of
(< 1 %  detectable) with the exception of reactions in which 1.65 g (5.32 mmoles) of ethyl (±)-N-nitroso-N-(iran.s-2,3-di
cyclohexane was the solvent. In pure cyclohexane 2.6% of phenyleyclopropyl)carbamate in 200 ml of anhydrous methanol
another component was observed, and the amount of this mate- was added 1.0 ml (5.6 mmoles) of a 5.6 M  solution of sodium
rial observed was proportionate to the amount of cyclohexane methoxide in methanol. Gas was rapidly and vigorously evolved,
used in the reactions. After gas evolution was complete, glpc of the reaction mixture

Decomposition of Ethyl ( — )-N-Nitroso-N-(frarcs-2,3-diphenyl- showed the presence of only two components, 1,3-diphenylallene
cyclopropyl)carbamate in Various Solvents. Determination of (67% ) and l-methoxy-lro?is-2,3-diphenylcyclopropane (33%).
the Optical Rotation of the 1,3-Diphenylallene.— A procedure Evaporation of the reaction mixture to a volume of 30 ml and
identical with that for the determination of spiropentane to separation of the second component by preparative glpc on the
allene ratios was utilized except that the ( — )-N-nitrosocar- A-350-B instrument with a 0.5 in. X  6 ft  column packed with
bamate, [a ]25D —251° (c 7.4, ether), was used. After the reac- 20% SE 30 on 60-80 mesh Gas-Chrom Z at 190° and an inlet
tion was complete (nitrogen evolution ceased) the reaction mix- pressure of 50 psig gave the ether as a white solid: mp 60-62°;
tures from the cyclohexane and benzene reactions were poured infrared, XE"( 1600, 750, 700 (phenyls), 1110 cm-1 (ether);
into equal volumes of cyclohexene, and the reaction mixtures nmr, t2.83 (m ) ten phenyls, 6.42 (q ) one hydrogen of cyelopro-
from reactions in cyclohexene, methanol, and ¿-butyl alcohol pane adjacent to methoxy group, 6.81 (s) three methyls, 7.57
were poured into equal volumes of cyclohexane. These mix- (m ) two hydrogens of cyclopropane adjacent to phenyls; mass
tures were evaporated in  vacuo to an oil, which was immediately spectrum, m/e 224 (base and parent peak), 209, 193, 192, 147,
chromatographed over 10 g of silica (hexar.e eluent). The result- and 77.
ing chromatography fractions which were shown to contain only Anal. Calcd for Ci6I I 160 : C, 85.67; 7.19. Found: C,
1.3- diphenylallene by glpc were then used for specific rotation 85.58; H , 7.10.
determination. The concentration of the allene in these frac
tions was determined by glpc by comparison to a standard of Registry No.— Cyclopropylidene, 2143-70-6; allene, 
approximately equal concentration using the 600-D instrument 463-49-0; spiropentane, 157-40-4; (+)-frans-l,2-di-
with a Vs in. X  6 ft  column packed with 10% SE 30 on 60-80 phenyl-1',2'-tetramethylenespiropentane, 19817-59-5;

,z«o7„ziT“ oTocAhi
tamed for identical reactions w Ijw following solvents: cyclo- Acknowledgment—The authois most gratefully
hexene, 683 ; cyclohexane, 686 ; benzene, 607 ; ¿-butyl , , , ,, , £ t
alcohol, 350°; methanol, 197. Control experiments showed acknowledge the support lor th is work which they
(+ )- l ,3-diphenylallene to be optically stable when exposed to received from the National Science Foundation,
sodium methoxide in the above solvents at comparable concentra
tions and exposure times.

Determination of Relative Solvent Polarities.— The procedure
of Berson, Hamlet, and Mueller8 was used. In a nitrogen- Stereoselectivity of Carbene Intermediates,
flushed, water-jacketed flask kept at 30.0° by use of a constant- , , T „  . . .  . „ r„  , , ,  , ,
temperature circulator was placed 30 ml of the appropriate V L  Selectivity of Phenylchlorocarbene1
solvent and 1.3 ml of freshly distilled methyl acrylate. A
freshly distilled 1.3-ml portion of cyclopentadiene was then R o b e r t  A. Moss, Jo a n n e  R. W h it t l e ,
added by use of a syringe through a rubber septum. The reac- an d  P h il ip  F r e id e n r e ic h 2'3
tion mixture was allowed to stir for 24 hr and then evaporated
to an oil by use of a rotary evaporator at room temperature. A  WnpW Laboratoryt School of chemistry, Rutgers,
small portion of ether was added to the oil and again the solvent rAe Statg Universit of New Jerseyi New Brunswick,
was removed. Ether was added to the resulting oil and this ^ ew Jerseu 08903
solution was analyzed by glpc on the 600-D instrument using a 
Vg in. X  10 ft  column packed with TC E P  on 60-80 mesh Chrom
W  with DM CS and a nitrogen pressure of 24 psig at 103°. Received November 8, 1968
The following endo/exo ratios (± 2 % )  were obtained for the
solvents listed: acetone, 0.414; benzene, 0.497; cyclohexene, At least formally, phenylhalocarbenes can be gen-
0.506; hexane 0.577; cyclohexane, 0.595 Control experi- e ra ted  b the ac tion  o f base on  benza l ha iides j  t o r  b y
ments for reaction time and work-up procedure did not alter . . r . . . .  . . . . r
the observed ratios. pnotoinduced elimination ot nitrogen from pnenyl-

( +  )-trans-1,2-Diphenyl-1' ,2 '-tetramethylenespiropentane.—T  o . . .  .  . , ,  a , D . . r  , ..  ̂ ■>* /,nani, , . r * V a /a  ̂ \ £ i / i \ at •< at (1) Part Vi R. A. Moss and J. R. Przybyla, Tetrahedron, 25, 647 (1969).
a solution of 1 .54 g (4.98 mmoles) of ethyl ( +  )-N-mtroSO-N-(¿raras- (2) National Science Foundation Summer Undergraduate Research
2.3- diphenylcyclopropyl)carbamate, M 25d +210 (c 5.8, ether), Participant, 1968 (GY-4154).
in 100 ml of cyclohexene at 22° was added 1.035 ml (5.96 mmoles) (3) Henry Rutgers Fellow, 1968-1969.
of a 5.79 M  solution of sodium methoxide in methanol. After (4) See R. A. Moss, J. Org. Chern., 27, 2683 (1962), for example.
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H T a b l e  I
I E x p e r im e n t a l  R e l a t iv e  R a te s  o f  A dd itio n  of

PhCX Y / "<̂ 's 'N  P h e n y lc h lo r o c a r b b n e  to Se le c te d  O l e f in s , ca. 25°
Y  Case Olefin A/olefin B (JcA/&B)ba8e° (^a /^b) 1 ight̂

la, X  =  Br; Y  =  F 2a, Y  =  C1 1 Isobutene/
[j x  =  Y  =  Cl b Y  =  Br tetramethylethylene 0.38 (3.93)‘ 0.20 (6.56)'
’ ^  _  y  _  g r ’ 2 TrimethylethyleneV

tetramethylethylene 0.60 (7.93) 0.62 (12.6) 

halodiazirines 2.6 Our recent studies of phenylfluoro- 3 Irans-Butene/
carbene (Ph -C -F )1 and phenylbromocarbene (Ph -C - tetramethylethylene 0.042 (3 .63) 0.039 (10.4 )

Br)6,6 have raised two significant questions which are 4 Isobutene/
answerable by a selectivity study of phenylchlorocar- cls~ utene 2 (3-23) 2,7 (8 .24)
, n  o n  /i\ * „ ______u _________„ „ a:_____ „r  ° Ph-C -C l from benzal chloride and potassium i-butoxide.
bene (Ph-C-Cl). (1) As generated by the action of * ph_c _cl from photolysis of phenylchlorodiazirine. * Numbers
potassium ¿-butoxide on lc or ol light on 2b, Ph C jn parentheses refer to the per cent average deviation of n 
Br” exhibits nonidentical abilities to discriminate experiments. d These rates are composites of both stereochemi-
between different olefins.5,6 The discrepancy has cal modes of addition of Ph-C -C l to these olefins,

been attributed to the intervention of a carbene-base
complex (carbenoid) in the butoxide-induced reaction. of the nmr analyses, and also the constancy of product 
In view of the supposed superiority of Cl over Br in ratios to all experimental conditions. Table I I  con-
stabilizing a divalent carbon center,7 would the butox- tains the data of Table I, normalized to an isobutene
ide-induced decomposition of lb  lead to a “ free” Ph- standard. Analogous data for Ph-C-Br and Ph-C-F
C-Cl, identical with that generated by photolysis of have also been included in Table I I  for purposes of
2a? (2) Ph-C-Br and Ph-C-F, as generated from comparison. Attempts in this laboratory to prepare
benzal halides lc and la, showed a relatively small a suitable precursor for the photolytic generation of
difference in their abilities to discriminate between Ph-C-F  have met with failure.
members of a standard set of olefinic substrates.1 If, The data of Table I reveal similarity but not identity 
however, these base-catalyzed carbene generations both of the base- and light-generated Ph-C-Cl species,
involved carbenoids rather than free carbenes, then In cases 2 and 3, the experimentally observed relative
the halogen-divalent carbon resonance interaction, addition rates of both species are the same, within
which is believed to confer stability (and selectivity) experimental error. In case 4, the difference lies just
on a carbene,7 must have been absent or, at best, re- outside the combined experimental error. Moreover,
duced. Would a selectivity comparison of photolytically as detailed in the Experimental Section, the stereo-
generated (uncomplexed) phenylhalocarbenes uncover selectivity of Ph-C-C l additions to as-butene and tri-
large differences in discrimination between the phenyl- methylethylene was essentially independent of genera-
halocarbenes as a function of halogen atom identity? five method. There can be no question, however, that

Ph-C-Cl was generated from lb by the action of the experimental difference observed in case 1 is real,
potassium i-butoxide8 at 25°, and added to tetra- It  is interesting to note that in the Ph-C-Br studies,5,6
methylethylene, trimethylethylene, isobutene, cfs-bu- where all olefin pairs examined revealed selectivity
tene, and irans-butene. The product cyclopropanes differences between the base- and light-produced
were identified by comparison of their nmr spectra Ph-C-Br, it was this same tetramethylethylene-iso-
with reported data.9 The same product cyclopropanes butene pair which revealed much of the largest dif-
were obtained in good yield when dilute olefinic solutions ference.
of phenylchlorodiazirine10 were irradiated with a G. E. A  simple rationale, which is in accord with the facts 
sunlamp at ca. 25° (Pyrex filter). but not exclusively demanded by them, is that a

In all cases, for both generative methods, the alkyl carbene-base complex (carbenoid) is at least partly
regions of nmr spectra of the crude products were involved in the benzal chloride-potassium i-butoxide
sufficiently clean and compatible so that the nmr spectra reactions, whereas a free carbene is involved in the
of the cyclopropane mixtures, formed by generation of phenylchlorodiazirine photolyses.11 Though one can
Ph-C-C l in selected binary mixtures of the olefins, speculate, it is not yet clear why the selectivity dif-
could be used to determine quantitatively the cyclo- ferences show up so dramatically in case 1 (Table I),
propane mixture compositions. (The nmr analyses or whether mechanistic significance can be attached
were similar to those employed in our Ph-C-Br stud- to the substantial identity of all other selectivity
ies,6,6 and are detailed in the Experimental Section.) measurements we have been able to make on base-
We were thus able to determine the relative rates of and light-generated Ph-C-Cl species,
addition of base- and light-generated Ph-C-Cl to the With regard to the over-all selectivity of the various 
several olefins. The experimental rates are collected carbenic species (Table I I ), the data show (1) Ph C X
in Table I  Control experiments, using prepared produced from benzal halides and potassium i-butoxide
mixtures of pure products, demonstrated the accuracy show only small variations in selectivity as a function

of X ; (2) Ph -C -X  photogenerated from phenylhalo-
(5) r . A. Moss, diazirines show, at most, only a marginally greater
(6) R. A. Moss and R. Gerstl, Tetrahedron, 22, 2637 (1966). . . . _L j  j. v  T) q
(7) J.Hine, “ Divalent Carbon,”  The Ronald Press Co., New York, N .Y ., S e le c t iv ity  IOr X  =  O l, as O pposed  tO A  =  I\ b y n -

1964, pp 36 ff. thetic difficulties attend attempted generation of
(8) Alfa Inorganics, Inc. Other commercially available reagents lead to p , „  p  , n W n l v t i c  m eans Based o r  th e  fo r e -

unacceptably slow reaction at 25°. We thank Professor G. L. Gloss for this P h - l v - t  Dy pUOtO IytlC  m ean s . .Based On fine lo r e

'H ^ T g T .  CIoss and J. J. Coyle, J. Org. Chew,., 31, 2759 (1966). (11) Explanations involving different multiplicities for the base- and
(10) W. H. Graham, J. Amer. Chem. Soc., 87, 4396 (1965). We thank light-generated Ph-C-Cl species seem precluded, since both add stereo- 

Dr. Graham for detailed instructions for this preparation. specifically to cis- and irans-butene.
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Table I I
K inetic Selectivity of Phenylhalocaebenes, ca. 25°

------------------------------------------------- Relative rates of addition--------------------------------------------------- -
,---------------- Ph-C-Br---------------- - -----------------Ph-C-CI---------------- - Ph-C-F

Olefin Base“ Light6 Base' Light' Base"1

Tetramethylethylene 1.6 4.4 2.6 5.1 2.7
Trimethylethylene' 1.3 2.5 1.6 3.2 1.2
Isobutene 1.00 1.00 1.00 1.00 1.00
cts-Butene' 0.29 0.53 0.31 0.37 0.12
irans-Butene 0.15 0.25 0.11 0.20 0.10

“ Spread” 1 11 18 24 25 27
“ Reference 6. b Reference 5. '  This work. d Reference 1. * These rates are composites of both stereochemical modes of addition

of P h -C -X  to these olefins. 1 Ratio of fastest to slowest addition rate.

going, however, it seems likely that the selectivity of Table I I I
this species will be very similar to that of the base- Predicted Stereoselectivity of
generated Ph-C—F. Phenylflcorocarbene, 25°

As specific answers to the two questions posed above, 01efin Zsyn-FX /syn-ci \ /syn-f \
we conclude (1) photo- and base-generated Ph -C -X  do Wn-ci/p-c-ci \syn-Ph/ph-c-ci Vsyn-Ph/ph-c-F
not become wholly identical upon change of X  from d̂ "d
Br to Cl. The base-induced reactions, in both cases, . . n .„ „ n CQ , Oo,
are probably best regarded as involving carbene-base Trimethyl- 0 46 1 18 0 54 0 76“
complexes or carbenoids; (2 ) the phenylhalocarbenes ethylene 
do not show large selectivity differences as a function „ Data of ref} 
of halogen no matter how they are generated. In this
respect, they resemble the monohalocarbenes. Only Although the predicted syn-F/syn-Fh ratios change 
in the case of the dihalocarbenes has it been shown that ^hc pr0per direction upon change of the olefin from 
halogen variation can result in reasonably large selec- cis-butene to trimethylethylene, the predicted ratios 
tivity variation.12 are too smau

We also investigated the possibility of predicting the Carbene stereoselectivity arises in differential non
stereoselectivity of a carbene olefin addition reaction. bonded interactions between carbene substituents and
Consider reaction 1, the addition of Ph-C-F  to as-bu- 0lefinic substituents. The strength of these inter-
tene.1 Can the observed, kinetically controlled, syn- actions and therefore the resultant stereoselectivity

ph p will be dependent on the separation and orientation of
| | |____ I the carbene and olefin at the transition state for theA  + w  — \7 + \7 (1) addition reaction. Therefore eq 2 should hold most

Ph F \ /  \/  closely for carbenes of similar kinetic selectivities, in
which, presumably, the addition reaction transition 
states are similarly located along the reaction co- 

syn-Ph s y n -F  ordinate. F -C -C l is about ten times more selective
F/syn-Fh ratio be predicted from an equation such as than either Ph-C-Cl or Ph -C -F ,1 however, and the
eq 2, using analogous stereoselectivity data for Ph- transition states of its olefin addition reactions are
C-Cl and F-C-Cl? To answer this question, we re- likely to be considerably tighter than those of the

other two carbenes. It  is not unreasonable to suggest 
f s y n -F _\ /s yn - C l  \ _  (  S-Ln ~^- ̂  (2) that, if the F -C -C l addition transition states were
\syn-Cl/f-c-ci \ s y n - ) ph-c-ci \ s y n - /Ph-c-F somewhat “ looser,”  then the effects of the differential

determined stereoselectivity data for F -C -C l12 with polarizabilities of Cl and F (which are believed to
cfs-butene and trimethylethylene substrates at 25°. determine mainly the stereoselectivity of F -C -C l12’16)
We also redetermined such stereoselectivity data for would be mitigated; the syn-F/syn-C\ ratios would
Ph-C-C l9 at 25°. Details appear in the Experimental increase; and the predicted syn-F/syn-Fh ratios would
Section. The data, in the form of eq 2, together with more closely approach the observed values.
observed and predicted Ph -C -F  stereoselectivity, are
summarized in Table I I I .13’14 _ . , _ .

Experimental Section
(12) R. A. Moss and R. Gerstl, J. O rg . C h e rn ., 32, 2268 (1967); see, also, , , , , . . . „ , .

the discussion in ref l. 1-Phenyl- 1-chlorocyclopropanes.— 1The adducts of phenyl-
(13) In the light of CCh studies,14 CFC1 may well be a free carbene, even chlorocarbene and tetramethylethylene (Chemical Samples Co.),

when base generated. It  would be best, therefore, to use stereoselectivity trimethylethylene (Aldrich), isobutene, and czs-butene (Mathe-
data for light-generated (free) Ph-C-X in Table III. Such data are not son) were prepared in the following general way. Benzal chloride
available for Ph-C-F. In view of the identity (within experimental error) (Eastman), 1 equiv, was added to 10 equiv of the indicated
of stereoselectivity data for base- and light-generated Ph-C-Cl (and the olefin in a screw_t0p Carius tube (Fisher-Porter Co.) at -7 0 ° .
great similarity of the analogous Ph-C-Br data«) it seems reasonable to use Potassium f-butoxide (A lfa Inorganics), 1.4 equiv, was added,
stereoselectivity data for base- and light-generated Ph-C-X interchangeably , , , , , , , . , ., . .
in eq 2 and Table I I I  1 l>e tube was sealed, secured to a rotary mixer, and agitated

(14) Several thermal a-elimination reactions lead to the same CCh f ° r -  days at ca. 25 . The contents of the tube were then washed
species: D. Seyferth, M. E. Gordon, J. Y-P. Mui, and J. M. Burlitch, three times with water, and once with a saturated N aH C 0 3
J .  A m e r .  C h e m . S o c . , 89,959 (1967); O. M. Nefedov and R. N. Shafran, iz n . solution. The resulting organic phase was dried over CaCl2.
A k a d .  N a u k  S S S R ,  S e r .  K h im . ,  3, 538 (1965). Photolysis of i,i-dichloro-2- Excess olefin was removed with a rotary evaporator and the
phenylcyclopropane may lead to the same intermediate: M. Jones, Jr., W. resultant cyclopropane was purified by vacuum distillation.
H. Sachs, A. Kulczycki, Jr., and F. J. Waller, J. A m e r .  C h e m . S o c . , 88, 3167 --------------------
(1966). (15) R. A. Moss and R. Gerstl, T e tra h e d ro n , 23, 2549 (1967).
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Products were identified by comparison of their nmr spectra with Case (4), 3 +  7 — The nmr spectrum of pure 7 was divided into 
the reported data.9 Yields were somewhat lower than in the two regions, 42.5 — 57 cps (area 2) and 57-69 cps (area 1).
literature method, which employed higher reaction temperatures.9 The integral ratio (area 1 )/(area 2) was found to be 0.37. Area

l-Phenyl-l-chloro-2,3-fnms-dimethylcyclopropane was pre- 2 represents the three protons of the methyl syn to Ph in 7.
pared by photolyzing a solution of 0.99 g of phenylchlorodi- Remembering that 3 exhibits a six-proton singlet at 62.5 cps,.
azirine10 in 22 g of frans-butene (Matheson) in the Carius tube with determination of the integral ratio of the two regions defined
a G. E. sunlamp for 3 hr at 22°. Removal of olefin, followed by above in the 3 +  7 mixture leads to
distillation of the residue at 54-56° (0.6 torr), afforded 0.78 g
(66%) of product having the correct nmr spectrum.9 1 =  _______2.0(area 2)______

Nmr Analyses.— Binary mixtures of the five products, 3-7, 3 (area 1) — 0.37(area2)

were quantitatively analyzed. Using thig expression, six prepared mixtures of 3 +  7 were
pj, Ph Cl analyzed with an average error of 8.0%.

CH3x  / C H 3 CH3̂  / C H 3 CH3x _______/ C H 3 Relative Rate Experiments.— The benzal chloride experiments
c h / Y  C H ^>\ ~ - / s H C H / A  7 N i  involved 0.5 g (3.11 mmol) of benzal chloride and 0.5 g (4.46

3 \  /  3 3 \  /  3 \  /  mmol) of potassium f-butoxide. These reagents were added
'  to a mixture of olefins A  and B (each carefully weighed) in a

£1 pjj Carius tube at —70°. The olefins were each present in at least
^  4  4b tenfold excess over the benzal chloride. The tube was sealed
•* a and warmed to room temperature. The remainder of the pro-

Q  cedure was as described above. After removal of excess olefin on
CH3 ™  H CH3 CH3 CH3 CH3 the rotary evaporator, the cyclopropane product ratio was de-

----- / V ------------------------ 7< ( A t----- termined by nmr. The relatives rates of the carbene addition to
CH3 \  /  H H \ / H  H \ / H  olefins A  and B were then calculated in the usual manner. Con-

' / \ '  ' '  trol experiments demonstrated the constancy of products ratios
under resubmission of the products to experimental conditions, 

Cl Cl Ph ancJ also after extended periods on the rotary evaporator.
5 6a 6b In phenylchlorodiazirine experiments, weighed amounts of

olefins A  and B were condensed into the Carius tube and 100 mg 
P“  „  of phenylchlorodiazirine was added. The tube was sealed,

3A ------ - A  warmed to room temperature, and irradiated for 1 hr with a
/  CH3 G. E. sunlamp (Pyrex filter). A  running-water bath maintained

\ /  the temperature at ca. 24—26°. After photolysis, the tube was
cooled to —70° and opened. Warming caused excess olefin to 

Cl evaporate. The residue was stripped (if necessary) of higher boil-
7  ing olefins, taken up in CC14, and analyzed by nmr. Control

experiments demonstrated the constancy of product ratios to 
Case (1), 3 +  (4a +  4b). Cyclopropane 3 shows a singlet at photolytic and work-up conditions. Data for all relative rate

62.5 cps,16 worth six protons (methyls syn to Ph). Cyclopro- experiments are collected in Table I.
panes (4a +  4b) show inter alia absorptions at 48, 55, and 64 Stereoselectivity of P h -C -C l.— Generation of Ph -C -C l in
cps. The 48-cps absorption represents the syn-Ph methyl group trimethylethylene led to 4 a +  4b, whereas its generation in cis-
of 4b. From examination of spectra of synthetic (4a +  4b), the butene led to 6a +  6b. These mixtures were analyzed by nmr
integral ratio (55 +  64)/48 was found to be 1.58. The ratio spectroscopy.9 For Ph-C -C l generated by the action of potas-
4b/4a was determined to be 1.18 (see below). W ith these data, sium f-butoxide on benzal chloride, 4 b/4 a was 1.27, 1.22, 1.04,
and by integration of the regions 46-50 (area 1) and 52-66 cps ancj j _jg ;n four experiments with trimethylethylene (25°). 
(area 2) in the 3 +  4 mixture, it can be deduced that Over three experiments with cfs-butene, 6b/6a was 1.96, 2.03,

(4 a +  4 b ) 3 7 2 (area l) and 2.30. For Ph-C -C l generated by photolysis of phenyl-
------i -----  =  ------ o-i _  i KQ(ar.oa i 3 chlorodiazirine (25°) the corresponding data were trimethyl-

area l.ostarea i )  ethylene, 1.35, 1.26, 1.21, 1.28; cfs-butene, 1.91, 1.95, and 2.06.
Using this expression, four prepared mixtures of 3 and (4a +  4b) Stereoselectivity of F -C -C l.— Addition of F -C -C l, produced
were analyzed with an average error of 6.7%. by the action of potassium f-butoxide on sj/TO-difluorotetrachloro-

Case (2), 3 +  5.— Cyclopropane 5 shows absorptions at 47 cps acetone, to trimethylethylene and cfs-butene afforded sets of
(methyl syn to Ph ) and at 60 and 66 cps (H  syn to Ph ). In  the isomers with the distributions summarized in Table I I I .  Analyses
3 +  5 mixture, the regions 45-49 (area 1) and 58-68 cps (area 2, were by I9F nmr spectroscopy.15 The trimethylethylene experi- 
which includes the six-proton 3 absorption at 62.5 cps) are ment was easily carried out at 25° in the manner already de-
integrated. W ith these data and the 5 assignments (above) it scribed.16 Results were syn-Cl/syn-F =  2.22 and 2.18. The
can be shown that addition of F -C -C l to cfs-butene at 25° was accomplished as

5 2(area 1) follows. st/m-Difluorotetrachloroacetone (Allied Chemical Co.)
- = - ----- — -—  *.------- — (4.02 g, 0.035 mol) was sealed into a small ampoule. The ampoule
3 (area 2) — 0.33(area ) was pjace(j ¡n an Carius tube. The tube was cooled to

Using this expression, three prepared mixtures of 3 and 5 were —70°, and 43 g (0.77 mol) of cfs-butene was condensed into it. 
analyzed with an average error of 3.8%. Then, 4.66 g (0.042 mol) of potassium ¿-butoxide was added.

Case (3), 5 +  (6 a +  6b ).— Cyclopropane 5 shows absorptions The tube was sealed and warmed to 25°. Shaking the pressure
at 47 cps (methyl syn to Ph), and at 60, 66, 74, and 80 cps (ring tube ruptured the vial contained within it and initiated the re
protons, AB  system, value two protons). Cyclopropanes action, which was then continued by securing the pressure tube to
(6a +  6b ) show absorptions at ca. 58 cps (methyls of 6 a) and at the rotary mixer for 2 hr. Work-up and analysis of the fluoro-
ca. 76 cps (all protons of 6b6,9). I t  is known that the area ratio chlorocyclopropane isomers could then be carried out as pre-
47/(60 +  66 +  74 +  80) in 5 is 0.67, and that the ratio 6b/6a =  viously described.15 Results for two experiments were syn-Cl/
2.10 (see below). W ith this, and with integration, in the 5 +  syn-F =  2.34 and 2.45.
(6a +  6b) mixture, of the regions 45-49 (area 1) and 56-82 cps
(area 2), it can be shown that Registry No.— Phenylchlorocarbene, 19807-41-1;

phenylbromocarbene, 14541-26-5; phenylfluorocarbene, 
( 6 a T 6 b )  =  (ar e a 2 ) -  0e6a7 (area l )  17825-75-1; 3, 3141-40-0; 4a, 13153-95-2; 4b, 13153-
v . 96-3; 5, 19817-55-1; 6a, 13153-99-6; 6b, 13154-00-2;

Using this expression, three prepared mixtures of 5 +  (6 a +  6b ) y 19817-58-4 
were analyzed with an average error of 4.1%. ’

(16) All nmr spectra were determined in CC1< solution with a Varian Acknowledgments.'— 19F  n m r  s p e c t r a  w e r e  d e t e r -
A-60 spectrometer. Chemical shifts are reported in cycles per second m i n e d  b y  D r .  L .  A .  W i l s o n  o f  V a r i a n  A s s o c i a t e s ,  t o  
downfield from internal TMS. Peaks will be designated by their chemical , „ , . , , ,
shift positions. whom we are most grateiul. Financial support by
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the National Science Foundation (GP-7817) and the Molecular weight determination by mass spectrometry3

National Institutes of Health (GM-13585) is acknowl- (mass 316) and elemental analysis (C20H 12O4) indicated
edged with thanks. that this compound was isomeric with II. The infrared

spectrum exhibits a medium peak at 1605 cm- 1  and a 
strong peak at 1589 cm- 1  which may be assigned to two 

, . differently environed benzene nuclei, he., a naphthalene
A  Study o f the Enolization o f the syn and an ti and ort/lo.substituted benzene moiety, respectively.

Photodimers of 1,4-Naphthoquinone A  typical olefinic band of medium intensity was ob
served at 1640 cm-1. A  sharp carbonylic absorption 

D a n ie l  P. V e n t e r  a n d  Jo h a n n e s  D e k k e r  appears at 1668 cm "1. A  broad absorption band be
tween 3650 and 3100 cm-1, with maximum intensity at 

Organic Section, Department of Chemistry, 3410 cm-1, indicates the presence of hydroxyl groups.
Potchefstroom Univers^MC.H.E., Potchefstroom, The ujtraviolet spectrum of this isomeric compound is

very similar to that of II, and the syn dimer ( I ) .
Received September 4 , 1968 On the basis of the spectroscopic data and chemical

properties, the three most likely structures for the iso- 
The isolation of the syn (I) and anti ( I I )  photodimers meric orange-red compound are IV, V, and V I. Struc-

of 1,4-naphthoquinone was reported recently. 1 In the 0 OH OH OH
presence of alkali both I  and I I  led to tetraol ( I I I ) . 1' 2 ^  1 1 ~ . I I .

0  0 0 0 C u iQ
OH OH

— f l f ^ l  0 0H
vi

tures V  and VI, however, are unlikely on account of 
strain, since the sp3 hybridized carbon atoms in the C4 

ring would prevent the adjacent sp2 hybridized carbon 
I f  I I I  is treated with concentrated sulfuric acid, com- atoms from attaining planar configuration, required for
plete ketonization occurs, leading quantitatively to II. significant it bonding. This argument is in fact analo-
Similar treatment of I  also produces II. The question gous to Bredt’s rule. 4 One also has to consider the
as to whether the latter reaction proceeds via tetraol driving force for the observed enolization of II, which
I I I  or via a partially ketonized derivative thereof urged would doubtlessly be aromatization, thus favoring
us to investigate the enolization aptitude of I  and I I  structure IV.
in mild and strong acidic media. The presence of two carbonyl groups in IV  was proved

When I I  was refluxed in acetic acid a yellowish color by treatment with excess hydrazine, whereby a dihy-
gradually developed. Concentration of the filtrate, drazone (V II) was obtained. When IV  was refluxed in

O OAc

OAAO
NH, II !
| 0 OAc
N OH VIII
II I (capom^

r Y ^ l  - NIt NH= nr

y  0H OAc OAc

nh2 avV A a
vn

OAc OAc 

IX

which contained no trace of the monomeric 1,4-naph- dioxane containing 2 mol of acetic anhydride the cor- 
thoquinone, led to the isolation of orange-red crystals.

(3) J. Dekker and D. P. Venter, J. Amer. Chem. Soc., 90, 1225 (1968).
(1) J. Dekker, P. Janse van Vuuren, and D. P. Venter, J. Org. Chem., 33, (4) J. Bredt, Ann. Acad. Sci. Fennicae, 29A [2] 000 (1927); Chem. Abstr.,

464 (1968). 22, 1152 (1928); D. J. Cram and G. S. Hammond, “ Organic Chemistry,”
(2) J. M. Bruce, J . Chem. Soc., 2782 (1962). McGraw-Hill Book Co., Inc., New York, N. Y., 1959, p 398.
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responding diacetate (V I I I )  was obtained. The in- a mixture of I I  and IV  (ratio 1:3 ). If, however, a solu- 
frared spectrum of V I I I  exhibited typical acetate (1768 tion of I I I  in cold concentrated sulfuric acid was added
cm“ 1), carbonylic (1688 cm -1), and olefinic (1642 cm -1) to excess water, I I  was obtained as the sole product. 1

absorptions. The tetraacetate ( IX ) 1’ 2 was obtained Similar treatment of IV  with sulfuric acid led to the 
by refluxing IV  or V I I I  in acetic anhydride containing same result.8

sodium acetate. l,4-Diketo-l,2,3,4-tetrahydronaphthalene and its 2 -
The enolization of I I  in strongly acidic medium (di- methyl derivative enolize rapidly and completely in

oxane containing concentrated hydrochloric acid) led.to acidic media and there is no sign of an equilibrium. 9

a mixture of I I  and a yellow diol (IVa). The relative In contrast, there is no rapid enolization of the anti
amounts of I I  and IVa depended on the acid strength dimer (I I ),  and a definite equilibrium is established be-
and reaction time. No complete isomerization of I I  to tween I I  and IV. This equilibrium, and the spontane-
IVa could be established by variation of these two fac- ous ketonization of I I I  to IV  in neutral media, may be
tors, indicating that an equilibrium had apparently set related to the electron distribution in the region of the
in. Under the conditions employed the equilibrium central C4 ring. The data presented obey the generali-
ratio was 3:1 in favor of IVa. The structure of IVa was zation formulated by Streitwieser and coworkers, 10

supported by spectroscopic data and chemical conver- “ aryl positions adjacent to a fused strained ring have
sion to V II, V III, and IX . Both elemental analysis enhanced acidity and reduced reactivity toward elec-
(C2oH 140 6) and mass spectrum (mass 316) were consis- trophilic substitution,”  i.e., the atomic orbitals used
tent with a hydrate of the orange-red diol (IV ), i.e., to construct the fused C 4 ring have higher p character.
C20Hi2O4H 2O. Hence the 5-5a, 5b-6, 11-1 la, and 1 lb-12 bonds in I I I

The hydrated diol (IVa) was converted quantita- should accordingly have higher s character. Further,
tively into the anhydrous diol (IV ) by refluxing in an- in order to minimize cyclobutadienoid configuration,
hydrous benzene or by heating at 160° for 24 hr. The these bonds are forced to attain maximum s character,
reverse was accomplished by recrystallization of IV  accounting for its spontaneous ketonization to IV  in
from aqueous ethanol. The infrared spectrum of IVa neutral media. The 5-5a and l lb - 1 2  bonds in IV  also
resembles that of IV  with only slight differences in the exhibit high s character, although to a lesser extent,
positions and intensities of the corresponding bands. The typical olefinic nature of these bonds was illus- 
The associated hydroxyl absorption displayed an up- trated amply by (i) the olefinic absorption in the infra
ward shift to 3440 cm-1. The most interesting feature red spectra of I I I  (1655 cm-1) and IV  (1640 cm-1) and
of the spectrum of IVa is the splitting of the olefinic (ii) the facile bromination of I I I  and IV  to X  and X I,
absorption into two bands (1639 and 1633 cm-1). The respectively. 11

band at 1633 cm- 1  can only be rationalized by assuming 0 0  0 0
intermolecular hydrogen bonding between a molecule | Br Rr | 1J Br |
water (water of crystallization) and the olefinic bonds
adjacent to the C4 ring. The w electrons in olefins can L J L .  — L
act as proton acceptors in inter- and intramolecular 11 Br Br" f  Br I
hydrogen bonding, 5 resulting in a shift to lower fre- 0  0  0  0

quency, as was observed. X XI
The diol (IV ) 6 appeared to be stable in neutral solu- The influence of the five.membered ring on the dif_ 

tion and was recovered unchanged after reflux in diox- ferent reactivitieg of the 4  and 5 positions in indan to
ane. When the solution contained hydrochloric acid, electr hilic substitution-originally discovered by
however a mixture of I I  and IV  was obtained in the MiUs and Nixoni2_ .has been investigated by various
same ratio (1:3) as when I I  was treated similarly, in- authorg 13 0ur regult ag well ag thoge published by
di eating that the following equilibrium should exist in gtreitwieger a;ld coworkerS;1o and Cava and coworkers, 11
aci lcme mm. have established that a four-membered ring, condensed

Owing to its thermal instability, the syn dimer (I ) tQ hthalene moiet in the b positioilj results in a
isomerized rapidly and completely in dioxane containing r bond order of the j bondg adjacent to the
hydrochloric acid, leading to a mixture of I I  and IV  ,°  • , f rintr
(ratio 1:3). This was to be expected, since ketoniza- “  fc'
tion of the initially formed IV  should preferably lead to
the less strained anti dimer (1 1 ).

The tetraol ( I I I )  behaves like a highly unsaturated Infrared spectra were recorded on a Perkin-Elmer 2 2 1  spectro- 
compound, decomposing easily in solution. In ethanol photometer. Mass spectra were obtained on a M.S. 9 mass
I I I  displayed a blue fluorescence, which faded slowly (8) In some cases a mixture of I I  and I I I  was obtained,
upon standing at room temperature, finally disap- H- Thomson’ J- chem. soc. , 1 7 3 7  uoso).

~ . r x i ,  (10) A. Streitwieser, Jr., G. R. Ziegler, P. C. Mowery, A, Lewis, and
pearing within 4 hr.7 Consequent evaporation oi the R G Lawler, j . Amer. chem. soc., 90, 1357 (1968).
solvent afforded the diol (IV ) as sole product. Treat- (ll) The chemistry of X  and X I will be dealt with in a future publica-

ment of I I I  with ethanolic hydrochloric acid produced (12) w H M il ]8  and L G >j;xoni j ,  chem. Soc., 2510 ( 1930).
(13) W. C. Lothrop, J . Amer. Chem. Soc., 62, 132 (1940); J. Vaughan

(5) L. Joris, P. von R. Schleyer, and R. Gleiter, J. Amer. Chem. Soc., 90, and G. J. Wright, J. Org. Chem., 33, 2580 (1968); H. C. Longuett-Higgins
327 (1968), and references cited therein. A. W. Baker and A. T. Shulgin, and C. A. Coulson, Trans. Faraday Soc., 42, 756 (1946); F. P. K. de Jong
ibid., 81, 4524 (1959); G. Eglinton, J. Martin, and W. Parker, J. Chem. and J. P. Wibaut, Rec. Trav. Chim. Pays-Bas, 8S (5), 437 (1964); P. M.
Soc. ’, 1243 (1965); I. D. Campbell, G. Eglinton, and R. A. Raphael, ibid., Nair and G. Gopakumar, Tetrahedron Lett., 709 (1964); J. Vaughan, G. J. 
B 338 (1968) ' Welch, and G. J. Wright, Tetrahedron, 1665 (1965); H. Meier, Eu. Mueller,

(6) Henceforward IV  denotes both IV  and IVa, unless explicitly stated and H. Shur, ibid., 23, 3713 (1967); H. Meier, J. Heiss, H. Suhr, and Eu.
otherwise. Mueller, ibid., 24, 2307 (1968).

(7) The conversion of I  into IV  proceeds markedly slower in dioxane, (14) M. P. Cava, B. Hwang, and J. P. van Meter, J. Amer. Chem. Soc.,
owing to its lower polarity. 85, 4032 (1963).
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spectrometer. In the case of V II  and V I I I  no mass spectra were of I I  (0.019 g), mp 246-248° (lit .1 mp 246-248°), identified by
obtained. Melting points were determined on a Gallenkamp ir spectroscopy.
(design no. 889339) apparatus and are uncorrected. 2. In Dioxane Containing Hydrochloric Acid.— A  solution of

A. 6,n-Diketo-5,12-dihydroxy-5b,6,ll,lla-tetrahydrodi- IV  (0.05 g ) in dioxane (10 ml) was treated with concentrated
benzo [6,h] biphenylene (IV ). 1. From II in Dioxane Contain- HC1 (1 ml). The mixture was refluxed for 5 hr, cooled, and
ing Hydrochloric Acid.— A  mixture of finely powdered I I  (1 g), treated with excess water. The precipitate was treated as in
dioxane (100 ml), and concentrated HC1 (5 ml) was refluxed procedure A l ,  whereby I I  (0.007 g ) and IV a  (0.025 g ) were 
for 3 hr. The reaction product was precipitated with excess obtained.
water, filtered, washed with water, and dried at 100°. The G . Ketonization of III. 1. In Dioxane Containing Hy-
enolized product (0.56 g ) was separated from unchanged I I  (0.185 drochloric Acid.— A  solution of I I I  (0.05 g ) in dioxane (20 m l) 
g ) by three successive extractions of the dried precipitate with 75- was treated with concentrated HC1 (1 m l). The reaction mix-
mi portions of boiling ethanol which were cooled to 20° and ture was treated as in procedure F2, whereby I I  (0.01 g ) and IV
filtered. ( I I  is practically insoluble in cold ethanol). The (0.026 g ) were obtained.
separate filtrates were rapidly concentrated until crystals began 2. In Ethanol.— A  solution of I I I  (0.025 g ) in ethanol (30 
separating from the hot solution. After cooling, the crystalline ml) was refluxed until the blue fluorescence disappeared (5 hr),
product was filtered off. Concentration of the solution yielded crystalline IV  (0.021 g).

a. The Anhydrous Diol (IV ).— A  boiling solution of the crude In dilute ethanolic solution (0.002 g/25 m l) complete conversion
diol in anhydrous benzene was concentrated rapidly, whereupon of I I I  into IV  at room temperature (20°) was established within
IV  separated as orange-red needles: mp 235° (blackening com- 4 hr. In  a similarly concentrated solution of I I I  in dioxane
mencing at 220°); mass of molecular ion, m/e 316; » “fi ketonization was completed within 12 hr.
3410, 1668, 1640, 1589, 1274, 1248, 735 cm-1; Xmai (in ethanol) H . 5a,5b,lla,llb-Tetrabromo-5,6,ll,12-tetraketo-5,5a,5b,-
231 mu (E  33,700). 6,11,1 la, 1 lb , 12-octahydrodibenzo[b,h\biphenylene (X ).— Bro-

Anal. Calcd for C 20H 12O4: C, 75.95; H , 3.16. Found: mine (0.1165 g, 0.00073 mol) was added to a stirred suspension of
C , 75.90; H , 3.20. I l l  (0.05 g, 0.00015 mol) in benzene (12 m l). The mixture was

b. The Hydrated Diol (IVa ).— A  concentrated solution of the stirred at room temperature for 1.5 hr. The crystalline product
crude diol in ethanol (20 m l) was treated with water (4 m l). (X )  (0.04 g ) was filtered off and washed with ether: mp 255-
Upon cooling IV a separated as yellow needles: mp 235° (change 258° dec; 1692, 1591, 1250, 1005 cm-1.
in color to organge-red at 130-135°, blackening commencing at Anal. Calcd for C 20H 8O(B r,: C, 38.01; H , 1.28; Br, 50.59. 
220°); mass of molecular ion, m/e 316; r“ r 3440, 1672, Found: C, 38.00; H , 1.28; Br, 50.94.
1639, 1633, 1590, 1275, 1242, 733 cm“1. I. 5a,llb-Dibrom o-5,6,ll,12-tetraketo-5,5a,5b,6,ll,lla,-

Anal. Calcd for C^oH^Cfi H iO : C, 71.86; H , 4.19. Found: 1 lb , 12-octahydrodibenzo(/>,A]biphenylene (X I).— Bromine (0.21
C, 71.81; H , 4.12. g, 0.0013 mol) was added to a solution of IV  (0.2 g, 0.00063 mol)

2. From II in Acetic Acid.— A  solution of I I  (0.5 g ) in acetic in boiling ethanol (20 m l). The colorless crystals of X I  (0.2 g )
acid (200 ml) was refluxed for 24 hr. The yellowish solution was which quickly separated were filtered off, washed with cold
concentrated to a small volume (25 ml) and left for 2 hr at 20°. ethanol, and recrystallized from ethanol: mp 165-170° dec;
Unchanged I I  was filtered off. The filtrate was concentrated 1704, 1686, 1591, 1254, 717 cm“1; mass of molecular
to a smaller volume (5 m l), whereupon IV  (0.015 g ) separated ion, m/e 472.
as orange-red crystals. Anal. Calcd for C 20HioO«Br2: C , 50.66; H , 2.13. Found:

3. From III in Dioxane Containing Hydrochloric Acid.— A  C, 50.63; H , 2.11. 
mixture of I I I  (0.1 g), dioxane (10 ml), and concentrated HC1
(0.5 ml) was refluxed for 5 hr. The reaction mixture was Registry No.— I, 14734-20-4; II, 14734-19-1; IV,
treated as in procedure A l, yielding I I  (0.02 g) and IV  (0.06 g), 19817-49-3; V II, 19817-50-6; V III, 19817-51-7; X ,
respectively 19817-52-8; X I ,  19817-53-9.

B. 6,ll-Diketo-5,12-dihydroxy-5b,6,ll,lla-tetrahydrodi-
benzolb^l-biphenyienedihydrazone (VHi.-A boiling sdution Of Acknowledgments.-Th e  authors are indebted to

M£ S i n V “ *he « r ? " , f o r “ d I"du?riaI R—  °f
yellow needles of the dihydrazone (V I I )  separated. Compound ¡south Africa tor financial support and for a postgraduate
V II  (0.09 gm) was filtered from the hot reaction mixture and grant to D .  P. V. A  grant by “ Afrikaanse Pers Beperk
washed with cold ethanol: mp 231° (with violent decomposi- (1962)”  to D . P. V. is gratefully acknowledged
tion); 3340, 1602, 1328, 765, 723 cm "1. 6

Anal. Calcd for C 20H 16O2N 4: C , 69.76; H , 4.65; N ,  16.28. _____________________
Found: C, 69.72; H , 4.60; N , 16.20.

Derivatives. II. Side Reactions in
in dioxane (2 m l) was treated with acetic anhydride (0.065 g ) the Preparation of l , l ,-Azobisformamides1
and anhydrous sodium acetate (0.05 g), and the mixture re
fluxed for 3 min. Dilution with excess water led to the pre- p „ .DT™ rL, u  A(f ......
cipitation of V III  (0.064 g ). Recrystallization from ethanol 
afforded colorless needles: mp 192-194°; 1768, 1688,
1356, 1281, 1194,1177 cm-1. Exploratory Research Section, Organic Chemicals

Anal. C a lc d ’for C24H 160 6: C, 71.99; H , 4.03. Found: Division, American Cyanamid Company, Bound
C, 71.94; H , 3.97. Brook, New Jersey 08805

D. 5,6,11,12-Tetraacetoxydibenzo[b,h]biphenylene (IX ).— A  
mixture of IV  (0.02 g ), acetic anhydride (5 m l), and anhydrous Received July 10, 1968
sodium acetate (0.5 g ) was refluxed for 2 hr and cooled. The
crystalline product was filtered off, and washed successively r .  ■ r , , ,  , . . . T
with acetic acid and water. Recrystallization of the crude IX  During the preparation of a senes of 1,1 -azobls(N- 
(0.027 g ) from acetic anhydride yielded yellow needles: mp substituted formamides)2 from dialkyl azodiformates
358-360° (lit .2 mp 358-360°); the product was identified by ir and amines, 1,6 -dialkylbiureas were frequently iso-
spectroscopy. . lated as by-products. It  is the purpose of this note to

«■? ™ * c u « v e  reactions
treated as in procedure D. Recrystallization of the crude prod- occurring when dialkyl azodiformates (1) and amines
uct (0.025 g) produced yellow needles, identical with IX. react and to consider the sources of various by-products.

F. Ketonization of IV  (or IVa). l. In Concentrated Sul- The first two reactions (1 and 2 ) are a facile lab- 
furic Acid.— Compound IV  (0.025 g ) was dissolved in cold con
centrated H 2SO4 (2 m l), and the solution poured into ice cold ... „  , T „ . »  T T
water (20 m l). The greyish precipitate was washed with water ^ciaLt 23A, 2451 (1967).
and recrystallized from acetic acid, yielding colorless plates (2) C. M. Kraebel and S. M. Davis, J. Chem. Eng. Data, u ,  133 (1969).
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T able I

R eduction of 1,1 '-Azobisformamides 
R N H C O N = N C O N H R

Molar ratio 
reducing agent:

R Solvent Reducing agent azobisformamide Time, hr Temp, °C % redn

H  E tO H  E tO H  15 143.5 75 None
H  E tO H  C 4H 9N H 2 2 2 75 30
H  C4H 9N H 2 C4H 9N H 2 8 2.5 80 100
c-C 6H u E tO H  E tO H  25 64 45-50 None
» -C 3H 7 E tO H  E tO H  20 192 25 <2
n-C3H 7 E tO H  C 6H 5N H 2 2 51 25 < 2 “
n-CsH 7 E tO H  Piperidine 2 28.5 25 4
n-C3H 7 E tO H  Piperidine 2 95 25 18
n-C3H 7 E tO H  C 4H 9N H 2 2 51 25 20
7i-C3H 7 E tO H  C 4H 9N H 2 2 195 25 42
ra-C3H , E tO H  Allylamine 2 24 25 28
to-C 3H 7 E tO H  Allylamine 2 72 25 46
w-C 3H 7 E tO H  (C 4H »)>NH  2 4 25 10
n-C3H 7 E tO H  (C 4H 9)2N H  2 20 25 66

0 No Michael addition was observed.

oratory synthesis for l,l'-azobis(N-substituted form- is available for reaction 4 even when initial ratio of 1:
amine is 1 :2 . Moreover, Yoneda’s data3 indicate that 

j reaction 6  can remove 1 as the amount ot alcohol
R 'O C O N = N C O N H R  +  R 'O H  (1) produced by reactions 1 and 2 increases. When 1 is

N n m w m ) „ „  __  removed by this process, the amine present can react
^ RN-TiPOTj—m po k h r  4 - r 'oh  (?) via reactions 4, 5, or 7. In view of the relative potency

2  " of amines as hydrogen donors, reaction 7 can compete
with reactions 1 and 2  and can, in fact, be another 

amides), particularly when diethyl azodiformate (la, reason that compounds 2 are not obtained quanti-
R ' =  C2H 5) is treated with unhindered aliphatic tatively. Although the procedure used to prepare 2

amines. does not allow for the isolation of compounds 3, which
The by-product biureas can arise by three possible are soluble, we found reaction 5 so sluggish [<20% yield

routes: reduction of l,l'-azobisformamides (2) by the 0f l ;6 -di-n-butylbiurea (4a, R =  n-C4H 9) from diethyl
by-product alcohol (reaction 3), reduction by the bicarbamate (3a, R ' =  C2H5) and n-butylamine after
amine used originally (reaction 4), or aminolysis of a 5 4  hr under reflux] that it can be excluded as a possible
dialkyl bicarbamate (reaction 5). Possible sources of source of 4. Thus, reaction 4 is the source of 4 in this
dialkyl bicarbamate (3) include reduction of 1 by an system.
alcohol (reaction 6 ), which has been reported by Dibenzyl azodiformate (lb, R ' =  CH 2C6H 5), which 
Yoneda, et al.,z or by an amine (reaction 7). is about as reactive as la toward amines, 2 is also active

2 +  R 'O H  — >- R N H C O N H N H C O N H R  (3) as a dehydrogenating agent. In methanol lb is rapidly
4 decolorized at room temperature. The color change

2 +  r n h 2 _>■  4  (4 ) from orange-red to pale yellow is characteristic of la
r  'n r o N H N H P O O R ' 4 - 2 R N H  ___ >  4 -I- 2R 'O H  (5) du rin S its deh yd rogen ation  reactions. D iiso p ro p y l
R  O C O N H N H C O O R  +  2 R N H 2 >  4  +  2R O H  (5) azod ifo rm ate  ( i c> R/ =  ¿-C3H7), which is less reactive

than la or lb toward amines, is also less easily hy-
1 +  R 'O H  >■  3 (6 ) drogenated. Even after several days of standing at
l +  RNH2 — > 3 (7) room temperature in methanol, lc is incompletely

Although Witkop, et a l.J  have also cited la as a selec- decolorized. Isopropyl alcohol decolorized lb less
tive oxidant, the oxidation reactions of 2  have not rapidly than methanolj m isopropy alcohol-heptane at
, , ,. j  rp, i T t u t  45 , the purity of lb  falls from 100 to 97% m 5 hr.6been studied. The data in lable I  show that the ’ r  s

. ,  , , , , , , ,• ( i . . .  Reactions between secondary amines and azo estersamides are less potent dehydrogenating agents than la. , ,/  , •%  .,  1 , , , ,, | , n o . ot are less predictable than those involving primary
The amides are not reduced by ethanol after 192 hr at . * u- r • 3 ™ TT,

, , rr oo t? pi tt i amines. Azobisformamides were obtained (Table I I )

., . v ’ . .1 , excess piperidine under reflux gave reduction product,
conditaons are far more ngorous ha„ hose which gave only the rediction product, whereas
Yoneda repor s, us, reac ion g dibutylamine gave no azobisformamide, but reduced
tins system. However, 2 are rrfuced with v a ^ u g  ^  and 3  This resuI, is consi'ste„ t with the
degrees of e y e  by amines (Table I )  0  give 1 (reaction positio„  0f dibutylamine among the reducing

4 ; , The ° Ti V i  ™ " !  1 l  >  agents used in Table I. Thus, secondary amines canallylanune >  C.H.NH, > piperidine »  O.HiNH, -  ^  ^  ^  , ,  , , m| 7 The p00r material

Since reactions 1 and 2 are not quantitative,- amine that seTeral Processes do' id

(3) F. Yoneda, K. Suzuki, and Y. Nitta, J. Org. Chew.., 38, 727 (1967).
(4) R. Axen, M. Chaykovski. and B. Witkop, ibid., 32, 4117 (1967). (5) These results were obtained by Dr. E. C. Sabatino.
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T able II
R eactions between D ialkyl Azodifobmates and Secondary Amines

Molar ratio
Amine Ester amine/ester Solvent Results

(C H 3)2N H  la  3.0 Et,20 -M e O H  (C H 3)2N C O N = N C O N (C H 3)2,«
>9 8 %  purity, ~ 2 0 %  yield

Piperidine la  2.0 Ligroin (C H s)5N C O N = N C O N (C H 2)5,!l
L______ I I__I
~ 8 0 %  purity, 14% yield

Piperidine la  10.0 E t20  (reflux) (C H 2)5N C O N H N H C O N (C H 2)5,
1_____ I LJ
> 10 %  yield'

Pyrrolidine la  2.0 Ligroin (C H 2)4N C O N H N H C O N (C H 2)4,
i_____ i i i
> 8%  yieldd

(C 4H 9)2N H  la  2.0 Ligroin E tO C O N H N H C O O E t,
34% yield

(C 4H 9)2N H  lc  2.0 E t20  I-CsH iOCONUNHCOOCsH ,-!,
36% yield

“ R. J. Crawford and R. Rapp, J. Org. Chem., 28, 2423 (1963). b O. Diels and R. Fritzche, Ber., 44, 3020 (1911). 'A fte r  re
peated crystallization from aqueous EtOH, mp 188-190°, lit.7 mp 188°. d After chromatographic purification.

1 +  R N H 2 — >■ R 'O C O N H N (C O O R ')N H R  (8 ) Aminolysis of 3a. A. In Ethanol. — Diethyl bicarbamate
2 +  R N H 2 — >  R N H C O N H N  (C O N H R )N H R  (9) $3a’ g ’ «  085 mole), 20 ml (0 2 mole) of n-butylamine, and

1UU ml oi ethanol were stirred and heated under reflux for 64 hr. 
Aniline and l a  yield the Michael addition product, Volatile materials were evaporated from the clear solution and the 

diethyl l-phenyltriazan-2 ,3 -dicarboxylate, 6 by reaction [ ef d,ual material was crystallized from aqueous ethanol and idem

8 . _ A n ilin e  also  reduced  l , l ' - a z o b i S(N -m e th y lfo rm - its ir was identical with that of 3 a. 7

amide) to l ?6 -dimethylbiurea after 3 hr at 115°.6 Under B. In W ater.— A  mixture of n-butylamine, water, and 3a 
our milder conditions (Table I), aniline did not react to (4:4:1 molar ratio) was heated under reflux for 1.3 hr, after which
any detectable extent with 2a according to either 4 or 80%  of the 3a was recovered unchanged. A  similar mixture, 
n after 18 hr under reflux, gave 8%  of an insoluble material, 4a:

ir (in Fluorolube), 3300, 3200, 3090 (N H ), 1665 (C = 0 ) ,  1570 
(C N H ) cm“1.

Experimental Section Anal. Calcd for C i0H 22N 4O2: C, 52.18; H , 9.62; N , 24.32.

Microanalyses were performed on a Fisher micro combustion Found: C, 51.94; H  9.46; N , 24.27.
apparatus. Melting points were determined in capillaries and After 64 hr under reflux, the yield of 4a was 18%.
areuncorrected. Attempted Preparation of l,l'-(Azodicarbonyl)dipyrrolidine.

1 ,1  '-Azobis(N-n-heptylformamide).— n-Heptylamine (9.0 g Isolation of l,2-Bis(l-pyrrolidinylcarbonyl)hydrazine.— To a
0.08 mole) was added to a stirred solution of lc (8.0 g, 0.04 mole) stuTed solutlon of 2 6 -7  S ( ° - 15  moIe) ° f la  in 50 ml of ligroin was
in 40 ml of ether over 1.5 hr at room temperature. Stirring was added 2 1 '3 g (0 '3 mole) of Pyrrolidine in 50 ml of ligroin. After
continued for 0.5 hr after which the slurry was filtered with sue- an exotbermic reaction, a pale orange solid was precipitated by
tion and the solid product was washed with ether until the wash- add™g ,ether- The soluble portion was not worked up. The
ings were nearly colorless. The yield was 7.9 g (64% ), mp 153- solld dld not llberate iodine from potassium iodide solution;
156° dec. ’ 210-215° dec (chars).

Anal. Calcd for C i6H 32N 40 2: C, 61.50; H , 10.33; N , 17.93; The solid was chromatographed on acid-washed alumina; the 
equiv wt, 156.2. Found: C, 61.53; H , 10.54; N , 17.72; equiv maior fraction (2.9 g, 8% ), eluted with benzene, was a white
wt (iodine titration) ,2 159.0. ’ ’ solid: mp 235-237; lit .7 mp 176°; nmr (CDC13), multiplets at

1,6-Di-n-heptylbiurea.— Mothers liquors from the preparation T ~ 6 '7  and "'T8 -2 and a sinSlet at 2 -7 7  with relative intensities of
of 1 ,1  '-azobis(N-n-heptylformamide) from lc and ra-heptyl- 4.0.4.0.1.0, ir (Fluorolube mull), 3230 (shoulder at 3300, N H ),
amine were left at room temperature for 10 days, after which 165b and 1630 (c = ° ) >  and 1545  and 1525  (broad doublet, C N H )
the white solid which precipitated was removed by filtration and cm ‘
washed with ethanol (1.5 g, 12%), 222-238° dec. Its ir spec- Anal: Calcd for C i»H i8N 40 2 [l,2-bis(l-pyrrolidinylcarbonyl)- 
trum was indistinguishable from that of other 1,6-dialkylbiureas1 hydrazine]: C, 53.07; H , 8.02; N , 24.76. Found: C, 52.72;
in the N H  and C = 0  stretching regions; ir (Fluorolube fluoro- 7.81; N , 24.74.
carbon mull on Perkin-Elmer 521 instrument), 3290, 3205, 3090 . 1 ,1  Vtzobis(N,N-dibutylformamide). Attempted Prepara-
(N H ), 1665 (C = 0 ) ,  1565 (C N H ) cm -1. tion-— Dibutylamine (25.8 g, 0.20 mole) was added dropwise to a

Anal. Calcd for C 16H 34N 40 2: C, 61.08; H , 10.90; N , 17.84. stirred solution of 20.2 g (0.10 mole) of lc in 100 ml of ether. The
Found: C, 60.84; H , 10.70; N , 17.53. ’ ’ resulting colorless mixture was evaporated to dryness and the

Attempted Reduction of 2a by Ethanol (Table I ).— A  slurry of semicrystalline mass was triturated with hexane to give a white
5.0 g of 2a in 100 ml of ethanol in a stoppered flask was left in the solid melting at 105-110° (7.3 g, 36% ). Its ir spectrum (in
dark (cupboard). After 192 hr at room temperature, the color Fluorolube) was very similar in the N H  and C = 0  regions to that
of the slurry was unchanged. The solid collected (1.6 g ) had an of 3a: 3250> ^55 , 1690, 1525 cm“1.
equivalent weight of 100.4 (theoretical for 2a in 100.1). Evap- A nal• Calcd for C 8H 16N 20 4 (diisopropyl bicarbamate): C, 
oration of the mother liquors to dryness yielded 3.2 g of residue 47.00, H , 7.90; N , 13.72. Found: C, 46.73; H , 7.81; N ,  
with an equivalent weight of 102.0. 14.06.

Reduction of 2a by n-Butylamine (Table I ) .— A  slurry of 5.0 g . A  similar reaction using la  in ligroin as solvent gave 3a (34%  
of 2a in 4.0 g of n-butylamine and 100 ml of ethanol was left in isolated), 
the dark (cupboard) for 51 hr at room temperature. The slurry
was washed repeatedly with ethanol until a white solid ( 1.0  g ), Registry No.— 1 , 1  -Azobis(A-n-heptylformamide), 
1,6-di-n-propylbiurea (4b, R  =  n-C3H 7), remained; ir (in Fluoro- 19740-68-2; 1,6-di-n-heptylbiurea, 19740-69-3; 4a,
lube), 3300, 3200, 3090 (N H ),  1660 (C = 0 ) ,  1570 (C N H ) cm“1. 16314-55-9' 4b (R  =  n-CTR) 17696-84-3' 1 2-bis-

Anal. Calcd for C8H 18N 40 2: C, 47.49; H , 8.95; N , 27.73. n  Y  ’ i n , « , ’-,
Found: C , 47.21; H , 8.95; N , 27.65. (l-p y r ro lid in y lc a rb o n y l)h y d ra z in e , 19740-71-7; dn so -

The ethanol-soluble material was unreduced 2 a, not 4b. ProPyl bicarbamate, 19740-72-8.

(6) K. E. Cooper and E. H. Ingold, J. Chem. Soc., 1894 (1926). (7) W. Reid, H. Hillenbrand, and G. Oertel, Ann., 590, 126 (1954).
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During our studies on transannular reactions in
cyclooctyl compounds we observed that treatment of cyclooctadiene. Treatment with aqueous mercuric
cis,cis-1,5-cyc 1 ooctadiene with mercuric oxide and acetate gave the bisacetoxymercuri compound 3 which
iodine produced two new substituted 9-oxabicyclono- yielded diiodide 2a on exposure to iodine in chloroform,
nanes. Since this structural feature is common to Diene 5 was a useful intermediate for the synthesis of 
several products isolated from other transannular other substituted 9-oxabicyclo[4.2.1]nonanes. Hydro
reactions, 3 we have investigated this reaction as a genation in aqueous potassium pentacyanocobaltate7
synthetic route to various substituted 9-oxabicyclono- gave a mixture of 8 and 9 in the ratio of 4:1 (Chart I ) .
nanes.

Addition of iodine to a mixture of the diene and Chart I
mercuric oxide in chloroform at 35-45° led to the for- /  \  /  \  /  \  /  \
mation of mercuric iodide and a crystalline solid. P '0 ''1  O'J
Elemental and mass spectral analysis of the solid indi- \— \ = /  \ — <A /
cated the molecular formula CsH^EO. The molecular 0
ion peak at m / e  378 in the mass spectrum was followed 8 9 10 ll
by intense peaks at m / e  251 and 124, indicating the .— . .— . .—
successive loss of two iodine atoms. Glpc analysis P '0  "A P o 'G  \

showed the presence of two components in the ratio \ __)  x _ z ^ O  V ___/  H O ' \ —V x Br
2:3. Attempts to obtain pure samples of the individual \
components by preparative glpc were not successful 0
although a pure sample of one was eventually obtained 12 13 14 15
by selectively removing the other. Thus treatment of /  \ / \ / \ / \^OH
the mixture with potassium f-butoxide in ether gave a j } A o  jl P o  1 | \
liquid and a crystalline solid. Support for structure 5 HO^\— /^O  \  /^ O  \ — /
for the liquid product was obtained from spectroscopic 16 17 18 19
measurements (see the Experimental Section) and
from its transformation into 9-oxabicyclo[4.2.1]nonane These olefins were separated by preparative glpc and
(4) 4 on catalytic hydrogenation. The crystalline their nmr spectra confirmed the assigned structures,
product, mp 120-121°, which had a glpc retention time Epoxidation of the olefin mixture with m-chloroper-
identical with that of one of the components of the benzoic acid in methylene chloride gave the isomeric
original mixture, gave (a) 9-oxabicyclo[3.3.1]nonane epoxides 10 and 11 which on reduction with lithium
(6 )6 on exposure to tri-n-butyltin hydride and (b) aluminum hydride followed by chromic acid oxidation 
9-oxabicyclo [3 .3 .1  ]nona-2 ,6-diene (7)6 on heating with gave 9-oxabicyclo [4.2.1 ]nonan-3-one (12) and 9-oxa-
potassium i-butoxide in tetrahydrofuran. From these bicyclo [4.2.1 ]nonan-2-one (13) in the ratio 1:3.
experiments it was concluded that the products of the Partial separation of these ketones was achieved by
initial reaction were 2,5-diiodo-9-oxabicyclo[4.2.1]- adsorption chromatography over alumina and subse- 
nonane (1) and 2,6-diiodo-9-oxabicyclo [3.3.1 [nonane quent preparative glpc gave the pure isomers.
(2 ) (Scheme I). Stetter and Meissner6 have prepared j n an attempt to find a more direct route to ketone 
an isomer of 2, mp 159-160°, starting also with 1,5- 13  we investigated the bromination of 5-hydroxycyclo-

octanone.8 This compound, which exists almost ex-
(1) Supported in part by Research Grant GP-1587 of the National Science c lu s iv e ly  in  th e  h e m ik e ta l f o r m  14 ( th e  in fr a r e d  SpeC-

Foundation. 14, _. . . t r u m  sh ow s  n o  c a rb o n y l a b s o r p t io n ) , o n  t r e a tm e n t  w ith
(2) (a) To whom correspondence should be addressed at the Department . . , . ,

of Chemistry, Queen’s University, Belfast, N. Ireland; (b) N.I.H. Pre- p y r id m iU m  b ro m id e  p e rb ro m id e  HI aqueOUS aCetlC a c id
doctoral Fellow, 1965- 1968. at 60° gave a brominated product which showed a

w ^ :  s tro n g  c a rb o n y l a b s o rp t io n  in  th e  in fr a r e d  s p e c tru m

shenker, ibid., 2932 (1967); (c) a . c . Cope, b . s. Fisher, w . Funke, J. m . a n d  is  th e r e fo r e  fo r m u la te d  as 15. W h e n  th is  com -
Mclntosh, and M. A. McKervey, J. Org. Chem., 34, 2231 (1969); (d) A. C.
Cope, R. B. Kinnel, M. A. McKervey, and N. M. Weinshenker, to be (7) J. Kwiatek. I. L. Mador, and J. K. Seyler, Advances in Chemistry
published. Series, No. 37, American Chemical Society, Washington, D. C., 1963, p

(4) A. C. Cope and B. C. Anderson, J. Amer. Chem. Soc., 79, 3892 (1957). 201.
(5) A. C. Cope and A. Fournier, ibid., 79, 3896 (1957). (8) We thank Badische Anilin und Soda Fabrik, Ludwigshafen, Germany,
(6) H. Stetter and H. J. Meissner, Tetrahedron Lett., 4599 (1966). for this material.
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pound (without purification) was dissolved in methanol Anal. Calcd for C 8H 10O: C, 78.57; H, 8.24. Found: C, 

containing potassium hydroxide ketone 13 was ob- 78̂ 2;
, . -, /.nrrr ■ u  c , rnv. , , , • Catalytic Hydrogenation of 5.— A  sample of 5 (100 mg) m
tamed (47% yield from 14). The structural assign- methanol (5 mj) containing 5% palladium on carbon (15 mg) was
m erit fo llow s  fro m  the in fra red  spectrum  o f 13 an d  hydrogenated at room temperature and atmospheric pressure
fro m  its tran s fo rm ation  b y  the W o lf f -K is h n e r  m eth od  until hydrogen uptake ceased. The catalyst was removed by
into  a m ixture  o f 9 -O xabicyclo  [4.2.1 ]nonane  (4) an d  filtration and the filtrate was diluted with pentane. The pentane
4-cycloocten-1-01 (19) in the ratio 4:1. The formation so|uti°n was then washed with water and dried. Removal of the

„ , .. i - r i -  x- n ,i solvent gave an oil {ca. 100 mg) which was shown by glpc analysis
of the latter compound in  this reaction confirms the (5 ft x  20% T C E P  at 90°) to contain one component with a
position of the carbonyl group since it is an example of retention time identical with that of 9-oxabicyclo[4.2.1]nonane
an eliminative reduction of an «-substituted ketone.9 (4). The ir spectrum of a sample collected by preparative glpc
The above synthetic sequence was also applied success- was superimposable with that of an authentic sample of 4.
f  I, . , , ■ i i , , Tri-n-butyltin Hydride Reduction of 2 .— A  sample of 2 (1.0 g),
billy to two other oxygen-bridged cyclooctanones mp 121_121' 6., added to tri_n_butyltin hydl\de (2 .0 g) and
lhus brornmation of 4-hydroxycyclooctanone (16) the mixture was stirred. After gentle warming on a water bath 
with pyridinium bromide perbromide followed by the solid went into solution. The solution was stirred overnight
treatment of the mixture of crude bromo ketones with and the product was then flash distilled at 25° (0.2 mm) into a

potassium hydroxide in methanol gave 9-oxabicyclo- recei”  cool' f  ~J? ■ . The yield of materiab mp 48_5 l°l’ 
ro o i i o /,„N , „ , . i rr 1 i i was d00 mg (83%). I he ir spectrum was superimposable with
[3.3.1 ]nonane-2-one (17) and 9-oxabicyclo [5.1.1 ]nonan- that of an authentic sample of 6.
2-one (18) in the ratio 1:2.5 (30% yield from 16). 9-Oxabicyclo[4.2.1]non-2-ene (8) and 9-Oxabicyclo[4.2.1]non-
Wolff-Kishner reduction of 17 jdelded 9-oxabicyclo- 3-ene (9).— The catalyst used in the hydrogenation of 5 was pre-
[3.3.1 [nonane (6 ) and 4-cycloocten-l-ol (19) in the ratio Pared as follows: 50 ml ° f a 0.3 M  cobalt chloride solution was
3:1. A  similar reaction with 18 failed to give 9- placed m a 250-ml flask fitted with an efficient magnetic stirrer,

, r , i .i a hydrogen inlet, a dropping funnel with an equilibrating side
Oxablcyclo[5.1.1 [nonane, attempts to reduce the arm, and a syringe cap inlet. A  solution of potassium cyanide
carbonyl group of 18 with sodium borohydride gave a (50 ml, 1.35 M )  was placed in the dropping funnel and the flask 
mixture containing at least seven components. was flushed three times with hydrogen. The cyanide solution

was then allowed to flow rapidly into the flask with very rapid 
stirring. Hydrogen uptake "was recorded and was complete 

Experimental Section10 (110-130 ml) in ca. 30 min.

2,5-Diiodo-9-0xabicyclo[4.2.1 ]nonane ( 1 ) and 2,6-Diiodo-9- The diene (5.78 g ) was then added with a syringe and hydrogen
oxabicyclo[3 .3 .1 ]nonane (2).- A  slurry of red mercuric oxide uptake w f  f< ;orded- The reaction stopped a ter 2 hr when
(108 g) in chloroform (500 ml) containing « S, « S-l,5-cycloocta- 38‘9' T ™ 1 of hydrogen had been absorbed. Glpc analysis in-
diene (54 g ) was stirred in a 1-1. flask fitted with a condenser. d' catf d the absence of diene The mixture was extracted with
Iodine (252 g ) was added in small portions through the condenser “  P014!011.® of e h®r and *he,e* f r s° lutlon was washed with
during 2.5 hr and the addition rate was adjusted so that the sodium chloride: solution and dried. Removal of the solvent 
internal temperature remained between 35 and 45°. The mixture f  (98%> °1 a mlxturf  of 8 and 9 m the ratl°  4 : 1 : bP
was cooled and the solid (H g l2, 230 g ) was removed by filtration. f “ 43 (4 f .  m ia )- ° f T f0ch “ r J e[ e obtained
The filtrate was washed with sodium thiosulfate solution and y preparative g.Ipcon 8-ft20% LAC-728. 8 showed the following
dried. Removal of the solvent gave an oil which deposited characteristics: irm m )3 0 1 0 (m  1 1 1 0  (m ) 1060 (v sk l0 1 5 (m
crystals on standing. Methanol (100 ml) was added and the 885 (m ), 820 (m ), 715 (m ) and 660 cm. - 1 (m ); nmr (CC I,) 1.2-1.9
crystals were isolated by filtration. There was obtained 119 g m̂ ’ 6 I '9 2 '3 (m ’ 4 4 5  Î . S,0? aad ^  i?1’ A
(63% ) of a mixture of diiodides 1 and 2 , mp 62-70°. A  sample ^ a cd for„C8F 12° :, 9 ’ 7?',^7; .H ’ 9( 74' Four[d: %
recrystallized from methanol had mp 75-80°. Glpc analysis on 7J;5° ; ">  9 7 8 ‘ , 9 Asl) ° ^ ed tbe /oUo™ g  characteristics: ir
2-ft 20% SE-30 at 180° showed the presence of both isomers in (m )’, ! ° 55  (s ) ’ 999 ,(m )A 969
the ratio 2 :3 . (m ), 900 (m ), 860 (m ), and 660 cm ' 1 (s); nmr (C C h ) 1.3-2.0

Anal. Calcd for C 8H 12I 20 : C, 25.39; H , 3.20; I, 67.12. (m ’ 4 ^  I  ^
Found: C, 25.29; H  3.26' I 67 69 Anal. Calcd for CsH^O: C, 77.37; H , 9.74. Found: C,

Reaction of the Diiodides with Potassium f-Butoxide.— Potas- 77'3(b 9 ’. 9 '®,9% ,  ,, , . , „  , .
sium t-butoxide (30 g ) was added to a solution of the diiodide 9-Oxabicyclo[4.2.1]nonan-3-one (12) and 9-Oxabicyclo[4.2.1]-
mixture (50 g ) in dry ether (500 ml). The mixture was stirred “ “ of  the epoxyolefins (79% 8 and 21%  
and cooled during the addition and then was heated under reflux '  (6-0 g) was dissolved m methylene chloride (30 ml) at 5 and
for 1.5 hr. The mixture was cooled, filtered through Celite, and a f  1" ti°n ° f  m-chloroperbenzoie acid (15.0 g ) in methylene chlo-
the filtrate was washed with two 300-ml portions of water and nde (15°  ml) f 88 added fropwise with stirring during 1 hr. The
dried. Removal of the solvent gave a residue which deposited mixture was then allowed to stand at room temperature for 2 hr.
crystals on trituration with pentane. Filtration yielded 2 (15 4be Pre<3'P1Tated solid was removed by filtration and the filtrate
g), mp 120-121°, after recrystallization from methanol. This Wlth 19% aqueous Potassium hydroxide and
material was identical in glpc retention time with the minor dried (MgSCL). Removal of the solvent gave a semisolid which,
component of the diiodide mixture. on sublimation at 70 (0.5 mm), gave 5.0 g (72% ) of a mixture

Anal. Calcd for CsH 12I 20 : C, 25.39; H , 3.20; 1,67.12. of epoxides 10 and 1 1 . Glpc analysis on an 8-ft 20% LAC-728
Found: C, 25.55; H , 3.18. 789° indicated the presence of all four isomers. A  sample of

Concentration of the pentane solution followed by distillation ndx*'ure was collated by preparative glpc on 2-ft
gave 7.6 g (79.3%) of 9-oxabicyclo[4.2.l]nona-2,4-diene (5), 20% SE-30 at 140 and analyzed.
bp 50-60° (ca. 5 mm). A  second distillation gave an analytical ' Calcd for C 8H 120 2: C, 68.54; H , 8.63. Found: C,
sample, bp 46-48° (4 mm); ir (neat) 3025 (m ), 1075 (s), 1000 68.50; H , 8.76.
(s), 920 (s), 780 (s), and 700 cm“ 1 (s); uv max (E tO H ) 257 mM A  solutlon of the epoxide mixture (4.55 g ) in ether (20 ml) was 
(« 5650); nmr (CDC13) S 5.6-6.35 (m, 4 H ), 4.5-4.8 (m, 2 H ), added dropwise to a slurry of lithium aluminium hydride (1.5 g)
and 2.2 (m, 4 H ). 111 etber (75  mb - The mixture was stirred for 30 min and then
--------------------  . treated successively with cold water and dilute hydrochloric acid.

(9) N. J. Leonard and s. Gelfand, J. Amer. Chem. Soc., 77, 3272 (1955) ’ The precipitated solids were removed by filtration and the filtrate
see also P. S. Wharton and D. H. Bohlen, J. Org. Chem., 26, 3615 (1961). concentrated to afford 4.65 g (95% ) of an oil. Glpc analysis on

(10) Melting points were taken on a Thomas-Hoover melting point an 8_ft 20%  LAC-728 at 120° showed the presence of three
apparatus and are uncorrected; boiling points are uncorrected. Glpc k.Amnvo A i • , -r; a u
analyses were carried out using an F & M Model 720 instrument. Liquid '' A  ̂  ^  Y P ^ 3™-
phases are abbreviated in the following way: SE-30, silicone gum rubber; 1V̂  8 PC on a 2-ft 20% SE-30 at 140 and analyzed.
XF-1150, GE-fluorosilicone, TCEP, l,2,3-tris(2-cyanoethoxy)propane; Anal. Calcd for CsHnC^: C, 67.57; H, 9.92. Found: C ,
LAC-728, diethyleneglycol succinate. Nmr spectra were recorded on a 67.58, H , 9.77.
Varian Associates A-60 spectrometer. Microanalyses were performed by The Crude alcohol mixture (4.55 g ) was dissolved in acetone
Dr. S. M. Nagy and his associates. (35 ml) at 0° and an excess of 8 N  chromic acid was added drop-
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wise. The mixture was allowed to stand overnight and then the was achieved by adsorption chromatography on alumina. Elution
solvent was removed at reduced pressure. The residue was dis- with methylene chloride-pentane (1 :4 ) gave pure 17 (200 mg) in
solved in ether and washed with water. The aqueous layer was the first three fractions. Fractions 4 -8  (410 mg) contained equal 
saturated with sodium chloride and extracted with ether. The amounts of the two ketones. Finally, elution with 300 ml of
combined ether extracts were dried and concentrated to give 3.98 methylene chloride gave 18 (300 mg) of 90-95% purity. Further
g (88.5%) of an oil. Glpc analysis on 8-ft 20%  LAC-728 at purification was achieved by preparative glpc on an 8-ft 20%
190° indicated the presence of two components in the ratio 1:3. LAC-728 at 180°. Ketone 18 had principle ir bands at 1700 (vs)
Analytical samples of the individual ketones were obtained by 1050 (s), 1020 (s), 980 (s), 940 (m ), and 865 cm“1; mass spectrum
preparative glpc on the same column. The minor component 12 major peaks (m/e, relative intensity) 140 (17 molecular ion)
had mp 29.5-32°; ir (K B r ) 1700 (vs), 1190 (m ), 1140 (w ), 84 (45), 83 (46), 68 (45), 55 (100), 41 (100), and 39 (99).
1105 (m ), 1090 (s), 1060 (m ), 1035 (s), 1005 (w ), 960 (w ), 945 Anal. Calcd for C8H i20 2: C, 68.54; H , 8.63. Found- C
(m ), 860 (w ), and 760 cm “ 1 (w ); nmr (CC14) 1.1-2.3 (m, 6 H ), 68.59; H , 8.80.
2.4-3.0 (m, 4 H ), 4.15-4.65 (bs, 2 H ). Structure Proof of 9-Oxabicyclo[3.3.1]nonan-2-one (17).— A

Anal. Calcd for C8H 120 2: C, 68.54; H , 8.63. Found: C, sample of 17 (17 mg) was dissolved in ethylene glycol (250 /d) 
68452; H , 8.61. containing 95% hydrazine (75 /J) and potassium hydroxide (10

The major component 13 was identical in every respect with mg). The mixture was heated under reflux for 1 hr and then 
the material described below. cooled, diluted with water, and extracted with ether. The

9-Oxabicyclo[4.2.1]nonan-2-one (13).— 5-Hydroxycycloocta- ether solution was dried (MgSCL) and • concentrated. Glpc
none (14, 7.8 g ) was dissolved in glacial acetic acid (75 ml) analysis of the residue on a 2-ft 20% SE-30 showed the presence
containing water (25 m l). The solution was heated to 60° and of 9-oxabieyclo[3.3.1]nonane (6) and 4-cycloocten-l-ol (19) in
pyTidinium bromide perbromide (19.5 g ) was added slowly with the ratio 3:1.
stirring during 1 hr. When the addition was complete, the solu
tion was left overnight at room temperature. It was then poured Registry No.— 1, 19740-73-9; 2 , 10299-46-4; 5,
into cold water (700 ml) and extracted six times with methylene 19740-75-1; 8 , 19740-76-2; 9 , 19771-17-6' 12 19740-
chloride The combined extracts were washed twice with water 7 7 .3  1 3 ,19740-78-4; 17,19740-79-5; 18,19740-80-8.
and dried. Removal of the solvent left a viscous brown oil (12.8 ’
g) which was dissolved in methanol and added to a solution of
potassium hydroxide (3.0 g ) in methanol (20 ml). After 5 min,
the solution was poured into cold water (700 ml) and extracted
with methylene chloride. The combined extracts were washed c is ,c i s - 1 ,5 -C y c lo o c t a d ie n e  D i e p o x i d e 1
with water and dried. Removal of the solvent followed by frac
tional distillation gave 13, 3.7 g (47% ), bp 76-77.5° (3 mm). . ^
A  sample of >99 %  purity was obtained by adsorption chro- „  A rthur  C. Cope, B ruce S. F isher , W olfgang 
matography over alumina. I u n ke , John M . M cI ntosh, and  M ichael A. M cK ervey2

Anal. Calcd for C 8Hi20 2: C, 68.54; H , 8.63. Found: C,
68.63; H , 8.57. Department of Chemistry, Massachusetts Institute of

Wolff-Kishner Reduction of 9-Oxabicyclo[4.2.1]nonan-2-one Technology, Cambridge, Massachusetts 02139
(13).— The ketone (1.0 g ), potassium hydroxide (1.5 g), hydra
zine hydrate (1.0 ml), and diethylene glycol (10 ml) were placed Received October 22 1968
in a flask fitted with a reflux condenser. The mixture was heated
in an oil bath at 160° for 2 hr. After cooling, cold water was .
added and the solution was extracted with ether. The ether solu- lh e  epoxidation o, CIS,CIS- 1,5-cyclooctadiene with
tion was washed with water and dried (MgSCL). Cautious re- excess peracid can give c is - and/or (rans-diepoxides la
moval of the solvent left an oil which was shown by glpc on and b. The use of perbenzoic acid in this reaction was
2 -ft 20%  SE-30 to contain components in the ratio 4:1. The stud ied  b y  Criegee and Kerkow , 3 although no experi-
individual components were isolated by preparative glpc and , . ,, n r °  ,
identified as 9-oxabicyclo[4 .2 .1 ]nonane (4 ) and 4-cycloocten-l-ol ments concerning the configuration of the product were
(19) by comparison of their ir spectra and glpc retention times carried out. We have investigated the stereochemistry
with those of authentic samples. of this reaction and have observed some transannular

Wolff-Kishner Reduction of 9-Oxabicyclo[4.2.l]nonan-3-one reactions with the diepoxide. A  study of the diepoxi-
(12).— A  sample of 12 (24.5 mg) was dissolved in ethylene glycol d a t ;on  0f  1 4 -cvclohexad iene revealed  that denendinp-
(0.5 ml) containing 85% hydrazine hydrate (50 M l)  and potassium aaU O n  01 cycionexacuene revea led  tn a t depen d ing
hydroxide (10 mg). The mixture was heated under reflux for 1 /— \ y — ,
hr and then cooled, diluted with water, and extracted with O m  K O  ( ) \  L 'O
pentane. The pentane solution was dried (MgSO<) and con- N't  V ' ''■l J--'
centrated. The ir spectrum of the residue was identical with '— /  '
that of an authentic sample of 9-oxabicyclo[4.2.1]nonane (4). la lb
Glpc analysis on a 2-ft 20% SE-30 showed only one component.
A  sample obtained by preparative glpc had mp 28-30° (lit .4 mp on the peracid used, trans- 1,4-cyclohexadiene diepoxide 
31°). or mixtures of the cis  and trans  isomers were obtained. 4

9-Oxabicyclo[3.3.i]nonan-2-one (17) and 9-Oxabicyclo[5.i.i]- I t  appeared possible that changing the peracid would
nonan-2-one (18)- 4-Hydroxycyclooctanone (16, 5.0 g ) was lead to similar effects in the case of c is ,c is - l ,5-cycloocta- 
dissolved in glacial acetic acid (19 ml) containing water (6 m l). .. TT „ , ,, , ,. . , .
The solution was heated to 60° and pyridinium bromide per- diene. However, we found that peracetic acid in acetic
bromide (11.1 g ) was added slowly with stirring during 15 min. acid gave a diepoxide identical in glpc retention time,
When the addition was complete, the solution was left overnight infrared spectrum, and refractive index with that ob-
at room temperature. It was then diluted with cold water (200 tained using perbenzoic acid in chloroform; according
ml) and extracted with methylene chloride. The combined ex- th  j a n a l y s i s  performed on various liquid phases,
tracts were washed with saturated sodium bicarbonate solution i i i  v  • , , , . , .
and dried. Removal of the solvent left 7.2 g of a brown oil which only one isomer of the diepoxide was obtained from
was then dissolved in methanol (50 ml) and added to a solution both reactions.
of potassium hydroxide (5.0 g ) in methanol (35 ml). After 10 The well-established mode of reaction of lithium
min, the volume of the solution was reduced and the residue was
dissolved in ether and poured into water (200 ml). The ether (l) Supported in part by a research grant (GP-1587) from the National
layer was separated and the aqueous laver was extracted with Science Foundation.
an additional 100 ml of ether. The combined extracts were <2> T ° whom enquiries should be addressed at The Chemistry Depart-

washed with water and dried. Removal of the solvent followed (3) Unpublished resuits of R. Criegee and A. Kerkow. We thank Pro-
by distillation gave 1.0 g (20% ) of a mixture of 17 and 18, bp fessor Criegee for an account of this work.
50° (0.3 mm). Glpc analysis on a 5-ft 5%  XF-1150 at 148° indi- (4) T. w . Craig, G. R. Harvey, and G. A. Berchtold, J. Org. Chem., 32,
cated an isomer ratio of 1:2.5. Separation of the two isomers 3743 (1967); H. B. Henbestand B. Nicholls, J. Chem. Soc., 221 (1959).
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aluminum hydride with epoxides offered a method for a hydrogen pressure of 900 psi gave the products listed
determining the stereochemistry of the diepoxide. in Chart II. Comparisons, similar to those used in the
Normally, the epoxide ring is opened in an SN2-type
process. On this basis, la should give cfs-l,4-and/or Chart II
m-1,5-cyclooctanediol whereas lb should give trans- O-^y— \  OH Qpr
1,4- and/or trans-l,5-cyclooctanediol. In this event, Y '  \ o 'Y '
reduction of the diepoxide with lithium aluminum __/  Kf' J
hydride in tetrahydrofuran gave a mixture of products 2, 33% 3 33% 15 8% 9 7%
(Chart I ) from which a cyclooctanediol fraction could ''

w *  rv -"vv  < Y o » c rc r ;
W ' H ¿ U ' "  ° *  -----------------Y ---------------------

8.0%
2 , 45% 3, 24% 4 , 6%

/— \ -— . lithium aluminum hydride reduction, revealed that
p—q—n [ the diol fraction contained cis isomers exclusively.
\  / ^ qh y  / Y ,  The remaining products were identified by comparisons

5 with authentic samples.7 The isolation of considerable
’ 1/1 6’ 15̂  quantities of 4- and 5-hydroxycyclooctanone makes it

difficult to assign an exact ratio to the diepoxide al- 
be obtained by fractional distillation. The cyclooc- though the results confirm that la is the major isomer,
tanediols, which were inseparable on glpc analysis, were In another series of experiments it was established that
converted into the corresponding ditrifluoroacetates reduction of the diepoxide with a deficiency of lithium
which were separated and identified as derivatives of aluminum hydride in ether gave a single epoxy alcohol,
m-l,4-cyclooctanediol (2 ), cis-1,5-cyclooctanediol (3), assigned cis configuration 7. This alcohol was con-
and trans-1,4-cyclooctanediol (4) by comparison of verted into (a) the crystalline epoxy acetate 8 and (b)
their glpc retention times and infrared spectra with the epoxy tosylate 9 . This latter compound on expo-
those of authentic samples.5 A  lower boiling fraction sure to tetraethylammonium acetate gave the liquid
was also isolated from the product mixture and was epoxy acetate 10 (Chart I I I ) .  Comparison of the two
shown to contain at least three of the four possible
isomers of 5 and 6 . A  mixture of endo 5 and endo 6 Ch art III
was synthesized by the method of Moon and Hayes6
and endo 5 was isolated by preparative glpc. Its mass Y  Yrf /  \  ,OAc
spectrum and glpc retention time were identical with \ H J  'H
those of the major component (70%) of the mixture of X /  '
epoxy alcohols obtained from the diepoxide. The 7 8
presence of endo 6 was not definitely established but
two other isomers, assumed to be exo 5 and exo 6, were /  \ ^ 0Ts /— \  ,.OAc
isolated by preparative glpc. Their mass spectra O/t J"'H o Y  Ĵ -H
(M +  =  142) showed fragmentation patterns almost \— /  \ /
identical with those of endo 5 and endo 6 ; only slight 9 10
differences in peak intensities were observed. The
results of the lithium aluminum hydride reduction are __  0H
not completely understood. I f  the reaction proceeds in y S rv^ l
the anticipated stereospecific way, then the diepoxide ho* ' H O ' ' \
must be a mixture of la and b, la being the dominant 0H X '
isomer since cis diols were the major products of the 11 12 13
reduction. On the other hand, a nonstereospecific __
reaction involving a small amount of isomerization of / ~ \
one epoxide group to a carbonyl group prior to reduc- %  J  ,1 -A S"J'
tion could account for the small amount of imns-diol H0 N ^  HO-'\— / ' OH
in the products. The epoxy alcohol endo 5 can arise 14 15 16
via a transannular mechanism in which the oxygen
anion resulting from the opening of the first epoxide epoxy acetates 8 and 10 showed that no trace of one
group reacts with the second epoxide group in the could be found in the crude reaction mixture containing
trans isomer lb; no exo isomers can be formed by this the other under glpc conditions which cleanly separated 
mechanism. the two.

Catalytic hydrogenation of the diepoxide at room Criegee and Kerkow3 did not obtain the expected 
temperature using palladium on carbon as catalyst and tetrols from hydrolysis of the diepoxide with dilute

sulfuric acid. Instead, a product was isolated for
(5) A. C. Cope and B. C. Anderson, J. Amer. Chem. Soc., 79, 3892 (1957);

A. C. Cope and A. Fournier, ibid., 79, 3896 (1957).
(6) S. Moon and L. Hayes, J. Org. Chem., 31, 3067 (1966); see also A. C. (7) We thank Badische Anilin und Soda Fabrik, Ludwigshafen, Germany,

Cope, M. A. McKervey, and N. M. Weinshenker, J. Amer. Chem. Soc., 89, for samples of 5-hydroxycyclooctanone (which exists in the hemiketal form) 
2932 (1967). and 4-hydroxycyclooctanone.
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which they suggested structure 11. We repeated the ir (C C h ) 915 cm“1; nmr (C D C h ) 2.95 (m, 4  H ), 1.92 (m, 8 H );
hydrolysis under the same conditions and obtained a mass spectrum (80 eV ) m/e. no molecular ion species at 140 but
product (97.5%), the spectral characteristics of which 1ks “  Z dei decrea« ing intensity occurred at 41, 67, 68 , 39,

were — «  with 11 and/or 12. That the product ”  “  * ™ “ y ° '
was a mixture of the two isomers was established by Reduction of the Diepoxide with Lithium Aluminum Hydride, 
conversion to the ditosylates followed by elimination — To a Stirred suspension of lithium aluminum hydride (45 g)
with potassium hydroxide in triethylene glycol to give a '.n tetrahydrofuran (650 ml) was added dropwise a solution of the

mixture of the epoxy dienes 13 and 14.8 Subsequent (45 S)t“  tetrah>'d7 f % a \ ( 300 m1)- The mixture was
1 , 1  , .. n . u- l n  o 1 l stirred at room temperature for 42 hr and at reflux temperature
hydrogenation gave 9-OXablcyclo[4.2.1 jnonane (/5%) for 4 hr after which aqueous methanol was added. After the 
and 9-Oxabicyclo [3.3.1 [nonane (25%). Hydrolysis of addition of chloroform, the mixture was filtered and the solid
the diepoxide therefore gives 11 and 12, 12 being the residue was washed with chloroform and acetone. The combined
dominant product. The formation of these two prod- organic solutions were drieddMgSOO and concentrated at reduced

„„„  n , i - i i  , .  . 7 . pressure. Distillation of the residue gave 41 g of an oil (89%
ucts can be explained by a mechanism involving yield, calculated for cyclooctanediol), bp 100-113° (0.15-0.3
soivolytic opening of one of the epoxide groups in the mm). Glpc analysis on an 8-ft 20% silicon rubber at 150°
first step followed by a transannular nucleophilic showed the presence of three components— A  (9% ), B  (15%),
substitution by one of the hydroxyl groups on the and C (75% )— in order of increasing retention time. Samples

second epoxide group, tending to d.-cnd.-epoxjdiols.
Iransannular reaction also occurred when the di- not investigated further. Component B  was further partially

epoxide was treated with sodium sulfide in aqueous resolved into three compounds by glpc on an 8-ft 5%  XF-1150 at
ethanol.9 The product, obtained in 88% yield, 160°- The maior compound of this mixture was found to be

analyzed correctly for 15 and/or 16. That 9-thiabi- Moon^tTHayes^1111516 °f ^  5’ prepared by the method of
cyclo [4.2.1 [nonane-2,5-diol (16) was the major com- A  sample of component C (cyclooctanediols) was purified by 
ponent was established by desulfurization with Raney preparative glpc and analyzed.
nickel. T h is  reaction  g a v e  a com plex  m ixture  o f p ro d - Anal. Calcd for C8Hi60 2: C, 66.63; H , 11.18. Found: C,
ucts from which three components (representing 80% 11-02-

u .  i  , P  . I , , ,  , , Ditnfluoroacetates of C.— To a solution of C (90 me) in Dvri-
j  tb .® t?t a ) . T er? lso lated  b y  p rep a ra t iv e  g lpc  an d  dine (2 ml) was added trifluoroacetie anhydride (2 m l) at 0 °.

identified  as 4 -h ydroxycyc looctan on e, 5 -h y d roxy  cyc lo - The mixture was stirred at room temperature for 30 min, poured
octanone, an d  c fs -l,4 -cyc looctan ed io l (m a jo r  p ro d u c t ). into cold dilute hydrochloric acid, and extracted with ether. The
I , 5-Cyclooctanediol was not detected; apparently, ether solution was washed with saturated sodium bicarbonate
5-hydroxycyclooctanone is the only product of desul- solution and dried (M gS 0 4). Removal of the solvent gave an oil
£ •  *• £ a 1x1 i ii n i- i* irom  which £rans-l,4-cyclooctanediol ditrifluoroacetate, m -1,5-
funzation of 15. Although the configurations of the cyclooctanediol ditrifluoroacetate, and m - l ,4-cyclooctanediol 
hydroxyl groups in 15 and 16 were not established, they ditrifluoroacetate were isolated by preparative glpc on a 12 -ft
are represented as possessing the endo positions since 5%  XF-1150 at 12 0 ° and identified by comparison of their
nucleophilic attack by sulfide ion on m-diepoxide l a  retention times and spectral properties with those of authentic

Should give this stereochemical result. Berchtold and Catalytic Hydrogenation of the D iep ox id e .-A  solution of the
coworkers4 have established that the analogous reaction diepoxide (3 g ) in ethyl acetate (150 ml) was hydrogenated at
of sodium sulfide with cis-l,4-cyclohexadiene bisepoxide room temperature with a hydrogen pressure of 900 psi and 10 %
gives di-etldo-7-thiabicyclo [2.2.1 [heptane-2,7-diol. palladium on charcoal (1.5 g ) as catalyst. The solution was

filtered, concentrated to a volume of 20 ml, and analyzed by 
glpc on an 8-ft 20% silicon rubber at 150°. The diol fraction
was isolated by preparative glpc and shown to contain cis-1,4- .E/Xpcx ixtigiathi occuon 1 , , • , * , , ,
cyclooctanediol and as-l,o-cyclooctanediol by conversion to the

Epoxidation of cfs-l,5-Cyclooctadiene.— The diene (15.5 g ) was ditrifluoroacetates as described above. The remaining products 
added dropwise to a stirred solution of perbenzoic acid (41.6 g ) are listed in Chart II.
in chloroform (1350 ml) at —5°. When the addition was com- 4,5-Epoxycyclooctanol (7).— Reduction of the diepoxide with
pleted the solution was allowed to stand at 0° for 5 days. The lithium aluminum hydride in ether as previously described11 gave
chloroform solution was then shaken twice with 10% aqueous a mixture containing unreacted diepoxide, epoxy alcohol 7, and
sodium hydroxide, washed with water, and dried (N a 2S04). a trace of diol. The epoxy alcohol was purified by fractional
Removal of the solvent followed by fractional distillation gave distillation.
I I .  4 g (57% ) of the diepoxide: bp 64° (0.3 mm); n25D 1.4952. . 4,5-Epoxycyclooctyl Acetate (3).— To a solution of 7 (200 mg)

Repetition of the epoxidation using peracetic acid (1.4 equiv) 111 dry pyridine (2 ml) was added acetic anhydride (0.75 ml) at
in acetic acid containing sodium acetate gave a mixture of un- room temperature. After 46 hr, water was added and the mixture
reacted diene (16% ), the monoepoxide (51% ), and the diepoxide was extracted with three 20-ml portions of ether. The ether
(14% ). The monoepoxide had bp 64-66° (6 mm). solution was washed with water and dried (M gS 0 4). Removal of

Anal. Calcd for C 8H I20 : C, 77.38; H , 9.74. Found: C, the solvent gave a solid which was homogeneous on glpc analysis
77.62; H, 9.92. on a 10-ft 20% LAC-728. Recrystallization from pentane gave

Thé diépoxide had bp 65-72° (ca. 0.35 mm); mp 25-27°; 210 mg (80% ) of the crystalline epoxy acetate 8 : mp 66.5-67°;
ir (CC14) 1740, 1250, and 1025 cm-1.

--------------------  Anal. Calcd for C ioH i60 3: C, 65.19; H , 8.75. Found: C,
65.04; H , 8.77.

(8) A more convenient route to 13 and 14 is described in a forthcoming 4,5-Epoxycyclooctyl Tosylate (9).— To a solution of 7 (1.6 g)
publication by A. C. Cope, M. A. McKervey, and N. M. Wemshenker. . , r ... 1X J \ / , , , , v, .j

(9) Other transannular routes to sulfur-bridged cyclooctyl compounds f  d%  P^l/lme (10 ml) was added p-toluenesulfonyl chloride
have been described by E. J. Corey and E. Block, J. Org. Chem., 31, 1663 (2 -5 g )- The solution was left at room temperature for 60 hr.
(1966), and E. D. Weil, K. J. Smith, and R. J. Gruber, ibid., 1669 (1966). Dilution with cold water followed by filtration gave a white solid

(10) Melting points were taken on a Thomas-Hoover melting point ap- which was recrystallized from pentane to give 1.53 g (46% ) of
paratus and are uncorrected. Boiling points are uncorrected. Glpc analyses epoxy tosylate 9: mp 94.5-96°; nmr (C C h ) 7.50 (q, 4 H ),
were performed using an F & M Model 720 instrument. Liquid phases are 4.41-4.82 (m, 1 H ), 3.00—1.05 (m, 12 H ), 2.44 (s, 3 H ).
abbreviated in the following way: SE-30, silane gum rubber; TCEP, AngL  Ca[cd C lsH 20O4S: C, 60.80; H , 6.80; S, 10.80.
l,2,3-tris(2-cyanoethoxy)propane; XF-1150, GE-fluorisilicone, LAC-728, Found' C  60 65' H  6  74' S 10 66
diethyleneglycol succinate. Nmr spectra were recorded on a Varian A-60 ’ ’ ’ > * > >
spectrometer and chemical shifts are expressed in Ô values relative to tetra-
methylsilane. Microanalyses were performed by Dr. S. M. Nagy and his (11) A. C. Cope, R. S. Bly, M. M. Martin, and R. C. Petterson, J. Amer.
associates and by the Scandinavian Microanalytical Laboratory. Chem. Soc., 87, 3111 (1965).
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4,5-Epoxycyclooctyl Acetate (10).-— Tetraethylammonium ace- Purification of Hydrocarbon Solvents with a
tate (5.10 g ) was added to a solution of 9 (1.15 g ) in dry acetone „  .
(40 ml) and the mixture was heated under reflux for 46 hr. Re- Silver Nitrate to lum n
moval of the solvent at reduced pressure gave a semisolid which
was treated with water (80 ml) and extracted with ether. The E. C. M u r r ay  and  R. N . K e ll e r 1
ether extracts were washed with water, dried (M gSO ,), and con
centrated to an oil (0.62 g ) Glpc analysis showed the presence Department of Chemistry, University of Colorado,
of three components, two of which had retention times similar to Boulder Colorado
that of 4,5-epoxycyclooctene. The third component, which had 
a retention time close to that of epoxy acetate 8, was obtained by
preparative glpc: ir (C C L ) 1740, 1250, 1035, and 1020 cm“1. Received December SO, 1968

Anal. Calcd for C 10H 16O3: C, 65.19; H , 8.75. Found: C,
65.02; H , 8.68. Hydrocarbon solvents of the utmost purity were re-

Glpc analysis of a mixture d  8 and 10 showed that these isomers ired  ^  research program dealing with the properties
were cleanly separated on a 10-ft 20% LAC-728. 1 . . . , , \  .

Hydrolysis of the Diepoxide.— A  mixture of the diepoxide (10 of niobium and tantalum halides m nonaqueous sys-
g ) and 0.02 N  sulfuric acid (100 ml) was heated on a steam bath terns. The usual procedures and combinations of
for 20 hr. After cooling, solid sodium bicarbonate was added procedures for purifying these liquids were tried with
followed by sodium chloride. Continuous extraction with ethyl little success
acetate for 12 hr then gave 11 g (97% ) of a solid. A  sample , ■ , ■ •, ■ „ „  . , ,
collected by preparative glpc had mp 60-85», mol wt (mass T h e  predominant impurities in commercial and
spectrometry), 158.19. reagent grades of saturated hydrocarbon solvents are

Anal. Calcd for C8IIn 0 3: C, 60.74; H , 8.92. Found: C, olefinic and aromatic compounds. One method2® for
60.33; H, 8.90. the removal of these impurities involves washing the

Ditosylates of 11 and.12.- T o  a cold solution of the crude diol h y d ro ca rbo n  with a nitrating mixture of sulfuric and 
mixture (3.1 g ) m pyridine (30 ml) was added p-toluenesulfonyl J . „  . . °  , , . .n  .
chloride (8.2 g). The mixture was stirred at room temperature nitric acids followed by several washings With sulfuric
for 4 hr and was then poured into cold water. The precipitated acid, water, and finally with sodium bicarbonate solu-
solid was collected by filtration and dissolved in benzene. The tion. Alternatively, the hydrocarbon can be passed
benzene solution was washed successively with dilute hydro- through silica gel columns.2b'M  Maclean, Jencks, and
chloric acid, aqueous sodium bicarbonate, and water, and dried , , , °  , , ,, , ,
(M gSO «). Removal of the solvent gave an oil 8.7 g (97% ) which Acree4 demonstrated that several passes are necessary
solidified on standing, mp 117-125°. Thin layer chromatography to obtain reasonably pure solvent by this latter method;
indicated the presence of two components. A  sample had mp their sample of purified cyclohexane had an absorbance
153° after three recrystallizations from ethyl acetate-hexane. 0f 0.4 in a 1.0-cm cell at 220 mu. The data of Mair
s e ^ H ^ e o  f°rC22H26° 7S2: C>56'63; H’ 5-62- Found: c ’ and Farziati3b indicate that the yield of pure solvent is

9-Oxabicyclo[4.2.1]nonane and 9-Oxabicyclo[3.3.1]nonane.—  equal approximately to the mass of silica gel used in
To a solution of potassium hydroxide (1.4 g ) in triethyleneglyeol their purification procedure. In our work distillation
(6 ml) in a flask fitted with a condenser set for distillation was from solutions containing niobium pentachloride as
added the crude ditosylate mixture (2.0 g) The flask was heated outlined b y  Fairbrother, et al.f was found to add an

14 (0.6 g ) was collected in a cold trap. The mixture was dis- impurity which interfered with the measurements
solved in ethyl acetate and hydrogenated during 12 hr at room being made; a similar-phenomenon was observed with
temperature using Adams catalyst. The catalyst was removed by the sulfuric acid treatment referred to above. Hydro
filtration and the filtrate was concentrated at reduced pressure. carbon solvents which were pure enough for our pur-
Preparative glpc of the residue gave 9-oxabicyclo[4.2.1]nonane obta ined  a fter  reneated and friistm tim r
(75% ) and 9-oxabicyclo [3.3.1] nonane (25% ), identified by P oses w ere  not ODtainea a lte r  repeated  an d  fru stra tin g
spectral comparisons with authentic samples. attempts to apply the above methods.

Reaction of the Diepoxide with Sodium Sulfide.— A  solution of Solid silver nitrate as an adsorbent for the hydro-
the diepoxide (2.8 g ) in ethanol (20 ml) was mixed with a solution carbon impurities was then investigated. Reports in
of sodium sulfide (4 8 g ) in 50% aqueous ethanol (40 m l) and the the  literatu re  indicate that silver nitrate on alumina 
mixture was heated under reflux for 14 hr. The mixture was , u , • i « . • „ , ~ .
cooled, diluted with water, and extracted with ethyl acetate. _S been used in columns for the separation of olefinic 
The extract was dried (Na®30<) and concentrated to give a mix- mixtures in both liquid—solid6-8 and gas—solid9-11 parti-
ture of 15 and 16,3.1 g (88% ), as a solid. Recrystallization from tion chromatography; silver nitrate on alumina and on
benzene-ethyl acetate gave colorless needles, mp 179°. A  silica gel has been used in thin layer chromatography12’13
sample which was sublimed at 120 (0.5 mm) had mp 175-176 . f i t .  .• c , , , , ^  17
Thin layer chromatography indicated the presence of both iso- f o 1 separation of unsaturated compounds, 
mers. The major isomer 16, mp 174°, could be obtained pure by Columns filled with silver nitrate on alumina have
adsorption chromatography of the mixture on alumina. been used in our study for the facile preparation of

Anal. Calcd for C8H „ 0 2S: C, 55.14; H , 8.10; S, 18.40.
Found. C, 55.12, H , 8.05, S, 18.33.  ̂ _ (i; To whom correspondence should be directed.

Desulfurization of 15 and 16 with Raney Nickel. A  solution of (2) “ Technique of Organic Chemistry,” Arnold Weissberger, Ed., Inter-
of the above mixture of 15 and 16 (1.5 g ) in 95% ethanol was science Publishers, Inc., New York, N. Y.: (a) J. A. Riddick and E. E.
stirred and heated under reflux with excess W 2 Raney nickel for Toops, Jr., Vol. VII, 2nd ed, 1955, Chapter 5; (b) H. G. Cassidy, Vol. V,
15 hr. The catalyst was removed by filtration and the filtrate 1951, p no.
analyzed by glpc on an 8-ft 20% silicon rubber column at 150°. G) (a) B. J. Mair and A. F. Faraati, J. Res. Nad. Bur. std., 32, 151
The three major components (representing 80% of the total) were , _ _  .
;__1 , ,  „ i - i  ,.c , , , j  ? , - , , (4) M. E. Maclean, P. J. Jencks, and S. F. Acree, Jr., ibid., 34, 271 (1945).
isolated and identified as 4-hydroxycyclooctanone, 5-hydroxy- (5) F Fairbrothel. N . Scott, and H Prophet, j  Chem Soc 'n04  1986 -
cyclooctanone, and CiS-l,4-cyclooctanedlol. (6) R. V. Barbour, Doctoral Dissertation, University of Colorado,

Boulder, Colo., 1966, p 48.
(7) L. R. Chapman and D. F. Kuemmel, Anal. Chem., 37, 1598 (1965).
(8) D. deVries, Chem. Ind. (London), 1049 (1962).

Registry No.— la, 19740-81-9' 8, 19740-82-0' 9. (9) J. Shabtai, J. Herling, and E. Gil-Av, J. Chromatog., 11, 32 (1963);
19740-83-1; 10,19740-84-2; 11, 19771-18-7; 11 (ditos- ’ (410) j  u l g ,  j. shabtai, and e . gu-Av , « « . .  s, 349 ( i962). 
ylate), 19740-85-3; 12, 19740-86-4; 12 (ditosylate), ( l l )  E. Gil-Av, j . Herling, and J. Shabtai, ibid., 1, 508 (1958).
19740-87-5; 15, 19740-88-6; 16, 19740-89-7; cis,cis- ^ (l^ C .B .B a rre tt .M .S . J. Dallas, and F.B.Padley.Chcm./nd. (London),

1,5-cyclooctadiene monoepoxide, 19740-90-0. (i3) l . j.' Morris, ibid., 123s (1962).
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T a b le  I

C o m par iso n  o f  A bsorbances  o f  P u r if ie d  vs. U n p u r if ie d  H yd ro carbo n  So lve n ts  a t  Spe c if ic  W a v e le n g th s0,6

-------------------------------------------------------------------- Wavelength, m/x------------------------------------------------------------------- -
Hydrocarbon 210 220 230 240 250 260 270 280 300

Cyclohexane 2 0.55 0.24 0.31 0.32 0.13 0 .0 2

0.25 0.12 0.034 0.010 0.005 0.003 0.001

Hexane >2  >2  >2  2 0.36 0.10
0.18 0.032 0.008 0.003 0.003 0.001

Pentane > 2  >2  >2  0.55 0.10 0.05 0.033
0.065 0.03 0.018 0.012 0.006 0.003 0.002

3-Methylpentane 1.15 1.25 0.32 0.25 0.17 0.07
0.15 0.055 0.012 0.005 0.003 0.002

2,2,4-Trimethyl- 0.40 0.10 0.05 0.03 0.02
pentane 0.08 0.015 0.005 0.002 0.001

Methyleyclo- 0.57 0.35 0 .2 2  0.065 0.025 0.015
hexane 0.2 0.010 0.035 0.007 0.003 0.001

° The upper number for a specific wavelength in the series of numbers following a given hydrocarbon is the absorbance of the un
purified hydrocarbon, and the lower number is the absorbance of the hydrocarbon after one pass through a silver nitrate on alumina 
column. 6 Absorbances were obtained on the unpurified hydrocarbons in a 1.0-cm cell while those for the purified liquids were obtained 
in a 10-cm cell; in order to make comparisons, the latter values were divided by 10 for inclusion in this table.

spectroscopically pure cyclohexane, hexane, pentane, Synthesis of 1-Azatricyclo-
3-methylpentane, 2,2,4-trimethylpentane, and methyl- [7.2.1.06 n]dodecan-12-one
cyclohexane. The exceptional efficiency of this method
is reflected in the specific data summarized for each R o b e r t  L. A u g u s t in e  a n d  W il l ia m  G. P ie r s o n 1

hydrocarbon in Table I. A  90-cm length of the silver Department of Chemistry, Seton Hall University,
nitrate-alumina in a 16-mm (i.d.) column was found South Orange, New Jersey 07079
to remove effectively the impurities from as much as .
6 1. of cyclohexane.

In previous work2 it was found that 7-carboxytetra- 
hydrobenzazepine ( 1 ) underwent facile cyclization to 

Experimental Section tricyclic lactam 2 on hydrogenation over ruthenium at
The silver nitrate-alumina column material was prepared in ^  was thought of interest to determine whether

the following way. A  sample of alumina (360 g ) was mixed this reaction would be useful in producing other lactams
thoroughly with 500 ml of 2 M  nitric acid. This slurry was as well.
filtered through a coarse sintered-glass funnel and the solid was Homodihydrocarbostyril3 (3 ) was reduced with lith-
washed with water until the filtrate was neutral to Hydnon ; a lum in um  h y d rid e  an d  converted to N-acyltetrahy- 
paper. Reagent grade silver nitrate (40 g ) was dissolved in 20 ml .  ̂ « T , , , ,, ,, . , ,
of distilled water and the resulting solution was diluted with 350 drobenzazepine (4). In contrast to the ultraviolet spec-
ml of reagent grade methanol. This solution was used to wash trum of acetanilide [Xmax 238 m/x (e 10,500) ]4 the spec-
the damp alumina from the filter into a 2-1. flash evaporator trum of 4 had Xmax at 226 and 265 m/i- The latter peak
flask. After removal of the solvent by means of the flash evapora- h a d  an  extjricti0I1 coefficient of 450 and was in the form
tor, the solid was poured from the flask and air dried at 140 for - , . , u a • . rpi
24 hr. The silver nitrat^alumina column material prepared by of a typical benzene fingerprint. The appearance Of the
this procedure is white in contrast to the brown material ob- bcnzenoid. fine structure indicated a nearly complete
tained by Barbour.6 lack of conjugation between the amide group and the

A  13-mm (i.d .) column was packed to a depth of 25 cm with the aromatic ring caused, presumably, by an interaction be- 
silver nitrate-alumina for the survey experiments reported here. t  the „■ hydrogen and the amide carbonyl.
The solvent to be purified was dried over phosphorus pentoxide r . , .  , , ,  • „  ,•__ •. t .. ¿ in l
and then decanted into a reservoir on the top of the column. The Because of this lack of conjugation it was felt that
column was evacuated with an aspirator before the solvent was electrophilic attack would most likely take place on C -8
allowed to flow; the flow of liquid through the column was then 0f the benzazepine.5 Friedel-Crafts acylation of 4 gave
adjusted to approximately 1 drop/sec. One hundred milliliters 
of solvent was collected and its spectrum was recorded in a 10-cm
cell using a Cary Model 14 spectrophotometer. ( l )  Supported by Grant MH-10107 from the National Institutes of Health.

This support is gratefully acknowledged.
(2) R. L. Augustine and W. G. Pierson, J. Org. Chem., 34, 1070.
(3) E. C. Horning, V. L. Stromberg, and H. A. Lloyd, J. Amer. Chem.

RegistryNo.-—Silver nitrate, 7761-88-8; cyclohexane, $oc t 5153 (19521.
110-82-7- hexane. 110-54-3; pentane, 109-66-0; 3- (4) j. H• Dyer, "Applications of Absorption Spectroscopy of Organic

’ 1 a n  o o / i 4. *  „x T , ?4AC\ Compounds,”  Prentice-Hall, Inc., Englewood Cliffs, N. J., 1965, p 18.
methylpentane, 96-14-0, 2,2,4-trimetnylpentane, 540- ^  ^ p BUU. j j 0it p jacquignon, and m . Marty, Compt. Rend., 2 5 1,
84-1; methylcyclohexane, 108-87-2. 2978 (i960).
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r  ____  to a turbid yellow oil which was dissolved in methylene chloride,
q  /  \  U  dried over potassium carbonate, filtered through a pad of Norit,

N  V i  )  -Nv o  and evaporated. The residual oil was dissolved in re-hexane and
\  filtered through Norit and the solvent was removed by distill a-

I II J / \ L II I tion to give 17.5 g of the crude amine as a light yellow oil.
/  % —•— /  The amine was dissolved in 150 ml of acetic anhydride and

j r  =  h -R '= C O H  2 3 allowed to stand at room temperature for 2 days. After warming
’ _  ’ / 2 on a steam bath for 2 hr, the solvent was removed and the residual

7, R — Ac; R — Et oil was dissolved in ether and washed with 5%  hydrochloric
R !  X R acid, 5%  sodium bicarbonate solution, water, and saturated
I N  \  I brine. After drying over sodium sulfate, the solution was

IV ^ O  / HO/’ .. /X/ filtered through a pad of Norit and the ether was removed in  vacuo
|| | 1 to leave a yellow, crystalline mass which, after recrystallization

J / I  /  /  from w-hexane, gave 19.67 g (84% ) of white crystals, mp 79-81°.
'— '  J-—  '— '  Further recrystallization from re-hexane followed by sublimation

4, R =  Ac; R '= H  10 11, R =  Ac at 50° (0.5 mm) gave pure 4: mp 80-81°; infrared spectrum
5 R =  A c  R' =  Ac 12 R =  H (Nu jo l), C = 0  at 1634 cm-1; ultraviolet spectrum, Xmax 226
’ ’ ’ m^ (e 6900) and 265 (450). The 265-imt peak had the form of a

R — A c ; R — Et benzene fingerprint.4 Anal. Calcd for C 12H 15N O : C, 76.15;
8, R = A c ;R ' =  C02H H , 7.99; N , 7.40. Found: 0,76.18; H , 8.22; N ,  7.65.
9, R  =  H; R' =  C02H l,8-Diacetyl-2,3,4,5-tetrahydro-lH-l-benzazepine (5).— A  mix

ture of 42.8 g of anhydrous aluminum chloride, 250 ml of carbon 
a 50% yield of a ketone which had infrared and nmr disulfide, and 10 g of 4 was stirred and refluxed while 13 ml of 

spectral characteristics of a 1,2 4-trisubstituted ben- i S  £ £
zene. Further spectral characterization was, how- the reaction mixture. The residual, red oil was added to 550 g of
ever, ambiguous. Catalytic hydrogenolysis of this ice and the resulting precipitate was extracted into methylene
ketone gave an ethyltetrahydrobenzazepine which was chloride. The extract was washed with water and saturated
different from the 7-ethyl isomer 7 previously obtained.2 brine and dried over ®odium ^ lfatf- After filtration through a
mi i i i i , • j. xi_ o i pad of Norit, the methylene chloride was removed and the resid-
Thus, the hydrogenolyzed material must be the 8-ethyl ^  vLsC0US)’ amber J  was dissoived in 75 ml of cyclohexane.
co m po u n d  6  an d  the ketone, o -acy lbcn zazcp m e (5 ). Scratching induced the crystalline product to separate slowly.

Sodium hypobrornite oxidation of 5 gave the carbo- After standing at room temperature for 2  days, the reddish crys-
cyclic acid 8 , which on acid hydrolysis readily formed the tah were collected. The crude product was dissolved in methanol,
amino acid 9 in good yield. Catalytic hydrogenation boiled with Norit, and filtered and the solvent was removed.

r n \  „no J ¿1 , • Recrystallization from cyclohexane gave 6.13 g (50.2% ) of the
of 9 over ruthemum on carbon at 160 gave the tn- tan> crystalline product," mp 105.5-108°. Further recrystalliza-
cyclic lactam 10 in 75% yield. The infrared spectrum tions from cyclohexane gave pure, white 5: mp 107-108.5°;
of 10 showed a strong band at 1680 cm-1, considerably infrared spectrum (Nu jo l), ketone at 1680, amide at 1650, and
higher than the lactam absorption reported for sub- bending at 874 and 828 cm-1; ultraviolet spectrum, Xmal

stituted isoquinuclidones such as 2.2,7 f 4 ^ f , 0^ 48 <|4-™> a» d 284 <4250> sb)’ .nmr sPe?'
T . J , . . . .  ,, ... trum, C H 3 at S 1.87 (singlet, 3) and at 2.59 (smglet, 3 ), aromatic
In order to establish the ease with which this hydro- CH at 7 .39 (doublet, 1, ,/ = 8 H z), 7.78 (singlet, 1.5), and at

genative cyclization occurred 10 was prepared from 8 7.92 (doublet, 0.5, J  =  2 H z). Anal. Calcd for CnH nN 0 2:
by an alternate route. Hydrogenation of 8  gave the C, 72.70; H , 7.41; N , 6.06. Found: C , 72.98; H , 7.31; N ,

saturated amido acid 11, which was hydrolyzed to the 5.97. .
™ ^  J -  Heating 12 at 260" for .  short time-
g a v e  10 in. 9 %  o v e r -a ll y ie ld  from  8. I t  appears , there - 25 ml of 9 5%  ethanol was stirred under hydrogen at 1 atm for
fore, th a t  the  d irect h y d ro gen ativ e  cyclization  o f su b - 6 hr. Removal of the catalyst followed by evaporation of the
stitu ted  am inobenzoic  acids o v e r  ru th en iu m  is a  u se fu l solvent gave 440 mg of colorless oil which crystallized on standing, 
m eth od  fo r  the p rep a ra tion  o f lactam s such as 2 an d  10. Recrystallization from «-hexane gave 350 mg (80 5 % ) of white,

crystalline o: mp 58-58.5 ; infrared spectrum (N u jo l), C = (J  
at 1655 cm-1; ultraviolet spectrum, Xmax 266 mji (e 460) and 208

Exnerimental Section® (25,180, sh). Anal. Calcd for C „H 19N O : C , 77.38; H , 8.81;
Experimental Section N _ 6 45  Found: C , 77.40; H , 8.71; N , 6.28.

1-Acetyl-2,3,4,5-tetrahydro-lH-l-benzazepine (4 ).— A  solution l-Acetyl-2,3,4,5-tetrahydro-lH-l-benzazepine-8-carboxylic
of 20 g of 3! in 300 ml of dry tetrahydrofuran was slowly added Acid (8 ).— A  solution of 5 g of 5 in 25 ml of dioxane was slowly
with stirring, over a 30-min period, to a refluxing mixture of 12 added to a cold (0 -5 °), stirred solution of sodium hypobrornite
g of lithium aluminum hydride in 200 ml of tetrahydrofuran. (prepared from 7.20 g of sodium hydroxide, 75 ml of water, and
The mixture was stirred and refluxed for 14 hr and, after slow 10.4 g of bromine). After stirring in an ice bath for 90 min, the
addition of 100 ml of ethyl acetate, cooled and carefully hy- mixture was acidified with concentrated hydrochloric acid and
drolyzed with 50 ml of water. The precipitated alumina was diluted with 100 ml of acetone. When the solution became color-
removed by filtration and washed thoroughly with ether and less, evaporation in vacuo to a small volume caused white crystals
with methylene chloride. The combined filtrate was evaporated to separate. Filtration and drying gave 4.77 g (94.5%) of the
--------------------  crude acid, mp 231-232°. Recrystallization from aqueous
T - i ’./ ’ Bellamy’ The Infrared Spectra of Complex Molecules,” 2nd ed, acetone gave pure 8 : mp 233.5-234°; infrared spectrum (N u jo l),

m  m  eF 1 °,^' w ’t̂ 8' .PP P acid 0 H  at 258°-  acid C = = 0  at 1712> and amide C = 0  at 1600(7) M. F. Bartlett, D. F. Dickel, and W. I. Taylor, J. Amer. Chem. Soc., . , . . , ’ , , „ „ „
80, 126 (1958); J. W. Huffman, C. B. S. Rao, and T. Kamiya, J. Org. ’ uRravlolet spectrum, XmaI 223 mjt (e 18,610) and 276
Chem., 32, 697 (1967). (950). Anal. Calcd for CuHisNCh: C , 66.93; H , 6.48; N ,

(8) L. H. Werner and S. Ricca, /. Amer. Chem. Soc., 80, 2733 (1958). 6.01. Found: C, 66.65; H , 6.37; N , 6.02.
(9) Boiling points and melting points are uncorreeted. Melting points 2,3,4,5-Tetrahydro-lH-l-benzazepme-8-carboxylic Acid (9 ).—

were measured in open capillary tubes on a Mel-Temp apparatus. The A  Solution of 2.0 g of 8 in 100 m l of 6 A  hydrochloric acid was
infrared spectra were obtained on a Beckman IR  10 recording double-beam refluxed for 50 hr, cooled, and allowed to stand at room tempera-
infrared spectrophotometer Nuclear magnetic resonance spectra were ture for 2 days. F iltration  and drying gave 2.06 g of the hydro-
standard " Sndef enochlOTofor“  ,usin8 tetramethylsilane as the internal chloride gaj t of Q M  white needl 307-312° dec. The salt
standard. Spectra were recorded on a Vanan Associates Model A-60A ± i . j  •, /..i i ..
spectrometer. The spectra data are reported in units of 5 and the multiplicity W3S dl§SOlved HI 75 ml of hot water and the acidity of the solution
of the resonance signal and the number of protons integrated for the peak was adjusted to pH  3 by addition of ammonium hydroxide,
are given in parentheses. Ultraviolet spectra were measured in methanol The white precipitate which formed on Cooling was filtered and
on a Beckman DB spectrophotometer. dried. Recrystallization from acetonitrile, with hot filtration
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through Norit, g a v e 1.11 g (68%)1 of crude s>, mp 176.5-178°. substituted phosphine oxides, phosphinic acids, and 
Further recrystallizations from acetonitrile and from water gave nhnanVdnato 1 F  t n
pure 9: mp 186-187°; infrared spectrum (N u jo l), N - H  at PhosPhlnate esters. The pK  values for these com-
3200 and C = 0  at 1680 c m '1; ultraviolet spectrum, xm„  218 pounds were determined by measuring the chemical
mu (e 25,800) and 294 (2150). Anal. Calcd for CuH i3N 0 2: shift (6)  as a function of sulfuric acid concentration.
C, 69.K); H , 6.85; N , 7.33. Found: C , 69.52; H , 6 .88; N , However, there are no data available on the change

' 1-Azatricyclo[7.2.1,06,n]dodecan- 12-one ( 10). Method A. f  aJ UnCt} 0\ 0i P H :
From 9.— A  solution of 950 mg of 9 in 100 ml of 95% ethanol was j hlS p0 rt descrlbes the effect of pH on both 8 and 
stirred in the presence of 1.5 g of 5%  ruthenium on carbon under "  P—H for monomethyl and dimethyl phosphates. Both
2000 psig of hydrogen at 160° for 43 hr in a stainless steel auto- 8 and J p _n  are pH dependent for monomethyl phosphate
clave The catalyst was removed by filtration. Evaporation of (I )  and pH independent for dimethyl phosphate (II ). 
the solvent gave 800 mg of colorless oil. The oil was dissolved t u  obano-o in x and T T „„„  u + n  a
in 30-60° petroleum ether and filtered through a pad of Norit and 1 “  “ §e “  5 f nd/ P ~ H  for I  occurs between pH 4
the solvent was removed by evaporative distillation to give 760 anci °  anc* 1S ^ ue ionization ox the second proton
mg (75.4%) of crude 10 as a coloress oil. Distillation in vacuo of the phosphate group.
in a Hickman still gave pure 10: bp 82° (0.05 mm); infrared T h e  spectrum  o b ta in ed  fro m  either I  or I I  consists o f  
^ectrum  ffilm), C ==O a t 1680 cm“1. Anal. Calcd for C nH „- tw o  peak s w h ich  are  due to the sp littin g  o f the p ro ton

N 7.9?.’ ’ 1 ’ ’ ; ’ 9'5 ; peak of the ^ t h y l  group by 31P. Below pH 5, the
Method B. From 8.—A solution of 2.33 g of 8 in 200 ml of spectra of the two compounds are similar, but, as the

95% ethanol containing l g of 5% rhodium on carbon was pH is raised, the spectrum of I I  remains unchanged
stirred under 1500 psig of hydrogen at 100° for 80 hr in a stainless while that of I  shifts to higher field and shows a de
steel reaction vessel After cooling and filtering creased j  Figure 1 shows the dependence of
distilled m vacuo and the residual oil was dissolved m methylene s „ i T _ , , ,, T i tt m i • , 7 c
chloride, washed with saturated brine, dried over sodium sulfate, r ^ ° r  ̂ an(* . Tsubori, et al.,
filtered through a pad of Norit, and evaporated to 1.33 g of reported a J p—h of 10.3 Hz for the disodium salt of I
colorless gum. The gum was refluxed with 50 ml of concentrated and 10.5 Hz for the barium salt of II. They did not
hydrochloric acid for 42 hr, cooled, and filtered to remove 440 report the pH at which their measurements were made
mg °f 9 hydrochloride, mp 306-309°, which had separated as and did not investigate the effect of pH on JP_H. Their 
white needles on standing at room temperature overnight. , , , . F r 11
The aqueous filtrate was evaporated in vacuo to a moist gum which reported values are somewhat at variance with the
was dissolved in 10 ml of water, neutralized to pH 4 with ammo- values reported here,
nium hydroxide, and evaporated to a white paste. The paste 
was boiled with methylene chloride and the solvent was separated
by decantation; the product was dried and evaporated to give ~  ’ ~ '
460 mg of a white froth. 1____________ <j>

The crude amine was heated under nitrogen for 10 min at 250°, 208 -  A  if
dissolved in methylene chloride, filtered through a pad of Norit, r
and washed with 5%  sodium bicarbonate solution, water, and /
saturated brine. After drying with sodium sulfate, the solvent 2|0 -  K
was evaporated and the residual yellow oil was dissolved in 30- /
60° petroleum ether, filtered through a pad of Norit, and evapo- I
rated to give 185 mg of colorless oil. Short-path distillation in a S , H i. 2 1 2 - r
bulb-to-bulb distilling tube at 0.04 mm (bath temperature 120°) /
gave 166 mg (9.25%) of pure 10, which was identical with the /
product obtained from 9 by method A . 214 r  V  | | . .____________^

Registry No.--4, 19886-89-6; 5, 19886-87-4; 6, I  /  ' ' T T
19886-90-9; 8, 19886-88-5; 9, 19886-91-0; 10, 19922- 2,6" {----
51-1.
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Effect of pH on 31P -1H Coupling Constants 

and Chemical Shifts in Methyl Phosphates1 I 1.0- ®
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p D
The effect of pH on the chemical shift of methyl

groups bo n d e d  to ph osphoru s has been  rep o rted 3 fo r  Figure 1.— Dependence of chemical shift and coupling constant
on pD . Curve A  gives chemical shifts and curve B  gives coupling

(1) This research was supported by the following research grants: NSF constants for monomethyl phosphate (— O— ) and dimethyl
GB-8003 (to A. 1. K.) and NSF GB-1788 (to J. A. G.) from the National phosphate (— • — ). Each point represents an average of
Science Foundation and Contract No. AT (30-1) 3957 from the U. S. Atomic several determinations at each pH.
Energy Commission (to A. I. K.).

(2) Supported from NIH Training Grant No. GM-255, Sept 1965-Sept
1967. NASA Predoctoral Fellow, 1967-present. This report is from a --------------------
dissertation to be submitted in partial fulfillment of the requirement for the (4) pD was calculated from the equation pD =  pH +  0.41. See A. K.
degree of Doctor of Philosophy in the Faculty of Pure Science, Columbia Covington, M. Paabo, R. A. Robinson, and R. G. Bates, Anal. Chem., 40, 
University. 700 (1968).

(3) P. Haake, R. D. Cook, and G. H. Hurst, J. Amer. Chem. Soc., 89, (5) M. Tsubori, F. Kuriyagawa, K. Matsuo, and Y. Kyogoku, Bull.
2650 (1967). Chem. Soc. Jap., 40, 1813 (1967).
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The pK  of I I  is 1.29,6 and at pH 2 and above it is is 6.35, the pK2 value for I. This value agrees well
present only as a monoanion. One would not expect with the reported pK 2 for I  of 6.4.
any change in structure with pH, and indeed the nmr The above results show that not only 5 but also 
spectrum of I I  remains constant with changing pH. Jp_h of I  is pH dependent. Electronegative sub-
1, on the other hand, is a dibasic acid with a pK, of stituents have a profound effect on the value of the
1.546 and a pK2 of 6.4.7 From pH 2 to 4 it exists as a coupling constant9 and, in a series of substituted
monoanion, and, as the pH is increased, the second CH3OP compounds,8 Jp-n decreases as the average 
proton is removed, giving rise to a phosphate group electron-donating character of the substituent group
with two negative charges. The shift of 8 to higher increases. In the present case, J p_h decreases as the
field owing to this increased negative charge is similar negative charge on the phosphate group increases,
to that described by Haake, et al.J and is in agreement In addition, a plot of 8 vs. J P_H for I  shows a linear re-
with the relationship between 8 and distribution of lationship between these two parameters similar to that
electron charge established by Mavel and Martin8 for a described by Mavel and Martin.8 This linearity is
series of compounds bearing the CH3OP moiety but interpreted as being due to the fact that 8 and Jp_H
containing different substituent groups of different in these compounds are both dominated by inductive
electronegativity, magnetic anisotropy, and 8. In the effects, 
present case, I  represents a single compound whose
average electronic distribution can be altered in a Experimental Section
continuous manner without greatly altering its mo
lecular Structure and introducing a multiplicity of Practical grade dimethyl phosphate ( I I )  and reagent grade 

.. oc . * .li tt £ , c t  • monomethyl phosphate ( I )  were obtained from K  and K  Labora-
complieatmg effects. As the pH Oi a solution OI 1 IS tories, Plainview, N .  Y ., and the practical grade I I  was purified
increased, the change in the value of 5 or Jp_H is a as described by Harlay.10 The samples were dissolved in D 20  to
direct measure of the proportion of total I  converted give 1 M solutions, and the pH  was adjusted by the addition of
into its dianionic form and can be used to estimate the 37% in D2°  or 50% N aO D  in D 20 . pH  measurements were

? K  value- Fl§ures 1A and IB can be considered as pander> making possible pH Measurements accurate to ±0.01
titration curves and the average oi the inflection points pH unit. Nmr spectra were obtained on a Varian DA-60-E1

spectrometer using 3 -(trimethylsilyl)-l-propanesulfonic acid 
sodium salt as an internal standard.

(6) W. D. Kumler and J. J. Eiler, J. Amer. Chem. Soc., 65, 2356 (1943).
(7) The value 6.4 is an average of 6.31 reported by Kumler and Eiler6 Registry No.’—I, 812-00-0j II, 813-78-5. 

and 6.58 reported by C. A. Bunton, D. R. Llewellyn, K. G. Oldham, and
C. A. Vernon, J. Chem. Soc., 3575 (1958). (9) G. Mavel, ibid., 59, 683 (1962).

(8) G. Mavel and G. Martin, J. Chim. Phys., 59, 762 (1962). (10) M. V. Harlay, J. Pharm. Chim., 20, 161 (1934).
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Oxidizing A g e n t -

m-CHLOROPEROXYBENZOIC ACID
The oxidizing agent of choice for 

epoxidations1'3 and Baeyer-Villiger oxidations1.

R -  CH =  CH -  R' --------------p  R -  CH -  CH -  R'

c < o  " °

l ^ O - O H

O l a
R - C - C H 3 --------------------------►  R - O - C - C H 3

o  6

Also of great interest in the preparations of N-oxides* and nitrosteroids*.

0 )  l . F. Fieser and M. Fieser, Reagents fo r Organic (3) D. J. Paste et a l„  J. Org. Chem , 30 1271 (1945)
Synthesis, p. 135, W iley, 1967 (4) T j .  Delia a| |Mdf 30_ 2766 ( )9 M )

(2) J. Fried et a l„  Tetrahedron Letters, 849 (1965) (5) C. H. Robinson et a l„  ibid, 31, 524 (1966)

Stable (less than 1% decomposition per year when stored at room 
temperature) m-CHLOROPEROXYBENZOIC ACID, tech., 85%, our 
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and in kilo lots at $150.00. Write for descriptive literature.
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© Aldrich Chemical Company, Inc.
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