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Aldehyde and ketone azines 1 (2.3-diazabutadiencs) react
with the olefing o yicld perhydropyrazolo| 1,2-a[pyrazoles 3,
a reaction known as “eriss-cross” cycloaddition. ' Analogous
reactivity has been obscerved with acetylencs,™ leading to
1,5-dihydropyrazolo| | 2-a]pyrazoles 4. The intermediacy of
azomethinimine 1,3-dipole 2 has been confirmed by the iso-
lation and characterization™ in the reaction of hexalluoroace-
tone azine with isobutylene (Scheme 1).

Also. Schweizer and co-workers reported that the thermal
rearrangements of unsaturated azines 5 with cumulated dou-
ble bonds in conjugation with the azine moicty have been
shown™"® 10 provide excellent syntheses for a varicty of
pyrazolo (used heterocyclic compounds 7 (Scheme 2). We
recently described a new route to 1,2.4-triazole fused hetero-
cycles such as 5.10-dihydro-1,2.4-triazolo| 5.1-5|quinazo-
lines 10, 7H-imidazo|1.2-6|[1.2,4|triazoles 11" and mono-
eyclic A-g-styryl-5-(phenylamino)-1,2 4-triazoles 12'% involv-
ing thermal rearrangement of azinocarbodiimides 9 obtained
rom the corresponding urcas 8 using Appel’s dehydration
method (PhsPACCI/ELNY'® (Scheme 3). However, in the case
ol the reaction of benzaldehyde 1-urcidocthylidenchydrazone
with Appel’s reagent was unsuccesslul. We presume that
although the azinocarbodiimide intermediate was formed.
the thermal rearrangement ol 9 to give 13 did not occur, but
decomposed under the reaction conditions.

It occurred 1o us that intermolecular cycloaddition reaction
might be observed in the reaction of intermediacy azome-
thinimine 16 with a dipolarophile such as dimethyl acctylene
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dicarboxylate (DMAD) generating bicyclic heterocycles 17.
To cstablish the feasibility of this reaction coneept, we have
chosen 1o study the thermal reaction of known benzaldehyde
l-urcidocthylidenchydrazones 14" with DMAD under the
Appels conditions.

Experimental Section

All reagents and solvents were reagent grade or were puri-
ficd by standard methods before use and the reactions wete
routinely carried out under an inert atmosphere. Silica gel 60
(70-250 mesh ASTM} used for column chromatography was
supplicd by E. Merck. Analytical thin layer chromatography
(tle) was performed on silica gel with fluorescent indicator
coated on aluminium sheets. Melting points were taken
using an Electrothermal melting point apparatus and arc
uncorrected. The 't NMR spectra were measured on a
Gemini 300 spectrometer. All chemical shifis are reported in
parts per million (8) relative to tetramethylsilane. The ben-
zaldchyde |-ureidoethylidenchydrazones (14) were prepared
following the literature."
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Table 1. 1lvdantoin Dervatives 20 Prepared
1 Yield Mp HNMR (CDCL) 8. Jor (H7)
Compound R " o - - -
(%) (°C) CHL" ClE AromatictN=C [/ others Ratio*

20a Culls 20 199-2001 2.78,3.539 470 (S=21.0) 7.27-7.80 1/0.9
202’ 274,305 4,72 (J=20.6)
200 4-CIC, L1, 30 194-19G 2.72.3.50 4,76 (/=20.9) 7.31-7.84 1/14
200’ 276,304 471 (J=20.0)
20¢ 4-Cl:Cel 1y 30 198-200 2.73,3.57 479 (S=20.9) 7.32-7.83 1/1.5
20¢" 2.77.3.03 4.75 (J=19.8)
20d Clls 16 200-202 2.70, 349 4.60 (/=21.0) 7.27-7.84 JJ0(NCEHY 116
20d' 2.75,.3.03 4,35 (/=207 3A3 (NCLL;)

“Yicld of purc isolated product. * All singlets. < Doublets and values mav be reversed. ¥ Values are both isomers. CH proton was not resolved separately:

" Ratios based on 300 M1z '11 NMR of methoxy proton.

Synthesis of Hydantoin Derivatives 20; General Pro-
cedure.  To a stirred suspension of the urca 14 (3.0 mmol)
in dichloromcthane (30 mL) was added triphenylphosphine
(1.18 g. 4.5 mmol). carbon (etrachloride (1.16 mL. 12 mmol).
tricthylamine (0.63 mL. 4.5 mmol). and DMAD (0.43 g. 3.0
mmol) and the mixture was heated Lo rellux temperature for
24 h. Aliter cooling to room (emperature the reaction mixture
was partitioncd between waler and dichloromcthane (20
mL x2). and combined cach other. and the solvent was
removed afler drving over magnesium sulfate. The residuc
was chromalographed on silica gel column and cluted with
hexane - ethy] acclate 3 : 1 Lo give 20 as a white solid aller
crvstallization from cther (Table 1).

X-ray Structurc Analysis of 20b. A whitc crystal of Cap-
H:-CINJO4P is monoclinic. space group P2i/n with a =
12,699 (2) A. b= 14204 (1) A_c = 19.676 (2) A. = 100.660
(10). and Z = 4. Single X-ray dillraction data was collccled
on Bruker P4 [our-circle diffractomeler using Mo-Ke radia-
tion, The solution of structure was carricd oul by a combina-
tion of heavy atom Patterson (cchniques. dircet methods. and
Fourier techniques. The relinement of the structure by (ull
matrix Icast squarcs mcthods was bascd on 4349 unique
reflections (28 =43, 1> 26). Anisolropic tcmpcrature (aclors
were uscd for all non-hydrogen atoms. At the current stage
of refinement on 498 parameters with all aloms present in
the asvmmetric units. R = 0.0389. wR = 0.0930. The data
processing and refinement paramclets are listeds in Table 2.
Bond distances and angles arc presenied in Table 3.

Results and Discussion

The starting compounds. benzaldehyvde 1-urcidocthylidenc-
hvdrazoncs 14 were obtained by the reaction of acctamidra-
zonc hydrochloride with benzaldehyde. followed by the
trcatment with isocyanatces.”” When the reaction of urcas 14
with triphcnyiphosphine. carbon tetrachlonde. tricthylamine.
and DMAD n dichloromcthane was heated at reflux temper-
aturc for 24 h. the reaction mixture turmed brown solution
and (hin laver chromatography showed the disappearance of
14 and the formation of a number of very small products.
Attempls to scparate these complex mixtures resulted only
in the isolation of unexpected hydantoin derivatives 20' and

Table 2. Cryvstal Data and Structure Refinement for ydantoin
Derivatives 20b

Lmpirical formula Caol 1:CINGOP

Lormula weight 687.13
Temperature 293(2H)K
Wavclength 0.71073 A
Crystal System monoclinic

P2i/m (No.14)
a=12. 699(2)A

Space group
Unit cell dimensions

b= 14.204(1) A
¢c=19.676(2) A
B = 100.66(1)°
Volume 3487 8(7T) A
Z 4

Densily (calculated) 1.309 Mg /m*

Absorption coellicient 0.202 mm '

1(000) 1432

“Theta range lor data collection  1.77 o 22.51 deg.

Index ranges Sl=hem )3, -1 =k=E15,-21 21221
Relinement method l'ull-matriy least-squares on 1
Dala / parameters 4549/498

Goodness-ol-fit on 2 1.038

Final R indices [[>26 (1) R =0.0389, wR = (1.0950

Largest dilf. peak and hole 0.234 and 0.266 ¢ /A’

R = Z| [Fo- I | ElFo. wWR = [EW([Fo-lF ¥ Tw(|Fp™)]' 7 . where w — 1
GFY).

confirmed by an X-ray analysis ol a single crystal of 20h,
An ORTEP diagram is shown in Figurc 1.

Interestingly. the '"H NMR specira showed a characteristic
peak at = 2.70-2.74. §=2.75-2.78. §=3.03-3.05. and 6 =
3.49-3.59 for the four kinds of methyl protons. and the C5-
proton resonated in the 8= 4.55 to 4.75 region and 8= 4.60
to 4.76 region as two doublcts (fpir= 19.8-21.6 Hz). This lact
suggests that the hydantoinylphosphorancs cxist as keto (20)
enol (20) cquilibrium mixture in CDCla solution.

X-ray single crystal diffraction analysis also strongly sug-
gests that the molecule has a keto-enol resonance in solid
state structure. The O2-C20 and C19-C20 bond distances are
1.224 A and 1411 A, respectively. which are the intermedi-
ate valuc between those of the single (1.43 A for C-O and
1.54 A for C-C) and doublc bond (1.20 A for C=0 and 1,34
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Table 3. Sclected Bond lengths [A] and angles |deg| for [ Tydantoin
Dcrivatives 20b

P-C(19) 17202)  NE@-C(10) 1.401(3)
P-C(22) 1LR808(2)  N(-C(11) 1.428(3)
P-C(34) 1LRO9(2)  O()-C(20) 1.373(3)
P-C(28) 1LR09(3)  O-C(21) 1.426(4)
Cl1-C(14) 1L7333)  O@)-C(20) 1.224(3)
N(-C(T) 12583)  O@)-C(17) 1.205(3)
N()-N2) 14133)  O@)-C(10) 1.207(3)
N(2)-C(8) 12813  CO-C(T 1. 464(4)
N(3)-C(10) 1.3673)  C(8)-C(9) 1.493(4)
N(3)-C(8) 1.396(3)  C(17)-C(18) 1.504(4)
N(3)-C(I8) 1490(3)  C(18)-C(19) 1.488(3)
NE-C(17) 1.383(3) C19)-C(20) 1411(3)
C(19)-P-C(22) 1162511} N(2)-C(8)-C(9) 126.8(3)
C(19)-P-C(34) 107.95(11)  N(3)-C(8)-C(9) 117.6(3)
C(22)-P-C(34) (07.43011)  Od)-CU0)ING)  129.0(2)
C(19)-P-C(28) (12.16(12)  Od)-CLI0)-N(d)  124.1(2)
C(22)-P-C(28) (06.64(11)  NG3-CU0)-NE)  107.0(2)
C(34)-P-C(28) (05.84(11)  OB3)-CUTNE)  125.0(2)
CHNURNEY  113.1(2) O()-CUTRCI8)  127.42)
CENEZINY  11232)  NE-COIT-CU8)  107.6(2)
COIONGICEB)  125.42)  CUN-CUSNG)  116.7(2)
COONGKCI8)  111.92) C19)-C18)-CC17)  113.1(2)
CEINGKCII8)  1225(2)  NEGHCU8)-CT)  101.3(2)
CODNECOD)  111.8(2) C(20)-C(19)-C(18)  116.6(2)
COTNE)»C(I1) 124, 12) C(20)-C(19)-P 122.4(2)
CUONE)»C(11)  123.5(2) C(18)-C(19)-P 120.5(2)
CRO-O(1)-C21)  116.9(3) O2)1-C20-0(1)  121.42)
N(D-C(TRCE1y 1213(3)  O2)1-C(201-C(19)  126.0(2)
N(2)-C8)N(3)y  115.4(2) O(1)-CL0)1-CE19Y  112.6(2)

Symmetry transformations used to generate equivalent atoms.

c3

Cs

Figore 1. ORTEP diagram of hydantoin derivatives 20b. | ydrogen
atoms are omitted for clarity.

A for C—C)."® The sum of bond angles around C20{ / Ol-
C20-C19 + ~ 02-C20-01 - ~ 02-C20-C19)and C19 ( /
C18-C19-P | ~ C20-C19-P + ~ C20-C19-C18)arc approx-
imately 360° and the torsional angle between two planes
composed of O1-C20-02 and P-C19-C18 is 11.86°% which
shows that two plancs are nearly parallel. These indicate that
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the bonds between 02-C20 and C19-C20 have a partial sp
hybridization character, which, in turn, is an indication of
keto-enol type resonance in the molecule.

The proposed mechanism for formation of 20 is shown in
Scheme 3. Instead of the dehydration of ureas 14 under the
Appel’s conditions takes place, one of the NH bonds con-
denses with an ester group and the other adds to the triple
bond of DMAD by Michael reaction. This can lead to car-
banion 18, then reacts with chlorotriphenylphosphonium ion
to give phosphonium salt 19 which is converted to the phos-
phorane 20. However, the transformation of 19 to 20 is
uncertain. Another possible pathway is that carbanion 18 is
converted to the 5-carbomethoxymethylidenchydantoin 21
and subscquent Michael reaction ol teipheny lphosphine gave
22, [ollowed by protonation. tautomerization, and deproto-
nation aflord 20."
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