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Synthetic
Methods

W. Theilheimer of Organic Chemistry

Announcing -
the fourth volume of the sixth series VOI 2 9 Yearbook 1 9 7 5 approx. 600 pages, $199.00

Volume 29 of this well-known reference source of organic reactions again contains almost
1.000 new abstracts. This brings the total material in the 29 volumes to

26,324 selected and coordinated key abstracts
kept up-to-date by more than
26.000 supplementary references.

This comprehensive reaction documentation in handy book form allows the searcher to browse
and look up references in quick succession. The specially designed subject index,

provides easy access to all facets of the material covered by such entries as:

Carbanions, masked Merrifield syntheses Protection (of functional groups)
Copper compounds, organo- Nucleosides Radical reactions
Dialkylchloroboranes 1,3-Oxazines, dihydro- Retention (of functional groups)
Dicarbanions Oxymercuration-demercuration Sodium tetracarbonylferrate(ll)
1,3-Dithianes Peptides Stereospecific reactions
Hydroboration Phase transfer catalysis Sulfonium ylids

From the reviews A seven-page essay on "Trends in Synthetic Organic Chemistry 1973" is useful orienting

of Vol. 27 reading; it highlights particularly unusual or useful innovations.—It should not be

overlooked that a work of this kind requires an unusually large amount of work to produce
but, in turn, can easily save the user more than its cost in a relatively short time.

J  Am. Chem. Soc. 95, 8214 (1973)

of Vol. 28 ... there is a magnificently complete index, which is cumulative for Volumes 26, 27, and 28.
The information in the "Theilheimer" is thus eminently retrievable. It also constitutes a tool
by which to maintain current awareness, and the abundance of equations with clear structural
formulas encourages browsing.

J Am. Chem. Soc. 96, 8119 (1974)

S<Karger *Basel‘London'Miunchen*New York'Paris'Sydney

Please place your order with: For Research Laboratories: Semimonthly
Express Abstract Service

Albert J. Phiebig, Inc. William Theilheimer

P. O. Box 352 318 Hillside Ave.

White Plains, N. Y. 10602, U.S.A. Nutley, N. J. 07110, U.S.A.

New: r VOI. 1-29 wiean Tapes oPunched Cards

write to Derwent Publications Ltd.
128 Theobalds Rd.
London WC1 8RP England

CIRCLE 819 ON READER SERVICE CARD
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A New

ACS
Audio

course

Fill out and mail to:

Department of Educational Activities
American Chemical Society

1155 Sixteenth Street, N.W.
Washington, D. C. 20036

Principles of
Heterocyclic Chemistry

Parts | & Il

Taught by Professor Edward C.
Taylor, 1974 recipient of the ACS
Award for Creative Work in
Synthetic Organic Chemistry, this
course comprises the first half
(which is complete by itself) of a
comprehensive four-part introduc-
tion to the immense field of organic
heterocycles. The course consists
of twelve audiotape cassettes
(playing time—11.4 hrs.) and a
223-page integrated reference
manual.

Professor Taylor avoids the
traditional treatment of cataloging
reactions and properties in favor of
discussing the relationships
between structure and chemical
and physical properties, the
chemical consequences of hetero-
atom introduction, and the differ-
ences between heterocyclic and
homocyclic compounds. He
discusses five-membered (pi-
excessive) heterocycles such as
pyrroles, furans, and thiophenes,
and six-membered (pi-deficient)
heterocycles in depth. Specific
topics include electrophilic
substitution and nucleophilic
addition reactions, the introduction
and modification of substituent
groups, various ring-opening, ring-
transformation, and rearrangement
reactions, the chemical and
biochemical consequences of

covalent hydration, and the chemis-

try of N-oxides and hetarynes.
Numerous questions, aRd dis-
cussions of their solutions, are
interspersed throughout the
course. Listeners should be
familiar with basic organic
chemistry.

Dr. Taylor, A. Barton Hepburn
Professor of Organic Chemistry
and Chairman of the Chemistry
Department of Princeton University,
is one of the world's leading
authorities on the subject of
heterocyclic chemistry. Professor
Taylor serves as a consultant to
several firms; is a member of the
editorial boards of four journals;
has published several books and
over 250 articles; and is editor of
the series Advances in Organic
Chemistry and co-editor of the
series, The Chemistry of Hetero-
cyclic Compounds and General
Heterocyclic Chemistry.

Like all ACS Audio Courses,
PRINCIPLES OF HETEROCYCLIC
CHEMISTRY can be used effec-
tively by one person for individual
study or by groups in classroom
situations. (Only one copy of the
course is necessary for use by a
group, but every participant will
need a copy of the course manual.)

Other ACS Audio Courses: Technical
Writing « Chemical Abstracts « Orbital
Symmetry ¢ Gas Chromatography -«
Liquid Chromatography < Gel Permeation
Chromatography < Infrared Spectra «
Patent Practice ¢ Marketing « Acids/
Bases ¢ Fluorescence/Phosphoresence ¢
Organic Synthesis « R&D Management -
NMR « Raman Spectroscopy < lon-
Selective Electrodes ¢ Crystalline
Polymers « Organometallic Compounds ¢
Business Aspects of Chemistry « Organic
Photochemistry ¢ Organofluorine Chemistry

Please send me the following. | understand that | may return all purchases

within 10 days if not completely satisfied.

complete unit(s) of the ACS Audio Course, Principles of
Heterocyclic Chemistry— & Il, at $195 per unit.

---------------- extra copies of the course manual (1-9 copies, $13.00 each;
10-49,11.50 each; 50 or more, 10.50 each).

------------------- your catalog describing the 24 ACS Audio Courses now

available.

Note: Payment must accompany orders of $25 or less. Please allow five

weeks for delivery.
Name and Title

Organization

Address

City, State, ZIP

Phone
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ADVANCES IN HETEROCYCLIC CHEMISTRY, Volure 18

edited by ALAN R. KATRITZKY and A. J BOULTON

Contents: J. S. Kwiatkowski and B. Pullman,
Pyrimidine Tautomerism. T. S. Griffin, et al,
Thioureas in Heterocyclic Synthesis. F. D. Popp,

ORGANOBORANE CHEMISTRY

by THOMAS ONAK

Isatins. S. W. Schneller, Thiochromanones. L-
Merlini, Chrom-3-enes. P. Cagniant and D. Cag-
niant, Benzo [b] furans. 1975, in preparation

A Volume in the Organometallic Chemistry Series

This book provides a comprehensive treat-
ment of the structure, physical properties,
synthesis, and reactions of compounds
containing carbon-boron bonds. The book
summarizes the existing literature, brings
it further up-to-date, and bridges the gap
between traditional organic and inorganic
approaches to this area of organometallic
chemistry. The work emphasizes general

synthetic and reaction pathways, with
extensive use of tables for the chemist
needing quick reference to specific organo-
boron compounds. Its viewpoint is syn-
thetic chemistry at a descriptive level;
however, correlations of chemical behavior
with theory are made where possible.

1975, 360 pp., $38.00/%,18.25

NATURAL PRODUCTS CHEMISTRY, Volure1l

edited by KOJI NAKANISHI, TOSHIO GOTO, SHO ITO, SHINSAKU NATORI, and

SHIGEO NOZOE

Natural products chemistry is becoming
increasingly diversified and complicated,
and the literature is scattered widely in
numerous monographs, reviews, and
papers. This volume fills the gap between
the organic textbooks and the compre-
hensive treatises on a particular aspect or
group of natural products. The natural
products are described and discussed ac-
cording to type classifications, with de-
tailed coverage of the various aspects of
each particular group— introductory sur-

vey, history, structure, synthesis, reac-
tions, and biosynthesis. Emphasis is on
rapid visual retrieval of information—
almost as in a "picture book"— by the free
inclusion of structural formulae and simple
abbreviations.

CONTENTS: S. Natori, Classification of Natural
Products. K. Nakanishi, Physico-Chemical Data for
Structural Studies. S. Nozoe, Mono- and Sesqui-
Terpenoids. K. Nakanishi, Diterpenoids. S. Ito,
Sester-, Tri- and Higher Terpenoids. K. Nakanishi,
Steroids.

1974, 550 pp., $32.50/$15.60

(Please note that in the November 1974 issue of the Journal of Organic Chemistry, this book was advertised with an incorrect price.
The correct price is as cited above)

"The creative possibilities of synthesis are
manifold and embrace not only conceptual
and strategic information but also method-
ological discovery in the form of new
chemistry and new techniques of experi-
mental execution.

All these considerations give force to the
conviction that the systemization of syn-
thetic chemistry and its literature are of
enormous importance. The unparalleled
effectiveness of the organic chemist's
graphical language looms especially large

CREATIVITY IN ORGANIC SYNTHESIS

by JASJIT S. BINDRA and RANJNA BINDRA

in this connection, enabling what is seen
to be a remarkable case of communication
as compared to other intellectual disci-
plines .... The pages which follow abound
with important information for the syn-
thetic chemist, presented in crystal clear,
concise, flow-chart form, taking full ad-
vantage of superb attributes of chemical
graphics."—From the foreword by E. J
Corey, Harvard University

1975, 340 pp., $11.50/£5.50

CATALYSIS IN MICELLAR AND MACROMOLECULAR
SYSTEMS

by JANOS H. FENDLER and ELEANOR J. FENDLER

This book is perhaps the first compre-
hensive treatment of both micellar and
macromolecular catalysts. It gives the
necessary background on the preparation
and physical-chemical properties of mi-
celle-forming surfactants and provides ex-
haustive coverage of micellar and macro-

molecular effects on reactions. Extensive
data tabulations allow intercomparisons of
aqueous and nonaqueous micellar, liquid
crystalline, polymeric, crown ether, cyclo-
amylose, and phase transfer systems.

1975, 552 pp., $44.00/£21.10

Prices subject to change without notice.
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Hydrogenation of isoquinoline and quinoline over Pt02 at atmospheric pressure in methanolic hydrochloric
acid led predominantly to reduction of the benzene ring, whereas reaction of 5,6,7,8-tetrahydroisoquinoline with
sodium-ethanol gave chiefly 1,2,3,4,5,6,7,8-octahydroisoquinoline. The experimental conditions established for
the above reactions may be used in the synthesis of precursors of apomorphine and morphinan analogs from the

readily synthesized derivatives of 1-benzylisoquinoline.

Apomorphine (1) has potentiated the therapeutic effects
of levodopa (L-dopa, 3,4-dihydroxyphenylalanine) while di-
minishing some of its side effects in the treatment of Park-
insonism.1 To separate synergistic from antagonistic effects
we have been synthesizing analogs of 1.2 \We report here
findings obtained in exploring synthetic routes to new ana-

logs.

In the hydrogenation of |-(3,4'-dimethoxybenzyl)-2-
methyl- (2a) and 1-(3',4'-dimethoxybenzyl)-2-c-propys-
isoquinolinium iodide (2b) over PtC2at atmospheric pres-
sure and room temperature, the pyridine ring wes invari-
ably reduced to piperidine to give 3a and 3b in yields of

% (Scheme_é). In contrast, under the same conditions,
the hydrochloride of 4 yielded two products, 43-46% of 1-
(3, 4-dimetho benz/x\l)-l,_2,3,4-tetr ydroisoquinoline (5)
and 54-57% of |-'A-dimethoxybenzyR-b"\S-tetrahy-
droisoquinoline (6) as the hydrochloride salts.

Until recently, reforts of hydrogenation of isoquinoline
(7) and quinoline (10) derivatives always indicated a pref-
erential, it not exclusive, reduction of the pyridine ring4 de-
pendg}g_on the experimental conditions used and the de-
gree of ring substitution.5 Therefore, 5,6_,7,8;tetra?¥dr0|so-
quinoline (9) and 5,6,7,8-tetrahydroquinoline (12) com-
pounds have always been synthesized by multistep or indi-
rect methods.436 It was also shown that 12 can be reduced
with sodium-ethanol to the corresponding «ran s -decahy-
droquinoline.3

These observations suggested to us that the scope of syn-

* This work was supported by the National Institutes of Health (Grant
NS 11131) and the U. S. Atomic Energy Commission.

Scheme 1
6
23 R=G-BX=I 3 R=|¢EXN=pi
2 R=CHCHOB X=1 3 R=CHOHHH3 X=iC
4 56 R=HX=4

thesis of apomorphine analogs might be expanded to in-
clude derivatives of 1-benzyl-trans-decahydroisoquinoline-
s obtained from their precursors, 1-benzyl-5,6,7,8-tetrahy-
droisoquinolines 813). These in turn may be reduced to
I-benzyl-1,2,3,4,5,6,7,8-octahydroisoquinolines,  potential
precursors in the synthesis of morphinans7gband apomor-
phine analogs.o ) _ -~

To determine Oﬁtll’mm mild hydrogenation conditions
that may lead to the sgnthems of derivatives of 13 in hlg?1
yields, we chose to study the reduction of 7 and 10in meth-
anol, an effective solvent for precursors such as 4 with
varying concentrations of HC1 at roomtemperature and at-
mospheric pressure.

Results and Discussion

The structure of the two compounds, 5 and 6, proposed
is consistent with the elemental analysis, 1H NMF?spectra,

1191
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Table |
Catalytic (PtOa) Hydrogenation of Isoquinoline and
Quinoline in Methanol-HCI

MeOH-HCI

% productso MeOH 1.0 N 40N

Substrate: Isoquinoline-HCI

8 87 30 13
9 13 70 87
Reaction time, min 60 140 160

Substrate: Quinoline*HCI

11 54 43 39

12 34 37 52
Decahydro- and

octahydroquinoline 7 11 Trace

Reaction time, min 345 445 450

aHydrogenation was carried out at room temperature
atmospheric pressure.

and TLC. In each case, TLC showed in more than one
vent system only one spot, which upon treatment with nin-
hydrin gave a yellow color for 5 (secondary amine)8 and a
negative reaction for 6. The percent composition of 5 and 6
was determined in their crude yield by integration of their
"H NMR spectra after proton bands were identified and
assigned following separation and purification of 5 and 6 by
successive crystallizations from absolute ethanol.

The two one-proton doublets at 5 7.60, 7.70 and 8.43, 8.53
(AB pattern, 3 = 5 Hz)%b were assigned respectively to
H-4 and H-3 of 6. A similar pattern was observed in the XH
NMR spectrum of 9 (see Experimental Section). In both
spectra, the doublet at the lower field was assigned to H-
1.9 A multiplet at 6 6.90-7.25 in the spectrum of 5 repre-
sented the seven aromatic protons in this compound while
the multiplet at 8 6.97-7.13 of 6 was due only to the three
protons of the catechol.

To determine the percent composition of 5 and 6, the
two doublets assigned to H-3 and H-4 of 6 were integrated
and the relative area for one proton was determined. From
this, the relative area for three protons for 6 was derived
and subtracted from the integrated area of the overlapping
multiplets, 8 6.90-7.25. The difference obtained corre-
sponded to the seven aromatic protons of 5, from which the
relative area for one proton was derived. Thus the ratio of
the estimated areas associated with each proton of 5 and 6
permitted an approximate determination of the percent
composition of each compound.

The two products of the hydrogenation of the hydrochlo-
ride of 7,1,2,3,4-tetrahydroisoquinoline (8) and 9 (Table 1),

7 8 9

were identified by their ]JH NMR spectra, TLC, and melt-
ing points of their picrate and hydrochloride salts. The nar-
row band at 5 7.28 in the XH NMR spectrum of 8 was as-
signed to its aromatic protons while the AB quartet in the
spectrum of 9 was assigned to H-3 and H-4. The band due
to H-I appeared coincidentally at 8 8.72. The clear separa-
tion of the aromatic band of 8 from that of 9 allowed a fac-
ile estimation of the percent composition of the two com-
pounds by integration of their spectra.

In all the hydrogenations of the hydrochlorides of 10, two
major compounds were isolated: 1,2,3,4-tetrahydroquino-
line (11) and 12. Both these compounds were identified by

Ginos

Table 11
Reduction of Isoquinoline in Sodium-Ethanol

% com- Retention

Compd position time, min Ninhydrin Uv
14 22.4 14.2 Yellow Negative
15 10.5 16.4 Purple Negative
16 1.9 20.0 Negative Positive
17 65.2 21.4 Yellow Negative

the melting points of their picrate salts and their XH NMR
spectra, and 11 also by the melting point of its hydrochlo-
ride salt. The XH NMR spectrum of 11 was shown to be
identical with that of commercially available 11. The two
one-proton doublets of 10, 8 8.78, 8.82 and 8.85, 8.88, were
assigned to H-2% and the multiplet at 8 7.14-8.01 to the re-
maining aromatic protons. The two two-proton multiplets,
8 6.88-7.03 and 6.28-6.57, were assigned to the aromatic
protons of 11.10 In the spectrum of 12 the aromatic proton
bands showed an ABX pattern almost identical with that
of 2,3-lutidinell with analogous band assignments (see Ex-
perimental Section). The two doublets, 5 8.27, 8.30 and
8.35, 8.37, were assigned to H-2. Thus the nonoverlapping
bands of H-2 of 10 and 12 and the multiplet at 8 6.28-6.66
of 11 were used to determine the composition of these three
compounds as free bases in the hydrogenation mixtures. In
addition to compounds 11 and 12, TLC showed the pres-
ence in small amounts of two compounds which both failed
to absorb in the uv but reacted positively with ninhydrin.
The XH NMR spectra of the ether-extracted free bases
from the hydrogenation mixtures showed a broad multiplet
that began at 8 1.08 and overlapped with those of 11 and 12

10 1 1P

above the aromatic region. Integration of the combined
multiplets followed by subtraction of the areas ascribed to
protons of 11 and 12, derived from the integration of the
bands discussed above, yielded the approximate percent
composition of the two unknown compounds as decahydro-
quinoline.

After prolonged hydrogenation of 12 in 4 IV HCI-metha-
nol solution until only a trace of 12 remained, TLC re-
vealed the same aforementioned two unknown compounds.
One of the compounds was shown to be identical with a
commercially available irons-decahydroquinoline. The ir
spectrum of the above mixture showed a weak band at 1660
cm-1, indicating the presence of a -C =C - stretching. Be-
cause the XH NMR spectrum of this mixture showed no
olefinic proton band, such a double bond could exist only at
the 9,10 position of the octahydroquinoline, since a positive
reaction with ninhydrin ruled out the alternative 1,9 posi-
tion.

Reduction of 9 with sodium-ethanol yielded four com-
pounds as shown by TLC and preparative GC. Compounds

14 17

14 and 17 (Table I1) were obtained in sufficient amount for
extensive characterization. The spectra, physical proper-
ties, and the picrate and hydrochloride salts of 14 identi-
fied it as trans-decahydroisoquinoline (Table II).

The XH NMR spectrum of the major compound 17, 65%
of the total reaction mixture, showed no aromatic or olefin-
ic protons and differed from that for trans- or cis-decahy-
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droisocuinoline.l2 The ratio of the respective integrated
areas under the broad multiplet, 8 1.33-2.00 and 2.60-3.47,
was found to be 2.8. It showed a strong and sharp ir band at
1590 cm-1. These findings along with the elemental analy-
sis of its hydrochloride salt and comparison with known de-
rivatives led us to postulate its structure as 1,2,3,4,5,6,7,8-
octahydroisoquinoline. Because of inadequate amounts, 16
was characterized only by TLC. 15 was found by TLC to be
unreacted 9.

Conclusions

The results (Table 1) are in general agreement with those
of others3 and show in addition that under the same experi-
mental conditions (1) the ratios of 8 to 9 and of 11 to 12, as
well as the reaction times, increase with increasing HC1
concentration; (2) satisfactory yields of 8 and 12 can be ob-
tained at atmospheric pressure and in a relatively short
time so that side reactions are minimized when sensitive
functional groups are present.

Whereas others have shown that the predominant, if not
exclusive, product of the sodium-ethanol reduction of 10 is
trans-decahydroisoquinoline,3 we have shown that under
similar reaction conditions 9 yields predominantly 17 with
14 as a minor product. This is in accord with the finding
that I-(p-hydroxybenzyl)-5,6,7,8-tetrahydroisoquinoline
and its methyl ether yield the corresponding octahydro
compound when treated with sodium-isoamyl alcohol.13
Further reduction of 17 to the trans-decahydroisoquino-
line is possible under more strenuous hydrogenation condi-
tions.13

In conclusion, the above results indicate that ring-substi-
tuted compounds of the type 16, precursors to morphinan
and apomorphine analogs, 7513 can be prepared directly
from readily synthesized 1-benzylisoquinoline derivatives.

Experimental Section

Uncorrected melting points were determined on a capillary
melting point apparatus. I1H NMR spectra were obtained on a Var-
ian T-60 NMR spectrometer at room temperature in CDCI3 or
DMSO-de with Me,iSi used as an internal standard. Eastman
Chromagram sheets (6060 silica gel with fluorescent indicator)
were used for TLC. The following TLC solvent systems were used:
1-butanol-acetic acid-water, 4:1:1 (A), 9:1:2.5 (B); chloroform-
MeOH-acetic acid, 17:2:1 (C); benzene-ethyl acetate, 4:1 (D); cy-
clohexane-ethyl acetate, 1:4 (E); benzene-MeOH, 4:1 (F). A pre-
parative gas chromatograph, Perkin-Elmer F-21, with a flame ion-
ization detector and a 15 ft X 8.0 mm column (20% Carbowax 20M
+ 4% KOH on Chromosorb W) was used for determining the per-
cent composition and separating and identifying the products ob-
tained from the sodium-EtOH reduction of 9. Infrared spectra
were obtained on a Perkin-Elmer 337 grating spectrometer. Ele-
mental analyses were determined by Galbraith Laboratories, Inc.,
and Schwarzkopf Microanalytical Laboratories.

Materials. 3,4-Dimethoxybenzyl alcohol was obtained from In-
ternational Chemical and Nuclear Corp.; K & K Laboratories; 3,4-
dimethoxyphenylacetic acid, isoquinoline, 1,2,3,4-tetrahydroiso-
quinoline, and 1,2,3,4-tetrahydroquinoline were obtained from Al-
drich Chemical Co.; trans-decahydroquinoline, 1-iodopropane,
and Mel were obtained from Eastman Organic; picric acid was ob-
tained from J. T. Baker Chemical Co.; Pt02 (83.4%) was obtained
from Engelhard Industries.

3,4-Dimethoxybenzyl Chloride (18). The method of synthesiz-
ing 18 was adapted from an early method.14 HC1 was bubbled
through a solution of 3,4-dimethoxybenzyl alcohol (25.0 g, 0.149
mol) in absolute ether (80 ml) under anhydrous conditions and at
ice-water temperature. After 35 min, the color of the ether solu-
tion changed to deep red. The ether solution was washed succes-
sively with water, saturated NaHCO.a solution, and water to a pH
of about 6.0. The ether layer was dried over anhydrous MgSCL and
then filtered, and the ether was removed under reduced pressure.
The residue, a colorless, viscous oil, slowly crystallized on standing,
yielding 25.0 g (90%), mp 48-51° (lit. mp 50-50.5°,1548°14).

I-Cyano-2-benzoyl-1,2-dihydroisoquinoline (Reissert’s

J. Org. Chem., Vol. 40, No. 9, 1975 1193

Compound). This compound was prepared as described in the lit-
erature.16

1-(3',4'-Dimethoxybenzyl)isoquinoline Hydrochloride (4).
The method of preparing 4 was essentially as reported elsewhere,17
with the following modifications. After hydrolysis in CH30H-
KOH and isolation of the crude free base, the base was extracted
with ether (2 X 70 ml) and the extract was dried over anhydrous
Na23CH4, filtered, and reduced in volume to 40 ml; then HCl-satu-
rated ether was added. The precipitated HC1 salt was filtered,
triturated with ether repeatedly, and dried, 11.5 g (94%). This was
recrystallized from EtOH-ethyl acetate, yielding 9.4 g (75%): mp
188-189.5°; H NMR (DMSO-dg) 8 3.63 (s, 3, -OCH?J3), 3.73 (s, 3,
-OCH3J), 4.92 (broad s, 2,-CH2), 6.69-8.30 [m, 3, (MeO)2C6H3],
7.64-8.75 (m, 6, isoquinoline H).

Anal. Calcd for CI8Hi8C1NO2 C, 68.46; H, 5.74; N, 4.44; ClI,
11.23. Found: C, 68.52; H, 5.74; N, 4.43; Cl, 11.33.

I1-(3",4'-Dimethoxybenzyl)-1,2,3,4-tetrahydroisoquinoline
Hydrochloride (5). 4 (3.86 g, 12.3 mmol) was hydrogenated at at-
mospheric pressure in MeOH (100 ml) over Pt02 (0.60 g, 2.2
mmol). The reaction was completed 80 min later after the theoreti-
cal amount of H2 (2 equiv) was absorbed. TLC (A, C) revealed two
spots on visualization with uv, of which one yielded a yellow color
when exposed to ninhydrin and the other reacted negatively. After
removal of the catalyst, the solvent was evaporated under reduced
pressure, yielding 3.7 g (94%) of a white, amorphous solid. Recrys-
tallization from boiling EtOH (22 ml) yielded 3.1 g of colorless
crystals, mp 194-197°. TLC again revealed the two spots upon vi-
sualization with uv and ninhydrin. Recrystallization was repeated
in EtOH (30 ml) and allowed to proceed slowly overnight after
seeding with crystals of 5 obtained previously. Colorless, heavy
crystals were filtered off and washed with cold EtOH followed by
ether, 0.97 g, mp 227-228°. TLC showed a single spot on visualiza-
tion with uv and 12and yielded a yellow color when exposed to nin-
hydrin;, H NMR (DMSO-d6) 8 2.97-3.50 [broad m, 6,
(MeO)2PhCH2, H-3, H-4], 3.77 [s, 6, ((OCH3)2], 4.60 (broad t,J =
5 Hz, H-l), 6.90-7.07 [broad, overlap, 3, (MeO)2C6H3], 7.25
(broad s, 4, H-4, H-5, H-6, H-7).

Anal. Calcd for Ci8H2C1NO02 C, 67.59; H, 6.93; N, 4.38; ClI,
11.09. Found: C, 67.60; H, 6.88; N, 4.41; Cl, 11.06.

1-(3',4'-Dimethoxybenzyl)-5,6,7,8-tetrahydr,oisoquinoline
Hydrochloride (6). The mother liquor obtained after filtering off
5 was concentrated under reduced pressure to 20 ml and allowed to
stand at room temperature. Colorless crystals were filtered off and
washed with cold EtOH followed by ether, 1.30 g, mp 209-212°.
Recrystallization from EtOH yielded 0.98 g: mp 211-212°; TLC (A,
C) one spot (uv, 12), negative to ninhydrin; IH NMR (DMSO-de) 8
1.53-2.0 (broad m, 4, H-6, H-7), 2.45-3.13 (broad m, 4, H-5, H-8),
3.72, 375 (2 s, 6, -OCH3J), 442 [s, 2, (MeO)2PhCH2], 6.97-7.13
[broad m, 3, (MeO)2C6H3[, 7.60, 7.70 (d, J = 5 Hz, 1, H-4), 8.43,
8.53{d,J = 5Hz, 1, H-3).

Anal. Calcd for Ci8BHZNO02CL C, 67.59; H, 6.93; N, 4.38; CI,
11.09. Found: C, 67.60; H, 6.79; N, 4.28; CI, 11.14.

I-(3',4'-Dimethoxybenzyl)-2-methylisoquinolinium  lodide
(2a). The free base of 2a (6.88 g, 24.2 mmol) was dissolved in
MeNO02 (50 ml) and Mel (3.44 g, 242 mmol) was added. After 5 hr
at room temperature copious long, yellow needles appeared. After
18 hr, only a trace of the starting material was evident by TLC (F).
The addition of ethyl acetate (100 ml) completed the precipitation.
The product was filtered off and recrystallized from absolute
EtOH: 9.9 g (97%); mp 202-203° (lit.1I7 mp 139-140°); XH NMR
(DMSO-d6) 83.72. 3.78 (s, 6,-OCH3J), 4.50 (s, 3, NCH3), 5.15 [s, 2,
(MeO)2C6H3CH?2;, 6.31-7.17 [m, 3, (MeO)2C6H3], 7.96-9.0 (m, 6,
isoquinoline H’s).

Anal. Calcd for Ci9H20INO2: C, 54.16; H, 4.79; I, 30.12; N, 3.33.
Found: C, 54.19; H, 4.81; I, 30.05; N, 3.31.

I-(3",4'-Dimethoxybenzyl)-2-methyl-1,2,3,4-tetrahydroiso-
quinoline Hydrochloride (3a). 2a (4.6 g, 98.6 mmol) was hydro-
genated at atmospheric pressure in MeOH (120 ml) over Pt02
(0.60 g, 22 mmol). After 0.5 hr, the theoretical amount of H2 (2
equiv) was absorbed with a concomitant clumping of the catalyst
signaling the end of the reaction. After removal of the catalyst by
filtration and of the solvent under reduced pressure, the solid resi-
due was dissolved in water (90 ml) and treated with excess
NaHCO03 The free base was extracted with ethyl acetate (2 X 50
ml), and the combined extracts were washed with water (30 ml),
dried over anhydrous Na2SO,t, and then filtered. The solvent was
removed under reduced pressure, and the residue, a viscous oil,
was dissolved in 43 ml of absolute ether to which another 40 ml of
HCl-saturated ether was added. The HCL1 salt precipitate was iso-
lated and washed with ether, 2.94 g (91%). The crude product was
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recrystallized from absolute EtOH (45 ml), yielding colorless,
stick-shaped crystals: 2.65 g (80%); mp 233-235° dec (lit.17 mp
227-230°); 1 NMR (CDC13) 8 2.92 (broad s, 3, NCH3), 2.77~.17
[broad m, H-3, H-4, and (MeO)2Cf;H3CH2], 4.23-4.60 (m, 1, H-I),
3.77 (s, 3,-OCH23), 3.87 (s, 3,-OCHJ), 6.4-6.8 (m, 4, H-5, H-6, H-7,
H-8), 6.87-7.33 [m, 3, (MeO)2C6H3].

Anal. Calcd for C1I9H24C1NO2 C, 68.35; H, 7.24; Cl, 10.62; N,
4.20. Found: C, 67.94; H, 7.25; Cl, 11.01; N, 4.25.

1-(3',4'-Dimethoxybenzyl)-2-n-propylisoquinolinium lodide
(2b). The free base of 4 (0.93 g, 3.33 mmol) was treated at 90° with
iodopropane (11.6 g, 70 mmol) in MeNO02 (15 ml). Reaction was
completed after 4-5 hr as shown by TLC (F). The product was pre-
cipitated by the addition of ether and allowed to stand overnight
at 4°. The product was filtered and washed with ether, 1.45 g
(91%), mp 205-206°. Recrystallization from absolute EtOH (35 ml)
yielded 1.33 g (89%) of yellow, needle-shaped crystals: mp 211-
212° dec; ]JH NMR (CDC13) 81.03 (t, 3, J = 7 Hz, CCH3), 1.92 (m,
2,J = 7Hz, -CH2Me), 3.82 (s, 3,-OCH2J), 3.88 (s, 3,-OCH?3), 4.97
(t, 2, J = 7 Hz, -CH2CH2CH3J), 5.25 [s, 2, (MeOkPhCHa-j, 6.7-
7.39 [m, 3, (MeO)2C6H8-], 7.82-8.72 (m, 4, H-5, H-6, H-7, H-8),
8.47 (d, 1, J = 7Hz, H-4),9.23 (d, 1, J = 7 Hz, H-3).

Anal. Calcd for QUHjINO™* C, 56.13; H, 5.38; I, 28.25; N, 3.12.
Found: C, 56.21; H, 5.31; I, 28.38; N, 3.07.

I-(3',4'-Dimethoxybenzyl)-2-n-propyl-1,2,3,4-tetrahydro-
isoquinoline Hydrochloride (3b). 2b (1.23 g, 2.74 mmol) was hy-
drogenated at atmospheric pressure in MeOH (35 ml) over Pt02
(0.20 g, 0.73 mmol). In less than 0.5 hr, the theoretical amount of
H2 (2 equiv) was absorbed and clumping of the catalyst occurred.
TLC (A) showed the presence of only one compound. The catalyst
was removed by filtration and the solvent under reduced pressure.
The yellow, amorphous solid residue was dissolved in MeOH (15
ml) and basified with 5% aqueous NaOH (45 ml). The free base
was extracted with ether (3 X 40 ml), washed with water to a neu-
tral pH, and then dried over anhydrous Na23C+4. The solution was
filtered, and the light amber-colored oil remaining upon removal of
the ether was converted to the HC1 salt as described above, 0.77 g
(77%), mp 201-203.5°. Recrystallization from a solution of MeOH
(12 ml) and ether (20 ml) yielded a crystalline product: 0.60 g; mp
203-204°; TH NMR (CDC13) 50.95 (t, J = 7 Hz, CCH3), 1.93-2.27
(m, J = 6 Hz, 2, -CH2Me), 2.75-4.05 (m, 9), 3.75 (s, 3, -OCH?J),
3.87 (s, 3, -OCH3), 430 [t, J = 7 Hz, 2, (CH3)2PhCH2-]t 6.37-
7.38 (m, 7, aromatic H's).

Anal. Calcd for C2iIH28C1NO02 C, 69.69; H, 7.80; Cl, 9.80; N, 3.87.
Found: C, 69.67; H, 7.78; Cl, 9.82; N, 3.89.

Hydrogenation of Isoquinoline and Quinoline Hydrochlo-
rides. General Procedure. The hydrogenation was carried out in
absolute MeOH solution or MeOH solution of gaseous HC1 with
0.25 M of substrate and a 10:1 ratio of substrate to Pt02 at atmo-
spheric pressure and room temperature with maximum agitation
(magnetic stirrer) in a baffled hydrogenation flask. Reaction was
discontinued when approximately 2 equiv of H2 was absorbed.
After removal of the catalyst by filtration, the solvent was removed
under reduced pressure, and the residue salt was dried under high
vacuum. The approximate percent composition of the crude prod-
ucts (as HC1 salts of reduced 7 and free bases of 10) was deter-
mined by integration of their 7H NMR spectra. Free base compo-
nents of these mixtures obtained by extraction with ether from
basic aqueous solutions were separated by successive fractionation
under reduced pressure followed by a final purification step in
which the free bases were converted to picrate salts, recrystallized
from absolute EtOH, and characterized by comparing their melt-
ing points with those in the literature (Table I). The picrates were
then decomposed with aqueous 4 N HC1, and, after removal of the
picric acid by ether extraction, the purified free bases were ob-
tained by ether extraction from their basic solutions and converted
to their hydrochloride salts. 7H NMR spectra of these and of com-
mercially available 8, trans-, and a mixture of cis- and trans-He
cahydroquinolines were used for the assignment of bands in the
spectra of their crude mixture. TLC (A, B, C, D, E) served to iden-
tify them further and to certify their purity. Melting points of pi-
crates, °C (lit.): 8, 199-201 (197- 198,182 202180); 9, 144-145 (142-
14419); 11, 142-143 (14320); 12, 158-160 (157,21 158-159®°). Melting
points of HCL1 salts, °C (lit.): 8, 198-199 (195-19718q); 9, 196-198
(196-197184); 11,179-181 (179-18020).

'H NMR Spectra (DMSO-rL), & 8, 2.82-3.55 (symmetrical m,
4, H-3, H-4), 4.20 (s, 2, H-I), 7.28 (s, 4, aromatic H’s); 9, 1.66-1.90
(m, 4, H-6, H-7), 2.92-3.00 (two overlap broad s, 4, H-5, H-8), 7.84
(d, 1,3 = 6 Hz, H-4), 8.68 (d, 1, J = 6 Hz, H-3), 8.72 (s, 1, H-I).

‘H NMR Spectra (CDC13), «: 11, 1.89 (m, 2, H-3), 2.73 (t, 3, J
= 6 Hz, H-2), 3.25 (t, 2, J = 6 Hz, H-4), 3.77 (broad s, 1, NH),
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6.28-7.03 (m, 4, H-5, H-6, H-7, H-8); 12,1.70-1.93 (m, 4, H-6, H-7),
2.84 (m, 4, H-5, H-8), 6.85-7.07 (m, 1, H-3), 7.23-7.38 (M, 1, H-4),
8.32 (m, 1, H-2).

5,6,7,8-Tetrahydroisoquinoline (9). 7 (9.04 g, 0.07 mol) was
hydrogenated over Pt02 (1.99 g, 8.76 mmol) in 4 IV HCI-MeOH
(200 ml) at atmospheric pressure and room temperature. Reaction
was discontinued after 2 equiv of H2 was absorbed; the catalyst
was filtered off and the solvent was removed under reduced pres-
sure. The solid residue was dissolved in water (70 ml), basified
with NaHCO03, and extracted with ether (4 X 40 ml). The com-
bined ether extracts were washed with water, dried over anhydrous
MgSC>4, and then filtered. The solvent was removed under reduced
pressure, and the oil residue was dried under vacuum to a constant
weight, 7.2 g: TLC (A), one major spot (uv positive, ninhydrin neg-
ative), one trace spot (uv negative, ninhydrin yellow); ir 1600 cm-1
(_C=N-); H NMR (CDC13) 5 1.45-2.05 (m, 4, H-6, H-7), 2.31-
3.05 (m, 4, H-5, H-8), 6.93 (d, 1, J = 5Hz, H-4), 824 (d, 1,J =5
Hz, H-3), 8.20 (s, 1, H-1). 9 (7.0 g) was dissolved in absolute EtOH
(15 ml) and picric acid-EtOH solution (300 ml, 4.4 g/100 ml) was
added. The picrate salt, small yellow crystals, was filtered off and
dried, 17.5 g (92%), mp 144-145°. The picrate salt was decomposed
with aqueous 6 N HC1 (100 ml), and the picric acid was removed
by ether extraction. The aqueous layer was basified with excess
NaHCO03, and the free base 9 was extracted with ether, 6.3 g. TLC
(A): one spot (uv positive, ninhydrin negative).

Reduction of 9 with Na-EtOH. 9 (3.0 g, 22.5 mmol) was dis-
solved in absolute EtOH (40 ml) and treated under anhydrous con-
ditions while stirring with small pieces of freshly cut Na metal in-
troduced over a period of about 1 hr. For the last 0.5 hr the reac-
tion solution was heated to maintain a satisfactory rate of reaction.
At the end of 1 hr, more EtOH (25 ml) was added, and the solution
was refluxed for 0.5 hr to effect complete reaction of the metal.
The solvent was removed under reduced pressure, and the white
residue was dissolved in 200 ml of water and acidified with 6 N
HC1 to a pH of ca. 1.0; it was then extracted with ether (2 X 50 ml),
which was discarded. The aqueous solution was basified with 50%
aqueous NaOH to a pH of ca. 11, and the free amine was extracted
with ether (4 X 40 ml). The ether extracts were combined and
washed with water, and then the solvent was removed under re-
duced pressure after drying over MgSCL. The colorless, oily resi-
due was dried to a constant weight, 2.91 g (93%). TLC (A, C, E, F)
revealed the presence of at least four compounds, two of which, in-
cluding the major product, reacted with ninhydrin to yield a yellow
color (secondary amine). One spot, a trace, reacted negatively to
ninhydrin and, in contrast to the other three products, could be
visualized under uv. The fourth spot, more than a trace, yielded a
purple color with ninhydrin (primary amine). A preparative GC
separation of the crude mixture yielded four peaks, well resolved
and fairly symmetrical. The relative composition was estimated by
dividing the area under each peak by the sum of the areas of all
peaks. The area under each peak was estimated by multiplying the
maximum height of the peak by the width at half the height. Two
of the compounds, 14 and 17, were collected in sufficient amount
to permit the preparation of picrate and hydrochloride salts for
melting points and, in the case of 17, for 7H NMR, ir, Bayers test,
and elemental analysis. All isolated compounds were subjected to
TLC analysis (A, C) and exposed to ninhydrin. In each case only
one spot was shown.

Compound 14: mp of picrate 176-177° (lit.22mp 175-176°); mp
of HC1 salt 224-226° (lit.2mp 222-223°).

Compound 17: mp of picrate 176-178° (lit.7amp 172°); mp of
HC1 salt 152-153° (lit.7a mp 150°); ’H NMR (CDC13) 5 1.33-2.0
(m, 11, H-2, H-4, H-5, H-6, H-7, H-8), 2.60-3.47 (m, 4, H-I, H-3); ir
1590 cm-1 (s).

Anal. Calcd for C9Hi6CIN: C, 62.23; H, 9.29; Cl, 20.42; N, 8.07.
Found: C, 62.28; H, 9.27; Cl, 20.49; N, 8.02.

Registry No.—2a, 50370-93-9; 2a free base, 21965-92-4; 2b,
54446-54-7; 3a, 50370-94-0; 3b, 54384-20-2; 4, 51866-10-5; 5, 3972-
77-8; 6, 54384-21-3; 7 HC1, 49563-76-0; 8, 91-21-4; 9, 36556-06-6; 10
HC1, 530-64-3; 11, 635-46-1; 12, 10500-57-9; 14, 2744-09-4; 17,
2721-62-2; 18, 7306-46-9; 3,4-dimethoxybenzyl alcohol, 93-03-8; io-
dopropane, 107-08-4.
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Cycloaddition Reactions of Some 5-Substituted Isoquinolinium Saltsl
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The reactivity of the 2,3-dimethylisoquinolinium nucleus (1) toward 1,4 cycloaddition with alkenes is greatly
enhanced by the introduction of a nitro group at position 5, making possible r.ew synthetic applications. The reac-
tivity of the 2-methylisoquinolinium ion (15) is also enhanced by introduction of a nitro group into position 5, and
the product (18) with cyclopentadiene is the first simple 1,4 adduct obtained from an isoquinolinium salt with no

substituent at position 3.

The discovery that 2,3-disubstituted isoquinolinium
salts (Ia) would undergo cycloaddition reactions with alkyl
vinyl ethers2-4 and cyclopentadiene45 offered the promise
of easy access to a host of benzisoquinuclidine derivatives.

EtO

Unfortunately, the sluggishness of the cycloaddition at
room temperature and the easy reversibility at higher tem-
peratures have greatly limited the usefulness of the reac-
tion. For example, 2,3-dimethyl-1,3-butadiene, which
stands next below cyclopentadiene in reactivity toward the
acridizinium ion,6 does not react noticeably with la in 3
months at room temperature.

In earlier work? it was shown that the introduction of the
electron-withdrawing nitro group at position 9 of the acrid-
".zhvhi'm nucleus resulted in a 21-fold increase in the rate of
cycloaddition toward styrene. This led us to examine the
reactivity of 5-nitro-2,3-dimethylisoquinolinium ion (Ib)
toward activated alkenes. As measured by its reactivity
with ethyl vinyl ether, the nitro derivative (Ib) reacted ap-
proximately 120 times faster than the parent compound
(lIa). The magnitude of this rate enhancement raised the
question whether the enhancement was entirely electronic
in its origin or whether steric acceleration of cycloaddition8
must play some part. A group at position 5 would tend to

crowd the adjacent peri hydrogen, which is constrained fur-
ther by the flanking methyl at position 3. Much of the re-
sulting steric strain should be relieved during the cycload-
dition, since the peri hydrogen moves out of plane. That
some steric contribution is involved is suggested by the ob-
servation that the analog (Ic) having an electron-releasing
acetylamino group at position 5 is still twice as reactive as
the parent compound (la).

The 5-nitro-2,3-dimethylisoquinolinium ion (Ib) reacts
in good to excellent yield with a variety of the less reactive
alkenes, including styrene, vinyl acetate, /3-pinene, and nor-
bornene (Table I). For none of the adducts was there any
indication in the NMR spectrum of the presence of
mixtures of regioisomers (always one set, rather than two,
of bridgehead hydrogens). This is in conformity with all re-
ported cycloadditions of unsymmetrical alkenes with qua-
ternary aromatic salts.9 Assignment of structure of the ad-
ducts has been made by analogy to the addition of unsym-
metrical addends to the 2,3-dimethylisoquinolinium ion
(lIa) and to the acridizinium ion.6 Direct assignment of the
regiochemistry of the adducts on the basis of NMR evi-
dence, following the method of Fields et al.,6 was not possi-
ble. As usual, the quaternary nitrogen caused a characteris-
tic deshielding of the adjacent bridgehead proton attached
to C-I, but the nitro group at position 5 had a similar effect
on the other bridgehead hydrogen at position 4, making the
usual distinction between the bridgehead hydrogens on the
basis of differences in chemical shift impossible.

At least four of the addends appeared to afford only a
single geometrical isomer. Three of these, the ethyl vinyl
ether (2b), the cyclopentadiene (8), and the norbornene
(12) adducts, can definitely be assigned as syn (with re-
spect to the phenylene ring). The first two of these (2b and
8) had NMR spectra similar to those of the unnitrated pro-
totype (e.g., 2a) and in both of these cases, the structure of
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Table |
Reaction of Some Alkenes with 5-Nitro-2,3-dimethylisoquinolinium
Hexafluorophosphate (Ib) in Acetonitrile at Room Temperature

Adduct Congu, mmol/1. Time,
Addend Compd Formula0 b Addend days

Styrene 3 ¢ )% 19F 6n 20 2p 0.14 1.24 35
/>-Methoxy-

styrene 4 C2dH2iF6N20 3P 0.33 1.23 2
Ethyl vinyl

ether 2b CiSH19FeN20 3P 0.20 1.20 0.04
Vinyl

acetate 5 c15h17F6n204p 0.50 14.50 60
2.3- Dimethyl-

butadiene c 17h 21F 6n 20 2p 0.50 2.38 25
/3-Pinene 7 c2lh27F6n 20 2p 0.25 1.23 34
Cyclopenta-

diene 8 CieH17FaN20 2P 0.94 4.04 2
1.3- Cyclo-

hexadiene 9 cl1lh19F6n202p 0.38 1.67 12
1-Methoxy-

cyclohexene 10 0.28 26.80 24
Indene 11 C20HiI9F6N20 2P 0.25 2.33 0.29"
Norbornene 12 c18h2lf6n202p 0.17 1.24 33

NMR chemical shifts, 6 (multiplicity)

Yield,
% Mp,°C Solvent H-l H-4 CH3Cc ch3nc
97 2226 cd3cn 5.90 (g0 5.63 (d) 2.70 3.70
94 261-263.5 CF3C02H 5.92 (q) 5.85 (d) 2.89 3.92

95 1676 CDgCN 5.73 (q) 6.13 (d) 2.64 3.67
63 2536 CD3CN 5.79 (q) 5.96 (d) 2.62 3.62
51 171" cf3co2n 581 (g) 5.97 (d) 2.91 3.92
74 195& cf3co2n 5.68 (q) 6.07 (d) 2.67 3.80
82 2006 CDjCN 5.80 (d) 5.67 (d) 2.87 3.98
81 192" cf3co2n 6.02 (d) 5.63 (d) 2.82 3.88
98 191" cd3cn 5.60 (d) 6.05 (s) 2.65 3.77
56 223-224 cf3co2h 6.42 (d) 5.72 (d) 2.94 3.94
68 224-225 (cd3)2co 6.03 (d) 5.83 (d) 2.83 3.90

° Satisfactory analyses were submitted for all compounds listed in this table. Ed. 6 Decomposes. ¢ All resonances in this column appeared

as singlets. d This cycloaddition was carried out at 65°.

the prototype had been proved by single-crystal X-ray
crystallography.35

MeO

5 MeCOO H
6 CH2PMe CH3
7 -CH,CHXCHC(Me)2CH-

\ /
ch2

The structure of the norbornene adduct (12) follows
from the very strong shielding of one of the methylene pro-
tons (5 —0.77) arising from its exposure to the diamagnetic
ring current of the phenylene group. Despite the possibility
that some of the stereoisomeric anti isomer might have
been formed in the cycloaddition but lost in the recrystalli-
zation, the isolation of a 68% yield of the syn form indicates
that the reaction is more stereoselective than the addition
of norbornene to the acridizinium ion, which shows only a
60:40 preference for the syn configuration.10

The remaining case of stereoselectivity, that of the 1-
methoxycyclohexene adduct (10), has been assigned the
anti configuration (with the cyclohexane ring turned away

from the phenylene ring on the basis of the coulombic re-
pulsion rule).5 Unfortunately, the NMR signal for the
methine proton at C-10 is lost in the envelope arising from
the methylene protons; hence there is no evidence whether
it is directed toward or away from the quaternary nitrogen
atom.

Earlier4 it was shown that the initial attack of the cya-
nide ion on the unnitrated ethyl vinyl ether adduct (2a) is
from the endo side, but when equilibrium is ultimately
reached, the concentration of the endo and exo cyano com-
pounds is essentially equal. Similar behavior has been ob-
served with the nitro adduct (2b), affording at first mostly
13a which isomerized to 13b. When the cycloaddition of Ib

EtOJ EtO R
no2 n NO, N
T _ '
@ £ « q P 0"Me
1""Me "Me
13 rR=R P rR=H

14, R=Me

was carried out with 2-ethoxypropene, the adduct could
not be crystallized but was converted directly to the nitrile
by action of cyanide. Interestingly, a single geometrical iso-
mer was obtained, but in ayield of only 20%. On the basis
of the expected polarization, the charge repulsion rule,5
and the NMR spectrum, as well as spin-decoupling experi-
ments, the most likely structure appears to be 14.

Although some of our initial experiments were directed
toward the cycloaddition of alkenes with isoquinolinium
salts having no substituent at position 3, these were frus-
trated almost certainly by the great reactivity of the cy-
cloadduct first obtained, resulting in complicating nucleo-
philic attacks by the solvent or excess alkene. An illustra-
tion is the reaction of 2-methylisoquinolinium bromide
with cyclopentadiene, which gave, in 80% vyield, a poorly
defined product, probably 17, corresponding to the addi-
tion of 1 mol of cyclopentadiene plus 1 mol of water. When
5-nitro-2-methylisoquinolinium hexafluorophosphate (16)
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was allowed to react with cyclopentadiene at room temper-
ature, the simple adduct 18 was obtained in 69% yield. The

iminium hydrogen of the adduct appeared as a multiplet
centered at 5 8.94. This is the first example of the simple
cycloaddition of an isoquinolinium salt having no substitu-
ent at position 3. Simple cycloaddition is not always char-
acteristic of the 5-nitro-2-methylisoquinolinium salt (16),
for addition to an excess of 1-methoxycyclohexene afforded
an adduct which, from elemental analysis and NMR, clear-
ly had 2 mol of the alkene incorporated. From mechanistic
considerations and NMR evidence, it appears that the
structure can best be represented as 19.

Experimental Section

The elemental analyses were carried out by M-H-W Laborato-
ries, Garden City, Mich. Melting points were determined in capil-
lary tubes with a Thomas-Hoover melting point apparatus and are
uncorrected. Infrared spectra were determinded on a Perkin-
Elmer Model 137 or Model 237 using KBr disks. Proton magnetic
resonance spectra were obtained at 60 MHz on Varian A-60 and
T-60 spectrometers.

2.3- Dimethyl-5-nitroiso(iuinolinium Methosulfate. Reflux-

ing 15 g of 3-methyl-5-nitroisoquinolinen and 10 g of dimethyl sul-
fate for 24 hr in 100 ml of acetonitrile followed by concentration
under reduced pressure and addition of ethyl acetate afforded the
salt as a yellow solid, 22.6 g (90%). It crystallized from methanol as
light yellow needles, mp 178°.

Anal. Calcd for Ci2Hi4N20 6S: C, 45.86; H, 4.49; N, 8.91. Found:
C, 45.78; H, 4.42; N, 8.83.

The hexafluorophosphate (Ib) was prepared (76%) by addi-
tion of hexafluorophosphoric acid to an aqueous solution of the
methosulfate salt. Recrystallization from methanol afforded color-
less needles, mp 195-196°.

Anal. Calcd for CuHnFeNsC”P: C, 37.94; H, 3.18; N, 8.04.
Found: C, 37.72; H, 3.01; N, 7.81.

2.3- Dimethyl-5-acetylaminoisoquinoline
phate (Ic). 3-Methyl-5-aminoisoquinoline (10 g) was dissolved in
50 ml of acetic anhydride and the mixture was allowed to stand at
room temperature for 2 hr. The semisolid mixture was poured into
ice-water and made basic by addition of sodium bicarbonate. The
solid (9 g) was collected and treated with 15 g of methyl iodide to
afford 13.5 g of the salt. This was dissolved in hot methanol and
treated with 8 g of hexafluorophosphoric acid to yield 9.2 g (40%)
of crude product, mp 254-257. The analytical sample, mp 259-
261°, was crystallized from methanol-acetonitrile.

Anal. Calcd for CisHrgNaOPFe: C, 43.33; H, 4.17; N, 7.78.
Found: C, 43.07; H, 4.29; N, 7.56.

General Procedure for Preparation of Cycloadducts. To a
solution of the isoquinolinium salt 1 in acetonitrile, a large excess
of the alkene plus a small quantity of hydroquinone were added.

Hexafluorophos-
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Except as noted, the solution was allowed to stand at room tem-
perature until the uv or NMR spectrum showed that the isoquinol-
inium ring system was no longer present. The solution was then
concentrated to a small residue to which ether was added. The re-
sulting precipitate was collected and washed with ether. All ad-
ducts were crystallized from methanol containing a small quantity
of acetonitrile.

5-Acetamino-2,3-dimethyl-9-ethoxy-1,4-dihydro- 1,4-etha-
noisoquinolinium Hexafluorophosphate (2c). This was pre-
pared in 63% yield from Ic: mp 258-259°; NMR12 (CD3CN) 52.62
(s, C-3 CHDJ), 3.58 (s, NCHDJ), 5.14 (d, H-4), 5.54 ppm (q, H-I).

Anal. Calcd for Ci7TH2ZF6N202P: C, 47.22; H, 5.32; N, 6.48.
Found: C, 47.37; H, 5.45; N, 6.34.

Reaction Rates for Cycloaddition of la-c. The comparison of
reaction rates was carried out at 34.6 £ 0.5° in an acetonitrile solu-
tion that was 0.1 M in salt and 3.5 M in ethyl vinyl ether. Disap-
pearance of the salt was measured by observing the disappearance
of the long-wavelength absorption in the ultraviolet.

9-Ethoxy-1,2,3,4-tetrahydro-2,3-dimethyl-3-cyano-5-nitro-
1,4-ethanoisoquinoline (13). To a solution of 1.5 g (4.6 mmol) of
2b in a mixture containing 11 ml of acetonitrile and 4 ml of water,
a solution of 0.25 g (1.5 mmol) of potassium cyanide in 1 ml of
water was added dropwise. The solution was concentrated under
reduced pressure and the crystalline residue was collected and
washed with water. The crude product, 1.05 g (98%), mp 109-111°,
was recrystallized from methanol-water as yellow microcrystals,
mp 113°. The NMR suggested a mixture of geometrical isomers
with the major isomer having the resonance at H-9 appearing at 5
4.12 (with methyl groups as singlets at 6 2.39 and 1.72). The H-9
resonance for the minor isomer appeared at 6 4.48 (with methyl
groups as singlets at $2.55 and 1.28). Assignment of the major iso-
mer as the endo cyano compound (13a) was based upon the long-
range shielding effects413 of the nitrile group on the H-9 reso-
nance. In the endo isomer (13a) H-9 is approximately in the direc-
tion of the principal axis of the cyano group; hence it should be
shielded. In the exo isomer (13b), H-9 is almost at right angles to
the axis of the nitrile group; hence it should be deshielded. In a few
days, the solution (DCC13) appeared to reach an equilibrium in
which 13a and 13b were present in equal amounts: 13a NMR
(CDCI3) 51.03 (t, 3. CH3CH2), 1.20 (m, 1, 10-H, syn), 1.72 (s, 3, 3-
Me), 2.39 (s, 3, 2-Me), 2.62 (o, 1, 10-H, anti), 3.62 '(m, 2, CH3CH2),
3.72 (q, 1, 1-H), 412 (m, 1, 9-H), 4.75 (d, 1, H-4), 7.30-8.30 (m, 3,
aromatic).

Anal. Calcd for Ci6H19N30 3: C, 63.73; H, 6.36; N, 13.94. Found:
C, 63.58,; H, 6.16; N, 13.65.

3-Cyano-9-ethoxyl-1,2,3,4-tetrahydro-2,3,9-trimethyl-5-ni-
troisoquinoline (14). The reaction for 1 day at room temperature
of 5 g (14 mmol) of Ib with 8 g (93 mmol) of 2-ethoxypropenel4 in
25 ml of acetonitrile, followed by removal of volatiles under re-
duced pressure, left a mixture of solid and oil. The solid, which was
mainly starting material, was removed by dissolving the oil in cold
methanol and filtering the solution. The solution was concentrated
under reduced pressure and the oily residue was taken up in a mix-
ture of 20 ml of acetonitrile and 4 ml of deionized water. To this
solution, 1.2 g of potassium cyanide in 2 ml of water was added.
The solvents were removed under reduced pressure, water was
added to the residue, and the mixture was extracted with ether.
The ether solution was dried (K2C03) and concentrated and the
solid product was twice recrystallized from ether, affording 1 g
(20%) of colorless needles: mp 140-143°; NMR (CDC13) 50.98 (s, 3,
9-Me), 1.23 (t, 3, CH3CH?2), 1.53 (d of d, 1, Jgem = 13, Jvic = 3 Hz,
10a), 1.93 (s, 3, 3-Me), 2.39 (s, 3+, MeN, 10b), 2.50 (d, Jvic = 3 Hz,
0.5, 10b), 3.56 (g, 2, CH3CH2), 3.79 (t, 1,1 H), 451 (s, 1, 4 H), 7.53
(s, 1, aromatic), 7.58 (s, 1, aromatic), 8.14 (t, 1, 8 H).

Anal. Calcd for Ci7TH2IN3D 3 C, 64.74; H, 6.71; N, 13.32. Found:
C, 64.93; H, 6.51; N, 13.25.

2- Methyl-5-nitroisoquinolinium Hexafluorophosphate (16).
A solution containing 17.8 g of 5-nitroisoqu.inoline,15 13 g of di-
methyl sulfate, and 100 ml of acetonitrile was allowed to stand for
3 days at room temperature. Upon addition of ether, the methyl
methosulfate salt separated as an oil. The oil was dissolved in 50
ml of methanol and added to 20 g of hexafluorophosphoric acid in
a polypropylene beaker. The precipitate was collected and washed
with methanol. The crude product, 21.2 g (62%), crystallized from
hot methanol, afforded yellow microcrystals, mp 150°.

Anal. Calcd for CIOH9F6N202P: C, 35.94; H, 2.71; N, 8.38.
Found: C, 35.82; H, 2.47; N, 8.18.

3- Hydroxy-2-methyl-l,4-A12-cyclopenteno)-1,2,3,4-tetrahy-

droisoquinolinium Bromide (17). To a solution of 2.52 g of 2-
methylisoquinolinium bromidel6 in 250 ml of acetonitrile, 9 ml of
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freshly cracked cyclopentadiene was added and after 3 weeks at
room temperature, another 9 ml. After a total of 65 weeks, the so-
lution was concentrated at room temperature under reduced pres-
sure. Addition of ether precipitated a crude brown solid, mp 200-
208° dec. Recrystallization from acetonitrile-ethyl acetate yielded
a brown, microcrystalline solid, mp 212° dec. NMR [(CDs"SO]
was complex and poorly defined, but there was no indication of
resonance in the €9 region (iminium hydrogen).

Anal. Calcd for CisHisBrNO: C, 58.45; H, 5.89; N, 4.54. Found:
C, 58.43; H, 5.92; N, 4.59.

syn-2-Methyl-5-nitro-1,4-(A12-cyclopenteno)-l,4-dihydro-
isoquinolinium Hexafluorophosphate (18). Freshly cracked cy-
clopentadiene (20 ml) was added to a solution of 5 g of 2-methyl-
5-nitroisoquinolinium hexafluorophosphate (16) in 20 ml of anhy-
drous acetonitrile. After 17 hr was allowed for reaction at room
temperature, the solution was concentrated under reduced pres-
sure. On addition of ether to the residue, the salt precipitated as
an oil which was washed with ether followed by removal under vac-
uum of all volatile materials. The solid residue remaining, 4.1 g
(69%), was twice recrystallized from acetone-ethyl ether: mp 140°
dec; NMR (CD3CN) S1.47-2.87 (m, 2, C-Il), 2.87-3.70 (m, 2, C-9,
C-10), 3.82 (s, 3, Me), 5.33 (m, 2, C-12, C-13), 5.67 (d, 1, C-l), 5.85
(q, 1, C-4), 7.37-8.27 (m 3, aromatic), 8.94 ppm (m, 1, C-3 imi-
nium). Spin decoupling experiments confirmed the assignment of
the multiplet at $8.94 to the proton at position 3.

Anal. Calcd for CisHisFe~C”~P: C, 4591; H, 3.78; N, 7.00.
Found: C, 45.02; H, 3.70; N, 6.90.

Addition Product (19) from Reaction of 2 Mol of 1-Methox-
ycyclohexene with 1 Mol of 16. To a solution of 4 g (12 mmol) of
2-methyl-5-nitroisoquinolinium hexafluorophosphate (16), 12 g
(107 mmol) of 1-methoxycyclohexene was added and the mixture
was allowed to stand for 30 days at room temperature. The sol-
vents and excess methoxycyclohexene were romoved under re-
duced pressure. The product was precipitated by addition of ethyl
ether and was collected and washed with ether, yield 5.8 g (87%).
Twice recrystallized from acetonitrile-ethyl alcohol, it afforded
colorless plates: mp >185° dec; NMR (CD3CN, spectrum complex
and not all resonances identified) S3.31 (s, 3, O-Me), 3.49 (s, 3, O-
Me), 7.58-8.37 ppm (m, 3, aromatic).

Anal. Calcd for CAH3BFEN204P: C, 51.61; H, 5.96; N. 5.02.
Found: C, 51.64; H, 6.07; N, 5.07.
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Registry No.—Ib, 54409-89-1; Ib methosulfate analog, 54409-
90-4; Ic, 54409-92-6; Ic iodide analog, 54409-93-7; 2b, 54409-95-9;
2c, 54446-45-6; 3, 54409-97-1; 4, 54409-99-3; 5, 54410-01-4; s,
54410-03-6; 7, 54446-47-8; 8, 54446-49-0; 9, 54410-05-8; 10, 54410-
07-0; 11, 54410-09-2; 12, 54446-51-4; 13a, 54410-39-8; 13b, 54482-
30-3; 14, 54446-53-6; 16, 54410-10-5; 16 methosulfate analog,
54410-11-6; 17, 54410-12-7; 18, 54410-14-9; 19, 54410-16-1; styrene,
100-42-5; p-methoxystyrene, 637-69-4; ethyl vinyl ether, 109-92-2;
vinyl acetate, 108-05-4; 2,3-dimethylbutadiene, 513-81-5; /?-pinene,
127-91-3; cyclopentadiene, 542-92-7; 1,3-cyclohexadiene, 592-57-4;
1-methoxycyclohexene, 931-57-7; indene, 95-13-6; norbornene,
498-66-8; 3-methyl-5-nitroisoquinoline, 18222-17-8; dimethyl sul-
fate, 77-78-1; hexafluorophosphorie acid, 16940-81-1; 3-methyl-5-
aminoisoquinoline, 54410-17-2; acetic anhydride, 108-24-7; 2-
ethoxypropene, 926-66-9; 5-nitroisoquinoline, 607-32-9; 2-methyl-
isoquinolinium bromide, 54410-18-3.
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In the presence of a suitable base, certain aromatic or iminium quaternary salts having a nucleophilic group at
an appropriate place of the N+-R chain undergo nucleophilic cyclization. This cyclization has been applied to
phenanthridinium, isoquinolinium, and 1,4-bridged 1,4-dihydroisoquinolinium salts using nucleophilic anions de-
rived from the 4,4-dicarbethoxybutyl (e.g.,"4 —5), the 2-mercaptoethyl (e.g., 10 — 12), and 2-hydroxyethyl (17 —»

21) groups.

In 1962, Krohnke and Zecher2 showed that the quater-
nary salt formed by the reaction of phenacyl bromide and
isoquinoline would condense with hydroxylamine hydro-
chloride and cyclize to yield a [2,I-a]imidazoisoquinoline
derivative.3 Later work4‘6 showed that the use of hydrazine
on quaternary salts of the same general type led to triazino
derivatives.

It was suggested5 that there must exist several types of
cyclization involving a nucleophilic attack on an electron-
deficient carbon atom of an aromatic quaternary salt. A
more general statement of this reaction may be seen in
Scheme 1, in which the quaternary salt might be either an
iminium or a quaternary aromatic salt. The ZH group of 1
must be sufficiently more acidic than the a methylene
group of the salt to prevent nonproductive ylide formation,

Scheme |

and the base used should be of low nucleophilicity. The
tendency of the anion to undergo cyclization (2 —3) is a
function of the size of the ring being formed, the nucleophi-
licity of Z, and the proportion of the total resonance energy
lost in the transformation 1—»3.

One possibility was the use of a carbanion as a nucleo-
phile. The quaternary salt 4, produced by the action of
ethyl y-bromopropyl malonate7 on phenanthridine, was al-
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lowed to react for 2 hr at room temperature with triethyl-
amine. affording, in 64% vyield, a compound having the
properties expected for the nucleophilic cyclization product
(5). The new product (5) had not only a new benzylic hy-

~ o jgl) » FF)13
[O IO I tA _t__Z_r_l_S_)_Cs‘_rl* u( D i X
H5C200C CH ~ ROOC-AY  J-
1 CH2 - . 8
COOCH5 COOR
4 5, R = CHb5
6, R = CH3

drogen clearly identifiable by NMR but also two sets of sig-
nals corresponding to ethyl groups in different environ-
ments, a clear indication that cyclization had occurred as
indicated. The cyclization product (5), when refluxed for 24
hr in methanol containing methoxide ion, underwent ester
exchange, and the new product (6) clearly showed two
methyl signals separated by 80.63. Attempts to aromatize 5
by the action of picric acid, ferric chloride, iodine, or trityl
tetrafluoroborate all resulted in ring opening affording the
appropriate salt of 4. Ring opening was also effected by an-
hydrous or aqueous acids.

Isoquinolinium salts corresponding to 4 likewise under-
went cyclization in the presence of triethylamine to yield
products (7, 8) which were less stable than those from
phenanthridine but could be purified for analysis. The di-
methyl ester (9) showed only a 80.25 difference in the posi-
tion of the two OMe signals in the NMR.

Another example of nucleophilic cyclization is afforded
by the 5-(d-mercaptoethyl)phenanthridinium system (10).
This cannot be prepared directly but is easily available
through hydrolysis of the acetate ester 11. Cyclization of
the thiol 10 in the presence of triethylamine afforded 2,3-
dihydro-12bfi-thiazolo[3,2-/]phenanthridine (12) in 47%

7

yield. The product was notable for giving NMR evidence of
the lack of symmetry in the environment of the methylene
protons at C-3.

The isoquinolinium analog of 10 apparently underwent a
similar type of cyclization, for thp crude product gave an
NMR spectrum compatible with 13, but an attempted re-
crystallization appeared to undergo disproportionation af-
fording the dihydro derivative (14).

A severe limitation of the application of this general type
of nucleophilic cyclization to the quaternary salts of aro-
matic bases is the tendency of the cyclization products to
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undergo ring opening with resonance energy of the restored
aromatic system providing the driving force. An ideal sys-
tem for the application of the nucleophilic cyclization
would be a nonaromatic iminium system which would be
more reactive and would lead to more stable products.
Recently it has been shown that quaternary isoquinoli-
nium salts undergo cycloaddition (e.g., 15 —18) with the

creation of iminium salts,8'10 and that these can be made to
undergo addition reactions1011 with a nucleophile. Present
evidence indicates that iminium salts (e.g., 19) derived
from isoquinolinium salts (16) having no substituent at po-
sition 3 may be more reactive than those having such a sub-
stituent (e.g., 18). Simple adducts of type 19 have proven
elusive. 1l

Isoquinoline was quaternized with /3-hydroxyethyl bro-
mide, and the resulting salt (17, X = Br) was converted to
the hexafluorophosphate (X = PFa4), which was allowed to
react with cyclopentadiene. The adduct (presumably 20)
was allowed to react for several hours with aqueous potassi-
um carbonate, affording a 60% yield of a base (21) which,
on the basis of NMR evidence, is clearly a single geometri-
cal isomer. Assuming only that the orientation of the cyclo-
pentadiene during the cycloaddition is the same as that for
the 2,3-dimethylisoquinolinium cation (15),12 the product
must have the endo (21a) or exo (21b) configuration. The

endo configuration (21a) seems more attractive mechanist-
ically, since cyclization to the exo isomer should be imped-
ed by the cyclopenteno bridge. It is of interest that the ad-
dition of cyanide ion to an isoquinolinium adductl0 has
been found to occur most rapidly from the endo side.

Experimental Section

The elemental analyses were carried out by M-H-W Laborato-
ries, Garden City, Mich. Melting points were determined in capil-
lary tubes with a Thomas-Hoover apparatus and are uncorrected.
Except as noted, proton magnetic resonance spectra were obtained
at 60 MHz on Varian A-60 and T-60 spectrometers.

5-(4,4-Dicarboxybutyl)phenanthridinium Bromide Diethyl
Ester (4, X = Br). A mixture of 7.2 g (0.04 mol) of phenanthri-
dinel3 and 14 g (0.05 mol) of ethyl 3-bromopropyimalonate7 was
heated for 24 hr at 100°. The crude product which had solidified
was crystallized from ethanol-hexane, yielding 15.2 g (83%) of col-
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orless crystals, mp 136-142°. The analytical sample had mp 147-
148° (from hot ethanol); NMR (CDCI3) b 1.20 (t, 6,3 = 7 Hz, 2
CH?3), 2.35 (br s, 4, 2CH?2), 357 (brt, 1, CH), 4.15(q, 4,J = 7Hz, 2
CH20), 5.67 (br t, 2, NCH?2), 8.62 (m, 8, aromatic), 11.53 ppm (s, 1,
aromatic); ir (KBr) 1690,1670 cm-1 (carbonyl).

Anal. Calcd for CZ3H26BrN04: C, 60.01; H, 5.69; N, 3.04. Found:
C, 59.82; H, 5.55; N, 2.96.

Diethyl 7,8-Dihydro-6ii-pyrido[l,2-/]phenanthridine-
9,9(9aH)-dicarboxylate (5). To a solution of 2.3 g (6 mmol) of 5-
(4,4-dicarboxybutyl)phenanthridinium bromide diethyl ester (4)
in 500 ml of chloroform, 1.01 g (10 mmol) of triethylamine was
added and the mixture was allowed to remain for 2 hr at room
temperature. The chloroform and excess triethylamine were re-
moved under reduced pressure, then 50 ml of water was added and
the mixture was extracted three times with ether. The combined
ether extracts were dried (Na2S04) and concentrated and the resi-
due was crystallized from hot hexane, affording 1.25 g (64%) of col-
orless prisms: mp 88-89°; NMR (CDCI3) b 0.66 (t, 3,3 = 7 Hz,
CH3), 1.05 (t, 3,J = 7Hz, CHY, 2.17 (m, 3) 3.33 (m, 3), 4.12 (2 q, 4,
J = 7Hz, 2CH), 5.28 (s, 1, C-9a H), 7.22 (m, 8, aromatic).

Anal. Calcd for CZZH25N0 4 C, 72.80; H, 6.64; N, 3.69. Found: C,
73.05; H, 6.58; N, 3.65.

The dimethyl ester (6) was obtained by suspending 1 g (2.6
mmol) of the diethyl ester 5 in 30 ml of methanol and adding a so-
lution of sodium methoxide formed by dissolving 0.1 g (0.0043 g-
atom) of sodium metal in 30 ml of methanol. The flask was pro-
tected from external moisture and refluxed for 24 hr. The metha-
nol was evaporated and the residue was distributed between ether
and water. The ethereal layer was dried (Na2S04) and concentrat-
ed and the residue was crystallized from methanol: mp 64-65°;
NMR (CDC13) b2.75 (m, 6, CH2at C-6, C-7, C-8), 2.88 (s, 3, CH3J),
3.52 (s, 3, CH3), 5.22 (s, 1, C-9a H), 7.15 ppm (m, 8, aromatic).

Anal. Calcd for C2IH2IN 04 C, 71.67; H, 6.16; N, 3.98. Found: C,
71.58; H, 6.10; N, 3.92.

Reactions of the Diethyl Ester (5). An attempt to dehydroge-
nate 5 by the action of trityl tetrafluoroborate in anhydrous aceto-
nitrile at room temperature afforded the tetrafluoroborate of the
open-chain product (4, X = BF4), mp 170-171.5 (from ethanol).14

Other attempted dehydrogenations included the use of anhy-
drous ferric chloride for 1 hr at room temperature (in chloroform),
iodine for 24 hr at room temperature (in anhydrous tetrahydrofur-
an), and picric acid, heating on a steam bath for 10 min (in 95%
ethanol). With the exception of the last experiment, in which the
product was isolated as the picrate,14 mp 114—115°, all products
were identified by conversion to the tetrafluoroborate (4, X =
BF4).

An attempt to isolate the hydrobromide of 5 by passing anhy-
drous hydrogen bromide into an ether solution of 5 afforded the
ring-opened product (4, X = Br).

2-(4,4-Dicarboxybutyl)isoquinolinium Bromide Diethyl
Ester. This was prepared by the action of ethyl 3-bromopropyl-
malonate on isoquinoline essentially as in the preparation of 4 (X
= Br) except that the heating period was 3 days and a sample of
the oily crude bromide (90% yield) was converted to the perchlo-
rate by treating a methanol solution with a methanol-water solu-
tion of sodium perchlorate. Recrystallization from ethanol afford-
ed colorless crystals of the perchlorate: mp 91-92°; NMR (CDCIJ3)
b1.20 (t, 6,3 = 7 Hz, 2 CH3), 2.13 (br s, 4,2 CH2),350 (t, 1, = 7
Hz, CH), 4.15 (g, 4,J = 7 Hz, 2 CH2), 4.88 (br t, 2, NCH2), 8.27
(m, 6, aromatic), 9.95 ppm (s, 1, aromatic).

Anal. Calcd for CI9H24C1NO08: C, 53.09; H, 5.63; N, 3.26. Found:
C, 53.21; H, 5.52; N, 3.11.

2-(4,4-Dicarboxybutyl)-3-methylisoquinolinium  Bromide
Diethyl Ester. This was made essentially as in the case of the
lower homolog except that the bromide crystallized on addition of
ether, affording 95% yield of bromide: mp 65-66°; ir (KBr pellet)
1717 cm-1 (carbonyl).

The perchlorate was prepared for analysis: white plates, mp
98-99.5°; uv max (CHC13) 349, 342, 279, 268, and 244 nm; NMR
(CDCU S1.20 (t, 6,3 = 7 Hz, 2CH3J), 2.10 (br s, 4, 2 CH2), 2.90 (s,
3, CH3J), 3.47 (br t, 1, CH), 4.18 (q, 4,J = 7 Hz, 2 CH2), 4.80 (br t,
2, NCH2), 8.15 (m, 5, aromatic), 9.83 ppm (s, 1, aromatic).

Anal. Calcd for C2(H26C1NO08 C, 54.12; H, 5.90; N, 3.15. Found:
C, 54.17; H, 5.93; N, 3.16.

Diethyl 3,4-Dihydro-2jff-benzo[a]lquinolizine-l,I(l1IbH)-
dicarboxylate (7). This was prepared essentially as was 5 except
that 2-(4,4-dicarboxybutyl)isoquinolinium bromide diethyl ester
was used, affording 1.19 g (36%) of yellow crystals: mp 95-96.5°
(96.5-97° pure); NMR (CDC13) b0.82 (t, 3, J = 7 Hz, CH3), 1.13 (t,
3,J = 7Hz, CH3), 1.86 (m, 4, 2 CH2), 3.45 (m, 2,CH?2), 4.03 (2 q, 4,
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J = 7 Hz, 20CH2), 5.03 (d, 1, J = 7 Hz, C-7 H), 5.28 (s, 1, C-llb
H), 5.92 (d, 1,J = 7 Hz, C-6 H), 6.87 ppm (m, 4, aromatic).

Anal. Calcd for CI9H23N 04 C, 69.28; H, 7.04; N, 4.25. Found: C,
69.32; H, 7.16; N, 4.25.

Diethyl 3,4-Dihydro-6-methyl-2Ff-benzo[a]quinolizme-
LI(lIbil)-dicarboxylate (8). This was prepared in 45% yield (mp
91-94°) essentially as was the lower homolog (7). The analytical
sample was crystallized from hot methanol: mp 93.5-95°; NMR
(CDC13) b0.88 (t, 3, = 7 Hz, CH3), 1.13 (t, 3,J = 7 Hz, CHJ3), 1.90
(s, 3, CH3), 2.58 (m, 6, CH2,C-2,C-3,C-4),4.13 (2 q,4,J = 7THz, 2
OCH2), 5.08 (s, 1, C-7 H), 5.37 (s, 1, C-1lb H), 6.80 ppm (m, 4, aro-
matic); uv max (CHC13) 334, 246 nm.

Anal. Calcd for C2H2NO4 C, 69.94; H, 7.33; N, 4.07. Found: C,
69.73; H, 7.39; N, 4.18.

Dimethyl 3,I-Dihydro-2H-benzo[a]quinolizine-1,I(1 IbH)-
dicarboxylate (9). Ester interchange of the diethyl ester 7 was
carried out in methanol as in the case of 5 —»6. Recrystallization
from methanol afforded a 55% yield of colorless prisms: mp 89-
91.5°; NMR (CDC13) 6 1.22-3.80 (m, 6, 3 CH2), 3.40 (s, 3, CHJ3),
3.67 (s, 3, CH3), 5.27 (d, 1, J = 7 Hz, C-7 H), 545 (s, 1, C-llb H),
6.10 (d, 1,J = 7 Hz, C-6 H), 7.10 ppm (m, 4, aromatic).

Anal. Calcd for Ci7THIN04: C, 67.76; H, 6.36; N, 4.65. Found: C,
67.60; H, 6.56; N, 4.52.

5-(2-Mercaptoethyl)phenanthridinium Bromide Acetate
(11, X = Br). Heating 15 g (82 mmol) of S-(2-bromoethyl)thiol-
acetatel6at 110° for 24 hr with 14.3 g (80 mmol) of phenanthridine
resulted in the solidification of the melt. The crude product was
suspended in ethyl acetate and collected. Recrystallization from
methanol-ethyl acetate yielded 20 g (70%) of small, yellow plates:
mp 206-208° (pure 210°); NMR [(CD3)250-D20] b 1.93 (s, 3,
CH3), 3.23 (t, 2, J = 7 Hz, SCH2), 4.93 (t, 2,J = 7 Hz, CCH2), 8.05
(m, 8, aromatic), 9.50 ppm (s, 1, aromatic).

Anal. Calcd for Ci7TH16BrNOS: C, 56.36; H, 4.45; N, 3.86. Found:
C, 56.26; H, 4.35; N, 3.76.

The perchlorate,14mp 205.5-206.5°, was crystallized from meth-
anol.

5-(2-Mercaptoethyl)phenanthridinium Chloride (10, X =
Cl). Refluxing 15 g of the bromide acetate (11, X = Br) overnight
with 125 ml of 6 N hydrochloric acid followed by concentration of
the mixture under reduced pressure afforded an oil which solidi-
fied on standing. The crude product (11.5 g, 100%, mp 98-103°)
was used directly in the cyclization, but a small sample of the hex-
afluorophosphate (10, X = PF6) was prepared for analysis: mp
216-217°; NMR [(CD3)2S0-D20] b 3.60 (s, 2, SCH2), 5.43 (s, 2,
CH?2), 8.65 (m, 8, aromatic), 10.08 ppm (s, 1, aromatic).

Anal. Calcd for C16Hi4F6NPS: C, 46.76; H, 3.66; N, 3.63. Found:
C, 46.60; H, 3.39; N, 3.42.

2,3-Dihydro-I 2bi/-thiazolo[3,2-flphenanthridine (12). To a
suspension of 11 g (40 mmol) of 5-(2-mercaptoethyl)phenanthridi-
nium chloride (10, X = CI) in 500 ml of reagent-grade chloroform,
the minimum quantity of methanol necessary to effect complete
solution was added. The solution was stirred at room temperature
while 8 g (80 mmol) of triethylamine was added dropwise, after
which it was allowed to stand for 12 hr. The mixture was concen-
trated under vacuum to a volume of about 100 ml. The solution
was extracted twice with water, the chloroform layer was dried
(Na2504), the chloroform and excess triethylamine were removed,
and the product was further purified by chromatography on neu-
tral alumina, using ether as a solvent, yielding 4.6 g (47.5%) of col-
orless crystals: mp 127-128°; NMR (CDC13) S2.92 (m, 3, CH2and
C-3 H), 450 (m, 1, C-3 H), 6.00 (s, 1, C-12b H), 7.35 ppm (m, 8, ar-
omatic).

Anal. Calcd for Ci5H13NS: C, 75.26; H, 5.49; N, 5.85. Found: C,
75.04; H, 5.48; N, 5.75.

2-(2-Mercaptoethyl)isoquinolinium Bromide Acetate. This
was prepared essentially as in the case of the analog (11, X = Br),
except that the quaternization of isoquinoline by S-(2-bromoeth-
yl)thiolacetate was carried out for 48 hr in the dark at room tem-
perature. Recrystallization of the crude solid from ethanol-ethyl
acetate afforded a 95% yield of colorless, hygroscopic crystals: mp
133-135°; NMR (CDC13) b 2.20 (s, 3, CH3), 3.72 (t, 2, J = 7 Hz,
SCH2), 541 (t, 2, J —7 Hz, CCH2), 8.57 (m, 6, aromatic), 11.1 ppm
(s, 1, aromatic).

The perchlorate was crystallized from methanol: mp 117-118°;
uv max (CHC13) 342, 335, 330, 285, 280, 278, 252 nm.

Anal. Calcd for Ci311;4C1\Of,S: C, 47.06; H, 4.25; N, 4.20. Found:
C, 46.86; H, 4.15; N, 4.14.

2-(2-Mercaptoethyl)isoquinolinium Bromide. Hydrolysis of
16 g (50 mmol) of 2-(2-mercaptoethyl)isoquinolinium bromide ace-
tate was carried out by refluxing it overnight in 100 ml of 48% hy-
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drobromic acid. The excess acid was removed by evaporation
under reduced pressure followed by heating for 12 hr under vacu-
um at 100°. The product consisted of light yellow, hygroscopic
crystals (13.5 g, 100%): NMR [(CD3)2SO] b 3.37 (t, 2, J = 7 Hz,
SCH2), 3.97 (s, 1, SH), 5.01 (t, 2, J = 7 Hz, CCH2), 8.57 (m, 6, aro-
matic), 10.53 ppm (s, 1, aromatic).

Anal. Calcd for CnH~ABrNS: C, 48.90; H, 4.48; N, 5.18. Found:
C, 48.68; H, 4.36; N, 4.99.

2,3,6,10b-Tetrahydro-5H-thiazolo[2,3-a]lisoquinoline  (14).
The cyclization of 2-(2-mercaptoethyl)isoquinolinium bromide (10
g, 37 mmol) was carried out under a nitrogen atmosphere essen-
tially as in the cyclization of 10 (X = CI). Worked up as usual, the
residue remaining after removal of the chloroform solvent and ex-
cess triethylamine consisted of oily crystals (4.9 g, 70%), which de-
composed on standing at room temperature. This substance was
not analyzed, but, on spectroscopic evidence, appeared to be large-
ly 13: uv max (CHCI3) 314, 248 nm; NMR (CDCI3) 82.66 (t, 2,J =
6 Hz, SCH2), 3.33 (t, 2, J = 6 Hz, CH2), 555 (d, I,J = 1 Hz, C-6
H), 5.80 (d, 1, J = 7 Hz, C-5 H), 6.00 (s, 1, C-10b H), 7.20 ppm (m,
4, aromatic).

The entire crude product (4.9 g) was placed in 50 ml of absolute
ethanol, in which it rapidly dissolved, but after 1 min a crystalline
substance began to precipitate from solution. The flask was
warmed for 10 min and cooled and the product was collected,
yielding 1.91 g (27% overall from mercaptan), mp 178-179°. The
analytical sample was crystallized from chloroform-hexane: mp
179-180°; NMR (CDC13) &2.90 (br m, 8, aliphatic), 5.07 (s, 1,
C-10b H), 7.20 ppm (m, 4, aromatic).

Anal. Calcd for CuHi3NS: C, 69.06; H, 6.85; N, 7.32. Found: C,
69.26; H, 6.65; N, 7.33.

2-(d-Hydroxyethyl)isoquinolinium Bromide (17, X = Br). A
solution containing 20 g of isoquinoline, 20 g of 2-bromoethanol,
and 200 ml of acetonitrile was refluxed for 24 hr. On cooling, 26.8 g
(68%) of colorless, hygroscopic plates was collected. Recrystalliza-
tion from methanol-acetonitrile yielded the analytical sample, mp
154-155.5°.

Anal. Calcd for CnHi2BrNO: C, 51.99; H, 4.74; N, 5.51. Found:
C, 51.82: H, 4.81; N, 5.44.

The hexafluorophosphate (17, X = PFg), mp 154-155.5°, pre-
pared by addition of hexafluorophosphoric acid to an aqueous so-
lution of the bromide salt (17, X = Br) was crystallized from meth-
anol-ethyl acetate.14

syn-2,3,10,10a, 12,13-Hexahydro-IIH,5,10-[I',2"]cyclopenta-
5JH-oxazolo[3,2-blisoquinoline (21a). To a solution of 5 g of 2-
(/5-hydroxyethyl)isoquinolinium hexafluorophosphate (17, X =
PFg) in 25 ml of acetonitrile, 25 ml of freshly cracked cyclopenta-
diene was added and the mixture was allowed to stand for 24 days.
The solution was then concentrated under reduced pressure. The
addition of cyclohexane caused the precipitation of 6 g of oil. To 2
g of the oil, a solution of 6 g of potassium carbonate in 20 ml of
deionized water was added, and the mixture was stirred for a few
hours at room temperature. The suspension was extracted with
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ether and the dried (potassium carbonate) solution was concen-
trated. The residue (1 g) was recrystallized from ethyl ether, af-
fording 0.75 g (60%) of light pink prisms: mp 109-110°; NMR
(CDC13) 57.14 (m, 4, aromatic H), 5.23 (s, 2, vinyl H), 4.96 (d, 1, J
= 2.5 Hz, H-10a), 3.77 (d, 1, J = 3 Hz, H-5), 3.64—1.0 ppm (over-
lapping m, 9, aliphatic).

Anal. Calcd for Ci6Hi6NO: C, 80.64; H, 6.77; N, 5.88. Found: C,
80.84; H, 6.95; N, 5.75.

Registry No.—4 (X = Br), 54423-78-8; 4 (X = BF4), 54424-04-
3; 4 (X = picrate), 54423-80-2; 5, 54423-85-7; 6, 54423-86-8; 7,
54423- 87-9; 8, 54423-88-0; 9, 54423-89-1; 10 (X = CI), 54423-81-3;
10 (X = PF6), 54424-06-5; 11 (X = Br), 54423-82-4; 11 (X = per-
chlorate), 54423-84-6; 12, 54424-03-2; 13, 52131-57-4; 14, 14692-
38-7; 17 (X = Br), 54423-94-8; 17 (X = PF6), 54423-96-0; 21a,
54460-93-4; phenanthridine, 229-87-8; ethyl 3-bromopropylmalo-
nate, 10149-21-0; 2-(4,4-dicarboxybutyl)isoquinolinium bromide
diethyl ester, 54423-97-1; 2-(4,4-dicarboxybutyl)isoquinolinium
perchlorate diethyl ester, 54423-99-3; 2-(4,4-dicarboxybutyl)-3-
methylisoquinolinium bromide diethyl ester, 54424-00-9; 2-(4,4-
dicarboxybutyl)-3-methylisoquinolinium perchlorate diethyl ester,
54424- 02-1; S-(2-bromoethyl)thiolacetate, 927-70-8; isoquinoline,
119-65-3; 2-(2-mercaptoethyl)isoquinolinium bromide acetate,
54423-90-4; 2-(2-mercaptoethyl)isoquinolinium perchlorate ace-
tate, 54423-92-6; 2-(2-mercaptoethyl)isoquinolinium bromide,
54423-93-7; 2-bromoethanol, 540-51-2; cyclopentadiene, 542-92-7.
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The cycloaddition reactions of 6,6-dimethylfulvene, 6,6-diphenylfulvene, and 6-dimethylaminofulvene with
tetrazine, diazacyclopentadienone, and azodicarboxylate are investigated. The periselectivity observed with the
tetrazine is explained using the frontier orbital model where the fulvene HOMO-olefin LUMO interaction pre-
dominates. Thus, a novel 5,6-diazaazulene was prepared by the reaction of 6-dimethylaminofulvene with the

tetrazine.

Previously we reported that 6,6-diphenylfulvene reacted
with trcpone to afford only a [4 + 2] adduct instead of an
expected [6 + 4] adduct.2 By contrast, the reaction of 6,6-
dimethylfulvene with tropone resulted in the formation of
a 2.1 [6 + 4] adduct.3 The different behavior'of these ful-
venes indicates sensitivity to steric and electronic require-

ments of substitutents at the C-6 position of the fulvene.
Recently, reactivity, regioselectivity, and periselectivity in
cyloaddition reactions have been explained by employing
quantitative perturbation molecular orbital theory.4 These
considerations led us to further investigation of the cy-
cloaddition reaction of substituted fulvenes.

nigaght rmiimifutir*
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Scheme |

In this paper, we report the reaction of fulvenes with
electron-deficient heterodienes such as tetrazine and diaza-
cyclopentadienone, and the heterodienophile azodicarbox-
ylate.

Results

Reaction of 6-dimethylaminofulvene (la) with 3,6-di-
phenyltetrazine (2a) in benzene at room temperature for 5
days gave a fluorescent yellow compound (3), C20H14N2, in
40% yield. The uv spectrum showed a conjugated system,
and resembled that of 6-dimethylamino-5,7-diazaazulene5
as shown in Figure 1. These data indicated that the prod-
uct was 4,7-diphenyl-5,6-diazaazulene, the formation of
which can be rationalized via the initial [6 + 4] addition
followed by loss of nitrogen and dimethylamine as shown in
Scheme I.

On the other hand, reaction of 6,6-diphenylfulvene (Ib)
with 3,6-diphenyltetrazine (2a) in benzene at 80° for 1 day
gave compound 4a in 60% yield. The NMR spectrum of 4a
showed doublets for two olefinic protons at $6.62 and 6.65
(J = 8.4 Hz). Presumably the formation of 4a might pro-
ceed via the initially produced [4 + 2] adduct followed by
loss of nitrogen and hydrogen as shown in Scheme I. Simi-
lar reaction of Ib and 2b in chloroform at room tempera-
ture for 14 hr gave 4b in 83% yield. However, 6,6-dimethyl-
fulvene (Ic) reacted with 2a or 2b in chloroform at room
temperature with evolution of nitrogen to give a mixture of
several products, which decomposed during attempted sep-
aration.

Reaction of Ib with 3,4-diaza-2,5-diphenylcyclopentad-
ienone (6),6 derived from |,3-bisdiazo-1,3-diphenyl-2-pro-

4a, R3= Ph
b, R3= 2-pyridyl

panone (5), in benzene at room temperature for 8 hr gave
4a in 68% yield. Presumably compound 4a was formed by
initial [4 -I 2] addition followed by loss of carbon monoxide
and hydrogen.

Similar reaction of la with 6 under the same conditions
gave the 1:1 adduct (7) as yellow crystals in a quantitative
yield. The ir spectrum of 7 showed an amino group at 3250
cm-1 and a ketoimino group at 1662 cm-1 (broad band).
The NMR spectrum of 7 exhibited four olefinic protons at
86.85 (s, 1 H, Ha), 6.57 (dd, 1 H, Hb), 6.32 (dd, 1 H, Hc),
6.31 (t, 1 H, Hd with coupling constants of Jbc = 4.4, Jca =
2.5, and Jbd = 2.5 Hz, two N-methyl groups at €2.97 (s, 6
H), and aromatic and amino protons in the regions of 8
7.17-8.22 (1 H, exchangeable by D20). Particularly, the
chemical shift of Ha (exocyclic olefin) for 7 was similar to
that of la (6 6.58). These data were in accord with the pro-
posed structure (7a) as depicted in Scheme Il, and alterna-
tive structures such as 7b, [4 + 2] and [6 + 4] cycloadducts
could be ruled out.

Treatment of la and diethyl azodicarboxylate (8) in ben-
zene at room temperature for 1 day gave a mixture of 9 and
10 in 14 and 7% yields. The elemental analyses indicated
that 9 and 10 consisted of 1:1 and 1:2 adducts of la and 8,
respectively. The NMR spectrum of 9 showed four olefinic
protons and one amino proton. Interestingly, the Haproton
suffered a downfield shift (8 7.78) compared to those of 6-
dimethylaminofulvene (5 6.58) and compound 7 (8 6.85).
This indicated that Haand the nitrogen of the azodicarbox-
ylate group interacted strongly as depicted in Scheme IlI.
The NMR spectrum of 10 showed one olefinic proton at 8
7.79 as a broad singlet, two olefinic protons at 8 6.05 as a
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Scheme 111
NMe,
NCO,Et
+
NCOEt
8
H . .. NMe, NMe,
Eto,cvuh> Et0X— N. N— CO,Et
+
Et0oXC-8 Et0X— N N— COZEt
H H d H
NCOXEt
1
NCOEt
Ib, R1=R,=Ph 8
¢, R1= R2= Me CO.Et
COXEt

11, Ri= R2= Ph
12, R1= R2= Me

sharp singlet, and two amino protons at h6.80 as a singlet.
These data were compatible with structures 9 and 10, and
no [4 + 2] cycloadduct was detected. By contrast, the reac-
tion of diethyl azodicarboxylate (8) with 6,6-dimethylful-
vene (Ic) or 6,6-diphenylfulvene (Ib) gave the correspond-
ing [4 + 2] adduct 11 or 12.7

Discussion

Houk et al. have recently shown that consideration of
frontier orbital interactions can provide a good rationaliza-
tion of reactivity, regioselectivity, and periselectivity in a
variety of cycloaddition reactions,4 and also estimated
frontier orbital energies and coefficients of fulvenes8 as
shown in Figure 2.

On the other hand, it is known that ethyl azodicarboxy-
late (8). and the tetrazine 29 were all electron-poor olefins.
Generally, the electron-poor olefin has relatively lower
LUMO (lowest unoccupied molecular orbital) and HOMO
(highest occupied molecular orbital) energy levels.4 More-
over, it is pointed out that the fulvene HOMO interaction
is much more important than the fulvene LUMO interac-
tion in the reaction of the fulvene with cyclopentadienone,
cyclopentadiene, a-pyrone, and cycloheptadienone.10
Therefore, the fulvene HOMO-heterodiene or heterodieno-
phile LUMO interaction is expected to be more predomi-
nant than the inverse interaction of the fulvene LUMO-
heterodiene or heterodienophile HOMO in the reactions of
the fulvenes with the tetrazine 2, diazacyclopentadienone
(6), and azodicarboxylate 8.

Since the HOMOs of 6,6-dimethylfulvene (Ic) and 6,6-
diphenylfulvene (Ib) and the LUMO of ethyl azodicarbox-
ylate (8) are also antisymmetric, the [4 + 2] cycloaddition
reaction of the fulvene (4x) with ethyl azodicarboxylate
(279 is favored to give the usual Diels-Alder adduct. How-
ever, the LUMOs of the tetrazine and diazacyclopenta-
dienone are symmetric, if considered like butadiene, and
the [4 + 2] addition of the fulvene (2ir) and the heterodiene
(4w) should be favored.

On the other hand, the HOMO'energy and coefficients of
la are very different from those of Ic or Ib (see Figure 2).
Large coefficients at the C-6 position of the HOMO of 6-
dimethylaminofulvene (la) suggest that la can act as a 6ir
component. Thus, the [6 + 4] cycloaddition of la to 2a
should be favored and resulted in the formation of the 5,6-
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Figure 1. Uv spectra of 3 (EtOH) and 6-dimethylamino-5,7-diaza-
azulene (rc-hexane).

Figure 2.

diazaazulene (3). Furthermore, the relatively higher
HOMO energy of 6-dimethylaminofulvene than that of
6,6-dimethyl- and 6,6-diphenylfulvene indicates it to be a
strong electron donor, while electron-poor olefins can be-
come a strong electron acceptor. In this connection, Yosh-
ida et al. reported the reaction of 6-phosphafulvene with a
dienophile such as tetracyanoethylene to be a Michael-type
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substitution at the C-2 position as outlined in Scheme 1V.11
Dipole moments of 6-phosphafulvene, 6-dimethylaminoful-
vene (la), 6,6-diphenylfulvene (Ib), and 6,6-dimethylful-
vene (Ic) are 7.0, 4.48,1.40, and 1.44 D, respectively.12

From these data, 6-dimethylaminofulvene (la) might be
predominant in the resonance contribution (dipolar struc-
ture) at the ground state as shown in Scheme IV. Accord-
ingly, the reactions of 6-dimethylaminofulvene (la) with
electron-deficient diazacyclopentadienone (6), tetrazine 2,
and azodicarboxylate 8 might proceed via the dipolar inter-
mediates by either the stepwise [6 + 4] cycloaddition or the
electronphilic substitution as indicated in Scheme V.

From these results, it is concluded that the interactions
between the fulvene HOMO and the heterodiene or hetero-
dienophile LUMO are stronger than the inverse interac-
tions between the fulvene LUMO and the olefin HOMO,
and the reaction of the diene or dienophile with 6,6-di-
methyl- or 6,6-diphenylfulvene might proceed in a concert-
ed fashion. By contrast, the reaction with the strongly elec-
tron-rich 6-dimethylaminofulvene gives way to a stepwise
fashion involving the zwitterionic intermediates as shown
in Scheme V. However, the HOMO of dimethylaminoful-
vene shown in Figure 2 does not rationalize the site of reac-
tion with electrophiles. The N HOMO is also important,
and the fulvenes invariably undergo attack by electrophiles
at the C-I position. Probably charge and frontier orbital in-
teractions are important.8

Experimental Section

Melting points are uncorrected. Microanalyses were performed
with a Perkin-Elmer 240 elemental analyzer. Uv spectra were de-
termined with a Jasco ORD/UV-5 spectrometer. NMR spectra
were taken with a Jeol C-60-XL spectrometer and with a Varian
A-60 recording spectrometer, with tetramethylsilane as internal
standard. Ir spectra were taken with a Jasco Ir-S spectrophotome-
ter. Mass spectra were obtained with a Hitachi RMU-D double-
focusing spectrometer operating at an ionization potential of 70
eV. The solid samples were ionized by electron bombardment after
sublimation directly into the electron beam at 100-150°.

Reaction of 6-Dimethylaminofulvene (la) with 3,6-Diphen-
yltetrazine (2a). A solution of la (0.15 g) and 2a (0.29 g) in ben-
zene (20 ml) was stirred at room temperature under argon in the
dark for 5 days. Then the solvent was removed under reduced
pressure and the residue was purified by silica gel chromatography
using chloroform to give 3 (0.14 g, 40%): mp 289-292° (from chlo-
roform); uv (EtOH) \mex 235 nm (log e4.49), 256 (4.39), 292 (4.27),
340 (4.14), 395 (3.88), and 450 (3.06); mass spectrum m/e 282
(M+); the NMR spectrum could not be obtained because of low
solubility.

Anal. Calcd for CoHi4N2 C, 85.08; H, 5.00; N, 9.92. Found: C,
84.96; H, 5.16; N, 9.87.

Reaction of 6,6-Diphenylfulvene (Ib) with 3,6-Diphenyl-
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tetrazine (2a). A solution of Ib (0.62 g) and 2a (0.75 g) in benzene
(30 ml) was heated in a sealed tube at 80° for 1 day. Then the sol-
vent was removed under reduced pressure and the residue was pu-
rified by column chromatography (silica gel) using chloroform as
an eluent to give 4a (0.7 g, 60%): mp 174-176° (from MeOH);
NMR (CDCla) S6.62 (d, J = 8.4 Hz, 1 H, Hdor He), 6.65 (d, J =
8.4 Hz, Hdor He), 6.38-8.10 (complex m, 20 H, aromatic H); mass
spectrum m/e 434 (M+).

Anal. Calcd for CRH2N2: C, 88.45; H, 5.10; N, 6.45. Found: C,
88.23; H, 5.35; N, 6.41.

Reaction of 6,6-Diphenylfulvene (Ib) with 3/fi-Di(2-pyri-
dyl)tetrazine (2b). A solution of Ib (0.3 g) and 2b (0.3 g) in chlo-
roform (20 ml) was stirred at room temperature for 14 hr. Then the
solvent was removed under reduced pressure and the residue was
purified by silica gel chromatography using chloroform to give 4b
(0.47 g, 83%): mp 198-200° (from MeOH); NMR (CDC13) 56.61 (d,
J = 8.0 Hz, 1 H, Hd or He), 6.65 (d, J = 8.0 Hz, 1 H, Hd or He),
6.80-8.82 (complex m, 18 H, aromatic H).

Anal. Calcd for c3oH20N4: C, 82.54; H, 4.62; N, 12.84. Found: C,
82.45; H, 4.86; N, 12.68.

Reaction of 6,6-Diphenylfulvene (Ib) with 3,4-Bisdiazo-
2,5-diphenylcyclopentadienone (6). To a solution of Ib (0.2 g) in
benzene (15 ml) was added powdered 1,3'-bisdiazo-1,3-diphenyl-2-
propanone (5, 0.5 g), and the mixture was stirred at room tempera-
ture for 10 hr. Then the solvent was evaporated under reduced
pressure and the residue was purified by silica gel chromatography
using chlroform to give 4a (0.21 g, 68%).

Reaction of 6-Dimethylaminofulvene (la) with 3,4-Bis-
diazo-2,5-diphenylcyclopentadienone (6). To a solution of la
(0.4 g) in benzene (30 ml) was added powdered compound 5 (0.5 g).
The mixture was stirred at room temperature under argon in the
dark for 8 hr. Then the solvent was removed under reduced pres-
sure and the residue was purified by silica gel chromatography
using benzene to give yellow crystals of 7 (0.58 g): mp 186-188°
(from benzene); ir (KBr) 3250 (NH), 1662 cmT1 (N=C-C=0);
NMR (CDCI3) a2.97 (s, 6 H, NCH3), 6.31 (t, 1 H, Hd), 6.32 (dd, 1
H, Hc), 6.57 (dd, 1 H, Hb), 6.85 (s, 1 H, Ha), 7.17-8.22 (complex m,
10 H, aromatic H); I\¢ = 4.4, Jod = 2.5, Jbd = 2.5 Hz.

Anal. Calcd for c23H21N30: C, 77.72; H, 5.96; N, 11.82. Found:
C, 77.81; H, 5,85; N, 11.87.

Reaction of 6-Dimethylaminofulvene (la) with Diethyl
Azodicarboxylate (8). A solution of 6-dimethylaminofulvene (la,
0.7 g) and 8 (1.0 g) in benzene (50 ml) was stirred at room tempera-
ture under argon in the dark for 1 day. Then the mixture was fil-
tered to give 10 (0.12 g). The filtrate was evaporated under re-
duced pressure and the residue was purified by silica gel chroma-
tography using benzene as an eluent to give 9 (0.24 g).

9: mp 172-173° (from EtOH); ir (KBr) 3276 (NH), 1745, 1680
cm"1(C=0); NMR (CDCI3) 61.20 (t, J = 8.0 Hz, 3 H, CHJ), 1.23
(t, J = 8.0 Hz, 3 H, CH3), 3.21 (s, 6 H, NCH3), 4,13 (g, J = 8.0 Hz,
2 H, CH2), 417 (g, J = 8.0 Hz, 2 H, CH2), 6.16 (dd, 1 H, Hd), 6.36
(t, 1 H, Hc), 6.45 (dd, 1 H, He), 7.03 (s, 1 H, NH), 7.78 (broad s, 1
H, Ha); Jcd = 2.6, tide = 4.5, Joe = 2.6 Hz.

Anal. Calcd for CI4H2iIN30 4 C, 56.93; H, 7.17; N, 14.23. Found:
C, 56.91; H, 6.99; N, 14.12.

10: mp 193-195° (from MeOH); ir (KBr) 3272 (NH), 1740, 1682
cm-1 (C=0); NMR (CDCI3)i 1.21 (t, J = 8.0 Hz, 3 H, CHJ3), 1.24
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(t, J = 8.0 Hz, 3H, CH3), 3.15 (s, 6 H, NCHJ), 4.09 (q, J = 8.0 Hz,
2H, CH2, 413 (q, J = 8.0Hz, 2 H, CH2), 6.05 (s, 2 H, Hcand Hd),
6.80 (s, 2H, NH), 7.79 (broad s, 1 H, Ha).

Anal. Calcd for C20H3iNsOg: C, 51.16; H, 6.66; N, 14.92. Found:
C, 51.30; H, 6.57; N, 14.88.

Registry No.—la, 696-68-4; Ib, 2175-90-8; 2a, 6830-78-0; 2b,
1671-87-0; 3, 54384-98-4; 4a, 54384-99-5; 4b, 54385-00-1; 6, 32683-
51-5; 7a, 54385-01-2; 8,1972-28-7; 9, 54385-02-3; 10, 54385-03-4.
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Base-induced condensation of oxaazadiols with 3,3-bis(chloromethyl)oxetane gives macrocyclic aza polyethers
bearing one or two spirooxetane rings. Thermolysis of appropriately constituted oxaaza macrocycles is shown to
give novel polycyclic structures, as does condensation with bis(acid chloride). Ring closure of a,«-diamines with
3,3-bis(chloromethyl)oxetane leads to polyoxaaza macrocycles in low yield.

The previous paperlin this series described the one-step
synthesis of macrocyclic polyethers and polysulfides bear-
ing one or two spirooxetane substituents. This paper pre-
sents syntheses of a number of related polyoxaaza macroc-
ycles and some chemistry of the imine group in such rings.

Synthesis from a,«-Diamines. Alkylation of a,«-di-
amines with dihalides does not usually lead to good yields
of diaza macrocycles,2 and reaction of 3,3-bis(chlorometh-
yl)oxetane (1) with primary a,«<-diamines has been found

to give several types of products. Ethylenediamine with 1
gave volatile products resulting from monoalkylation of
both nitrogen atoms (i.e., 2) and from dialkylation (i.e., 3
and 4) along with low polymers. A similar result was ob-
served starting from 1 and 3,6,9-trioxaundecane-1,11-di-
amine, since both macrocycle 5 and azetidine 6 were
formed. The distillation cut which contained 5 and 6 in
roughly equal amounts was separated by taking advantage
of the superior ability of 5 to form complexes. The crystal-
line complex, 5<NaSCN, was precipitated while 6 re-
mained in solution.

Synthesis from a,«-Diols. Three a,«-diols having aza
nitrogen were condensed with 1 or with 3,3-bis(bromo-
methyl)oxetane. Attempts to selectively benzoylate the
amine function in these diols under mild conditions gave
little derivatization, a result indicative of rather low nu-

cleophilicity of the amine centers. The condensations were
therefore carried out with the dipotassium salts of the diols
containing unmasked imine groups. Alkylation on nitrogen
appeared to be a minor side reaction, and the results are
roughly comparable to those obtained with the polyethyl-
ene glycols.1

In the presence of 2 equiv of potassium fert-butoxide
and in tert-butyl alcohol as solvent, diethanolamine con-
densed with 1 to give dispiro macrocycle 7 in 17% yield

along with 1% of N-alkylated product (8). The effect of ni-
trogen in the macrocyclic polyether on complex formation
is indicated by the fact that 7 readily displaced water from
cupric acetate hydrate to form 7 «Cu(OAc)2.

3,9-Dioxa-6-azaundecane-I,ll-diol (9) was obtained by
the following sequence of reactions. Interestingly, the
three-stranded compound 10 was the only acyclic polyether
encountered in this study which gave a crystalline complex,
namely 10 eNaSCN.
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SoC1

HCKCHCHD)2H <CICHTHD),H — ¢
HAN(CHZCHD)H + HN(CHXHOCHZHOH)2 +

n 9
N(CHZHDCHZZH2OH)3

10

Condensation of the dipotassium salt of 9 with 1 gave
macrocycle 12 in 67% yield. A 1.1 complex of 12 with
NaSCN was easily prepared. The presence of a secondary
amine function in 12 which can be derivatized was shown
by its reaction with excess ethylene oxide to form 13.

Finally, the dipotassium salt of 6,9-dioxa-3,12-diaza-
tetradecane-l,14-diol2 was condensed with 1 to form ma-
crocycle 14 in 71% crude yield. Purification of 14 was best
effected by crystallization as the 1:1 complex with sodium
thiocyanate or sodium iodide. Attempted fractional distil-
lation of crude 14 necessitated temperatures near 200°,
high enough for intramolecular attack of nitrogen on the
oxetane ring to occur.3 As a result, the distillate proved to
be largely the bicyclic compound 15. This product formed a
relatively insoluble 1:1 complex with sodium thiocyanate,
and mixtures of 14 «NaSCN with 15 eNaSCN could be sep-
arated by fractional crystallization from acetone.

OC

14

Further Reactions of the Oxetane and the Amine
Functions. since both amine groups in 7 are in position to
close a seven-membered ring by intramolecular attack on
an oxetane ring, thermolysis of neat 7 was undertaken. Lit-
tle reaction occurred at 210°, but at 230° the rearrange-
ment proceeded to give two isomers of 16, presumably
those represented below. Although no complexes of 16 have
yet been prepared, the unusual cavity with both bridge-
head carbon and nitrogen atoms is expected to yield inter-
esting results.4

Thermolysis of 12 at 230° led mainly to recovered start-
ing material, a result ascribable to steric crowding associ-
ated with closure of a ten-membered ring. Thus, although 7
underwent intramolecular ring closure to 16 even in the
presence of a large excess of ammonia, 12 reacted with am-
monia to form 17.

Krespan

17

By means of the general technique used on related com-
pounds by Simmons and Park5 and Lehn and Montavan,6
the diamines 7 and 14 were bridged with diglycolyl dichlo-
ride to give 18 and 19, the first examples of cage polyethers
bearing the oxetane function. Presumably the amide
groups could be reduced to amine with diborane to provide
strongly complexing ligands.

19

Diglycolyl dichloride was also treated with 17 to form the
diamide 20, in this case a cage polyether with one carbon
and one nitrogen as bridgehead atoms.

Experimental Section7

2-Oxa-6,9-diazaspiro[3.6]decane (2), Ar(2-Aminoethyl)-2-
oxa-6-aza- spiro[3.3]heptane (3), and I,2-Bis[lV-(2-oxa-6-aza-
spiro[3.3]heptyl)]lethane (4). A mixture of 15.5 g (0.10 mol) of
3,3-bis(chloromethyl)oxetane, 6.0 g (0.10 mol) of ethylenediamine,
300 ml of 1-propanol, and 31.8 g (0.30 mol) of anhydrous sodium
carbonate was refluxed under nitrogen for 2 weeks. The mixture
was then filtered and distilled to give 1.5 g (10%) of 3, bp 45-47°
(0.1 mm), and 0.7 g (5%) of 2, bp 60° (0.1 mm).
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For 3: ir 2.97, 3.03, and 6.25 (NH2), 3.40, 3.48, and 3.56 (saturat-
ed CH), 10.30, and 10.60 n (oxetane); IH NMR (acetone-rig) 4.60
(s, 2 H, oxetane), 3.30 (s, 2 H, azetidine), 1.83 ppm (broad, NH
shifted by addition of D20), with rough triplets of AA'BB' at 197
(hidden), 190,183, and 160,153,146 Hz (1 H each); mass spectrum
m/e 142 (M+), 112.0779 (M+ - CH2NH2 and not M+ - CH20), 82
(M+ - CH2NH2- CH20).

AnaL Calcd for C7H14N20: C, 59.13; H, 9.92; N, 19.70. Found: C,
59.25; H, 9.94; N, 19.82.

Compound 2 crystallized and was triturated with a small
amount of ether, then ether-petroleum ether to give 0.2 g of deli-
quescent and somewhat impure 2: mp 54-55° ir (Nujol) 3.08
(NH), 10.47 fi (oxetane); 'H NMR (acetone-rig) &4.27 (s, 2 H, oxe-
tane), 3.12 (s, 2 H, CCH2N), 2.76 (s, 2 H, NCH2CH2N), 2.63 ppm
(s, 1 H, NH shifted downfield with D20); mass spectrum m/e 142
(M+), 141 (M+ - H), 112.1008 (M+ - CH2 and not M+ -
CH2NH?2). Trimethylsilylation gave m/e 286 [M+ for addition of
two (CH3)3Si groups], 273 (M+ - CH3J), 256 (M+ - CH20).

Anal. Calcd for C’THuN20: C, 59.13; H, 9.92; N, 19.70. Found: C,
59.76; H, 10.34; N, 18.92.

Sublimation of 4 from the distillation residue at 100° (0.3 mm)
gave 0.9 g, mp 90-95°. Resublimation at 75° (0.03 mm) gave 0.64 g
(6%) of 4: mp 95-99°; ir (Nujol) 10.36 and 10.65 a (oxetane); *H
NMR (acetone-rig) 4.60 (s, 2 H, oxetane), 3.25 (s, 2 H, azetidine),
2.26 ppm (s, 1 H, NCH2CH2N); mass spectrum m/e 224 (M+), 194
(M+- CH20), 172,126,112, 82.

Anal. Calcd for Ci2H20N202 C, 64.25; H, 8.99; N, 12.49. Found:
C, 63.83; H, 9.01; N, 12.41.

2,9,12,15-Tetraoxa-6,18-diazaspiro[3.15]nonadecane (5) and
AT-(II-Ajnino-3,6,9-trioxa-l-undecyl)-2-oxa-6-azaspiro[3.3]-
heptane (6). A mixture of 15.5 g (0.10 mol) of 3,3-bis(chlorometh-
yl)oxetane, 19.2 g (0.10 mol) of 3,6,9-trioxaundecane-l,11-diamine,
38.7 g (0.30 mol) of diisopropylethylamine, and 500 ml of 1-propa-
nol was refluxed under nitrogen for 3 days. The mixture was
cooled, treated with 21.2 g (0.20 mol) of anhydrous sodium carbon-
ate, and refluxed for an additional 5 hr. The reaction mixture was
then filtered and distilled in a molecular still to give 4.6 g (17%) of
an approximately equimolar mixture of isomers 5 and 6: bp 108-
110° (0.1 n); ir 2.98 (sh) and 3.02 (NH), 6.26 (NH2, relatively
weak), 8.9 (broad, COC), 10.28, and 10.61 a (oxetane ring); NMR
indicated a mixture of oxetanes for which assignments could be
made as described below.

Anal. Calcd for CisH”~NaOi: C, 56.91; H, 9.55; N, 10.21; mol wt,
274. Found: C, 56.88; H, 9.23; N, 9.93; mol wt, 274 (field ionization
mass spectrum).

The mixture of 5 and 6 was separated by formation of the crys-
talline complex of 5 with NaSCN. A solution of 1.2 g (0.0044 mol)
of the mixture and 0.32 g (0.004 mol) of NaSCN in 10 ml of ace-
tone was evaporated to ca. 5 ml, 5 ml of ether was added, and the
mixture was allowed to stand overnight. The supernatant liquid
was decanted and the solid was recrystallized from acetone-ether,
then from acetone to give the 1:1 complex as large, colorless cubes:
mp 154.5-155.5°; ir (Nujol) 3.08 (NH), 4.85 (SCN), 8.8-9.5 (COC),
10.21, and 10.60 n (oxetane); *H NMR (acetone-rig) 4.43 (s, 2 H,
oxetane CH2), 3.67 (s, 4 H, OCH2CH20), 3.12 (s, 2 H, CCH2N),
and 2.43 ppm (broad, 1 H, NH) with rough triplets of an AA'BB'
pattern at 225, 220.5 (hidden), 216 (2 H, NCH2CH20) and 177,
172.5,168 Hz (2 H, NCH2CH?20).

Anal. Calcd for CisH26N3Nao 4S: C, 47.31; H, 7.37; N, 11.82; Na,
6.47. Found: C, 47.49; H, 7.21; N, 11.62; Na, 7.33.

The mother liquor from complex formation was evaporated to a
viscous residue and the residue was extracted with 50 ml of ben-
zene. Evaporation of the benzene gave a residue which was extract-
ed with 50 ml of petroleum ether. Evaporation of the petroleum
ether gave an oil, nearly pure 6: :H NMR (acetone-dg) 4.60 (s, 2 H,
oxetane), 3.57 and 3.54 (both s, combined area 6 H, NCH2CH20-
CH2CH20CH2CH?2), and 3.31 ppm (s, 2 H, azetidine) with rough
triplets of an AA'BB’' pattern hidden near 200 Hz and at 155.5,
150, and 144 Hz; NH2 resonance uncertain owing to impurity
peaks.

Subtraction of the above spectrum from that of the original mix-
ture leaves for uncomplexed 5 'H NMR 4.30 (s, 2 H, oxetane), 3.55
(s, 4 H, 0CH2CHZ20), and 2.93 ppm (s, 2 H, CCH2N) with AA'BB'
triplets hidden near 210 and at 169,164, and 159 Hz.

2,6,12,16,19,25-Hexaoxa-9,22-dirizadispiro[3.9.3.9]hexacos-
ane (7) and N-(2-Hydroxyethyl)-2,6-dioxa-9-azaspiro[3.6]de-
cane (8). A solution of 105.0 g (1.0 mol) of diethanolamine, 155.0 g
(1.0 mol) of 3,3-bis(chloromethyl)oxetane, and 233 g (2.08 mol) of
potassium fert-butoxide in 2.5 1 of tert-butyl alcohol was refluxed
and stirred under N2 for 2 days. The addition of oxetane, glycol,
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and butoxide was repeated, and reaction was continued for 4 days.
Filtration and evaporation of the filtrate to 60° (0.5 mm) gave a
semisolid residue which was kept at 90° and extracted continuous-
ly with heptane far 3 days. Removal of heptane from the extract
and recrystallization from ether gave 63.6 g (17%) of 7, mp 118.5-
119°. An analytical sample was recrystallized from tetrahydrofur-
an: mp 118.5-119° ir (Nujol) 3.04 (NH), 8.6-9.5 (COC), 10.07,
10.29,10.52, and 10.75 M(oxetane); NMR [(CD3)2CQO] 4.36 (s, 1, ox-
etane CH2), 3.68 (s, 2, along with underlying OCH2CH:2N,
CCHZ20), 2.30 ppm (very broad NH) with AA'BB' branches at 221
(hidden), 216.5, and 211 (OCH2CH2N) and 172, 166.5, and 162 Hz
(OCH2CH2N).

Anal. Calcd for CigH”™N”g: C, 57.73; H, 9.15; N, 7.48; mol wt,
374.5. Found: C, 57.62; H, 8.86; N, 7.61; mol wt, 398 (ebullioscopic,
PhH).

Distillation of the ether filtrate afforded, in addition to consid-
erable viscous residue, 4.9 g (1.3%) of8: bp 108-114° (0.25 mm); ir
2.92 (OH), 3.42 and 3.49 (saturate CH), 8.5-9.5 (COC, COH), and
10.4 n (oxetane); NMR [(CD3)2CO] 4.37 (s, 4, oxetane CH2), 3.97
(s, 2, CCH20), 3.07 (s, 2, CCH2N), with multiplets at 3.7-3.4 (5,
OCH2CH2N + OH) and 2.8-2.55 ppm (4, OCH2CH2N).

Anal. Calcd for CoaH17No 3. C, 57.73; H, 9.15; N, 7.48. Found: C,
57.42; H, 9.27; N, 7.38.

The 1.1 complex of 7 with cupric acetate was obtained as fol-
lows. Solutions of 0.20 g (0.001 mol) of Cu(OAc)2 *H2 in 15 ml of
warm absolute ethanol and 0.36 g (0.001 mol) of diamine 7 in 10 mi
of ethanol were mixed to give deepening of blue color, but no pre-
cipitate. Most of the solvent was removed and 25 ml of ether was
added. The precipitate was triturated thoroughly and filtered to
give 0.52 g (93%) of violet 1:1 complex, mp 156-158° dec, recrystal-
lized from tetrahydrofuran-ether for analysis: mp 159-160.5° dec;
ir (Nujol) 3.08 and 3.16 (NH), 6.21 and 6.29 (C02- ), broad 8.6-9.5
(COC), and 10.24, 10.77 n (oxetane); IH NMR signals greatly
broadened by paramagnetic Cu2+,

Anal. Calcd for C22H4daCuN20i0: C, 47.51; H, 7.25; N, 5.04; Cu,
11.43. Found: C, 47.64; H, 7.59; N, 4.95; Cu, 11.51.

5-Chloro-3-oxapentan-I-ol and Its Reaction with Ammonia.
A mixture of 1696 g (16.0 mol) of diethylene glycol and 632 g (8.0
mol) of pyridine was cooled at 0° and stirred while 952 g (8.0 mol)
of thionyl chloride was added at a rate sufficient to maintain the
temperature near 20°. When all the thionyl chloride had been
added (3.5 hr), the temperature was raised to about 80°, at which
point noticeable S02 evolution occurred. After 3 hr at 80°, the
mixture stood over the weekend. It was then heated slowly to 125°
and held at 125° until gas evolution had nearly ceased (3 hr). The
mixture was distilled and the fraction of bp 60-110° (5 mm) was
redistilled through a spinning band column to afford 453 g (45%)
of 5-chloro-3-oxapentan-I-ol: bp 75-76° (5 mm); n2D 1.4519;8 ir
2.92 (OH), 8.8-9.5 (COC), 13.4 M(CCY).

A mixture of 110 g (0.88 mol) of the chloropentanol, 100 g of
NH3, and 500 ml of absolute alcohol was heated at 120° for 15 hr
under autogenous pressure. The reaction mixture was refluxed
with 150 g of anhydrous sodium carbonate for 4 hr and filtered,
and the filtrate was distilled. There was thus obtained 40.6 g (44%)
of 11, bp 98-99° (5 mm), n24D 1.4588, and 21.6 g (25%) of 9, bp
128° (20 m), n2p 1.4717.

For 11: ir 2.99 and 3.05 (NH2), 3.1 (broad sh, H-bonded OH,
NH2), 6.25 (NH2), and 8.92 and 9.33 n (C-O); *H NMR 4.17 (s,
partial exchange with acetone-rie, OH), 3.56 (s atop broad multi-
plet, 0CH2CH20), 3.2-3.8 (multiplet, OCH2CH2N), 1.90 ppm
(broad s, partial exchange with acetone-rie, NH2).

Anal. Calcd for C4AHNN 02 C, 45.69; H, 10.55; N, 13.33. Found:
C, 45.75,45.35; H, 10.05,10.24; N, 12.41.

For 9: ir 3.0-3.05 (broad, NH, H-bonded OH), 8.95 and 9.38 a
(C-0); IH NMR 3.93 (s, 3 H, OH + NH), 3.4-3.7 ppm (multiplet,
12 H, OCH2CH20CH?2), with one branch of an AA'BB' pattern at
172, 167, and 162 Hz (4 H, CH2N), addition of D2 changed only
the 53.93 peak to 4.C7.

Anal. Calcd for Cs8H19N 04 C, 49.72; H, 9.91; N, 7.25. Found: C,
49.96; H, 9.62; N, 7.60.

Scale-up of the synthesis gave an improved yield of 9. A mixture
of 450 g (3.6 mol) of 5-chloro-3-oxapentan-I-ol, 400 g of ammonia,
and 2 1 of absolute ethanol was heated at 125° for 15 hr under au-
togenous pressure in a 3-gal autoclave. The dark reaction mixture
was refluxed for 4 hr with 600 g of anhydrous Na2C 03, filtered, and
distilled to give 164.3 g (43%) of 11, bp 60—65° (0.2 mm), and 145.3
g (42%) of 9, bp 140-145° (15 m).

Diol 9 was also obtained by alkylation of by-product 11 as fol-
lows. A solution of 52.5 g (0.50 mol) of 11 and 74.7 g (0.60 mol) of
5-chloro-3-oxapentan-l-ol in 200 ml of 1-butanol was heated at



1208 J. Org. Chem., Vol. 40, No. 9, 1975

100° for 4 days. The mixture was then refluxed for 1.5 hr with 100
g of anhydrous Na2C 03, filtered, and distilled to give 39.3 g (41%)
of 9, n22 D 1.4743, and 154 g (11%) of 10, bp 174-176° (4 N),
n22 5D 1.4820. For 10, ir and NMR fit the assigned structure.

Anal. Calcd for Ci2H27No 6 C, 51.23; H, 9.67; N, 4.98. Found: C,
51.26; H, 9.13; N, 5.37.

A stable, crystalline complex was obtained from the acyclic com-
pound 10 and NaSCN. Reaction of 0.50 g (0.0062 mol) of NaSCN
and 1.74 g (0.0062 mol) of 10 in acetone led to 2.14 g (95%) of the
1:1 complex. Recrystallization from acetone gave an analytical
sample: mp 104-105°; ir (Nujol) 2.93 (OH), 3.15 (NH), 4.79 (SCN),
8.5-9.5 n (COC, COH). The *H NMR spectrum was similar to that
of the uncomplexed amine.

Anal. Calcd for Ci3H27N2Na06S: C, 43.08; H, 7.51; N, 7.73; Na,
6.34. Found: C, 43.62; H, 7.28; N, 7.74; Na, 5.7.

2,6,9,15,18-Pentaoxa-12-azaspiro[3.15]nonadecane (12). An
attempt to N-benzoylate 9 with benzoic acid-dicyclohexylcarbodi-
imide in glyme led instead to 73% of /VV-benzoyl-iV, N'-dieyclohex-
ylurea. Similarly, the mixed anhydride PhCOOCOO-i-Bu with 9
did not give the jV-benzoyl derivative. In view of the rather low re-
activity of the N atom in 9 as a nucleophile, condensation with bis-
(chloromethyl)oxetane was attempted directly.

A solution of 62.0 g (0.40 mol) of bis(chloromethyl)oxetane, 94.0
g (0.84 mol) of potassium tert-butoxide, and 77.2 g (0.40 mol) of 9
in 1 1. of tert-butyl alcohol was refluxed and stirred under N2 for 6
days. Filtration and evaporation of the reaction mixture to 50° (0.5
mm) gave a residue which crystallized on cooling. The crude 12
was kept molten at ~90° and extracted continuously with heptane
for 1 day. The cooled extract was filtered, and the solid so isolated
was recrystallized from ether to give 74.2 g (67%) of 12, mp 79-81°.
An analytical sample, mp 80-81°, was recrystallized from ether: ir
(Nujol) 3.01 (NH), 8.6-9.1 (COC), 10.22, and 10.74 ™ (oxetane);
NMR [(CD3)2CQ] 4.32 (s, 4, oxetane CH2), 3.65 (s, 4, CCH20), 3.57
(s, 12 with underlying OCH2CH2N, OCH2CH?2), and 2.32 ppm
(broad s, 1, NH) with OCH2CH2N appearing as AA'BB' at 214
(hidden), 209, and 204 (OCH2) and 162, 157, and 152 Hz (4,
CH2N). Addition of D20 moved the NH resonance downfield.

Anal. Calcd for C13H25NOs: C, 56.71; H, 9.15; N, 5.09; mol wt,
275. Found: C, 56.61; H, 8.88; N, 5.04; mol wt, 272 (cryoscopic,
PhH).

A 1:1 complex of 12 with NaSCN was prepared in acetone, crys-
tallized by concentration and addition of a small amount of ether,
and isolated in 93% yield, mp 113-114°. A recrystallized sample
had mp 113-114°; ir (Nujol) 3.03 (NH), 4.86 (SCN), 8.7-9.5 (COC),
10.36,10.57, and 10.75 M(oxetane); NMR [(CD3)2CQ] 4.43 (s, 4, ox-
etane CH?2), 3.98 (s, 4, CCH20), and 3.73 ppm (s, 12 with nearby
OCH2CH2N, 0CH2CH20), with OCH2CH2N appearing as AA'BB’
at 221, 216.5, and 211.5 (OCH2) and 174.5, 169.5, and 165 Hz (4,
CH2N).

Anal. Calcd for CisH26N2Na0sS: C, 47.18; H, 7.07; N, 7.86; Na,
6.45. Found: C, 47.41; H, 7.14; N, 8.16; Na, 6.06.

Reaction of 12 with Ethylene Oxide. A mixture of 27.5 g (0.10
mol) of 12, 10 g (0.23 mol) of ethylene oxide, and 200 ml of metha-
nol was heated in a bomb tube at 100° for 6 hr autogenous pres-
sure. Solvent was evaporated, and the product was volatilized in a
very short-path still at about 190° (~20 m), giving 27.6 g (87%) of
N-(2-hydroxyethyl)-2,6,9,15,18-pentaoxa-12-azaspiro[3.15]nona-
decane (13) as a nearly colorless ail: ir (2.90 (OH), 8.7-9.5 (COC,
COH), 10.23, and 10.80 M (oxetane); NMR [(CDz3)2CO] 4.29 (s, 4,
oxetane CH2), 3.74 (s, 4, CCH20), 3.6-3.3 (m, 15, 0CH2CH2 +
OH + OCH2CH2N), 2.85-2.5 ppm (m, 6, CH2N).

Anal. Calcd for CisH29No0 6. C, 56.41; H, 9.15; N, 4.39. Found: C,
56.43; H, 8.80; N, 4.54.

The co