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The reactions of azine ylides 1 with isocyanates, ketenes,
and other species that contain carbonyl or thiocarbonyl
moieties have been shown to provide excellent syntheses
of a variety of pyrazolo-fused heterocyclic compounds!~®
such as pyrazolo[5,1-c]oxazines, and 4,9-dihydropyrazolo-
[1,5-blisoquinolines,? 4H-pyrazolo[1,5-c]{1,3,5]oxadiaz-
ines,* and 4,5-dihydro- and 6,7-dihydropyrazolo[1,5-a]-
pyridines.5

We anticipated on the basis of the previous work that
the reactions of azine ylides 1 with maleic anhydride and
its mono- or disubstituent derivatives 5 would give the
novel pyrazolo[1,5-c][1,3]oxazepin-6-one 9 heterocyclic
system.

A number of reports in the literature have shown that
on reacting stabilized ylides with cyclic anhydrides olefi-
nation products occur readily with the ring-closed species
being the predominant result.’®>2! However, in the case
of the reaction with maleic anhydride the olefination
product could not be obtained.!® The olefination product
may be obtained by allowing the ylide to react with the
Diels-Alder adduct of maleic anhydride and furan followed
by a retro-Diels-Alder reaction!® (eq 1). The reaction with
monomethyl maleic anhydride gave olefination product in
low yield!® (14%) (eq 2).
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The reaction of azine ylides 1 with anhydrides 5 is de-
picted in Scheme 1. Ylidene 6 is an intermediate product.
The final ring-closed product can be obtained by thermal
rearrangement of ylidene 6.

Ylidenes 6a (R = Me, R! = R2 = H) and 6b (R = Ph,
R! = R? = H) were obtained as yellow crystalline products
by the reactions of azine ylides 1 with the adduct of maleic
anhydride 5a in yields of 52% and 47%, respectively.
Ylidene 6m (R = Ph, R! = H, R? = Me) was obtained as
yellow crystals by the reaction of phosphorane 1 with 2-
methylmaleic anhydride in a yield of 12%. The other
ylidenes were obtained by the reactions with 2,3-disub-
stituent maleic anhydrides in good to excellent yields (74%
to 90%) as shown in Table 1.

All of these intermediate products 6 were obtained as
one isomer under the reaction conditions indicated in
Table I. In order to show that there could be E and Z
isomers formed in the olefination reaction, the mixture of

tFor the X-ray data.
! For the NOE data.
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Table I. Preparation of Intermediate 6 and Product 9

reactn reactn mp  yield
product time (h) solvent temp (°C) (°C)® (%)
6a 24 toluene rté 84 52
6b 48 toluene rt 85 47
6c 15 toluene reflux 122 85
6d 15 toluene reflux 144 90
6e 15 xylene reflux 115 80
6f 15 xylene reflux 165 84
6g 15 xylene reflux 194 79
6m 24 toluene rt 112 12
6o 15 xylene reflux 134 70
6p 15 xylene reflux 193 74
9a 48 toluene reflux 105 100
9b 48 toluene reflux 183 100
9¢ 15 xylene reflux 123 100
9d 15 xylene reflux 129 100
9e¢ 0.5 200 191 95
9f* 0.5 200 184 80
9g° 0.5 200 251 85
9h 15 xylene reflux 121 88
9i 15 xylene reflux 172 85
9j 15 xylene reflux 190 87
9k 15 xylene reflux 148 78
91 15 xylene reflux 152 85

@ Melting points were obtained with a Mel-Temp capillary ap-
paratus and were uncorrected. ®Yield based on the starting ylide
1. ¢Reactions were run under vacuum. °rt = room temperature.

2,3-dimethylmaleic anhydride 5 and phosphorane 1 with
R = Et in toluene was allowed to react at 80 °C for 15 h.
The isomers were found in 75% overall yield with a ratio
of 2.4 to 1 for two isomers. The C6-H absorbed at 6.01
ppm for the major isomer and 6.43 ppm for the minor
isomer. NOE difference experiments showed a positive
NOE between C6-H and the C4-methyl group of the major
isomer. No NOE was observed for the minor isomer.
Therefore, the major isomer has an E configuration, that
is, the hydrogen atom on C6 is on same side as the C4-
methyl group. The ylidenes 6 have a characteristic ab-
sorption around 5.86 = 0.17 ppm for C6-H (see Table III),
thus suggesting that they should be in the E form.

The ring-closed products, pyrazolo[1,5-¢c][1,3]oxazepin-

(1) Schweizer, E. E.; Evans, S. J. J. Org. Chem. 1978, 43, 4328.

(2) Schweizer, E. E.; Lee, K. J. J. Org. Chem. 1984, 49, 1959.

(8) Schweizer, E. E.; Hsueh, W.; Rheingold, A. L.; Wei, X. J. Org.
Chem. 1983, 48, 3889,

(4) Schweizer, E. E.; Hayes, J. E.; Rheingold, A. L.; Wei, X. J. Org.
Chem. 1987, 52, 1810.

(5) Schweizer, E. E.; Hayes, J. E.; Hirwe, S. N.; Rheingold, A. L. J. Org.
Chem. 1987, 52, 1319.

(6) Schweizer, E. E.; Lee, K. J. J. Org. Chem. 1984, 49, 1964.

(7) Schweizer, E. E.; Hayes, J. E. J. Org. Chem. 1988, 53, 5562.

(8) Schweizer, E. E.; Lee, K. J. J. Org. Chem. 1987, 52, 3681.

(9) Schweizer, E. E.; Cao, Z. S.; Hayes, J. E.; Rheingold, A. L. J. Org.
Chem. 1990, 55, 1687.

(10) Ingham, C.; Massy-Westropp, R. A.; Reynolds, G. D.; Thorpe, W.
D. Aust. J. Chem. 1975, 28, 2499.

(11) Chopard, P. A.; Hudson, R. F.; Searle, R. J. G. Tetrahedron Lett.
1965, 2357.

(12) Knight, D. W,; Pattenden, G. J. Chem. Soc., Perkin Trans. 1
1979, 62.

(13) Massy-Westropp, R. A,; Price, M. F. Aust. J. Chem. 1982, 1855.

(14) Marshall, P.; Mooney, B.; Prager, R.; Ward, A. D. Synthesis 1981,
197,

(15) Clemo, N. G.; Gedge, D. R.; Pattenden, G. J. Chem. Soc., Perkin
Trans. 1 1981, 1448,

(16) Abell, A. D.; Massy-Westropp, R. A. Aust. J. Chem. 1982, 35,
2077,

(17) Abell, A. D.; Doyle, 1. R.; Massy-Westropp, R. A. Aust. J. Chem.
1982, 35, 22717.

(18) Allahdad, A.; Knight, D. W. J. Chem. Soc., Perkin Trans. 1 1982,
1855.

(19) Ito, M.; Iwata, T.; Tsukida, K. Chem. Pharm. Bull. 1984, 32, 1709.

(20) Mann, J.; Wong, L. T. F.; Beard, A. R. Tetrahedron Lett. 1985,
26, 1667.

(21) Tsuboi, S.; Fukumoto, H.; Wada, H.; Takeda, A.; Fukuyama, K.
Bull. Chem. Soc. Jpn. 1987, 60, 689.

© 1990 American Chemical Society



6364 J. Org. Chem., Vol. 55, No. 26, 1990 Notes

Scheme 1
(o]

R CH
: Ok e =G
_ _ —_—
PhFNN_?CH —PPh; + r.t., 24-48 h
CH, 6

o]
1 5a
X ene
o) A CH reﬂux 15—48 hor
o) (e __titgne_> 3 0 ~200 °C, vacuum (9e-g)
v =S="z= o 152eh Phoe N IaCH o
R R2 8 5\__/2
5 R"* e
6a-g, m-p
Ph R
P m Y
N:
TNfD o- / (o]
N’ o 03
WA AT —R?
CH, R' R? CHy A
8 7
R R! R? R R! R?
6a Me H H 9a Me H H
6b Ph H H 9b Ph H H
6c Me Me Me 9¢ Me Me Me
6d Et Me Me 9d Et Me Me
e Ph Me Me 9e Ph Me Me
6f Me Ph Ph of Me Ph Ph
6g Ph Ph Ph 9 Ph Ph Ph
6m Ph H Me Sh n-Pr Me Me
6o PhCO Me Me 9i i-Pr Me Me
6p PhCO Ph Ph 9j Et Ph Ph
9k n-Pr Ph Ph
91 i-Pr Ph Ph

6-ones 9, were usually obtained by the thermal rear-
rangement reaction of ylidene 6. The nature of the sub-
stituents R, R!, and R? strongly influenced the reactivity
of the thermal rearrangement. Where R was an alkyl
group (Me, Et, n-Pr, and i-Pr) and R! = R2 = H or Me or
when R = Ph, R! = R? = H, the rearrangement reaction
took place by heating under reflux in xylene. However,
when R was phenyl or methyl and R! = R? = Ph (6e and
6f) or R = Ph and R! = R? = Me (6g), the rearrangement
reaction did not take place under refluxing xylene. The
products 9e, 9f, and 9g were obtained by heating the
corresponding ylidene 6 at 200 £ 10 °C under vacuum,
Whereas when R was PhCO (60, 6p), the rearrangement
reaction did not occur.

Examination of the reaction of 6g (R = Ph, Rl = RZ =
Ph) by differential scanning callorimetry showed that the
ylidene 6g underwent the rearrangement reaction at 210
°C after melting at 190 °C. The ylidene 6p (R = PhCO,
R! = R? = Ph) melted at 195 °C and decomposed at 270
°C. Examination of the decomposition mixture by TLC
showed at least 7 spots. There was no evidence of the
pyrazolooxazepinone 9p by NMR.

Thus it was shown that the novel pyrazolo[1,5~¢][1,3]-
oxazepin ring system 9 could be produced readily in gen-
erally good to excellent yields (Table I).

Spectral Data. The corresponding spectral data are
reported in Table II-VI. The numbering scheme is shown
in Scheme I. The proton NMR of the final products 9
(Table II) showed characteristic peaks in the range of
2.18-2.41 ppm for C2-methyl protons, and the C3-proton
on the pyrazole ring absorbed in the 5.75-6.44 ppm region.
The aromatic multiplets fell in the region from 6.43 to 7.47

ppm. The methylene protons, in the ethyl group in 9j and
propyl groups in 9h and 9k, are clearly separated due to
restricted rotation. In 9j there were two doublet of
quartets at 2.64 and 2.83 ppm, with geminal and vicinal
couplings of 14 and 7 Hz, respectively. There were two
triple doublets for the a-methylene protons (attached to
C8) in 9h at 2.35 and 2.55 ppm, with couplings of 14, 12,
and 4 Hz. T'wo multiplets are found at 1.36 and 1.55 ppm
for the 8-methylene protons. For 9k two triple doublets
are found at 2.57 and 2.74 ppm with couplings of 14, 12,
and 5 Hz. Two multiplets are found at 1.47-1.60 and
1.65-1.77 ppm.

The proton NMR spectra of 9i and 91 showed an unu-
sual pattern for isopropyl protons. The tertiary CH of the
isopropyl group showed an unexpectedly broad multiplet.
One of the methyl protons in the isopropyl group showed
a normal doublet due to the coupling with the adjacent
CH, but the other methyl protons in the isopropyl group
showed a broad multiplet. The result of an X-ray analysis
of 9i (see Figure 1) gave the distance between N1 and the
methy! protons on C16 as 2.44 A, which is smaller than the
van der Waals radii (2.70-2.95 A for N-H).22 Therefore,
intramolecular interaction restricts the rotation around the
C8-C15 bond and C15-C16 bond. The protons on C16 are
thus unequivalent. But when the solution temperature of
9i in CDCl; was raised to 342 K, the normal doublet was
observed, with a J value of 6.4 Hz, indicating that the
methyl protons on C16 became equivalent due to ready
rotation of the isopropyl group.

(22) Huhey, J. E. Inorgamc Chemistry, 3rd ed.; Harper and Row: New
York, 1983; p 242



Notes J. Org. Chem., Vol. 55, No. 26, 1990 6365
Table I1. 'H NMR Spectral Data of Pyrazolo[1,5-¢][1,3]Joxazepin-6-ones 9
12
compd R R! R? C2-CHy# C3-H¢ aromatic R? R! R
92 Me H H 2.21 6.34 6.65-6.69(m,2H) 578(d, 6.60(d,
7.18-7.21 (m, 3 H) J=12) J =12)
9b Ph Me 2.21 6.44 6.99-7.01 (m,4H) 691, 6.79 (d,
7.32-7.36 (m, 6 H) J=12) J=12)
9c Me Me Me 2.25 6.30 6.77-6.87 (m,2 H) 1.681(s) 1.834(s) 2.36 (s)
7.25-7.28 (m, 3 H) 1.685 (s) 1.838 (s)
9d Et Me Me 2.36 6.27 6.68-6.84 (m,2H) 171 (s) 1.80 (s) 1.09 (t, 3 H, J = 7, CH,CH,), 2.52 (dq, 1 H, J = 7 and 14,
7.20-7.31 (m, 3 H) CH,H,CH,), 2.72 (dq, 1 H, J = 7 and 14, CH,H,CH,)
9¢ Ph Me Me 218 6.35 6.99-7.20 (m,4 H) 1.699(s) 1.910(s)
7.29-7.33 (m, 6 H) 1.703 (s) 1.914 (s)
9f Me Ph Ph 2.32 5.85 6.43-7.38 (m, 15 H) b b 2.37 (s)
9¢ Ph Ph Ph 2.41 5.88 6.45-7.43 (m, 20 H) b b
9h n-Pr Me Me 228 6.20 6.60-6.75(m,2H) 1.633(s) 1.716(s) 0.86 (t,3 H, J = 7, CH,CH,CH3), 1.36 (m, 1 H,
7.15-7.20 (m, 3 H) 1.636 (s) 1.720 (s) CH,CH,CH,,CHj,), 1.55 (m, 1 H, CH,CH,CH,CH,), 2.35
(ddd, 1 H, J = 4, 12, and 14, CH,H,CH,CH;), 2.55
(ddd, 1 H, J = 4, 12, and 14, CH,H,CH,CHj,)
9i i-Pr Me Me 235 6.23 6.60-6.90 (m, 2 H) 1.72 (s) 1.76 (s)  0.95 (bm, 3 H, CHCH,CHy), 1.30 (d,3H, J = 7,
CHCH,CHjy), 8.11 (bm, 1 H, CHCH,CHj,)
7.20-7.30 (m, 3 H) CHCH;CHjy), 8.11 (bm, 1 H, CHCH,CH,)
9j Et Ph Ph 2.31 581 6.47-744(m,156H) b b 1.16 (t, 3 H, J = 7, CH,CH;), 2.64 (dq, 1 H, J = 7 and 14,
CH,CH,CH,), 2.83 (dq, 1 H, J = 7 and 14,
CH,CH,CH,)
9k n-Pr Ph Ph 2.31 580 6.47-7.47 (m,15H) b b 0.98 (t, 3 H, J = 7, CH,CH,CH,), 1.47-1.60 (m, 1 H,
CH.CH,H\,CH,), 1.65-1.77 (m, 1 H, CH,CH,H,,CH,),
2.57 (ddd, 1 H, J = 5, 12, and 14, CH,CH,CH,CH,),
2.74 (ddd, 1 H, J = 5, 12, and 14, CH,CH,CH,CHj3)
91 i-Pr Ph Ph 2.30 5.75 6.51-7.41 (m,15H) b b 0.91-1.07 (bm, 3 H, CHCH,,CHy), 1.34-1.51 (bm, 3 H,

3 All singlets. ®With aromatic.

CHCHy,CHgyy), 3.19-3.27 (bm, 1 H, CHCHyCHyy)

Table II1. 'H NMR Spectral Data of Vinylogous Lactone 6
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compd R R! R? C7-CH, Ce-H R R! R? aromatic
6a Me H H 233 6.31(dd,J= 218 822 (dd, J = 0.6, 5.6) 6.37 (dd; J = 1.8, 5.6) 7.42-7.45 (m, 3 H),
0.6, 1.8) 7.88-7.92 (m, 2 H)
6b Ph H 225 6.08(d,dJ = a 6.00 (dd, J = 5.5, 1.7) 7.12(d, J = 5.5) 7.18-7.22 (m, 2 H),
1.7) 7.38-7.45 (m, 6 H),
7.70-7.74 (m, 2 H
6c Me Me Me 235 6.01 2.13 2.27 1.98 7.41-7.43 (m, 3 H),
7.87-7.91 (m, 2 H)
6d Et Me Me 236 6.01 1.08 (t, J =7.7) 214 1.97 7.41-7.44 (m, 3 H),
7.86-7.89 (m, 2 H)
278 (q,J = 7.7) 2.13
be Ph Me Me 246 5.82 a 2.03 and 2.02 1.98 7.17-7.22 (m, 2 H),
7.36-7.41 (m, 6 H),
7.66-7.70 (m, 2 H)
6f Me Ph Ph 244 6.03 2.22 a a 7.18-7.22 (m, 2 H),
7.37-7.41 (m, 6 H),
7.66-7.70 (m, 2 H)
6g Ph Ph Ph 2.54 5.86 a a a 7.65-7.68 (m, 2 H)
6m Ph H Me 223 593 a 6.723 and 6.729 1.817 and 1.821 7.21-7.24 (m, 2 H),
7.356~7.47 (m, 6 H),
7.71-7.75 (m, 2 H)
60 PhCO Me Me 256 5.69 a 1.979 and 1.983 1.93 7.27-7.63 (m, 6 H),
7.78-7.82 (m, 2 H),
7.89-7.93 (m, 2 H)
6p PhCO Ph Ph 262 5.70 a a a 7.14-7.55 (m, 16 H),

2With aromatic.

7.76-7.86 (m, 4 H)
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Table VI. Mass Spectral Data of Bicyclic Products 9%¢

compd M* B (M* - PhCOR) C (B -CO) DorE (C-CHN)
% 254 (1) 134 (100) 106 (4) 52 (14)
Sb 316 (66) 134 (100) 106 (42) 52 (66)
9¢ 282 (23) 162 (100) 134 (64) 81 (8)
9d 296 (12) 162 (100) 134 (48) 81 (1)
%e 344 (3) 162 (100) 134 (17) 80 (1)
9of 406 (34) 286 (100) 258 (8) 204 (B)
9% 468 (1) 222 (100) 118 (1) 106 (1)
Sh 310 (65) 162 (61) 134 (57) 80 (15)
163 (75)
9 310 (9) 162 (100) 134 (29) 81 (8)
9j 420 (70) 286 (100) 258 (40) 204 (4)
205 (15)
9k 434 (21) 286 (100) 258 (6) 204 (4)
9 434 (66) 286 (100) 257 (10) 207 (3)

4 Mass spectra were recorded on a Du Pont 21-492B instrument with a resolution of 3300 or 5000. ®Relative intensities are in parentheses.

Table VII. Mass Data of Intermediate Products 6%°
formula M*
CsH,N,O, 254 (16)

m/z
239 (100), 221 (21), 159 (18), 136

(41), 136 (41), 118 (20), 103 (23),
77 (76)

product
6a

6b  CyuHyN,0, 316(8) 301 (12), 271 (8), 180 (22), 103 (10),
78 (100), 50 (18)

6c  CyH;N,0, 282 (61) 267 (100), 223 (52), 149 (22), 118
(63), 103 (34), 77 (81)

6d  CHyuN,0, 296 (18) 282 (24), 281 (100), 237 (30), 193
(44), 148 (17), 132 (14)8, 77 (40)

6e  CpuHuN,0, 344 (17) 329 (100), 313 (14), 180 (18), 162
(45), 103 (14), 77 (44)

8f  CyHuN,0, 406 (0.2) 391 (2), 225 (89), 92 (100), 77 (2)

68  CyuH,N,0, 468 (15) 453 (100), 424 (7), 347 (4), 221 (14),
191 (5), 165 (16), 77 (29)

6m  CyHgN,0, 330 (21) 315 (68), 283 (29), 238 (30), 196
(80), 149 (70), 77 (31)

60  CyuHyN,0, 872 (45) 357 (27), 267 (31), 241 (21), 165
(25), 105 (49), 77 (54)

6p  CyHuN,0;, 496 (21) 481 (10), 350 (15), 288 (53), 101

(100), 178 (18), 105 (34), 77 (18)

@Mass spectra were recorded on a Du Pont 21-492B instrument with
a resolution of 3300 or 5000. ®Relative intensities are in parentheses.

The proton NMR spectrum at room temperature also
showed that the C4-methyl protons and C5-methyl protons
in 9¢, 9¢, and 9h are two pairs of singlets with CDCl; as
solvent. The C4-methyl protons in 9¢ are found at 1.681
and 1.685 ppm, the C5-methyl protons at 1.834 and 1.838
ppm. In 9e C4-methyl protons are found at 1.699 and
1.703 ppm, C5-methyl protons absorbed at 1.910 and 1.914
ppm; in 9h, 1.633 and 1.636 ppm for C4-methyl protons,
1.716 and 1.720 ppm for C5-methyl protons. Thus, two
conformational isomers exist in 9¢, 9e, and 9h. At higher
temperature, the two singlets collapsed. For example,
under room temperature the toluene solution of 9¢ ab-
sorbed at 1.589, 1.593 ppm for C4-methyl protons and
1.379, 1.383 ppm for C5-methyl protons; when the solution
temperature of 9¢ was raised to 375 K, only singlets for
C4-methyl protons and C5-methyl protons were observed
at 1.58 and 1.46 ppm, respectively.

The C4-methyl protons in 6d, 6e, 6m, and 60 also
showed two pairs of singlets with CDCl, as solvent under
room temperature. With toluene-ds as solvent, the two
singlets collapsed. For example, C4-methyl protons in 6e
are found at 2.03 and 2.02 ppm in CDCl;. With toluene-dg
as solvent, a singlet for C4-methyl protons is observed at
1.49 ppm.

The mass spectral data of the intermediate products 6
and bicyclic compounds 9 are reported in Table VI and
VII. The mass spectral data of bicyclic compounds 9
(Table IV) showed characteristic decomposition patterns.
The aromatic ketones (PhCOR) are lost in the first step.
In the table fragments B are the basic peaks. The pro-

Figure 1. ORTEP diagram of 4,5,8-trimethyl-8-phenylpyrazolo-
[1,5-c][1,3]oxazepin-6-one (91).
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posed decomposition pathway is depicted in Scheme II.

Melting points were obtained on a Mel-Temp capillary
apparatus and were uncorrected. The 'H and 3C NMR
spectra of a approximately 10% (w/v) solution in CDCl,
were obtained on a Bruker Spectrospin Model WM 250
or AM 250 or on a Nicolet QE 300 instrument. Precise
mass spectra were recorded by using a Du Pont 21-492B
instrument with a resolution of 3300 or 5000. Baker silica
gel (60-200 mesh) was routinely used throughout for
product separation. Eastman Chromagram (silica gel with
a fluorescent indicator on polyethylene) precoated sheets
were employed in thin-layer chromatographic (TLC) op-
erations.

Preparation of Intermediate Product 6. General
Procedure. Purified monosubstituted or disubstituted
maleic anhydride 5, or the Diels-Alder adduct of maleic
anhydride and furan 5a (4 mmol), was added, all at once,
to a slurry of phosphorane ylide 1 (3 mmol) in dry toluene
(50 mL). The mixture was stirred under room temperature
(for 6a,b,m) or under reflux (for 6¢—g,o0,p) for 15 to 24 h.
Then the mixture was chromatographically separated with
diethyl ether-petroleum ether as eluent (ratio range: 1:9
to 1:4). The crude product was purified by recrystallization
from diethyl ether. The pure product 6 was obtained as
yellow crystals. TLC showed one spot. The results are
reported in Table 1.

Preparation of Z and E Isomers of Ylidene 6d.
Sublimed 2,3-dimethylmaleic anhydride 5 (0.4 g, 3.2 mmol)
was added, all at once, to a slurry of phosphorane 1 with
R = Et (0.8 g, 1.8 mmol) in 30 mL of dry toluene. The
mixture was stirred at 80 °C for 15 h. After being cooled
down to room temperature, the mixture was chromato-
graphically separated (petroleum ether—-diethyl ether, only
petroleum ether used at the beginning and 4:1 at the end).
The solution was allowed to stand until two isomers of
ylidene 6d crystallized from the eluent. The total yield
of the isomers was 75%, and the ratio of E form to Z form
was 2.4:1. 'H NMR (CDCl;, TMS as internal standard)
for the mixture of Z and E forms: 1.08 (t, J = 7.6 Hz,
CH,CH,), 1.96 (s, C3-CHj3), 1.98 (s, C3-CHjy), 2.06, 2.05 (ds,
C4-CH,), 2.15, 2.14 (ds, C4-CH3), 2.36 (s, C7-CHjy), 2.51 (s,
C-7CH,), 2.78, (q, J = 7.6 Hz, CH,CH,), 2.86 (q, J = 7.6
Hz, CH,CHjy), 6.01 (s, C6-H), 6.43 (s, C6-H), 7.42-7.90 (m,
all Ar-H for two isomers) ppm.

Thermal Rearrangement of Ylidene 6 into Bicyclic
Product 9 in Solution. General Procedure. The pure
sample 6 (200 mg) was dissolved in dry xylene (50 mL).
The solution was heated under reflux with vigorous stirring
for 15 to 48 h. After cooling down to room temperature,
the solvent was removed on a rotary evaporator. The
residue was dissolved in CH,Cl, (1 mL) and then separated
on a chromatographic column with diethyl ether-petro-
leum ether as eluent (1:4). The pure product recrystallized
from diethyl ether was obtained as white crystals. TLC
showed one spot. The results are reported in Table 1.

Thermal Rearrangement of Ylidene 6e, Neat (6f and
6g). The pure sample (100 mg) was placed in a subli-
mating tube and was heated to 200 °C in a sand bath under
vacuum for 0.5 h. After being cooled down to room tem-
perature, the sample was dissolved in CH,Cl, (5 mL).
Chromatogrpahy of the solution with diethyl ether—pe-
troleum ether as eluent (1:3) gave the pure product, which
was collected and recrystallized from diethyl ether as white
crystals. TLC showed one spot. The results are reported
in Table I.

Measurement of Rearrangement and Decomposi-
tion Temperature for Ylidenes 6h and 6p. The dif-
ferential thermal analysis was undertaken on a Mettler 200
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differential thermal analyzer. The heat capacity of the
sample was measured. The scanning was done with about
a 2-mg sample in a scaled aluminum pan. The scanning
speed was 5° per min. The scanning range was 50 to 300
°C. The instrument was calibrated with benzoic acid and
indium metal.

Measurement of NOE Difference for the Eand Z
Isomers of Ylidene 6d. NOE difference experiments
were obtained on a Bruker AM 250 NMR spectrophotom-
eter. A total of 64 to 128 scans were accumulated for both
the on-resonance and off-resonance spectra. The irradi-
ation time was 5 s, the relaxation delay was 2 s, and the
acquisition time was 2.3 s for each scan. The decoupler
power employed was the minimum power required to
completely saturate the C6-H resonance for each isomer
without affecting the neighboring resonance.

Crystallographic Structural Determination for 9i.
The structure of 91 was obtained at ambient temperatures
(22-24 °C) with a Nicolet R3m diffractometer. All soft-
ware is contained in the SHELXTL (5.1) software package
(G. Sheldrick, Nicolet XRD, Madison, WI). Crystal data
for C,gHy,N,O0y: triclinic, P1, a = 7.826 (3) A, b = 9.427
(5) A, ¢ -~ 12,183 (6) A, o = 77.54 (4)°, 8 = 86.56 (3)°, v
=72.02 (3)°, V = 834.9 (7) A%, Z = 2, u(Mo Ka) = 0.75
cm, D{caled) = 1.234 g/em®. Data were collected (Nicolet
R3m, 26,,., = 46°) yielding 1895 independent observed
reflections F, > 3¢(F,). No absorption correction was
applied (low u, well-shaped crystal). All non-hydrogen
atoms were refined anisotropically, while all hydrogen
atoms were found and refined isotropically. R(F) = 4.48%,
R(wF) = 4.87%, GOF = 1.194, A(p) = 0.156 e A3, A/o =
0.020, and Ny/N, = 6.4. Tables of atomic coordinates,
bond distances and angles, and anisotropic temperature
coefficients are available as supplementary material.

Registry No. 1a, 87101-43-7; 1b, 87101-42-6; 1d, 107353-13-9;
1h, 129467-93-2; 1i, 125229-36-9; lo, 63570-25-2; 5a, 5426-09-5;
5¢, 766-39-2; 5f, 4808-48-4; 5m, 616-02-4; 6a, 129467-94-3; 6b,
129467-95-4; 6¢, 129467-94-3; 6d, 129467-96-5; 6e, 129467-97-6;
6f, 129467-98-7; 6g, 129467-99-8; 6h, 129468-00-4; 6i, 129468-01-5;
6j, 129468-02-6; 6k, 129468-03-7; 61, 129468-04-8; 6m, 129468-05-9;
60, 129468-06-0; 6p, 129468-07-1; 9a, 129468-08-2; 9b, 129468-09-3;
9c, 129468-10-6; 9d, 129468-11-7; 9e, 129468-12-8; 9f, 129468-13-9;
9g, 129468-14-0; 9h, 129468-15-1; 9i, 129468-16-2; 9j, 129468-17-3;
9k, 129468-18-4; 91, 129468-19-5.

Supplementary Material Available: Tables of atomic co-
ordinates, isotropic thermal parameters, bond distances and angles,
and X-ray crystallographic data for 9i (7 pages). Ordering in-
formation is given on any current masthead page.
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Polyamine systems are important materials for a variety
of bioorganic applications ranging from the area of mo-
lecular recognition to the coordination of metals in bio-
logical systems.! The important triamine 1,1,1-tris-

(1) For excellent reviews, see: Lehn, J. M. In Synthesis of Macrocy-
cles; Itzatt, R. M., Christensen, J. J., Eds.; Wiley: New York, 1987;
Chapter 4. Lehn, J. M. Angew. Chem., Intl. Ed. Engl. 1988, 27, 89.
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