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etc., as appropriate, suffices. The solvent or medium should be
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worths, London, 1966; Sect. C, Butterworths, London, 1965. A

uide to Chemical Abstracts usaggg is found m them. Abstr., 50,
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Walker, Ring Index, 2nd ed, American Chemical Society, Wash-
ington, D. C., 1963; and supplements | HI. Momii °y”
drate nomenclature are found'inJ. Org. them,., 28, 281 (1963).
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las for simple molecules to save spacein tables and experimental
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tensive revision in grammar or format may be returned to authors
without review.

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

In literature references, journal abbreviations should be those
used by Chemical Abstracts (see “Access” published by
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eating arrangement and punctuation: (1) A. C. Co&e, R. W.
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ysical Met ods in Heterocyclic Chemistry,” Vol. Ill, A. R.
Katritzky, Ed., Academic Press, New York, N. Y., 1963
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Tables should be numbered consecutively with Roman numer-
als and should be included at the propef places in the manu-
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letters should proceed by line rather than by column. If a
footnote is cited both in the text and in a table, ‘insert a lettered
footnote in the table to refer to the numbered footnote in the text.
Each table should be provided with a descriptive heading, which,
together with the individual column headings, should make the
table, as nearIY] as possible, self-explanatory. In setting up
tabulations, authors are requested to keep in mind the type area
of the journal page é? X 10in.), and the column width, (approxi-
mately 3>Ain.), and to make tables conform to the limitations of
these " dimensions. Arrangements that leave many columns
partially filled or that contain much blank space should be
avoided insofar as possible.

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

Structural formulas should be prepared with care and with a
view to the mast economical use of space. = All structures should
be numbered in boldface Arabic numerals. In charts, assign
numbers consecutively from left to right, top to bottom regardless
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of an earlier structure ma?l]ebe used alone if a compound occurs
several times in formula schemes.  Abbreviations such as Me for
CH3 Et for C2H4, Ph (but not o ) for CeHs are acceptable.

The author should arran?e structural formulas in horizontal
rows so that the display or block will fill a single column width or,
for very large groups, an entire page width. If this is not done
it may be nécessary to rearrange the display, with possible loss of
clarity, to avoid waste of space. If a satisfactory arrangement is

slightly larger than the limits for a one-column presentation, it is
preferable to stagger or overlap structures in successive rows

st resren?ied °2+ thf disPlaV ° ta fldl Paee- In multi-ring
nert?nent nSnt structures showing only the
P Structural fnmulna ®d° u ty .. - .
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are to appear in the #ournal. They should also be consisterit
throughout, since all of the structures in a given manuscript may
not be redrawn by the same person. Any special features or
important points in structural drawmis should be clearly indi-
cated on the manuscript. Where n , numbers such as nmr
chemical shifts may be included directly on structural formulas.

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

Ilustrations should be submitted as original inked drawings or
as high-contrast, glossy photographic copies of drawings. Xerox
or similar copies are not suitable for reproduction, but may be
used tor duplicate copies. All illustrations prepared as engraver's

c?ge/ should be numbered as Flglljres,” with Arabic pumerals.
Blocks of structural formulas shotuld not be designated as “Fig-
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ures;” these can be designated “Charts” or “Schemes” as appro-
priaie. Charts and schemes should be footnoted in the manner
described for tables. Each illustration must be identified
on the back with author, title, and figure number. The figure
number (IArabic) must be typed on a separate sheet, together
with the legend. More detailed information on the preparation
of structural formula charts and illustrations may be found in the
“Handbook for Authors” (see below).

Experimental Section.—Clear, unambiguous expression in
experimental descriptions _is highly important. Authors are
encouraged to use the briefest style possible, consistent with
clarity, in experimental descriptions. Whole sentence structure
must be used, but the author should eliminate superfluous words
and phrases. The title of an experiment should give the full
name_and formula number of the product prepared, when ap-
Proprlate, but this compound may be identified thereafter by
ormula number.  Abbreviations or chemical formulas for simple
chemicals are encouraged, as well as the use of a structural
formula number rather thana lengthy chemical name to identify
a starting material. When a derivative is prepared by a stand-
ard procedure, no details beyond melting point, analysis, and
impo?tant spectra? c?ata need %e éilven: IgeBetlttl'\_/e cj%egcrlsp_tlons
Of a general procedure should beavoided. Special attention
should be called to hazardous compounds or operations.

mental bection. Please note that these are now used in ACS

journals without ThetPreferred for s for,a few °f the
more commonly ~ed abbreviations are mp, bp, min, hr, /4, mi,

¥ hengl)%qg/izﬁign-rfor ﬁgrn 1ﬁasvgcpe§'iod %gcglsrtll ng"ﬁ.é*rY |ta r}(rjorqu
tne numeral ore. .

Analyses must be reported in the usual format for all new corn-
pounds, m general, the deviation of calculated from found
7alu® *hould nott exceed +0-3%- Molecular formulas de-
termmed by accurate mass measurement (£3 X I1fM mass units)
are acceptable if combustion analyses cannot be obtained because
P*sample limitations, wherever possible, mass spectral data must
be supported by criteria of purity. .

Physical constants and spectral pata should be presented in a

uni ormway as illustrated in the following example,

__nIT5 descriptions, s — singlet, d — doublet, t — triplet,
m — mu*tiplet.)

IThe*etherea: extract was dried (tLSO4), con-

centrated, and distilled giving 10.23 g (65%$) of
o .

acetoxy keton®isL- bp 85 (2.9 nm),
r_250 1.4266 [Iit2.5 bp 60-82° (3 mm); n -p 1.4261];

£ 40,8231 [aj, D 0.0° (,c 6, CH;<)I—D; uv mex
/

@8 ) 25 M e 8 ir Bhia RS e,

1740 em1 (ester cio); nnr §OC14) 53.98 (t,

2, J =6 Hz, CH'CAD), 243 (t, 2, J =6 Hz,
rr\ 0 /_ . 87 wnd  C T
GRCOA 2,u' (> > 1,9/7( > na I,b wnj
¢A; mess spectrum (70 ev) m/e (rel intensity)
158 (5), 143(5), 115 (s), 100 (50), 99(ll),
Q /lnriy n
a° 1100/ os V10/"
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establishing a computer-based National Chemical Compound
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The condensation of 2-acyl-l,3-indandiones with various o-phenylenediamines gave benz[&]indenol[l,2-€] [1,4]-
diazepin-12(5H)-ones (2a-s) in good yields. In some cases, depending upon the reaction conditions, the inter-
mediate noncyclic 1:1 adducts, 2-[I-(o-aminophenylimino)alkyl]-1,3-indandiones (la-d), or the 1:2 adduct, 2,2'-
[o-phenylenebis(nitrilomethylidyne)]di-1,3-indandione (3), were obtained. The reactions of the carbonyl group

of several benzindenodiazepinones 2 with hydroxylamine and with various hydrazines were investigated.

In a previous paperlin this field, we described the
reactions of 2-acyl-1,3-indandiones with aliphatic dia-
mines. Now we report the reactions of 2-acyl-I,3-
indandiones with a variety of o-phenylenediamines with
the emphasis on a new class of compounds, the
benz[5]indenoll,2-e][l,4]diazepin-12(5H)-ones  (2a-s,
Scheme I).

The cyclization of open-chain /3-diketones with o-
phenylenediamine to give 2,4-disubstituted 1,5-benz-
odiazepines has been studied extensively,2-- but prior
to our work there has been no report on the cyclization
of 2-acyl-1,3-indandiones with o-phenylenediamine.
Two somewhat related reactions are described in the
literature, namely, the condensation of 1-chloroindene-
2-carboxaldehyde and of l-oxo-2-indanglyoxylic acid
with o-phenylenediamine to give respectively 5,12-
dihydrobenz[5]indeno[l,2-e][l,4’diazepine5 and the
corresponding 11-carboxylic acid.6

In our study we found that addition of 2-acyl-I,3-
indandiones to refluxing ethanolic solutions of O
phenylenediamines, in the presence of an acidic cata-
lyst, usually formic acid, gave benz[bjindeno[l,2-e]-
[l,4]diazepin-12(5H)-ones (2a-s) in very good Yyields.

Only in four cases, the intermediate noncychc 1:1

adducts, 2-[lI-(o-aminophenylimino)alkyl]-1,3-indan-
diones (la-d), were isolated. The indandiones la
(Ri = R2= R3 = R4= H) and Ib (It; = CHS3;

R2= R3= R4= H) were obtained by adding the appro-
priate 2-acyl-1,3-indandione to o-phenylenediamine at
or below room temperature. The indandiones Ic
(Ri = CH3,R2= R3= H; R4= C&HH and Id (Rx —
CelR; R2= R3 = H; R4= C&H5 were formed when

(1) w. A Mosherand S Piesch, J . org. Chem, 35, 1026 (1970).
@ j. Hifead . steimming, Chem Ber., io, 955 (1907).

S s T V"'*“i £ , T o
chem. Soc., 1132 (1959).
(1@7)M Weissenfeis, n . Schurig, and g. Huhsam chem. Ber.. 100, 534

(6)"3. N Chatterjea and K Prasad, J. indian Chem soc., 34, 377 (1957).
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N-phenyl-o-pher.ylenediamine was used in refluxing
ethanol. When la and Ib were heated to reflux in
dry ethanol or were treated with hydrochloric or per-
chloric acid in the cold, the corresponding ring-closed
Compounds 2a (Ri R2 R3 H) and 2b (RI

CH3' R, = R3 = H) were obtained. With the above
acids the salts of 2a and 2b were formed. Several at-

tempts to ring-close Ic and Id were unsuccessful, even
when concentrated sulfuric acid or polyphosphoric acid

1
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Table |

11-Substitutbd BENZ[i>]INDENQ[l,2-€] [1,4]diazepin-12(5H)-ones (2, R2= R3= H)

_ Reaction  Yield, Empirical o Calcd, Y- I Found, %------- %
Compd Ri Method  time % Mp, °C formula C H N C H N
2h CHs" A 5hr 86 299-3006 CuHnNjO 7844 465 1076 7803 4.82  10.73
2 CiHs 20 hr 60 2446 GwHuNjO 7881 515 1021 78.69 527  10.06
2 CH(CH32 B 20 N1 75 202-203' CuHkNj0 79.16 555  9.64 7930 5.8 9.64
28 CHICHfCROI™* B 48 hr 60 204-205 CjoHuNjO 7944 600 927 7932 580 9.13
of CHACeHSn B 9 days 55 190-192' CSsHsoNsO 8444 489 679 8442 498 6.79
2% CeHs A 20 ht 65  >300' C»HIND 82.00 436 8.69 8185 445 8.64
2 CaHs-p-Cl A 15 hr 3B >300 C2H=CIND 7405  3.66 7.85  74.20 3.81 1.4
“Perchlorate, mp 300° dec. 6Recrystn solvent: dioxane. ' Recrystn solvent: ethanol. dPerchlorate, mp 279° dec. ' Re-
crystn solvent:  ethanol-dimethylformamide.
Table ”
7 (or 8),11-Disubstituted BENZz[6]iNDENOJ[l,2-€] [1,4]diazepin-12(5H)-ones (2)
) Rz Reaction Yield, Empirical e Calcd, %------- R wAL1111) VR
Compd Ri or Rs Method time % Mp, °C formula C H N C H N
2 CHs CHs" A 10 hr75 285 decs CisHhN O 7881 515 1021 7893 531 9.96
2] CeHs CHs" A 10 hr5 276-2866 CssHnNsO 8212 480 833 8200 485 8.39
2k CHs Cl-= A 12 hr80298-300 dec6  CnHIiCINsSO 69.27 378 951 6955 399 9.32
2 CHsCH(CHs)2  CI'. B 36 hr75 200' CjoHiiCINjO 69.01  6.06 7.32 6895 6.24 7.51
2m  CH(C«Hs)i NOT' B 10 daysd5 ~ >3006  CjhHi.ND] 7620 416  9.17 7644 416 9.11
2n CHs cl A 36 hr70298-300 dec6  CzHCIN0 7405 366  9.64 402 382 9.88
20 CeHs NO:z B 24 hr60>3006 C2ZHiNsOs 7233 359 1150 7211 374 11.69
“ A mixture of 7 and 8 isomers is probably formed. 6Recrystn solvent: ethanol-dimethylformamide. ' A single isomer (7 or 8)
isformed. dPerchlorate, mp 300. ' Recrystnsolvent: ethanol.
Table | | |
7,8,11-Trisubstituted BENZz[6]iNDENO[l,2-€] [1,4]diazepin-12(5H)-ones (2)
] Reaction Yield, Empirical e Calcd, Ypmmemmmmmsy oo Found, %--------1
Compd Ri R2= Rs Method  time o Mp, °C formula C H N C H N
2p CHs CHs A 10 hr 75 284-286 dec” CiHIND 7916 555 964 7900 574 963
2 CeHs CHs A 10 hr 75 >3006 C2HIND 8226 518 800 8248 516 84
2r CHs Cl A 10 hr 70 >3006 CiH1CINQ 6202 306 854 6199 340 834
25 CH(CeHs2  Cl B 3days 70  260-2616 CssHisCUNsO 7235 377 582 7224 413 571
“ Recrystnsolvent:  dimethylformamide. 6Recrystnsolvent: ethanol-dimethylformamide.

Reverse addition of the reactants, o-phenylenedia-
mine to 2-formyl-1,3-indandione, gave the 1:2 adduct,
2,2/-[o-phenylenebis(nitrilomethylidyne)]di-l,3-indan-
dione (3, Ri = R2 = R3 = H). Attempts to ring-
close 3 failed.

The structures of these compounds are based upon
the elemental analyses and are consistent with the
infrared spectra. The benzindenodiazepinones (2a-s)
are red crystalline compounds. Their melting points
and elemental analyses are summarized in Tables
I-H1. In neutral alcoholic solution these compounds
show absorption bands between 300 mu (e 14,000-
35,000) and 430 mu (e 3500-6000). In acidic solution
the absorption bands are shifted bathochromically
[325 mp (e 20,000-35,000) and 640-675 m/u (e 400-
750)]. The infrared spectra show absorption peaks
at ca. 3300, at 1675-1640, and at ca. 1600 cm-1.

lreatment Ol compounds 2a-S with concentrated
hydrochloric or perchloric acid gave the corresponding
salts, which have a characteristic intense blue color and
a metallic luster. Anhydrous hydrazine reacted with
2b (Scheme I1) in ethanolic solution, splitting off o-
phenylenediamine and yielding the known hydrazone
of the 3-methylindeno [l,2-c]pyrazol-4(IH)-one7 (4).

Treatment of 2b and 2g with 1,1-dimethylhydrazine
in dioxane gave respectively the 11-methyl- and 11-
phenyl-12- (2,2-dimethylhydrazino)benz[6]indeno[l,2-

[lj4]diaZepin-12(5H)-ols (5a and 5b). When phe-
nylhydrazine was used in place of 1,1-dimethylhydrazine

(7) R.A Braunand W. A. Mosher, 3. Amer. chem. soc., 80, 4919 (1958).

in the reaction with 2b, Il-methyl-12-(2-phenylhydra-
zino)benz[&]indeno[l,2-e][l,4]diazepin-12(5H)-ol  (5c)
was formed.8 Treatment of 2b, 2e, and 2g with hy-
drcxylamine in dimethylformamide yielded respec-
tively the 11-methyl-, 1l-isobutyl- and 11-phenyl-
12-hydroxyaminobenz[6]indeno[l,2-e][l,4]diazepin-12-
(5H)-ols (6a-c).8 All attempts to dehydrate com-
pounds 5 or 6 to the corresponding hydrazones or ox-
imes failed. Reaction of 5 or 6 with ethanolic hydro-
chloric acid gave the characteristic blue salts 7. Treat-
ment of these salts with aqueous ammonia yielded the
benzindenodiazepinones 2. These benzindenodiaze-
pinones were also obtained when compounds 5 and 6
were heated for several minutes in refluxing 95% eth-
and.

n, T, b S -
may open in the reaction with substituted hydrazines and with hydroxylamine
t0 s've the jsomeric structure,

NH—i )
N
[ mJl NH2
X" j ] VC=N—A
0o 1
a8

A=NHR NR, or OH

The mass spectral fragmentation patterns of products 5cand 6aare very
similar to that of the starting material 2b, after the loss of the phenylhy-
drazine and of hydroxylamine, respectively.  These results support the struic-

tures given to compounds s and e.



2-Acyl-1,3-indandiones with ocPhenylenediamines

Scheme |1
I
/=\
—rf
[ | I /—
H
| HN HO |
|
I b I R
~"—R 0
| r T _pn.r, _w/pu\
N 1
| b>Ri=cd+ R5=N(CH,h
¢, Rj=CHi R5=NHCaG¥
4 R =CH /
1 3V n)h, NHRI/ / 5% \
1 [/ BOH \
' H r, \
| / \
\
fMI—in°\__y \
LiJl 21 1/ \
\
jl H \
1 HOH \
= = /
23 /
2b, Ri=CH3 /
e, Rj=CHZH(CH32 /
p pn i
/yS 1 65 v /
NEH/ / \ nhonh /
I 1 esw B \ /
/| BOH BCH /
H H
1 /=. I /=\ trpi
—( \ Im NN
Pt i N_ft g I N_y
BCH
/x " 0
HN HO 0 R4
|
OH 7
6a R =CH
"t prr u / p u e t h a n
’ f( 2
¢, R=CabH

t. .
Experimental Section

2-Acyl-1,3-indandiones.— 2-Formyl-1,3-indandione was pre-
pared as described in ref 1 from triethyl orthofoimate, acetic
anhydride, and 1,3-indandione. All the other 2-acyl-l,3-in-

dandiones were prepared according to known methodsl from
dimethyl phthalate and the appropriate _methyl ketones in the
presence of sodium amidel2 instead of sodium methoxide. It was
found that sodium amide generally gives better yields than sodium
methoxide. For example, in the preparation of 2-(p-chloro-
benzoyl)-1,3-indandione, 70% yields were obtained using sodium
amide (the reported-1lyield using sodium methoxide is only 5%).
2-[(o-Aminophenylimmo)methyl]-1,3-indandione (la, R, =
r2= r3= r4= H)—A solution of 2-formyl-1,3-indandione
(5 g) in ethanol (100 ml) was added dropwise over a period of 5
min to astirred, cold solution of an excess of o-phenylenediamine
3 3 in acetic acid (2 ml) and ethanol (50 ml). The yellow pre-

(9) Melting points were determined with a Fisher-Johm melting point
apparatus and are uncorrected. The infrared spectra were recorded with a
Perkin-Elmer Infracord Model 137 (Nujol), and the electron spectra were
recorded with a Perkin-Elmer 202 instrument. Mass spectra were taken
with a CEC 21/110B mass spectrometer. Elemental analyses were per-
formed by Dr. A. Bernhardt, Mikroanalytisches Laboratorium, Max Planck
Institut fir Kohlenforschung, Milheim (Ruhr), West Germany.

(10) L. B. Kilgore, J. H Ford, and C. W. Wolfe, Ind. Eng. Chem., 34,

49V Z t, Horton and K. C. Murdock,./. Org. Chem., 25, $38 (1960).
(12) L. Gattermann, "Die Praxis des Organischen Chemikers,” 38th ed,
Walter de Gruyter and Co., Berlin, 1958, P220.
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cipitate was collected by filtration and washed with cold ethanol
to give an 80% yield of la, as fine yellow needles of mp 197° dec.

Anal. Calcd for CigHi2ND2 C, 72.71; H, 458; N, 10.60.
Found: C, 72.85; H, 4.63; N, 10.43.

A solution of la in dry ethanol, refluxed for 10 min, yielded 2a,
as red needles. Treatment of la with cold perchloric acid gave
the characteristic blue salt of the ring-closed compound 2a.

2-[I-(o-Aminophenylimino)ethyl]-I1,3-indandione (Ib, Ri =
CH3 R2 = R3 = R4 = H).—2-Acetyl-l,3-indandione was allowed
to react with o-phenylenediamine as described above for la
(reaction time 20 min) to give fine yellow needles of Ib, con-
taminated with a small amount of the ring-closed compound 2b.

Anale Calcd for C,HMND2 C, 73.36; H, 5.07. Found:
c, 73.73; H, 5.38.

The perchlorate of the ring-closed compound 2b was obtained
&8 ™ Lk crystals treatment of Ib with cold perchloric acid.
Upon refluxing Ib in dry ethanol 2b was formed as red needles.

2-[I-(o-Anilinophenylimino)ethyl] 1,3-indandione (Ic, Ri =
CH3 R2 = Rs = H; Ri = CeH5.—2-Acetyl-l,3-indandione was

allowed to react with N-phenyl-o-phenylenediamine as described
in method A (reaction time 7 hr) to give an 80% yield of Ic,
as deep yellow needles of mp 218° (dioxane or 1-propanol).

Anal. Calcd for C23HhND2: C, 77.94; H, 5.12, O, 9.03.
Found: C, 78.21; H, 5.29; 0,9.20.

2-[(o-Anilinophenylimino)benzyl]-1,3-indandione (Id, Ri =
CeH6 R2 = R3 = H; Ra = CsH6) was prepared from 2-benzoyl-
1,3-indandione and N-phenyl-o-phenylenediamine as described
in method B (reaction time 24 hr). A 60% yield of 1d, as brown-
ish yellow needles of mp 185° (1-propanol), was obtained. The

1-propanol solution fluoresces deep red under ultraviolet light,

Anal. Calcd for CsH2oN202: C, 80.77; H, 484, O, 7.66.
Found: C, 80.83; H, 5.13; 0,8.73.

Compounds Ic and Id failed to give the perchlorates of the
corresponding ring-closed compounds by treatment with per-
chloric acid.

Benz [b] indeno [1,2-€] [1 4] -diazepin-12(5H)-one (23, Ri =
R2 = R3 = H).—A solution of 2-formyl-1,3-indandione (10 g,
57 mmol) in ethanol (200 ml) was added dropwise over a 3-hr
period to a refluxing solution of formic acid (2 ml) and o-phenyl-
enediamine (10 g, 100 mmol) in ethanol (200 ml). The mixture
was re@eMer 1 additional hr and then filtered rapidly through
asintered-glass funnel.  The insoluble yellow material was shown
to be compound 3 (Ri = R2= R3= H), formed as a by-product.
The deep red filtrate was concentrated to 100 ml by distillation
and yje residue allowed to stand at room temperature. The
dark red solid was collected and recrystallized from dioxane or

| to give a 60% yield of 2a, as deep red needles of mp 287°
dec: Xhax mfa (), in neutral alcoholic solution 300 (14,000), 328
(12,000), 342 (10,000), 413 (7500), and 435 (6000); in acidic
solution, 325 (20,000), 350 (11,000), 570 (1000), 618 (1000), 675
(650); ir 3300,1675-1650,16Q0-1525 cm-1.

Amd Calcd for OieHAO: C, 78.03; H, 4.09; N, 11.38.

Found: C, 77.83; H, 4.20; N, 11.41. .
Treatment of the mother liquor o 2a with concentrated hydro-
chloric acid gave the corresponding hydrochloride as blue crystals

oimp/b» . T a™T™m 2 , 0O A

“na®, o™ N CieHioi"O-HCl. u om at nl! 5rV
N91; CI, 1254. Found: C, 68.06; H, 3.93; N, 9.82; CI,
1439. s

Mono-Di-, and Tnsubsti uted Benz[5]mdeno[l,2-e [ 4]d.a-
zepm-12(5H)-ones (2b-s) Method A.-A solution of the ap-
propnate 2-acyl-l,3-indandione SQO mmol) m ethanol (200 ml,
or more if necessary to obtam a solution) w” added dropwise over
a 2-hr period to a refluxnrg and stirred solution of the appropriate
o-phenylenediamine (90 mmol) in a mixture of formic acid (2 5
m ) and ethanol (1000 ml). e mix ure was re uxe or e

-me indicated in Tables I-111  The product was then cal-
lected by filtration at room temperature, washed with cold

methanol, and recrystallized from suitable solvents (see Tables

Hill) to give redneedles (except 2p, red plates and 2r, violet-red

prisms). Compound 2h.  xmax, Mz (e), in neutral alcoholic so u-
tion, 325 (25,000), 340 (18,000), 390 (5000), 410 (3500); m acidic
solution, 335 (35,000), 540 (1100), 640 (500); ir 3400, 1640, and
1600 cm-1. Compound 2r: xmax, n¥a (€), in neutral alcoholic
solution, 310 (35,000), 340 (12,000), 390 (5500), and 410 (4000);
In_agijig solution, 325 (30,000%, 540 (850), 585 (850), and 640
(750%. ;r33”  1650j and 1590-1550 cm™18

, additional amount of product (about 5% of the yield given
m Tables I-111) was obtained, as the hydrochlorides or per-
chlorates, by adding 20 ml of the appropriate concentrated acid
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to the mother liquors and precipitating the blue salts by addition
of ether.

Method B.—The appropriate 2-acyl-1,3-indandione and the
appropriate o-phenylenediamine were condensed as described in
method A except that, after the reaction time indicated in Tables
|11, the mixture was concentrated to 150 ml and allowed to
stand for 2 days. The solid was collected by filtration, washed
twice with methanol (25 ml), and recrystallized from a suitable
solvent (see Tables I-411) to give red needles (except 2f, red
plates). Compound 2c: Xyax n¥j (€), in neutral alcoholic solution,
400 (6000); in acidic solution, 550 (680), 590 (630), and 650 (400);
ir 3300, 1645, and 1580-1550 cm“l. Treatment of the mother
liguor with concentrated hydrochloric or perchloric acid gave an
additional amount of product, as the corresponding salt of in-
tense blue color.

2,2'-[0-Phenylenebis(nitrilomethylidyne)] di-1,3-indandione
(3, Ri = R2 = Ra = H).—A solution of o-phenylenediamine (2.5
g) and formic acid (0.5 ml) in ethanol (50 ml) was added dropwise
over a period of 15 min to a refluxing solution of 2-formyl-I,3-
indandione (5 g) in ethanol (100 ml). The mixture was then
cooled to room temperature and the precipitate was collected
by filtration. A 90% yield of 3, as bright yellow plates of mp
>300° (dimethylformamide), was obtained.

Anal. Calcd for C»sHisN204 C, 74.28; H, 3.84; N, 6 656.
Found: C, 74.27; H, 3.73; N, 6.75.

Compound 3 failed to cyclize by treatment with perchloric,
sulfuric, or polyphosphoric acid.

Reactions of 2b and 2g with Hydrazines.—The general pro-
cedure used was as follows. The appropriate anhydrous sub-
stituted hydrazine (75 mmol) was added to a stirred, cold solution
or suspension of the appropriate benzindenodiazepinone 2 (50
mmol) in anhydrous dioxane (100 ml), followed by the addition
of anhydrous formic acid (0.5 ml). Agitation was continued for
about 5 hr. Then the reaction mixture was evaporated to dry-
ness under reduced pressure at room temperature and the residue
was recrystallized from a suitable solvent.

12-(2,2-Dimethylhydrazino)-l 1-methylbenz[s Jindeno[1,2 -€]-
[1.4] diazepin-12(5H)-ol (5a) was obtained in 60% yield, as
yellow-red plates of mp 172° (anhydrous ethanol or dioxane-
hexane) by reaction of 2b with 1,1-dimethylhydrazine.

Anal. Calcd for CpH20NO:  C, 71.23; H, 6.25; N, 17.49.
Found: C, 71.22; H, 6.33; N, 17.31.

12-(2 ,2-Dimethylhydrazino)-ll-phenylbenz[s Jindeno[l,2 -€]-

[1.4] diazepin-12(5H)-ol (5b) was obtained in 40% yield as yellow

needles of mp 210-212° (dioxane-hexane) by reaction of 29
with 1,1-dimethylhydrazine.
Anal. Calcd for CHHZND : C, 75.37; H, 5.80; N, 14.65.

°UlI-Methyl-12-(2-phenyihydrazino)benz[6]indeno[l,2-e][1,4]-
diazepin-12(5H)-ol (5c) was obtained in 40% yield as yellow
plates of mp 165-168° (ethanol) by reaction of 2b with phenyl-
hydrazine. In the mass spectrum of 5c, there was molecular

b60P9hs, Bah/ IE N KIS MAgSBINLLY 77, The riass

spectrum of the starting material 2b revealed a molecular ion
neak at m/e 260 with abundant fragment peaks at m/e 245, 231,
1 '19,190,130,115,108,102, and 77.

Anal. Calcd for CH2ND: C 75.18; H, 5.21; N, 15.25.
.cound 75.27, XX 5.50, W?X4.72
3- Methyimdeno[l 2- c]pyrazol 4(IH) -one 4-Hydrazone (4)—

§/elfow crystals of mp 250-255° were obtained. The identity of
this compound with an authentic sample of 3-methylindeno-

Mosher and Piesch

[1,2-c]pyrazol-4(IH)-one 4-hydrazone, obtained from 2-acetyl-
1,3-indandione and hydrazine,7 was established by mixture melt-
ing point determinations and by comparison of the ir spectra,
Reactions of 2b, 2e, and 2g with Hydroxylamine.—The follow-
ing general procedure was used. A mixture of hydroxylamine hy-
drochloride (55 mmol) and sodium acetate (55 mmol) was added
in one portion to a stirred, cold solution of the appropriate benz-
indenodiazepinone 2 (50 mmol) in dimethylformamide (100 ml),
The agitation was continued until the solution turned dull yellow,
Then the reaction mixture was poured into 600 ml of vigorously
stirred ice-water. (The reverse procedure, i.e., addition of
water to the reaction mixture, caused decomposition of the prod-
uct giving the starting material.) The yellow precipitate was
collected by filtration, washed with ice-water, dried over P206
and recrystallized from anhydrous solvents.

12-Hydroxyamino-l 1-methylbenz [s Jindeno [1,2-¢] [1,4] diaz-
epin-12(5H)-ol (s a) was obtained in 90% vyield as yellow plates
of mp 205° dec (dioxane-hexane or ethanol) by reaction of 2b
with hydroxylamine for 5 hr. The mass spectrum of s a revealed
a molecular ion peak at m/e 293 with abundant fragment peaks
at m/e 278, 260, 245, 231, 219, 190, 160, 133, 130, 115, 108,
102, 92, and 77. The mass spectrum of the starting material
2b is reported above (see compound 5c).

Anal. Calcd for C,H1N202 C, 69.62; H, 5.16; N,14.33.
Found: C, 69.28; Il, 5.40; N, 14.43.
12-Hydroxyamino-ll-isobutylbenz[5]indeno[l,2-e][l,4]di-
azepin-12(5H)-ol (sb) was obtained in 75% yield as brownish
yellow plates of mp 215° dec (ethanol) by treating 2e with hy-
droxylamine for 10 hr.
Anal. Calcd for COHAND 2 C, 71.62; H, 6.31;
Found: C, 71.75; H, 6.23; N, 12.46.
12-Hydroxyamino-II-phenylbenz[6]indenol[l,2-€] [l,4]diaz-
epin-12(5H)-ol (sc) was obtained in 55% yield as deep yellow
crystals of mp 223° (ethanol or dioxane-hexane) by reaction of
2g with hydroxylamine for 10 hr.
Anal. Calcd for C2Hi7N:02 C, 74.35; H, 4.82; N, 11.82.
Found: C, 74.12; H, 4.96; N, 12.37.

Miscellaneous Reactions of Compounds 5 and s — These
compounds reduced silver nitrate solution in the cold. When
refluxed for a few minutes in 95% ethanol they gave the corre-
sponding benzindenodiazepinones 2 and when treated with hy-
drochloric acid in ethanol solution produced the blue hydrochlo-
rides 7. Treatment of these salts with aqueous alcoholic solu-

tions of ammonia gave the corresponding bases 2 .

N, 12.53.

Registry No.—la, 24472-20-6; Ib, 24515-43-3;
lc> 24472-21-7; Id, 24472-22-8; 2a, 24472-23-9;
2a 24472-24-0; 2b, 24472-25-1; 2b (HCIOi),

24467-34-3; 2c, 24472-26-2; 2d, 24472-27-3; 2e, 24472-
28-4; 2e (HCIO4), 24523-21-5; 2f,
24472-30-8; 2b, 24472-31-9; 2i
32-0;, 2i (8 |somer) 24472-49-9;
34-2, 2] (s isomer), M47:—002 2p, 244/2-35-3,
2q, 24472-36-4; 2r, 24472-37-5; 2s, 24472-38-6; 3a,
24472-39-7; 4,24472-40-0; 5a, 24472-41-1; 5b, 24472-
42-2; 5c, 24472-43-3; 6a,24472-46-6; 6b,24472-47-7;

(7 isomer), 24472-

2d (7 t§omer2’1 24&7?0

- ON170/1S Q
0C' 344/2-48-0.

. ko9 Ak ko “  the
valuable assistance ol Dr. Mario i barton m connec-

tion with this research.

24472-29-5;29,
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Displacements by ethylenimine on several activated vinylic chlorides (CIC=CZ, where Z = COZEt, S02A,
CN, and PhCO) proceed with retention of configuration.

Nucleophilic substitution reactions on vinyl halides
activated by electron-withdrawing groups generally
proceed readily and with retention of geometric configu-
ration.1-6 However, like displacements by amines

XCH=CHZ + N:__#»NCH=CHZ + X:
Y ., ”

were reported to proceed nonstereospecifically, i.e.,
only one product isomer being obtained from both cis
and tram substrates.26e6cd Recently, it was shown
that activated cfs-enamines readily isomerize to the
more thermodynamically stable trans structures either
by thermal7ab or acid-catalyzed processes.® These
isomerizations were precluded by use of ethylenimine
(1,748 presumably because the ring strain effect mini-
mized contribution in the product from zwitterionic res-
onance form 2, which, by lowering the bond order, would
have facilitated a thermal isomerization. Also, owing
to lower basicity, the adductfro m ethylenimine is less

subject to an acid-catalyzed isomerization.
+

1>N=CH—CHz
2

In a brief communication,8the preliminary results of
the reactions of 1 with /3-chloroacrylic esters and anal-
ogous sulfones were presented. To establish the
generahty of stereospecific displacements by 1, four
additional systems were studied, and the results are
summarized in Table I. The reactions were carried out
in benzene and in absolute ethanol, at 0-25°. The
configurational assignments were made on the basis of
the a- and /3-vinyl proton coupling constants.0 For the

pN CH=CHZ <x*

“The Chemistry of Alkenes,” Inter-
(b) Z. Rappoport,

(1) (a) S. Patai and Z. Rappoport,
science Publishers, Inc., New York, N. Y., 1964, p 525 ff;
Advan. Phys. Org, Chem., 7, 1 (1969).

(2) F. Scotti and E. J. Frazza, J. Org. Chem.., 29, 1800 (1964).

(3) (@) D. Landini and F. Montanari, Chem. Commun., 180 (1967);
(b) A. N. Nesmeyanov, M. |. Rybinskaya, and T. G. Kelekhsaeva, Zh. Org.
Khim., 4, 921 (1967); (c) F. Montanari, D. Landini, and B. Cavalchi,
J. Chem., Soc. C, 1204 (1969).

(4) (a) S. 1. Miller and P. K. Yonan, J. Amer. Chem. Soc., 79, 5937 (1967);
(b) G. Marchese, G. Modena and F. Naso, Tetrahedron, 24, 663 (1968).

5 (a) 1. Maioii and g. Modena, Gazz. Chim itai., 89, 84 (1959);
(b) G. Modena and P. E. Todesco |b|d 866 (1959); (c) G. Modena P. E.
Todeaco, and S. Tonti, md., 89, 878 (1959); (d) . Montanari, Boll. sd.
Fac. Chim. ind. Bologna, 16, 3I (1988); (e) S. Ghersetti; g. Lugii, g.
Melloni, G. Modena, P. E. Todesco, and P. Vivarelli, J. Chem. Soc., 2227

) (@ D E. Jones, r. 0. Morris, C. a. Vernon, and r . £. m. White,
Md., 2349 (1960); (b) W. e. Truce and i S. pizey, j. Org. Chem.,
S0, 4355 196!32 $C r. \&ssierg Bull. sgc. cim Fr., 1645 (1359); (d) j. S.
Pizey and W ruce, J. Chem. Soc., 865 (1964).

(7) (@) W. E. Truce and D. G. Brady J.
(b) Y. Shvo and H. Shanan-Atidi, J. Amer. Chem. Soc., 91, 6683, 6689
(1969); Y. Shvo and I. Belsky, Tetrahedron, 25, 4649 (1969); (c) R. Huisgen,
K. Herbig, A. Siegel, and H. Huber, Chem. Ber., 99, 2526, 2546 (1966).

(8) W. E. Truce, J. E. Parr, and M. L. Gorbaty, Chem. Ind. (London),
660 (1967).

(9) L. N. Jackman,
Spectroscopy to Organic Chemistry,”
N. Y., 1959, pp 85-87.

Org. Chem., 31, 3543 (1966);

“Applications of Nuclear Magnetic Resonance
Pergamon Press, Inc., New York,

/3-substituted crotonate system, where there was no
/3-vinyl hydrogen, assignments were based on the chemi-
cal shift of the /3-methyl group, which is known to
absorb at lower field when cis to the ester group.l0

When ethyl ras-/3-chloroacrylate was treated with
diethylamine, ethyl trans-3-(diethylamino) acrylate was

isolated. However, reaction with 1 gave exclusively
ethyl eis-fi-(ethylenimino)acrylate. Treatment of ethyl

¢rans-/3-chloroacrylate with 1 gave only frans-substitu-

tion product. Comparison of these data with those

obtained from the addition of 1 to ethyl propiolate

(Table 11) excluded an elimination-addition sequence,

and, therefore, a substitution mechanism (involving a
dipolar adduct) is proposed for these reactions.

Likewise, ethyl cis- and ¢;rons-/3-chlorocrotonateséan
reacted with 1 in a stereospecific manner. Comparison
of these data with those in Table Il for the addition of 1
to ethyl tetrolate precludes an elimination-addition
mechanism.

Incidentally, with the /3-aminocrotonates, the cis
isomer being the more thermodynamically stable7-12
accounts for why only cfs-/3-aminocrotonates were iso-
lated from displacement by simple secondary amines on
boti the f and tr?ns substratesé0d 1?2 In fact, other
electron-releasing (resonancewise) substituents (eg.,
ch ore andethylthio) tram to the carbethoxy substitu-
ent generally constitute the more stable configuration
°f tbe corresponding substituted crotonates.6* The
f eater stabdlty of/ hese(CIS catenates is accountable
bya contribution from form 3 like resonance inter-
attl°n bemS > ss wf h th(? geometrical isomers because
°f S'enc “*“ _ i®“ *? copW ity; pJJort for this con-

ceptis prowded by dipoleé momeént st ies.?0
OH3 Cu2ht CH3
n / \ \
n n
/ \ v N
n n n

The reactions of ms- (4a) and traus-l-chlorO-2-(p-
tolylsulfonyl)ethene (4b) with 1 proceed with complete

retention of conflguratlon An ellmmatlon addition
mechanism for 4a deserves consideration in view of the
trans stereoselectivity for addition of the amine to the

ethynyl sulfone (Table I11). However, MMena, et al; %
have shown through rate studies that amines react with
0 halovmyl sulfones by a direct substitution mechanism,

&nd SUCh characterlstlcs A the elimmatlOn-addItiOn

(10) (a) R. Morris: C. A. Vernon, and R. F. M. White, Proc. Chem. Soc.
London, 303 (1958); (b) L, M. Jackman and R. H. Wiley, J. Cheni. Soc.,
2886 (1960).

(11) cis and trans refers to the positions of the methyl and carbethoxy
groups.

(12) A. Sanchez, M. T. Aldave, and U. Scheidegger, J.
2570 (1968).

Chem. Soc., C,
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Table |
Stereochemistry of the Reaction of Ethylenimine with C1C(R)=CHZ

N Substrate * E —Product: 1e"
R z Configuration % cisa % irons'l Bp (mm) [mp], °C
H COIiEt cis 100" 0 41 (0.2)
H COEt tram 06 100 82 (1.0)
CH3 COEt cis 100 0 86 (6.0)
CH3 COsEt trans 0 100 97-98 (9.0)
H Ts cis (4a) 100" 0 [83-89]
H Ts trans (4b) (0} 100 [68-70]
H CN >97% cis (Sa) >97 <3 78-79 (11.0)
H CN trans (5b) 0 100 86 (9.0)
H COPh” cis (6a) 85(8a) 15(8b) Qil
H COPhc trans (6b) 0 100 Qil
H pP-NOICcH), cis No reaction
H p-NOZG#4 trans No reaction
“ Determined from nmr analysis of crude and purified products. 6Reference 8 ¢ Reactions carried out only in benzene.
Table Il Until recently cis isomers of /3-halovinyl ketones were
Additions of Ethylenimine to ZC=CR unknown.’6 Montanari,3ac and Nesmeyanov3bsuccess-
R Substrate—--—---. e Product------- . fully prepared aryl m-.S-chlorovinyl ketones, and
R z solvent %cis Y% trars showed that displacements by thiolate3a® and azide3d
H COEts Benzene 10 90 proceeded with retention of configuration.
Ethanol 56 44 When either phenyl cis- or ¢rans-/3-chlorovinyl ke-
3 2t Ethanol 64 ?lhc t°nela was allowed to react with diethylamine, only
H SO HB Benzene ~95 NG P 1 ton”™-(diethykmino)vinyl ketone (7) was
Ethanol 100 0 PKPO il
H CN Benzene 93 7 benzene or \ /
Ethanol 95 5 PhCOCH=CHCI + EtNH ------—-- > c=C
H COPh Benzene 36 64 6a, cis ethanol / \
Ethanol 23 77 b, trans H NEta
H p-NOZ a4 Benzene No reaction
Ethanol No reaction obtained. The results of the reaction of 6a and 6b with

“ Det;rmmed bg nmr anal SIS of the crude mixture. 6I3gf7
erence /a. «Yessiere, el al. . Acad. Sci. Paris, Ser. C

426 (1968)] report 86% cis and 14% trans in benzene and 60%
cis and 40% trans in ethanol.

mechanism as were observed in the displacement
reactions by amines were claimed to be due to small
amounts of alkoxide ion generated by the amine-alcohol
equilibrium
RNH + R'OH RNH2+ RO-

It is highly unlikely that 1 could participate in such an
equilibrium owing to its low basicity (pAb = 6.1),13 and
consequently, reaction of 1 with 4a as well as with 4b is
postulated to proceed by a direct substitution pathway.

Besides carbethoxy and arylsulfonyl, a third activat-
ing group employed was cyano as in cis- and trans-
chloroacrylonitriles.l4 The cis isomer (5a), containing
2-3% trans isomer (5b) was used as such, while 5b was
obtained pure. The results of the reactions of 1 with
5a and 5b are summarized in Table I. Although the
as product contained”™approximately 2-3% iron.product,
there can be no doubt that the reaction is stereospecific,
because no more of the irana product was found than
there was trans substrate. The results of the addition
of 1 to propiolonitrile are included in Table Il. Here
again an elimination—addition’s pathway cannot be
excluded for the cis isomer based only on these results,
but is considered unlikel}/ owing to the basicit\\// of 1.

(13) G.J. Buistand H. S. Lucas, J, Amer. Chem. Soc., 79, 6157 (1957).

(14) A. N. Kurtz, W. E. Billups, R. B. Greenlee, H. F. Hamil, and W. T.
Pace, J. Org. Chem., 30, 3141 (1965).

(15) W. E. Truce and M. M. Boudakian, J. Amer. Chem. Soc.,
(1956).

78, 2748

1,1.R E’enzeR® are §Un”3.“m"QFI§SH |Jrr1] aBleI ¢ 823 8)‘ EPS
additions of 1to phenyl ethynyl ketone are summarized
in Table Il.  The product of the reaction of 1 with 6b
in absolute ethanol was an amorphous yellow solid,
believed to be polymeric material, which was not
characterized.

When 6b was allowed to react with 2 equiv
(stoichiometric amount) of 1, there was obtained an oil
of which 95% was phenyl frans-/?-(ethylenimino)vinyl
ketone (8b) and 5% 0,/3-di(ethylenimino)propiophenone

PhNCOCH=CHCI + 1 —»
6b
PhCO H
\>=C + phCOCHCH (N<1)
/I \ 9 ~n 2
H N
gt

3 *
(9)_ The latter no doubt arises from the addition of j to
8 since 9 is also formed when excess : is added to phenyl
eth | ketone. Other caseg where x adds to activated
olefins are the additions to substituted acrylonitrileS®
and to i)2-bis(p-tolylsulfonyl)ethene.13

(16) In our attempts to prepare methyl c£s-jS-chiorovmyl ketone, ¢
chloroacrylie acid was treated With 2 equiv of methyllithium according to
th? prfedure Chem. Scand 6 782 (1952) However,
only’ starting material could be recovered Undoubtedly, the lithium salt
of m-#-ehloroacrylic acid was so insoluble in ether that further reaction
with methyllithium was not realized.

(17) L. H. Chance, D. J. Daigele, and G. L. Drake, Jr., J.
Data, 13, 442 (1968); H. Bestian, Justus Liebigs Ann. Chem.,
(1950).

(18) j. g#Meek and J. S. Fowler, /. Org. Chem., 33, 985 (1968).

Chem. Eng.
SG6, 210
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Table Il

Chemical Shifts of the & Protons of Trans YC(R):CHZ

Registry no. z R Y
1883-81-4 COjEt H N
13894-28-5 B*N
15358-63-1 COjEt CHs >N
6283-65-9 eN
Piperidino
23220-69-1 CN H [>N
Piperidino’
Morpholine)*
Pyrrolidino™
16491-06-8 SO ™7 H >N
BN
MYN\F
PhCO H >N
EjN

** (parts per million) from tetramethylsilane.
T.  Yoshioka, and K. Shoji, J. Chem. Soc., C, 1086 (1969).

The reaction of 2 equiv of 1 with 6a in ben-
zene led to an oil which consisted of 71% phenyl cfs-/?-
(ethylenimino)vinyl ketone (8a) and 14% 8b, in ratio
of 85:15, and 14% 9. Use of 1 equiv of 1 with 6a gave
a mixture of 57% 8a and 9.5% 8b (in a ratio of 85:15)
and 22.1% 6a and 11.4% 6b (ratio of 66:34).

The reaction of 1 with 6a appears to be at least largely
stereospecihc. lhe fact that some 6b was observed
when a deficiency of amine was used indicated that 6a
was being isomerized, probably through acid catalysis.
One equivalent of hydrogen chloride, and thus presum-
ably 1 equiv of amine hydrochloride, was formed
for every equivalent of substitution product formed.
The conjugate acid of 1 should be acidic enough (pK &=
8.0) to provide the acid catalyst. It is kncwn that 6a
is extremely sensitive to acid, and will isomerize in its
presence.3 The data in Table Il rule out an elimina-
tion-addition sequence.

A hnal system, which was studied briehy, was the
pair, cis- and ¢nms-p-nitro-d-bromostyrene, which
failed to react with 1 or diethylamine in either benzene
or absolute ethanol, at room temperature or at reflux.

The preceding data have demonstrated the stereo-
specihcity of displacements by 1 on activated vinyl
halides and point to the probability that displacements
by other amines also proceed with initial retention of
configuration, the nonstereospecificity of amine dis-
placements reported by others being due to a facile
postisomerization of the initially formed substitution
product ]

L, . i i j*

Two mechanisms were proposed for the posflsomer-
ization O activated enamines derived irom simple
amines,7 the basis of both being a greater contribution
to the ground state from a zwitterionic resonance form
in enamines derived from simple amines than from those

derived from 1. There is ample evidence to support

the concept of the zwitterionic character of the ground

states of activated enamines;E-27c however, no data
I

. R 1 o o s . ,®
Were available for the ethylenimino derivatives.

(19) H. W. Duerbeck, Z. Anal. Chem., 235, 43 (1968).

(20) J. Dabrowski, Spectrochim. Acta, IS, 475 (1963).

(21) A, Shidlovskaya, Y. Syrkin, and N. Kochetkov, Izv. Akad. Nauk
SSSR, Otd. Khim. Nauk, 254 (1956).

(22) R. Huisgen and K. Herbig, Justus Liebigs Ann. Chem., 688, 98 (1965).

b Coupling constants are given in cycles per second.
* Reference 7a.

oh« “ AS /hh6 Solvent
5.25 13.0 CDC13
4.43 0.82 13.0 CCl,
5.20 CDC13
4.64 0.56 CDC13
4.67 0.53 CCL,
4.71 14.0 CCl,
3.90 0.81 14.0 CDC13
3.93 0.78 14.0 CDC13
3.64 1.07 13.5 CDCls
5.58 13.0 CDC13
4.90 0.68 14.0 CDCls
4.90 14.0 CDCU
6.40 13.0 CDCls
5.74 0.66 12.9 CDCls
' Reference 6. dT. Sasaki,

Hence, it was desirable to determine at least qualita-
tively, if there is greater zwitterionic character in the
ground state of activated enamines from simple amines
than in those from 1. Such contribution would be

R’ R’ R’
r, . N N'r, niJ -~

/ # f

1UN RN+ RiN+

expected to produce a pronounced shielding effect on
the a proton in the nmr spectrum, causing an upheld
shift of the signal.23 Thus, the chemical shifts of the
a protons in a series of /3-enamino compounds of the
same configuration should offer an estimate of the im-
portance of zwitterionic character in the ground state.
It can be seen from the data in Table 111 that there is a
considerable upheld shift of the a protons of enamines
derived from simple amines relative to those derived
from 1, supporting the hypothesis of greater zwitter-
ionic character in the ground state of the former. Fur-
thermore, ethyl cfs-/3-(diethylamino)crotonate [Xmex
289 mg (log e 4.57)] showed a bathochromic shift of
33 mg relative to ethyl cis-@-(ethylenimino)crotonate

[Xmex 256 mg (log e4.79) ].

Experimental Section2*
r
Starting Materials.—Ethylenimine was supplied by the Dow
Chemical Co., was stored over caustic soda pellets, and was

used without further %Jriﬁcati n. Distjlled c mBnerciaI grade
lute ethanol and Pspectrophotometric grade benzene “were

used. Other reagents were obtained through the usual chemical
supply companies, and were used without further purification,
cis- and irans-I-chloro-2 -(p-tolylsulfonyl)ethene,” 'Mphenyl trans-

(23) N F Firrell and P w Hickmott, j . Chem. Soc.. b. 293 (i969);
K. Nagarajan and S. Rajappa, Tetrahedron Lett. 2203 (1969). '®

(24) All microanalyses wereyarnedlout by Dr. C. S. Yeh and staff~of the
Purdue Chemistry Microanalytical Laboratory. All melting points and
boiling points are uncorrected. AH nmr spectra were run on a Varian A-60
or A-60A with the spectrometer operating at 60 MHz and using tetramethyl-
silane as an internal standard. Vpc analyses were performed on a Perkin-
Elmer Model 154 vapor fractometer at 125-130° on column “O.”

(25) L. Maioli and G. Modena, Boll. Sci. Fac. Chim. Ind. Bologna, 16,
86 (1958); Chem. A'ostr., 53, 70806 (1959).

(26) F. Montanari, Gaze. Chim. Ital., 86, 406 (1956).

v A n
iwfluid muQyYitnrtifIR*
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/3-chlorovinyl ketone,Z cis- and irans-p-nitro-/3-bromostyrene,4
phenyl ethynyl ketone,Band ethyl tetrolateDwere prepared by
known procedures.

Ethyl cis-/3-Chloroacrylate.— Esterification of cfs-(3-chloro-
acrylic acid4with ethanol and catalytic sulfuric acid gave a 65%
yield of pure product: bp 71-73° (27 mm); nmr (CCU) s 1.30
(t, 3H,/ = 7.0cps), 419 (g, 2H, ) = 7.0 cps), 6.08 (d, 1 H,
J = 85 ¢ps, a-vinyl proton) 6.62, ppm (d, 1 H, ) = 8.5 cps, 0-
vinyl proton).

Ethyl irans-S-Chloroacrylate.—This was prepared in 41%
yield as above by esterification of trans-/3-chloroacrylic acid.i4
The product boiled at 50-51° (22 mm): nmr (CC14) a 1.25 (t, 3
H, J =7.0¢ps), 408 (g, 2H,J =7.0¢cps), 609 (d, 1H,J =
13.0 ¢ps, a-vinyl proton), 7.19 ppm (d, 1 H, J = 13.0 cps, 0-
vinyl proton).

Ethyl cis and irons-/?-Chlorocrotonate.—These were prepared
by the method of Jones, et al.&* The isomers were separated by
fractionation on a spinning-band column to afford vpc pure cis
ester, bp 48-50° (11.0 mm) [lit.6 bp 68-69° (10 mm)], and trans
ester, bp 62-63° (11.0 mm) [lit.6' bp 68-69° (10 mm)], which
contained a 10% impurity. The trans ester was obtained pure
by collection from an Aerograph Autoprep Model A-700, using
a4 ft X Vsin. SF 96 column at 128°: nmr (CC19 of cis ester
5 127 (t,3H,3 =7.0c¢ps), 256 (d,3H,J = 1.5 cps, CHX=C),
413 (g, 2H,3 = 7.0 cps), 6.00 ppm (M, 1 H, CHX=CH);
nmr (CC19) of trans ester S1.27 (t, 3H,J = 7.0 cps), 2.24 (d, 3
H, / = 15 cps, CHX=C), 4.14 (g, 2H, J = 7.0 cps), 593
ppm (m, 1 H, CHX=CH).

cis and trans-/3-Chloroacrylonitriles— These were prepared by
pyrolysis of 2,3-dichloropropionitrile according to the method of
Kurtz, et al.u The crude pyrolysate was distilled, bp 28-48°
(20 mm), and the distillate was redistilled at atmospheric pres-
sure to give two main cuts, bp 87-139°, which contained a-
chloroacrylonitrile and irans-/?-chloroacrylonitrile, and bp 143-
146°, which was 97% pine cis-/3-chloroacrylonitrile (lit.2 bp
145°). The first cut was redistilled on a spinning-band column
to give pure trans isomer: bp 114°; mp 45-46° (lit.2bp 118°
mp 45°); nmr (CC19 of )is isomer 65.82 (d, 1 H, ] = 7.8 cps,
a-vinyl proton), 6.95 ppm (d, 1 H, ) = 7.8 cps); nmr (CC14) of
trans isomer $5.79 (d, 1 H, J = 13.0 cps, a-vinyl proton), 7.15
ppm (d, 1 H, 7 = 13.0 cps).

Phenyl C7S-/3-Chlorovmyl Ketone.—This was prepared by the
method of Montanari.3'0 The crude material contained 3-5%
starting material, 10-20% trans isomer, and product. A por-
tion of this material, 2.3 g, was chromatographed on silica gel
(30 cm X 3.5 cm) using a 2:1:1 solution of n-hexane-ethyl ace-
tate-petroleum either (bp 30-60) as eluent.®d Twenty-milliliter
fractions were taken, and fractions 15, 16, and 17, 0.85, g, were
combined and shown by nmr to be >98% phenyl cis-0-cbloro-
vinyl ketone and <2% starting material: nmr (CCl4) §6.68
(d, 1 H, 3 = 80 cps, a-vinyl proton), 698 (d, 1 H,J = 80
cps, /5vinyl proton), 7.42 (m, 3 H, aromatic protons), 7.87 (m,
2 H, aromatic protons). This compound is a lachrymator and
vesicant and should be handled with extreme care.

Propiolonitrilee—A mixture of 3.0 g (0.043 mol) of propiol-
amide® and 10.0 g (0.071 mol) of phosphorus pentoxide were
ground and well mixed under a nitrogen stream, and the mixture
was transferred to a 100-ml flask equipped with a distillation
head. The mixture was heated to 200° and the distillate was
collected to give 1.4 g (65%) of propiolonitrile, bp 40-42°
(lit.Dbp 42°).

General Procedure for the Reaction of Ethylenimine with
Activated Vinylic Halides.—To a stirred solution of the halide
in about half the solvent, in a flame-dried flask under nitrogen at
0° was added dropwise the solution of ethylenimine (two- to
threefold excess) in the remaining solvent. The mixture was
stirred at 0°, then at room temperature. The reaction mixtures
in benzene were filtered and the solvent was removed in vacuo.
Those in ethanol were worked up by removing the solvent in
vacuo and treating the residue with ether and water to remove the
amine hydrochloride. The crude material was analyzed by
nmr and purified by distillation or recrystallization, and the pure
product was analyzed by nmr.
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Ethyl a's-/3-(Ethylenimino)acrylate—The procedure outlined
above was used with 1.00 g (0.0075 mol) of ethyl cts-/3-chloro-
acrylate, 1.24 g (0.029 mol) of 1, and 50.0 ml of benzene. After
stirring for 4 hr at 25° and work-up, the crude material was
distilled to give 0.46 g (44%) of product: bp 40-41° (0.2 mm);
nmr (CDC13 5123 (t, 3H,J = 7.0cps), 208 (s, 4 H, ethylen-
imino protons), 4.09 (g, 2H,/ = 7.0¢ps), 501 (d, 1 H,J = 9.0
cps, a-vinyl proton), 6.54 ppm (d, 1 H, ./ = 9.0 cps). When
absolute ethanol was used, 0.40 g (33%) of the same product was
isolated. The spectral data were identical with those reported
earlier.7a

Ethyl irons-/?-(Ethylenimino)acrylate.—Ethyl trans-0-chloro-
acrylate (1.00 g, 0.0075 mol) was treated as above with 0.832 g
(0.0193 mol) of 1 using 50 ml of benzene. After stirring 4.5 hr
and work-up, 0.70 g of liquid, shown to be 47% product (32%
yield), was isolated. This was distilled to give pure product:
bp 82° (7.0 mm); nmr (CDC13 5125 (t, 3H,J = 7.0 cps),
1.95 (s, 4 H, ethylenimino protons), 4.08 (g, 211, 7 — 7.0 cps),
525 (d, 1 H,J = 13.0 cps, a-vinyl proton), 7.40 ppm (d, 1 H,
J = 13.0 cps). The reaction in ethanol was stirred at room
temperature for 22 hr to give a 75% yield of product. The
spectral data were identical with those reported earlier.7

Ethyl irons-/3-(Diethylamino)acrylate.— This was prepared from
0.75 g (0.0056 mol) of ethyl «»>-/3-ehloroacrviate, 1.64 g (0.22
mol) of diethylamine, and 20 ml of-absolute ethanol. After
stirring for 7 hr, and work-up, 0.75 g (79%) of product was
isolated: bp 82° (1.0 mm) [lit.3 bp 90-91° (0.15 mm)]; nmr
(CC14 6 1.20 (overlapping triplets, 9 H), 3.21 (g, 4 1l, 7 =7.0
cps, CHXHN), 402 (g, 2 H, ./ = 7.0 cps, CIITHD), 443
(d, 1 H,J = 13.0, a-vinyl proton), 7.30 ppm (d, 11T, / = 13.0
Ccps).

pE)thyl cis-0-(Ethylenimino)crotonate.— The general procedure
was followed, using 2.00 g (0.013 mol) of ethyl Q(s-/?>chloro-
crotonate, 0.295 ml (0.058 mol) of 1, and 20 ml of benzene. The
mixture was stirred for 3 days at room temperature. Work-up
gave 15 g of liquid, 81% of which was product (59% vyield),
This was distilled to give pure product: bp 86° (6.0 mm);
nmr (CDC13 5123 (t, 3 IT, .7 = 7.0 cps), 1.96 (s, 4 H, ethyl-
enimino protons), 2.28 (s, 3 H, CHX=C), 409 (q, 2 IT,J =
7.0 cps), 5.20 ppm (s, 1 H, C=CH).

Anal. Calcd for CgHBNO2 C, 61.91; IT, 844; N, 9.03;
mol wt, 155.2. Found: C, 61.67; H, 858; N, 8.87; mol wt,
158.

When the reaction was carried out in ethanol, a 71% yield was
obtained.

Ethyl trans-0-(Ethylenimino(crotonate—The general proce-
dure was followed using 0.85 g (0.0058 mol) of ethyl trans-0-
chlorocrotonate and 0.75 ml (0.014 mol) of 1 in 15 ml of benzene,
The flask was stoppered and stored at 0-3° for 3 days. The re-
action was monitored by vpc which showed only trans substrate
and trans product. Work-up gave 0.70 g (79%) of product:
bp 67-98° (9.0 mm); nmr (CDC13)5 1.26 (t, 3IT,J = 7.5 cps),
193 (s, 3 H, CHX=C), 215 (s, 4 H, ethyleniminoprotons),
4.15 (g, 2H, J = 7.5 ¢ps), 5.15 ppm (s, 1 H, C=CH).

Anal. Calcd for CgHisNO.: C, 61.91; H, 844; N, 9.03.
Found: C, 61.75; H, 840; N, 9.07.

When the reaction was carried out in ethanol, 61% product
was obtained.

Ethyl cis-/3-(Diethylamino)crotonate.— This was prepared from
0.55 g (0.0037 mol) of ethyl cis-0-chlorocrotonate and 1.02 g
(0.015 mol) of diethylamine in 15 ml of benzene. The flask was
stoppered and allowed to stand for 2 weeks at room temperature.
Work-up gave 040 g of material, 87% of which was product,
Distillation gave the pure product: bp 123-124 (6.0 mm) [lit.2
bp 120-121 (2.5 mm)]; nmr (CDC13) 5 1.16 (overlapping triplets,
9 H), 246 (s, 3 H, CHX=C), 3.30 (g, 4 H, CHXHN), 4.23
(9, 2H, CHXHD), 4.64 ppm (s, 1 H, C=CH).

as-I-Ethylenimino-2-(p-tolylsulfonyl)ethene.—This was pre-
pared from 1.5 g (0.0070 mol) of 4a, 2.0 (0.038 mol) of 1, and 50
ml of benzene. After stirring 4 hr at room temperature, the
solvent was removed in vacuo and the solid was recrystallized
from benzene-hexane to give product: mp 88-89° (lit.7* mp
88-89°); nmr (CDC13 s 2.25 (s, 4 H, ethylenimino protons),
250 (s, 3 H, CHX®#4, 557 (d, 1 H, 1 =9.0 cps, a-vinyl
proton), 6.55 (d, 1 H,J = 90¢ps), 7.30 (s, 2 H,/ = 9.0 cps,
aromatic protons), 7.90