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(M, 45), 384 (20), 383 (20), 369 (3), 368 (2), 367 (2), 366 (2), 365 (6),
284 (27), 271 (10), 259 (8), 253 (8), 247 (17), 165 (42), 162 (32), 136
(100), 185 (28), 119 (40), 118 (88).

Anal. Caled for Ca35Hs; N3Oq: C, 77.02; H, 9.15. Found: C, 76.75; H,
9.44,

Treatment of Adduct 7 with Alkali. Adduct 7 (800 mg) in a
mixture of ethylene glycol (30 ml), water (30 ml), and KOH (630 mg)
was heated at reflux under N; for 40 min. The mixture was cooled and
extracted with ether, and the extract washed with water and saturated
NaCl, dried (NagS0y4), and evaporated. The product (300 mg) was
separated by preparative TLC (ethyl acetate/hexane 1/2) and the
major product isolated. The product (110 mg) was identical with
5,6-trans-cholecalciferol (4), prepared by an alternative method.* No
cholecalciferol or products obtained by treatment of cholecalciferol
under the above conditions were detected.
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Triazolinediones 1 are shown to undergo cycloaddition to vinyl azides 5 in a 1,3 manner with loss of nitrogen to
form novel bicyclic heterocycles 6. Substituent effects on the vinyl carbons suggest nucleophilic attack by the 8
carbon of 5 on the N=N of 1. Phosphorus ylides likewise undergo nucleophilic attack on 1 followed by proton ab-

straction to produce ylides 14.

4-Phenyl-1,2,4-triazoline-3,5-dione (PTAD, 1a) has been
shown in recent years to be one of the most powerful dieno-
philes.2 For instance, cyclopentadiene reacts with la at
—78 °C in a 1,4 manner to produce 2. On the other hand,
allene 3 undergoes an addition with opening of the cyclo-
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propane ring2® but to form an optically active adduct 4 and
an isomer. These reactions were shown to occur in a con-
certed manner. Furthermore, a 1,2 addition of la to a
methylenecyclopropane has been reported.2

We now wish to report a 1,3 cycloaddition of la with
vinyl azides leading to the formation of novel heterocycles.
This reaction can also be used as a method of derivatizing
vinyl azides which are normally difficult to purify.

When vinyl azides, 5, were allowed to react with la in
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various solvents the formation of bicyclic triazolines 6 oc-
curred readily at room temperature or below. The relative
rates of reaction were in the order 5¢ > 5a > 5b > 5d »>
5e with electron-donating substituents favoring the addi-
tion.3 The products 6 were stable solids and no imine-ena-
mine tautomerization was evident by ir or attempted deu-
terium exchange studies, ;

Although alkyl and acyl azides are known to react with
some dienophiles across the termini of the azide function
and even vinyl azides 5 react with acetylenes in this man-

-5+ R—C==C—R — [ |
SN N C=C—R

7

ner to produce adducts 7,% no analogous reaction was ob-
served with PTAD.

These results are best explained as proceeding via attack
by the 8 carbon of the vinyl azide on the N=N of la to lead
to intermediate 8 which cyclizes to 6.
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Consistent with this interpretation is the fact that 5a
reacts about two times faster than 5b which in turn reacts
faster than 5d, presumably owing to steric factors (R; = H,
CHys, or t-Bu). Likewise, the fact that the p-methoxy ana-
logue 5¢ reacts faster than 5a whereas the p-nitro com-
pound 5e gave no detectable amount of cycloadduct can be
rationalized on the basis of the changing nucleophilicity at
the 8 carbon through resonance contributions from the
para substituents of the a-substituted phenyl group. In
analogy with this proposed mechanism are the reactions of
vinyl azides with bromine® and ketenes® which have also
been rationalized to have involved 1n1t1al attack of the 8
carbon on the electrophile.

An alternative process which would mvolve attack by the
azide N on la followed by ring closure of 9 is iriconsistent
with the rate effects mentioned.
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In light of the above observations we have investigated
the reaction of ylides 10 to PTAD which could lead to novel
heterocyclic systems such as 12 or 13.

" However, the products were found to be 1:1 adducts that
possess structure 14 as indicated by ir (NH at 3340-3400
cm~1), TH NMR (NH at 7 1.77, exchangeable with D;0),
and 13C NMR (for 14a =C==0 doublet at 188.2 and 189.1
ppm, Jcp = 22 Hz, C-P doublet at 68.0 and 73.2 ppm, Jcp
= 129 Hz). The ylides 14 evidently arise from nucleophilic
attack by the ylide carbon of 9 on 1 to form 11 which
undergoes intramolecular proton transfer. Similar tautom-
erizations in other ylides have been reported.” When the
possibility for proton migration was eliminated as in the
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case of 15, only polymeric type products could be obtained
from its reaction with 1.
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Experimental Section

- General Procedure for the Reaction of 4-Phenyl-1,2,4-tria-
zoline 2,5-dione (la) with Vinyl Azides 5. A solution of 10 mmol
of vinyl azide 38 in 40 ml of dichloromethane was stirred at 0-5 °C
and a solution of 10 mmol of PTAD in 70 m! of dichloromethane
was added dropwise, over a 20-min period. After addition was com-
plete the reaction mixture was stirred at room temperature for 1 h.
Solvent was removed in vacuo and the resulting oil was recrystal-
lized from CHyClo>-MeOH. Adduct 6a was prepared in 72% yield
by the reaction of a-azidostyrene (5a) with PTAD at 0-5 °C: re-
crystallized from CH2Cl;-MeOH; mp 173-174 °C; NMR (CDClg) =
5.08 (s, 2 H), 2.1-2.7 (m, 10 H); mass spectrum m/e 292 (M), 146,
117,91, 90.

Anal Caled for 016H1202N4 C, 85.75; H, 4.17. Found: C, 65.65;
H, 4.17.

Cyeloadduct 6d was prepared in 55% yield from PTAD and 1-
azido-3,3-dimethyl-1-butene (8d): recrystallized from CHoClo-
CH;3;0H; mp 171-172 °C; NMR (CDCls) 7 8.92 (s, 9 H), 5.22 (d, J
= 1.5 Hz, 1 H), 2.47 (m, 6 H); mass spectrum m/e 272 (M*) 248,
216, 215, 188, 119.

Anal. Caled for C14H160oNy: C, 61.75; H, 5.92. Found: C, 61.41;
H, 5.97.

Product 8¢ was obtained in 78% yield from PTAD and «-azido-
p-methoxystyrene (5¢): mp 181-182 °C; NMR (CDCls) 7 6.15 (s, 3
H), 5.15 (s, 2 H), 3.08 (d, J = 8.5 Hz, 2 H), 2.52 (s, 5 H), 2.35 (d, J

. =8.5Hz, 2 H).

Anal. Caled: C, 63.35; H, 4.34; N, 17.39; O, 14.90. Found: C,
63.29; H, 4.36; N, 17.32; 0. 14.84.

Adduct 6b was prepared in 73% yield from PTAD and «-azido-
B-methylstyrene (8b): mp 158-159 °C; NMR (CDCls) 7 8.38 (d, J
= 6.5 Hz, 3 H), 4.35 (q, J = 6.5 Hz, 1 H), 2.07-2.66 (m, 10 H); mass
spectrum m/e 306 (M), 186, 158, and 130.
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HAna\l. Caled for Cy7H14N4O9: C, 66.72; H, 4.57. Found: C, 66.72;
, 4.67.

General Procedure for the Reaction of | with Ylide 10, A
solution of 3.3 mmol of 1 in 50 ml of CHyCl; at 0 °C was added
dropwise to 3.3 mmol of 9 in 50 ml of CHyCls. After the mixture
was stirred at 25 °C for 1 h the solvent was evaporated and 14 was
obtained as a white solid and recrystallized from CHoCly—pentane.

Ylide 14a was prepared in 82% yield from la and 10a: mp 145-
146 °C; 'H NMR (CDCl3) 7 2.93-3.06 (m); ir (KBr) 3320-3420
(NH), 1745 and 1695 ecm™! (C=0); 13C NMR (CDCl3) 68.03 and
73.17 (C-P, Jep = 129.5 Hz), 150.24 and 151.27 (NoC=0), and
188.19 and 189.07 ppm ( (R-C==0, Jcp = 22 Hz); mass spectrum
m/e M+, 293 (M* — Ph3P), and 262 (PhsP).

Product 14b was prepared in 78% yield from 1b and 10a: mp
134-136 °C; TH NMR (€DCls) + 7.45 (s, 3 H),'1.9-2.79 (m, 20 H),
and 1.68-1.87 {br s, 1 H, exchangeable with. D20); ir (KBr) 3320~
3420 (NH), 1750 and 1700 cm™! (C=0); 13C NMR (CDCl;) 24.56
(N-CH3y), 68.50 and 73.50 (C=P, Jcp = 126 Hz), 151.78 and 152.96
(NgC=0), 187.6 and 188.5 ppm (R-C=0, Jecp = 22 Hz) mass
spectrum no M+, m/e 262 (PhsP) and 231 (M+ PhsP).

Adduct 14¢ was obtained in 85% yield from 1b and 10b: mp
120-122.5 °C; IH NMR (CDCly) r 8.02 (s, 3 H), 7.33 (s, 3 H),
1.98-2.64 (m, 16 H); ir (KBr) 3310-3420 (NH), 1740 and 1695 cm™!
(C=0); 13C NMR (CDCly) 23.70 and 24.20 (NCHj-and CH3C=0),
65.37 and 70. 53 (C=P, Jcp = 129.5 Hz), 151.50 and 152.87
{N2C=0), 189.66 and 190.61 ppm (R-C=0, JCCP = 24 Hz); mass
spectrum no M* m/e 262 (Pth) 169 (M* — PhsP).
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The 13C chemical shifts of 16 phenazines, substituted in the 1, 1,6, and 1,9 positions, are reported. Signals are as-
signed by means of substituent effects on benzene shifts, by intensities, by molecular symmetry considerations, and
by nuclear Overhauser enhancement for protonated carbons. Substituent effects of the substituent at carbon 1 are
determined for carbons 1, 2, 3, and 4 and compared with those for benzene.

The 13C NMR spectra of phenazines are of biological as
well as of theoretical interest. Presently some 30 substituted
phenazines have been isolated from microorganisms.! They
possess antibiotic properties due to their interaction with
deoxyribonucleic acid. Their 13C spectra are useful in the
elucidation of their biosynthesis. The electronic structure of
phenazines, being diaza analogues of anthracene, is further-
more of interest and can be studied by 1°C NMR.2

We have measured the 13C NMR spectra of 16 phenazines
(1) in CDClz, MegSO-dg, and mixtures thereof. The phenaz-
ines were substituted with various substituents in the 1, 1,8,
or 1,9 position. Assignments were made by means of known
benzene substituent effects,® by intensities, by molecular

° 9a N 10a !
8 2
S0

s 3a da 1

5

1

symmetry considerations, and by nuclear Overhauser en-
hancement for protonated carbons.

Phenazine itself measured in CDCl3 as well as in (CD3)2SO
showed slightly lower chemical shifts than those reported in
the literature.2 The protonated carbons were measured at 0.70
ppm and the nonprotonated carbons at 0.55 ppm upfield from
the reported values. The methyl substituent effects on ben-
zene shifts (o, ortho, meta, para) were used in the assignment
of the methylated phenazines. Similarly the benzene -OH,
-OCHj, -COOH, -NOy, -NH;, and ~-COOCHj substituent
effects served to assign the correspondingly substituted
phenazines. The symmetncally 1,6- or 1,9- disubstituted
phenazines showed the expected reduced number of 6 instead
of 12 skeleton signals for the mono- or unsymmetrically sub-
stituted phenazines. Nuclear Overhauser enhancement aided
in distinguishing the protonated from the nonprotonated
carbons. 1,6-Dimethylphenazine was only sparingly soluble
in CDCl; and showed a signal:noise ratio for the quaternary
carbons of less than 3:1. In 1,6-dimethoxyphenazine 5-oxide



