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140°. Recrystallization from benzene gave white crystals of 3:
mp 140-141° (lit.! mp 140-141.5°); picrate mp 158-160° (lit."
mp 157.5-1569°); ir (CHCls) 2780, 1660, 1640, 1610, 1570, 1480,
1420, 1380, 1350, 1255, 1230, 1164, 986, 885, 775, 735 ecm™! (in
complete accord with literature!? ir); nmr (CDCl;) & 13.4 (broad
s, 1, NH), 7.25 d, 2,J = 7THz), 6.1 ppm (t, 1, J = 7 Hz) (in
complete accord with literature!® nmr).

Anal. Caled for CGGH:NO: C, 66.04; H, 6.47; N, 12.84.
Found: C, 66.24; H, 6.61; N, 12.88,

Vapor-Phase Pyrolysis of 1,3-Pentadienyl Isocyanate (1).—A
30 X 2.5 em Pyrex column packed with glass helices and swept
with a nitrogen stream was employed. The inlet was a septum
cap allowing material to be syringe injected. The semisolid
product obtained by the procedure for 1 above was taken up in
CHCl; (20 ml). The oven was heated to 400° in a tube furnace
and the material was injected in 1-ml portions with nitrogen
sweeping the pyrolysate into a trap at —78°. Considerable
carbonization was noticed in the pyrolysis zone. Ir analysis of
the pyrolysate showed an intense band at 2300 em ™ (1) but only
a faint absorption at 1660 cm ! (3). Peaks at 1770 (6) and 2150
em ™! (5) had totally disappeared. Tlc analysis of the pyrolysate
showed a faint spot of R corresponding to authentic 3 and an
intense spot corresponding to 1 (silica gel, 10% ¢-PrOH in CHCls).

Pyrolysis of 3.—A solution of 50 mg of 3 in 1 ml of CHCl; was
pyrolyzed in an identical fashion. No carbonization in the tube
was observed, and the pyrolysate exhibited an unchanged ir
spectrum.

Attempted Acid-Catalyzed Isomerization of 1.—A solution of
ca. 250 mg of 1 in 5 ml of CHCl; exhibited an unchanged ir

(11) G. F. van Rooyen, C. Brink, and P. de Villiers, Tydskr. Natuur-
wetensk., 4, 182 (1964); Chem. Abstr., 68, 132024 (1965).

(12) E. Spinner and J. C. B. White, J. Chem. Soc. B, 991 (1966).

(18) C. L. Bell, R. 8. Egan, and L. Bauer, J, Heterocycl. Chem., 3, 420
(1965).
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spectrum after being stored for 16 hr with 0.15 ml of trifluoro-
acetic acid. An additional 0.1 ml of CF;CO,H was added and
the mixture was heated at reflux for 36 hr. The ir of the brown
mixture showed no absorption at 2300 or 1660 cm™!. The tlc
showed no spot of R corresponding to 3.

Tetrazolinone 6.—A refluxing solution of 4.9 g (0.037 mol) of 8
in 30 ml of heptane was treated over an 0.5-hr period with 5.8 g
(0.05 mol) of trimethylsilyl azide. After 16 hr, 600 ml of N; had
been evolved and a white powder had separated from the solution.
Cooling and filtration gave 2.5 g (55%) of 6: mp 161-162°
(colorless erystals from benzene); ir (CHCl;) 3030 (m), 1770 (s),
1730 (s), 1610 (s), 1600 (s), 1580 (s), 1500 (m), 1400 (m), 1380
(m), 1320 (s), 1250 (m), 1200 (s), 1140 (m), 1090 (m), 980 (m),
960 (s), 910 (), 840 (m), and 640 cm ™ (s); nmr (CDCl;) 5 7.6
(m, 1, HC=CC==0), 6.0-6.9 (m, 7, olefinic), 1.8 ppm (d of d,
6,J = 5 Hz, CH;CH=C); uv max (heptane) 285 nm (log ¢ 4.4);
uv max (heptane, OH~) 265 nm (log ¢ 4.5); mass spectrum m/e
(rel intensity) 247 (4), 246 (27), 152 (7), 137 (6), 108 (22), 95
(100), 81 (20), 80 (19), 67 (34), 54 (22), 41 (42), 39 (35).

Anal. Caled for C2HuO,: C, 58.53; H, 5.73; N, 22.75.
Found: C, 58.01; H, 5.42; N, 22.97.

Thermolysis of 6.—A solution of 50 mg of 6 in 3 ml of o-di-
chlorobenzene was heated at 180° for 16 hr. The solution turned
brown and deposited a black polymeric material. Ir analysis
showed the absence of absorption at 1770, 1730, and 1660 cm ™,
implying that 6 had been consumed but that 3 had not been
formed.
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Addition of 3,3-dialkyl-, 1,3-dialkyl-, and 1,3,3-trialkyldiaziridines to dibenzoylacetylene, diethyl acetylenedi-
carboxylate, and ethyl propiolate gives, generally, adducts in which the diaziridine ring is no longer intact. For
example, addition of 1,3-dialkyl- and 1,3,3-trialkyldiaziridines to dibenzoylacetylene forms 2-(alkylidenehy-

drazino)-1,4-diphenyl-2-butene-1,4-diones (2).

methyl-3,3-pentamethylenediaziridine which adds to the triple bond of dibenzoylacetylene.
studies show that diaziridines add to ethyl propiolate to give trans adducts.

Evidence is presented that it is the alkylated nitrogen of I-

Stereochemical
Hydrolysis of 2-(alkylidenehy-

drazino)-1,4-diphenyl-2-butene-1,4-diones is shown to be a useful method for the preparation of 1-alkyl-3-phenyl-

5-benzoylpyrazoles.

Only a few studies have been reported on the addi-
tion of N-unsubstituted or N-monosubstituted di-
aziridines to alkenes. Miller has found that 3-ethyl-3-
methyldiaziridine adds to acrylonitrile and to butenone
to form 1-(8-cyanoethyl)-3-ethyl-3-methyldiaziridine
and 1-(8-acetylethyl)-3-ethyl-3-methyldiaziridine, re-
spectively.? 1,3,3-Trialkyldiaziridines have been shown
to react similarly with esters of ethenesulfonic acid.?
The reaction of 3,3-pentamethylenediaziridine with
diphenyleyclopropenone has also been described.*
Based on the products of reaction it was presumed that
the diaziridine added to the carbonyl group rather than
the olefinic linkage

No investigations have yet been reported on the

(1) For the previous paper in this series, see H. W. Heine, P. G. Williard,
and T. R, Hoye, J. Org. Chem., 87, 2980 (1972).

(2) J. Miller, British Patent 1,081,292 (Aug 30, 1967); Chem. Absir.,
68, 114071h (1968).

(3) H.Dorn and K. Walter, Justus Liebigs Ann. Chem., 720, 98 (1968).

(4) J. W, Lown, J. Chem, Soc. C, 1338 (1969).

addition of diaziridines to electrophilic acetylenes.
We have observed that, in contrast to aziridines which
have been shown to add to a number of acetylenes to
give N-vinylaziridines,® diaziridines usually react with
activated acetylenes to give products in which the
diaziridine ring is no longer intact.

Results

Diaziridines la—f react with dibenzoylacetylene in
benzene at ambient temperatures to give the 2-(alkyli-
denehydrazino)-1,4-diphenyl-2-butene-1,4-diones 2a—f
(TableI) (Scheme I).

The nmr spectra of 2a-f were consistent with the
proposed structures. Thus, a singlet (1 H) correspond-
ing to the vinyl proton appeared in the region of &
5.6-6.4 for all of these compounds. Furthermore, the

(5) O. C. Dermer and G. E. Ham, “Ethylenimine and Other Aziridines,"
Academic Press, New York, N, Y., 1969, p 138.
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TasLe I

2-(ALKYLIDENEHYDRAZINO )-1,4-DIPHENYL-2-BUTENE-1,4-DIONES FROM THE REACTION OF
DIBENZOYLACETYLENE WITH DIAZIRIDINES®

R2R3C=NN(R!)C(COC:sHs)==CHCOCsH;s
R?

Compd R R? Crude yield, % Mp, °C
2a H CHs CH;}CHz 87 97-100
2b CH; CH; CH;, 17 143-145
2c (CH,)%CH CH, CH, 47 180-181
2d CH; CH,CH,CH,CH,CH. a8 114-119
2e CH;CH,CH,CH, H CH,CH, 68 142-143
2f CH,CH,CH,CH, H CH;CH,CH, 68 86-88
s Satisfactory analytical data for C, H, and N were reported for all new compounds listed in the table: Ed.
ScHEME I thetic importance because the position of the N sub-
NR! 0 stituent relative to the other substituents on the
/ I pyrazole ring is unequivocal. Some of the methods
RZRsc\ + PhCC=CCPh —> employed in the past to form N-substituted pyrazoles
NH (such as the alkylation or arylation of unsymmetrically
la-f substituted pyrazoles) yield two isomeric products
” i (I? i often difficult to separate.®! The preferred method of
preparation of 4, at least for the present, is the addi-
PhC(f=CHCPh <~ Ph(CC==CCPh + R'R°C==NNHR! tion of N-alkyldiaziridines to dibenzoylacetylene fol-
NR! 3a-f lowed by the hydrolysis of the resulting 2. This method
I is more convenient than the addition of 5 to dibenzoyl-
N acetylene since many of the alkylhydrazines 5 are not
| readily available except by the hydrolysis of the cor-
/C\ responding diaziridines.
R Re One diaziridine, namely, 3,3-pentamethylenedi-
2a-f aziridine, added to dibenzoylacetylene in benzene to
g: %i - II%; 321; SHsﬁaRs = CH:.CH, form 6, a product in which the diaziridine ring is still
3, %i = E%H?)gg%s Re TC%S )= CH, intact (Scheme III). However, with but mild heating
» = 3 = - 2 )5~
1= . R?2 = H' RS =
£ R 2 GHYGH, R = Hi R = GHICHICH, Scaws 111
o . NH 9 0
nmr spectra of 2e and 2f exhibited two triplets centered | I
at approximately 6 3.8 (2 H) and 7.1 (1 H). The <:><l + PhCC=CCPh —
downfield triplets in both these cases were assigned to NH o

the N=CH protons and the upfield triplets were as-
signed to the methylene groups bonded to the saturated
nitrogen atom.

The structures of 2a—f were unequivocally established
by an alternate synthesis involving the addition of the
corresponding hydrazones 3a—f to dibenzoylacetylene
(Scheme I),

Further confirmation for the structures assigned to
2a-f was obtained by the acid hydrolysis of these sub-
stances into l-alkyl-3-phenyl-5-benzoylpyrazoles (4)
(Scheme II). These pyrazoles were also prepared by

Scueme 11
0 0
g* " ” -H,0
2a-f - R'RCO + PhCCl}———CHCPh —
2
RIITI
NHZ
Ph I
| 1 <—PhCC=CCPh + RNHNH,
NN
Ph<": | 5
1
5 R
4

adding appropriate alkylhydrazines (5) to dibenzoyl-
acetylene. The hydrolysis of 2a-f is a reaction of syn-

I | I I
PhCC=CHCPh — PhC(’3=CHCPh
NH

I
(X !
NH
6
7

in 959, ethanol, 6 rapidly rearranged to 7. Compound
6 also rearranged into 7 in a nrr tube containing chloro-
form and 1 drop of deuterium oxide.

The structures of 6 and 7 were confirmed by nmr
spectroscopy. In particular, the splitting pattern of
the ring protons of 6 and of 1-methyl-3,3-pentamethy-
lenediaziridine were quite similar. In both compounds
the ring protons appear as a broad band with about
the same chemical shift of § 1.2-1.9. On the other hand,
the aliphatic protons of 7 appear as two broad mul-
tiplets at 6 1.4-1.8 and 2.0-2.6 which is the same pattern
observed for the cyclohexylidene moiety in 2d, cyclo-
hexanone methylhydrazone, and cyclohexanone oxime.

Diaziridines 1a and 1d were added to diethyl acety-
lenedicarboxylate to yield oily products presumed to be

(6) L. C. Bear, R. Fusco, and C. H. Jarboe, ‘“Pyrazoles, Pyrazolines,
Pyrazolidines, Indazoles and Condensed Rings,” R. H. Wiley, Ed., Inter-
science, New York, N. Y., 1967, pp 5-8.
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8a and 8d, respectively. The crude oils were charac-
terized by hydrolyzing them to the known 3-carbo-
ethoxypyrazolin-5-one (92) and 2-methyl-3-carbo-

ethoxy-3-pyrazolin-5-one (9d) (Scheme IV). Com-
Scaeme IV
Rz\ /NR1
/C\ + Et0,CCe=CCO,Et —» Et0,CC==CHCO,Et E&
R* NH 111R1
la,1d |
N
g
Rz/ \Ra
8a, 8d
0
| g o Et0,CC=CCO,Et + H,NNHR!
E0,00
Rl
9a, 9d

pounds 9a and 9d were also obtained by the addition of
hydrazine and methylhydrazine to diethyl acetylene-
dicarboxylate.

3,3-Pentamethylenediaziridine and 1l-methyl-3,3-
pentamethylenediaziridine were also treated with
ethyl propiolate in benzene to give 10 and 11, respec-
tively (Scheme V). Assignment of the trans configura-

ScaEME V
H oo
-
NH N H
C><] +HC—=—CCOzEt-—>O<|
NH NH
10
I-'I coqm
NCH, Cf“f
<:><] + HO==CCO,Et — HCN H
NH |
SS
1

tion to 10 and 11 was made possible by using the re-
sults of earlier nmr investigations on adducts obtained
from treating aziridine with ethyl propiolate’ and from
treating secondary amines with methyl propiolate.?
These studies established that the vinyl protons of
ethyl 3-aziridinopropenoates and of methyl 3-dialkyl-
aminopropenoates apear as an AB pattern with coupling
constants of 8.0 Hz for the cis adducts and 13.0-13.4
Hz for the trans adducts.”*® Both compounds 10 and
11 in CDCl; gave nmr spectra with the expected AB

(7) J. E. Dolfini, J. Org. Chem., 80, 1298 (1965).

(8) (a) R. Huisgen, K. Herbig, A. Siegl, and H. Huber, Ber., 99, 2526
(1966); (b) A. N, Kurtz, W. E. Billups, R. P. Greenlee, H. F. Hamil, and
W. T, Pace, J. Org. Chem., 80, 3141 (1965).

Hzive, Hove, WiLLiarD, aND Hovr

pattern for the vinylic protons and with coupling con-
stants of 13.0 Hz. However, the nmr spectrum of
crude 10 revealed that a small quantity of the ecis
isomer (~109,) was also present since a second AB
pattern was just discernible which had a coupling con-
stant of 8.5 Hz., That compound 10 still had the
diaziridine ring intact was deduced from its nmr spec-
trum (see reasoning employed for assigning the struc-
ture of 6).

3,3-Pentamethylenediaziridine was also added to
hexafluoro-2-butyne to give 1,1,1,4,4,4-hexafluoro-2-
cyclohexylidenehydrazino-2-butene (12). Compound
12 was distillable and mass speetroscopy confirmed the
molecular ion m/e to be 274.

Discussion

A Michael-type addition is undoubtedly involved in
the reaction of diaziridines with electrophilic acety-
lenes. Indeed, in the case of the reaction of the
1,2-unsubstituted diaziridine, 3,3-pentamethylenedi-
aziridine, with dibenzoylacetylene and ethyl propiolate,
the addition produets 6 and 10 are isolable. The
demonstrated penchant of 6 to undergo facile conver-
sion to 7 probably accounts for the Michael adduct not
being isolated when the other 1,2-unsubstituted di-
aziridine used in this investigation, 3-ethyl-3-methyl-

. diagiridine, was treated with dibenzoylacetylene.

The products 2b-f formed when the 1,3-dialkyl-
diaziridines and 1,3,3-trialkyldiaziridines 1b—f reacted
with dibenzoylacetylene arise by the addition of the
N-atkylated nitrogen (the most nucleophilic nitrogen)
of the diaziridine to the alkyne linkage (pathway a,

Scheme VI). Another mechanism in which the NH
Scueme VI
0 "0 0
[ | I i
PhC(|3=C’—‘—'CPh Ph?C=C=-=—-—CPh
R® 4'NR! — NR! —2
| |
+
R? R?
af
0 0
R AR I I
+ PhCC=CCPh
R NH
b}
.
PhC(‘1=CHCPh PhC(|;=-= 3e=CPh
R2 4N — N —2
l )
+
Rl
R? R?

nitrogen of the diaziridine adds to the acetylenic carbon
(such as pathway b) was discounted on the basis of the
mass spectrum of the product obtained when 1-
methyl-2-5N-3,3-pentamethylenediaziridine was added
to dibenzoylacetylene.
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The mass spectrum of the adduct 2d showed cleavage
fragments for the ions (CeHyN)*, m/e 96, and (Cy-
(0]
I |
PhCC=CHCPh
H,CN
mje 264 N

mfe 96
2d

Hi,NO,)*, m/e 264. It is obvious that, if diaziridine
13 (Scheme VII) is added to dibenzoylacetylene, one

ScHEME VII
0
“NH I
<:><| + PhCC=CCPh —> PhCOC=CHCOPh
NCH, H,ON
13
ISN
14

of the two cleavage peaks must increase by one mass
unit according to which nitrogen of the diaziridine is
bonded to the acetylene. Increase in the natural
abundance of m/e 97 would be evidence for pathway a
while increase in the natural abundance of m/e 265
would be evidence for pathway b of Scheme VI. Ad-
dition of 13 gave only 14 (see Experimental Section)
proving unequivocally that the NCH; moiety of the
diaziridine added to the triple bond directly.

It was observed that the nmr spectrum of 7 taken
in CDCl; slowly changed over several hours. In par-
ticular, the vinyl absorption at & 5.82 and the NH
absorption at 13.3 diminished while a new peak at 4.33
appeared. This is most probably due to the isom-
erization of the enamine 7 into the tautomeric imine
15.

PhCOC=CHCOPh —> PhCO?ICHzCOPh
|
HN

N
[ |
N N
7 15

The isomerization of imine-enamine tautomers ob-
tained from the addition of phenylhydrazine to di-
methyl acetylenedicarboxylate has recently been
demonstrated.?

Experimental Section

Compounds 2a—f (Method A).—To a solution of 2-5 mmol of
the known diaziridines (1a—f)® in 20 ml of dry benzene was added

(9) N.D. Heindel and P. Kennewell, J. Org. Chem., 38, 80 (1970).

(10) We recommend the use ot freshly prepared hydroxylamine-0O-sulfonic
acid rather than the commercially available product for the preparation of
diaziridines.
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in portions an equivalent quantity of dibenzoylacetylene. The
reaction mixture was stirred for 2 hr at room temperature and
the solvent was evaporated to give usually a colored oil. In the
case of 2a the oil was dissolved in a minimum of hot 1:1 mixture of
dry benzene-petroleum ether (bp 100-115°). After 2 days in the
refrigerator, 2a precipitated and was filtered. In the cases of
2b~f the oils solidified upon standing in a hood for a day or so.
Alternatively, the oils were dissolved in a minimum quantity of
warm absolute ethanol. The ethanolic solution was cooled and
the crystals of 2b—f were filtered.

Compound 2a (Method B).—A suspension of 218 mg (2.53
mmol) of butanone hydrazone! in dry benzene was added drop-
wise to a solution of 593 mg (2.53 mmol) of dibenzoylacetylene in
15 ml of dry benzene. The reaction mixture was stirred for 1 hr
and the solvent evaporated. A yield of 112 mg (14%) of 2a was
obtained.

Compound 2b (Method B).—A mixture of 169 mg (3.66 mmol)
of methylhydrazine and 20 ml of dry acetone was stirred for 1 hr.
To this mixture was added portionwise and with stirring 856 mg
(3.65 mmol) of dibenzoylacetylene. The solvent was evaporated
and a few drops of absolute ethanol was added to the residual oil
whereupon 2b crystallized quantitatively and was filtered.

Compound 2¢ (Method B).—A mixture of 102 mg (0.5 mmol) of
acetone isopropylhydrazone oxalate,’? 118 mg (0.5 mmol) of di-
benzoylacetylene, and 10 ml of dry benzene was refluxed for 4.5
hr. The mixture was filtered and the solvent evaporated to give
g red oil which was slurried in a small quantity of absolute eth-
anol. Crude 2¢, 80 mg (46%,), crystallized after a few minutes
and was filtered.

Compound 2d (Method B).—To a solution of 937 mg (4.0
mmol) of dibenzoylacetylene in 10 ml of dry benzene was added
dropwise 504 mg (4.0 mmol) of cyclohexanone methylhydrazone.!?
The mixture was stirred for 2 hr and the solvent was evaporated.
The residual dark oil erystallized upon the addition of a small
quantity of ether. The crude 2d (1070 mg, 74%) was filtered.

Compounds 2e—f (Method B).—A few milliliters of a concen-
trated sodium hydroxide solution was slowly added to a stirred
suspension of 359 mg (2.0 mmol) of n-butylhydrazine oxalate in 10
ml of cold ether. The mixture was filtered and the filtrate was
saved. The solid residue was washed with two 10-ml portions of
ether and all of the ether filtrates were pooled. Five milliliters of
propanal was added to the ether filtrates containing the n-Bu-
NHNH; and the solution was stirred for 1 hr before 314 mg (1.34
mmol) of dibenzoylacetylene was added portionwise. After 0.5
hr the solvent was evaporated to give 237 mg (499,) of crystalline
2e based on the quantity of dibenzoylacetylene employed. Sub-
stitution of 5 ml of butanal gave a 229, yield of 2f.

Pyrazoles 4 (Method A).—In general 2a—f were dissolved in 10
ml of 95% ethanol containing 4 drops of concentrated hydro-
chloric acid. The reaction mixtures were refluxed for 0.5thr and
the solvent was evaporated to give the pyrazoles. Thus, 551 mg
(1.72 mmol) of 2a gave 360 mg (84%) of 3-phenyl-5-benzoyl-
pyrazole,'* mp 170.5-171°; 2b (472 mg, 1.47 mmol) gave 200 mg
(52%) of l-methyl-3-phenyl-3-benzoylpyrazole, mp 52-57°; 2¢
(680 mg, 1.95 mmol) gave 436 mg (77%) of 1-isopropyl-3-phenyl-
5-benzoylpyrazole, mp 124~127°; 2d (172 mg, 0.48 mmol) gave
76 mg (609%) of l-methyl-3-phenyl-5-benzoylpyrazole, mp 52—
57°; both 2e (549 mg) and 2f (487 mg) gave 1-n-butyl-3-phenyl-
5-benzoylpyrazole as an oil (no yields taken).

3-Phenyl-5-benzoylpyrazole (Method B).—To a solution of 400
mg (1.71 mmol) of dibenzoylacetylene in 10 m] of absolute ethanol
was added 55 mg of hydrazine hydrate. The reaction mixture
darkened immediately and was stirred for 2 hr. The solvent was
evaporated to give a quantitative yield of the pyrazole. Re-
crystallization from ethanol gave 3-phenyl-3-benzoylpyrazole
melting at 170.5-171°.

1-Methyl-3-phenyl-5-benzoylpyrazole (Method B).—Methyl-
hydrazine (46 mg, 1.0 mmol) was added dropwise to a solution of
234 mg (1.0 mmol) of dibenzoylacetylene dissolved in 10 m] of dry
benzene. The reaction mixture was stirred for 1.5 hr and the sol-
vent evaporated to give 100 mg (38%) of product. The pyrazole
was recrystallized from absolute ethanol to give crystals melting
at 52-57°. )

Anal. Caled for CyHuN:0: C, 77.84; H, 5.38; N, 10.68.
Found: C,77.98; H,5.58; N, 10.44.

(11) A, Kinnman, C. R. Acad. Sci., 317, 148 (1943).

(12) H. L. Lochte, W. A, Noyes, and J. R. Bailey, J. Amer. Chem. Soc.,
44, 2556 (1922).

(13) R. H, Wiley and G, Irick, J. Org. Chem., 24, 1928 (1959).

(14) D. G.Farnum and P. Yates, J. Amer. Chem. Soc., 84, 1399 (1962).
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1-Isopropyl-3-phenyl-5-benzoylpyrazole (Method B)~—To a
mixture of 116 mg (0.71 mmol) of isopropylhydrazine oxalate in
benzene was added 165 mg (0.71 mmol) of dibenzoylacetylene.
The mixture was heated until dissolution occurred. An equiva-
lent quantity of solid potassium hydroxide was added to the reac-
tion mixture, whereupon 122 mg (60%) of the pyrazole precipi-
tated. Four recrystallizations from absolute ethanol gave 1-iso-
propyl-3-phenyl-5-benzoylpyrazole, mp 125~127°,

4nal. Caled for CiyHyN,0: - C, 78.58; H, 6.24; N, 9.64.
Found: C,78.53; H,6.26; N, 9.78.

1-n-Butyl-3-phenyl-5-benzoylpyrazole (Method B).—A solu-
tion of 1.97 mmol of n-butylhydrazine in ether was prepared from
n-butylhydrazine oxalate as described previously. To this solu-
tion was added an equivalent quantity of dibenzoylacetylene.
The reaction mixture darkened immediately and it was stirred for
1hr. Evaporation of the solvent gave a dark oil which could not
be vacuum distilled. The ir and nmr spectra of the oil was
identical with the spectra obtained from the hydrolysis of 2e and
2f.

Compound 6.—To a solution of 1.49 g (13.3 mmol) of 3,3-
pentamethylenediaziridine in 20 ml of dry benzene was added 3.09
g (13.2 mmol) of dibenzoylacetylene. The reaction mixture was
stirred for 1 hr and the solvent evaporated. The residual dark
oil was dissolved in a small volume of warm, dry 1:1 benzene-
petroleum ether (bp 100-115°). The solution after standing at
0° overnight gave 2.68 g (59%) of 6. After four recrystalliza-
tions from the mixed solvent 6 was obtained which melted at 99—
101°.

Anal. Calcd for 022H22N202: C, 76.27, H, 6.40; N, 8.09.
Found: C,76.43; H,6.58; N, 8.18.

Compound 7.—Warming 222 mg of 6 for 2-3 min in 959 eth-
anol gave 209 mg of 7, mp 123-125°. A sample of 6 in CDCl;
containing 1 drop of water also rearranged into 7. Fourrecrys-
tallizations from absolute ethanol gave 7, mp 124-125°.

Anal. Calcd for szszNzOz: C, 76.28; H, 6.40; N, 8.09.
Found: C,76.39; H,6.41; N, 8.21.,

3-Carboethoxypyrazolin-5-one (9a).—A mixture of 443 mg
(5.14 mmol) of 3-ethyl-3-methyldiaziridine and 875 mg (5.14
mmol) of diethyl acetylenedicarboxylate in 10 ml of dry benzene
was refluxed for 0.5 hr. The solvent was evaporated and the
residual oil was dissolved in 10 ml of 95% ethanol containing 3
drops of concentrated hydrochloric acid. The mixture was re-
fluxed for 1 hr and the solvent evaporated to give 687 mg (86%) of
9a. Two recrystallizations from 95%, ethanol gave 9a, mp 184-
187° (1it.¥ mp 184-183°).

2-Methyl-3-carbethoxy-3-pyrazolin-5-one (9d).—A mixture of
395 mg (3.14 mmol) of 1-methyl-3,3-pentamethylenediaziridine
and 534 mg (3.14 mmol) of diethyl acetylenedicarboxylate in 10
ml of dry benzene was stirred for 0.5 hr. The solvent was evap-
orated and to the residual oil was added 10 ml of 959 ethanol
containing 3 drops of concentrated hydrochloric acid. The mix-
ture was refluxed for 0.5 hr and the solvent was evaporated to
give 56 mg (109%) of 9d. Four recrystallizations from absolute
ethanol gave 9d, mp 151-154°.

Anal. Caled for C;H;)N,Os: C, 49.40; H, 5.92; N, 16.47.
Found: C,49.47; H, 5.52; N, 16.40.

trans-Ethyl 3 (3,3-Pentamethylenediaziridino)propenoate
(10).—A mixture of 560 mg (5 mmol) of 3,3-pentamethylene-
diaziridine and 490 mg (5 mmol) of ethyl propiolate in 10 ml of
benzene was stirred at room temperature for 48 hr. - The solvent
was evaporated and the residual oil was placed in a refrigerator.
After several days 835 mg (79%) of 10 precipitated (attempts to
recrystallize 10 were unsuccessful): molecular ion m/e 210; nmr
(CDCl;)87.38(d, 1,J = 13.0 Hz, NCH=),5.68 (d, 1,J = 13.0
Hz, CHCOy), 4.17 (q, 2, CHa), 2.2-2.8 (m, 1, NH), 1.62 [s, 10,
(CHy)l, 1.29 (t, 3 H, CH,).

trans-Ethyl 3-(Cyclohexylidenemethylhydrazino)propenoate
(11),—A mixture of 630 mg (5 mmol) of 1-methyl-3,3-penta-
methylenediaziridine and 490 mg (5 mmol) of ethyl propiolate in
10 ml of benzene was stirred for 12 hr. Evaporation of the sol-
vent left 1.081 g (979%) of 11 as an undistillable oil: molecular
ion m/e 224; nmr (CDCl;) 6 7.38 (d, 1, J = 13.0 Hz, NCH),
4.50 (d, 1, J = 13.0 Hz, CHCO,), 4.13 (q, 2, CHy), 3.10 (s, 3,
NCH;), 2.17-2.60 [m, 4, CH,C(=N)CH,], 1.68 [s, 6, CHy(CH.)s-
CH,], 1.25 (t, 3, CH;CH,).

(15) 8. Ruhemann, J. Chem. Soc., 69, 1395 (1896).
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Compound 11 can also be prepared by mixing equimolar quan-
tities of cyclohexanone methylhydrazone and ethyl propiolate in
benzene and working up the reaction mixture as described above.

1,1,1,4,4,4-Hexafluoro-2-cyclohexylidenehydrazino-2-butene
(12),—A stream of hexafluoro-2-butyne was slowly passed
through a solution of 2.24 g (20 mmol) of 3,3-pentamethylene-
diaziridine in 9 ml of dry methylene chloride at —70°. After a
slight excess of the acetylene was added the reaction mixture was
stirred for 2.5 hr. The solvent was evaporated and the residual
oil was distilled to give 3.36 g (62%,) of 12, bp 37-38° (0.15 mm),
molecular ion m/e 274.

Anal. Caled for CpHpFeN,:
C,43.87; H, 4.58.

Preparation of 13.—A mixture of 0.5 g of hydroxylamine-BN
hydrochloride (95 at. % ®*N)¥ and 0.5 g of unlabeled hydroxyl-
amine hydrochloride was ground with mortar and pestle and then
transferred to a 10-ml beaker. Three milliliters of fuming sul-
furic acid (30% SO;) was added dropwise over a ten minute inter-~
val. The reaction mixture was cooled and 5 ml of cold, dry ether
was added with stirring. The *N-enriched hydroxylamine-O-
sulfonic acid was filtered immediately and washed with cold ether
until it took on a fluffy appearance. The dry labeled hydroxyl-
amine-O-sulfonic acid was then converted to 1-methyl-3,3-penta-
methylenediaziridine according to a published procedure.
Specifically 1.4 g of the hydroxylamine-O-sulfonic acid enriched
with BN was added to 14 ml of a cooled solution (0°) of 409,
aqueous methylamine containing 1.47 g of cyclohexanone, over
a time interval of 0.5 hr. The mixture was allowed to stand an
additional hour at 0-10° and then extracted four times with 10-ml
portions of ether. The extracts were dried over K;CO; and the
mixture was filtered. The ether was evaporated and the residue
distilled to give 1.15 g of 13 boiling at 34-37° (0.75 mm). Com-
pound 13 was then added to dibenzoylacetylene to yield 14.

Thelabeled 14 showed a pair of molecular ion peaks, at m /e 360
and 361, in approximately equal abundance. Loss of one ben-
zoyl group yielded fragment ions at m/e 255 and 256 for the N
and BN species. Cleavage between the two nitrogen atoms oc-
curred most readily with charge retention on the N-methyldi-
benzoylethylene moiety yielding an intense ion (base peak) at
m/e 264. This ion was not shifted in the mass spectrum of the
1N-labeled product, indicating that the 3N atom was located on
the ‘‘cyclohexylimide’” moiety. Cleavage between the nitrogens
with charge retention on this fragment also occurred although the
ion produced at m/e 96 was not so intense as the ion at m/e 264.
Approximately equally intense ions at m/e 96 and 97 in the BN-
labeled product confirmed the location of the label.

C, 43.80; H, 4.41. Found:
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