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Abstract: 1-Aryl-2-(p-tolylazo)alkenes were synthesized starting from alkyl aryl ketones in good
overall yield. The employed three-step procedure involves: i) a-p-tolylhydrazonylation of ketone

enclates with ferr-butyl ptolylazosulfide 1; i) selective reduction of the carbony! function of the

obtained a-p-tolythydrazono ketones 3 with NaBH,; iif) dehydration of the ensuing hydrazono
alcohols 4 either in an Et,0/dil. H,SO, two-phase system or in pyridine/acetic anhydride.
© 1998 Elsevier Science Ltd. All rights reserved.

In the course of our studies on the reactivity of arylazosulfides, we have recently reported their ability,
when properly substituted, to behave as hydrazonylating agents.! In particular

rt-butyl p-tolylazo sulfide 1
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reacts with the enolates of ketones to generally provide excellent yields of the corresponding
= mtivas IDA Ditonaion of ciinh o Liad L PP aridoc bac Laos
ﬁ-ﬁ-tﬁly!h‘fu&aaﬁﬁ\‘) derivatives.'%¢ Extension of such a kind of xcuutlvuy to esters and amides has been

conveniently performed.1¢ The interest of the above a-hydrazonylated carbonyl derivatives undoubtedly arises
from the presence of two functionalities able to undergo a wide range of useful transformations.

In this perspective, as an example of synthetic exploitation of our hydrazonylation procedure, we report
herein on the overall transformation of alkyl aryl ketones 2 into 1-aryl-2-(p-tolylazo)alkenes 5 via the selective
reduction of the carbonyl function of 3 and the dehydration of the ensuing a-hydrazono alcohols 4 (Scheme 1).

RESULTS AND DISCUSSION
Azoalkenes (1,2-diaza-1,3-dienes) are compounds of noteworthy synthetic interest? since the conjugated

L
|

heterodiene system, ivating effect upon the olefinic double bond, is

o

susceptible of attack at C(4) by a variety of nucleophiles, in addition and cycloaddition reactions. 3 Most
literature syntheses?2 of azoalkenes consist of a base-induced 1,4-elimination from the parent hydrazones
bearing a good leaving group (e.g. CI, Br- or RCOQ-) on the carbon a to the C=N double bond. In this kind
of approach to diazadienes the hydroxide ion, which is a well-recognized relatively poor leaving group, has
found only scanty?2 utilization.

Nonetheless, the availability!®d of a-hydrazono ketones, e.g. 3, easily envisageable precursors of the
corresponding a-hydrazono alcohols 4, surelv makes the dehvdration of the latter compounds an appealing
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started from alkyl aryl ketones 2: i.e. substrates bound to provide, along the planned synthetic sequence, an
easily removable benzylic hydroxy group in 4 coupled with stabilization of the desired azoalkene 5 by

ne-t
Ketone-to

n-electron conjugative interactions between the diene and the aromatic systems.
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Table 1. a-Keto hydrazones 3a-n from azosulfide 1 and the potassium salts of ketones 2a-n.2
Entry 2 R Ar 3 Yield %?
1 2a H Ph 3a 96¢
2 2b H 2-MeOPh 3b 68¢
3 2¢ H 3-MeOPh 3¢ 57¢
4 2d H 4-MeOPh 3d 98¢
5 2e H 2-Thienyl 3e 72¢
6 2f H 3-Thienyl 3f 98¢

7 2g H 2-Furyl 3g 85

8 Zh H N-Me-2-Pyrrolyl 3h 98

9 2i H 2-Pyridyl 3i 97
10 2j H 3-Pyridyl 3j 48

11 2k Me Ph 3k 60<.d
12 21 Me 4-MeOPh 3 664
13 2m But Ph 3m 45
14 2n But 4-MeQOPh 3n 52

a) [Azosulfide] = 0.065 M; the enolate (2-2.5 mol. equiv. vs. azosulfide) was generated in situ from equimolar
amounts of 2 and fert-BuOK in DMSO; reaction times (1-2 h) were judged by the TLC disappearance of 1. b) Yields
are based on 1 and refer to isolated products. ¢) Duplicate experiment of ref. 1b. d) Obtained via a slight
modification (see Experimental) of the standard procedure (ref. 1b).

The already described!®b a-hydrazonylation method with fert-butyl p-tolylazo sulfide 1 was applied to
ketones 2a-n to furnish (Table 1) the corresponding a-hydrazono ketones 3a-n in satisfactory to excellent

The selective reduction of the a-keto hydrazones 3 to the corresponding o-hydroxy hydrazones 4 (Table
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i generally high yields with NaBHy in MeCOH at 0 °C; significant amounts o
relevant hydrazino alcohol were never detected.

Interestingly enough, well in keeping with our expectation for an easy dehydration of 4, the usual
work-up of the final reduction mixture (see Experimental) brought about a spontaneous transformation of 4b
and 4d into the corresponding diazadienes Sb and Sd: only a careful work-up in the cold allowed isolation of
the two hydrazono alcohols. On the contrary, compounds 4g and 4h could never be isolated because of their

ready dehydration to diazadienes Sg and Sh (Table 2, entries 7 and 8).
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Table 2. B-Hydrazono alcohols 4 from a-ketohydrazones 3.4

Pntry § 3 R Ar 4| Yield%?
1 3a H Ph 4a 80
2 3b H 2-MeOPh 4b 85
3 3¢ H 3-MeOPh 4c 98
4 3d H 4-MeOPh 4d 99
5 3e H 2-Thienyl 4e 56
6 f H 3-Thienyl af g2
7 3g H 2-Furyl 4g ¢
8 3h H | N-Me-2-Pyrrolyl | 4h
9 3i H 2-Pyridyl 4i 99d
10 3j H 3-Pyridyl 4j 994
11 3k Me Ph 4k 96
12 k]| Me 4-MecOPh 41 92
13 3m But Ph 4m 99
14 3n But 4-MeQPh 4n 97

a) [3] = 0.08 M in MeOH at 0 °C; NaBH, (generally 3 mol. equiv.) was added until the complete decoloration of the
methanolic solution. Reaction times were around 1.5-2 h, the end of reaction being judged by both colour
disappearanee and TLC analysis. b) Unless otherwise stated yields refer to isolated, chromatographically pure
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products. ¢ ) Products g, n COUIa 0t o€ 130141Ca a8 l.ucy lmuuy uvuymdlc o Jg,n respeciively, the ‘ylclu:s on the
overall 3 to § transformation are 62% and 68%, respectively (see Table 3). d) Yields of crude material; given their
instability on silica gel, compounds 4i,j were used as such in the successive dehydration reaction.

The dehydration of the hydrazono alcohols 4a-f was performed in a two-phase system of Et,0/5% aq.
sulphuric acid, the reaction being faster under sonication. The results collected in Table 3 show that in these
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essentiaily unchanged.

Unexpectedly, the hydrazono alcohol 41 furnished 4-methoxybenzaldehyde (98% yield) together with
variable amounts of a by-product to which, on the grounds of the 'H-NMR spectrum,5 could be tentatively
assigned the structure of 3,6-dimethyl-1,4-bis(4-methylphenyl)-1,4-dihydrotetrazine. Formation of
anisaldehydes, observed in traces even in the successful experiments of entries 2 and 3 (Table 3) formally
requires scission of the C(OH)-C(=N) bond. Such bond breakage would result (Scheme 2) in the formation of

tolvlhvdrazone) from which e. g the hv-nmdl t described above, isolated in

a second fraoment (an aldevde n-t

second fragment (an aldeyde p-tolylhydrazone) from which the product described abo isolated
tha cace af camnaind 41 canld farmally doriv vidative dimerization 7
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In this regard, it is noteworthy that in going from 4k to 41 the substitution of a hydrogen of the phenyl
ring with a p-methoxy group induces a striking modification of reactivity under the same conditions. Actuaily,
for 4k, even after prolonged reaction times no product envisageably arising from C(OH)-C(=N) bond breakage,
as for 41, is observed. This might suggest a fundamental role played by the methoxy substituent in favouring the
process leading to formation of aldehydes from a-hydrazono alcohols in acidic conditions. However,
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Table 3. Diazadienes 5 obtained by dehydration in acidic conditions of B-hydrazono alcohols 4.2

Entry 4 R Ar 5 | Yield%?
1 4a H Ph Sa 85
2 4b H 2-MeOPh 5b 84
3 4c H 3-MeOPh Sc 76
4 4d H 4-MeOPh 5d 93
5 4e H 2-Thienyl 5e 86
6 4f H 3-Thienyl 5f 98
7 4g H 2-Furyl 5g 62¢
8 4h H | N-Me-2-Pyrrolvl| 5h 68¢

a) [4]1= 0.042M, H,80, 5% was added (ml equiv to the cmployed ml of solvcnt) The reaction mixture was kept in
an ultra-sound bath. Reaction times were 1.5-3h and were judged by the TLC analysis. ) Yields refer to isolated
products. c) Products 5g,h were obtained directly from the crude reduction products 4g,h respectively, which were

not isolated.

surprisingly enough, the para-methoxy derivative 4n, where a fert-butyl replaces the methyl group bonded to
the hydrazonylated carbon of 41, is recovered unchanged when treated for prolonged times with Et,O/dil.

Thus, the concomitant presence of a methyl at the hydra
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ess (Scheme 2) whose real mechanism is at the moment unclear, even if the differential behaviour of 41 and
4n would suggest the involvement of the enehydrazine tautomer of 41 as precursor. A partxculaﬂy intriguing
aspect still lacking a convincing rationalization is represented by the failure to detect the formation of
appreciable amounts of 5n from the p-methoxy derivative 4n: such an outcome clearly contrasts with the
favourable effect that strong electron-donating aryl moieties seem to exert on the acid-catalized 4 to 5
transformation (cf. previous findings on the easy dehydration of 4b,d,g,h).

The dehydration of the hydrazono alcohols 4i-n to the corresponding diazadienes 5i-n could be realized
in acetic anhydride/pyridine, 2b 4 process which involves an acetylation of the hydroxy group followed by a

base-induced 1,4-elimination of AcOH. In our system, the temperature was maintained below 50 °C in order to

A
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Scheme 2
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dentified competitive pathways again appear to prevaii in the case of

Finally, as regards the stereochemistry of the isolated diazadienes, compounds 5a-j are diastereomerically
pure, presumably (E, E)-isomers. Actually, their TH-NMR spectra show in every case coupling constants for the
ethylenic protons (J ~ 13.5 Hz) which are typical for an (E)-geometry around the C=C double bond;!? on the
other hand it is likely that the N=N group too assumes an (E)-configuration, as (Z)-isomers are known to be
unstable and to readily transform into (E)-i
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somers.!! As rgpgrted in the Experimental part, furthermore. the
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Table 4. Diazadienes 5 obtained by reaction of the corresponding hydrazonoalcohols 4 with Ac,O
in pyridine.2
Entry 4 R Ar 5 Yield%?b
5 4i H 2-Pyridyl Si 66
10 4j H 3-Pyridyl 5j 71
11 4k Me Ph 5k 30
12 41 Me 4-MeOPh sk 25
13 4m But Ph Sm 75
14 4n But 4-MeOPh 5n 79
a) [4] = 0.5 M in pyridine; Ac,0: 10 mol. equiv.; reaction temperature: 50 °C; reaction times: 0.5-1h, as judged by
TLC analysis. #) Yieids refer to isolated products.
EXPERIMENTAIL
Melting points were determined on a Biichi 535 apparatus and are uncorrected. !H-NMR and !3C-NMR

specira were taken on a Varian Gemini 200 spectrometer in CDCly solution (uniess otherwise stated); TMS
1 o

was used as infernal standard and chemical shifts are reported as 8 values (ppm).
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(Z)-tert-Butyl p-tolylazo sulfide 1 was prepared from commercial 4-methylaniline, as previously
reported.!2

a-Ketohydrazones 3a-n

Compounds 3a-f, k have been previously described;!® hydrazones 3g-j and 3l-n were prepared
according to the method already described;!? yields of 3k and 31 were improved vs. the standard procedure
(49% and 54% respectively) by very slow addition of further 1.2 mol. equiv. of fert-BuOK (dissolved in
DMSO) to the reaction mixture, after the addition of 1. Compounds were obtained usually as (E)
stereoisomers, which undergo isomerization to the (Z) form in CDCljy solution; DMSO-dg solutions show a
single isomer, probably the (Z) form.

2-Furyl [(4-methylphenyl)hydrazono]methyl ketone 3g: mp 158.2-159.2 °C (EtOH/H,0); 'H-NMR:

~ A~ AT e o saTE o o — -

2.33 (3H, s), 6.59 (iH, dd, J 1.8 and 3.6 Hz), 7.15 and 7.22 (2H each, AA'BB', J 8.8 Hz), 7.27 (1H, d, J 3.6

71

nz;, 7.55 (iH, s), 7.65 ( iH, d, J 1.8 Hz), 14.25 (iH, br s). Found: C, 68.3; H, 5.4; N, 12.1% (Cy3H3N;0,

Y £ 10 /1T A4 IDY K -~

o) Nt 2 P nd A £ o8 /1 <
INIVIR. £.51 \Jll, OJy TV {JILL, D), V.17 L 1K1, U4, v £.0 Alll 7.4 m;, V.00 \ 111, app. L), /.U4 J 1.7 dild
A’)”rr\ TI12 and 717 ) aanh AMRI TANTITIY TARS /(1LY oy 1ANY/(TH e o) Fannmd- ' A0 Q- LT 4 2. W
Tk LRL)y Foaddh GIRL [k ] (&KL VGV, muu sV T RIL), FTY 111y D, LTT.UD (113, UL D). VUWRL o, U7.0, 11, U.J, IN,

17.5% (C 4H;sN;O requires C, 69.7; H, 6.3; N, 17.4%).
7-Pvndvl f/A'_mpthulnhanv“h‘un'rfwn,nn Jmethyl ketone 3i: mp 147.

7
drazo mp 147.6-149.2 °C (EtOH); 'H-NMR: 2.3
(3H, 5), 7.17 and 7.28 (2H cach, AABB, J 8.5 Hz), 7.46 (1H, ddd, J 1.3, 4.7 and 7.7 Hz), 7.88 (1H, app. td, J
1.7 and 7.7 Hz), 8.14 (1H, dt, J 7.7 Hz), 8.38 (1H, s), 8.73 (1H, dm, J 4.7 Hz), 14.54 (1H, br s). Found: C,

70.4; H, 5.6; N, 17.6% (C14H13N30 requires C, 70.3; H, 5.5; N, 17.6%).

3-Pyridyl [(4-methylphenyl)hydrazono Jmethyl ketone 3j: mp 131.8-132.4 °C (taken up with petroleum
ether); IH-NMR: 2.35 (3H, s), 7.18 and 7.28 (2H each, AA'BB, J 8.5 Hz), 7.45 (1H, ddd, J 0.8, 4.8 and 8.0
Hz), 7.69 (1H, s), 8.26 (1H, dm, J 8.0 Hz), 8.79 (1H, dd, J 1.7 and 4.8 11z), 9.22 (1H, dd, J 0.8 and 2.2 Hz),
14.58 (1H, br s). Found: C, 70.3; H, 5.6; N, 17.5% (C4H3N30 requires C, 70.3; H, 5.5; N, 17.6%).

4-Methoxyphenyl 1-{(4-methylphenyl)hydrazono Jethyl ketone 31: mp 174.6-176.0 °C (EtOH); 1H-NMR:
2.19 (3H, s), 2.30 (3H, s), 3.89 (3H, s), 6.95 (2H, AA' of AABB', J 7.0 Hz), 7.02 and 7.11 (2H each, AA'BB/,
J 8.6 Hz), 7.83 (1H, br s), 8.04 (2H, BB' of AABB', J 7.0 Hz). Found: C, 72.2; H, 6.4; N, 10.0%
(C17H1gN>0; requires C, 72.3; H, 6.4; N, 9.9%).

Phenyl 1-[(4-methylphenyl)hydrazono]-2, 2-dimethylethyl ketone 3m: mp 68.1-68.6 °C (EtOH/H,0);
IH-NMR: 1.25 (9H, s), 2.25 (3H, s), 6.83 and 7.01 (2H each, AA'BB', J 8.4 Hz), 6.93 (1H, br s), 7.49 (2H,
m), 7.63 (1H, m), 7.89 (2H, m). Found: C, 77.6; H, 7.6; N, 9.5% (C9H;N,O requires C, 77.5; H, 7.5; N,
9.5%).

4- Methowhenyl 1-[(4-methylphenyl) hydrazono]-2, 2-dimethylethyl ketone 3m: mp 73.3-74.3 °C

Ty w1n sy PN 1 ~ Dy AT s A A'I'Y

(petroleum ether); 'H-NMR: 1.25 (9H, s), 2.25 (3H, s), 3.87 (3H, s), 6.83
7

e 4 AT o &7
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(1H, br s), 6.98 (4H, m), 7.85 (2H, haif AABB’, J 9.0 Hz). Found: C,
requires C, 74.1; H, 7.5; N, 8.6%).
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In an Erlenmeyer flask, the a-ketohydrazone was dissolved in MeOH (1 mmol in 12-20 ml, according to

the hydrazone solubility) and NaBH, (3 mol. equiv.) was added (in small portions every 30 min) under

magnetic stirring keemm) the temperature at 0 °C by an external ice bath. The reaction was followed by TLC

and at the end poured into saturated NH,4Cl solution/ice and extracted with diethyl ether. The combined

organic layers were washed with water and dried (Nay;SOy4). The solvent was evaporated to give a residue
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which was taken-up with petroleum ether and filtered. The obtained products are generally pure enough for the
successive dehydration reaction. Whenever possible, analytical samples were obtained by crystallization.

The hydrazono aicohois 4b and 4d couid be isolated through concentration of the ether extracts, under
vacuum and at ca. 10 °C, to a small volume, followed by insolubilization of the products with petroleum ether
at 0 °C. nvapurauon o dx‘y‘l‘léss at room temperature gw S subpsia n ]
ity carmrnalliomas Sk o nead Bd e iod bl from t I
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isolated because the latter compounds spontaneously dehydrate to diazadienes 5g and Sh during the work-up
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1-Phenyl-2-[(4-methylphenyl) hydrazono Jethanol 4a: mp 106.5-107.5 °C (Et,O/petroleum ether); 1H-
NMR (DMSO-dg): 2.18 (3H, s), 5.16 (l_- dd, J 4.3 and 6.8 Hz), 5.77 (1H, d, J 4.3 Hz), 6.81 and 6.98 (2H
each, AABB), J 8.4 Hz), 7.10 (1H, d, J 6.8 Hz), 7.31 (5H, m), 9.70 (1H, br s). Found: C, 74.9; H, 6.7; N,

11.6% (C35HgN>O requires C, 75.0; H, 6.7; N, 11.7%).
1-(2-Methoxyphenyl)-2- [ (4-methylphenyl) hydrazono Jethanol 4b: yellow oil used as crude material for
the successive dehydration reaction; 'H-NMR (DMSO-dg): two stereoisomers A and B are present (54:46
molar ratio): 2.17 [3H (B), s}, 2.19 [3H (A), s], 3.77 [3H (B), s], 3.82 [3H (A), s], 5.45 [2H (B), m], 5.82 [1H
(A), app. t, J 5.3 Hz], 5.91 [1H (A), d, /5.3 Hz], 6.33 [1H (A), d, J 5.3 Hz], 6.78 [2H (A), AA' of AA'BB', J
8.5 Hz], 6.97 [4H (A) + 6H (B), m], 7.16 [1H (B), d, /6.3 Hz}], 7.32 [1H (A) + 1H (B), m], 7.44 [1H (B), dd,
J 7.6 Hz}, 7.49 [1H (A), d, J 7.8 Hz], 9.19 [1H (A), br s], 9.62 [1H (B), br s].
1-(3-Methoxyphenyl)-2-[(4-methylphenyl) hydrazono Jethanol 4c: mp 89.0-90.0 °C (Et,O/petroleum
ether); 'H-NMR (DMSO-dg): 2.18 (3H, s), 3.74 (3H, s), 5.12 (1H, dd, J 4.4 and 6.8 Hz) 5.77 (1H, 4, J 4.4
Hz), 6.90 [7H m all, partly overlapped AA'BB' (J 8.2 Hz) and m], 7.09 (1H, d, J 6.8 Hz), 7.26 (1H, app. t),
9.70 (1H, br s). Found: C, 70.9; H, 6.8; N, 10.5% (C,¢H;gN,0, requires C, 71.1; H, 6.7; N, 10.4%).
1-(4-Methoxyphenyl)-2-[ (4-methylphenyl) hydrazono Jethanol 4d: mp 110-115 °C (Et,O/petroleum
ether); lH~NMR (DMSO-d6)' two stereoisomers A and B are present (70:30 molar ratio): 2.18 [3H (A) + 3H
)+ 3H (B), s}, 5.09 [1H (A), dd, J 4.4 and 6.8 Hz], 5.67 [1H (A) + 1H (B), m], 5.86 [1H
3 1H (B), d, J 6.3 Hz], 6.81 [2H (A), AA' of AABB', J 8.5 Hz], 6.94 [4H (A) + 6H (B),

J 6.8 Hz], 7.28 [2H (A), BB' of AABB', J 8.5 Hz], 7.36 {2H (B), haif AA'BB', J 8.8 Hz],
9.39 [1H (B), br s}, 9.66 [1H (A), br s]. Found: C, 70.9; H, 6.6; N, 10.2% (CcH;gN,0; requires C, 71.1; H,

L "7 0T 1N AOG/N
6.7, 1IN, 1V.87).

T £ Thinwmid). D[4 smathulnbowul) s dearonn o thamn]l Aac mm Q2 204 N O (tahiana/matenlarm athar)

J"b‘l TesCrs l/‘é"l(‘f"'lc"‘.y”l""‘ L/rl)’ulmunujculuuul 2T, 11 I k=77 UV A - \LUluCllUl HLLUICULL Guwl}’
TH-NMR: 2.28 (3H. 5). 3.53 (1H. d. J 4.0 Hz). 5.65 (1H. app.t). 6.93 (2H. AA’' of AABR'. J 8.5 Hz). 7.01
LAALTLVAVEE S oo e \Jll’ ﬂl’ wAaad g \ll..l., By vV TLU xw,, - e \FuS \lll’ “lly-l’, el Jd \ﬁll’ LMIE UL TMALIRT § 7 U _lw,, f.J1
(1H, dd, J 3.5 and 4.9 Hz), 7.08 (3H, m), 7.19 (1H, d, J 4.0 Hz), 7.31 (1H, dd, J 1.3 and 4.9 Hz), 7.43 (1H, br
s). Found: C, 63.0; H, 5.8; N, 11.1% (C{3H4N>08 requires C, 63.4; H, 5.7; N, 11.4%).

15719472 1 2 ) ? 3 s A
I-/3-Thlenyl, -2-[¢ d-melhvlp_kgnvl)hvdrgzo_no]gthan ! 4f: mp 97.4-98.4 °C (petroleum ether); IH-NMR

(DMSO-dg): 2.18 (3H, s), 5.20 (1H, dd, .J 4.7 and 6.8 Hz), 5.72 (1H, d, J 4.7 Hz), 6.81 and698(2Heach.
AABB', J 8.4 Hz), 7.07 (IH, dd, J 1.2 and 5.0 Hz), 7.14 (1H, d, J 6.8 Hz), 7.36 (1H, d, J 3.0 Hz), 7.51 (1H,
dd, J 3.0 and 5.0 Hz), 9.72 (1H, br s). Found: C, 63.1; H, 5.6; N, 11.1% (C;3H4N,OS requires C, 63.4; H,
5.7; N, 11.4%).

1-(2-Pyridyl)-2-[(4-methylphenyl) hydrazono Jethanol 4i: yellow oil isolated as crude material, which
slowly decomposes in the air; lTH-NMR: 2.27 (3H, s), 4.90 (1H, br s), 5.43 (1H, d, J 5.2 Hz), 6.91 and 7.06
(2H each, AA'BB', J 8.4 Hz), 7.10 (1H, d, J 5.2 Hz), 7.24 (1H, m), 7.46 [2H in all, partly overlapped d (J 7.7
Hz) and br s], 7.71 (1H, td, J 1.7 and 7.7 Hz), 8.56 (1H, app. d, J 4.8 Hz).

1-(3-Pyridyl)-2-[ (4-methylphenyl) hydrazono Jethanol 4j: ted oil isolated as crude material, which slowly
decomposes in the air; ITH-NMR: 2.28 (3H, s), 3.10 (1H, br s), 5.46 (1H, d, J 4.0 Hz), 6.89 and 7.06 (2H each,
AA'BB', J 8.4 Hz), 7.13 (1H, d, J 4.0 Hz), 7.35 (1H, m), 7.75 [2H in all, partly overlapped d (J 8.3 Hz) and br
s], 8.6 (2H in all, 2 partly overlapped br s).
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1-Phenyl-2-[(4-methylphenyl) hydrazono Jpropanol 4k. mp 101.3-102.3 °C (light petroleum); 'H-NMR:
1.71 (3H, s), 2.30 (3H, s), 4.63 (1H, d, J 3.7 Hz), 5.17 (1H, d, J 3.7 Hz), 7.01 [3H in all, partly overlapped
AA' of AABB' (J 8.1 Hz) and br s}, 7.11 (2H, BB' of AABB/, J 8.1 Hz), 7.35 (5H, m). Found: C, 75.2; H,
7.1; N, 10.7% (Cy¢HgN»O requires C, 75.6; H, 7.1; N, 11.0%).

i-(4-Methoxyphenyli)-2-f (4-methylphenyl)hydrazonojpropanol 4i: mp 123.8-124.2 °C (light petroleum);
1H-NMR: 1.67 (3H, s), 2.29 (3H, s), 3.79 (3H, s), 4.67 (1H, br ), 5.11 (1H, ), 687( 2H, AA’ of AABB', J
8.8 Hz), 7.00 [3H in all, partly overlapped AA' of AA'BB' (J 8.5 Hz) and br s], 7.09 (2H, BB' of AABB', J 8.5

Hz), 7.26 (2H, BB' of AABB/, J 8.8 Hz). Found: C, 71.6; H, 7.3; N, 10.0% (C;7H,(N,0, requires C, 71.8;
T 77 1.N Q QoL
11, i.1,1N, 7.5/0).

1-Phenyl-2-[(4-methylphenyl) hydrazona]-3,3-dimethylbutanol 4m: mp 82.8-83.5 °C (petroleum ether);
TH-NMR: 1.23 (9H, s), 2.24 (3H, s), 2.53 (1H, d, J 3.8 Hz), 5.66 (1H, d, J 3.8 Hz), 6.82 and 6.99 (2H each,
AABB', J 8.4 Hz), 7.39 (SH, m), 8.63 (1H, br s). Found: C, 76.8; H, 8.4; N, 9.7% (C;gH,4N,0 requires C,

77.0;H,8.2; N, 9.5%).

1-(4-Methoxyphenyl)-2-[(4-methylphenyl) hydrazono]-3, 3-dimethylbutanol 4n: yellow oil; 'H-NMR
(DMSO-dg): 1.12 (9H, s), 2.17 (3H, s), 3.72 (3H, s), 5.55 (1H, d, J 3.7 Hz), 6.47 (1H, d, J 3.7 Hz), 6.79 (2H,
AA'of AABB', J 8.4 Hz), 6.88 (2H, AA' of AA'BB', J 8.8 Hz), 6.96 (2H, BB' of AA'BB!, J 8.4 Hz), 7.27 (2H,
BB' of AABB', J 8.8 Hz), 9.58 (1H, br s). Found: C, 73.9; H, 8.2; N, 8.5% (CpqH,¢N,0, requires C, 73.6; H,
8.0; N, 8.6%).

1-Aryl-2-(p-tolylazo)alkenes 5a-n

e hydrazono alcohol (4a-f) was dissolved in a one-neck flask in diethyi ether (1 mmol in 24 mi) and 24
A, AL A=l

aq 1‘12-3\)4 WETE aaaeu, the flask was maintained in an uitra-sound bath at room temperature and the
reac

f the reaction (1.5-3h) was judged by TLC disappearance of the substrate. From the final reaction mixture

AMITAAIIS Mo A ot ad e
the organic layer was separated and the agueous one extracted with diethyl ether. The combined organic ldycrb
< A

NaySOy), filtered and evaporated under vacuum. The
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As reported in the previous paragraph, t ydrazono cohols 4g,h spontaneously dehydrate to Sg,h
during the work-up of the reduction reaction.

Diazadienes Si-n were obtained according to a method reported in literatur re2bIna typical procedure, a
solution of hydrazono alcohol (0.5 mmol) in dry pyridine (1 ml) was added of acetic anhydride (5 mmol) and
gently warmed to 50 °C under magnetic stirring. At the end of the reaction (judged by TLC disappearance of
the substrate, 15-60 min), the mixture was poured into cold water and extracted with diethyl ether. The ether
extracts were washed with water, dried with NaySOy, filtered and evaporated at reduced pressure. Pure
products were generally obtained by column chromatography on silica gel.

1-(4-Methylphenylazo)-2-phenylethylene 5a: mp 90.6-91.1 °C (EtOH); IH-NMR: 2.43 (3H, s), 7.28
(2H, m), 7.41 (3H, m), 7.67 [5H in all, partly overlapped AA'BB' (J 8.1 Hz) and d (J 13.5 Hz)], 7.98 (1H, d, J
13.5 Hz). Found: C, 80.8; H, 6.5; N, 12.2% (C{sH4N, requires: C, 81.1; H, 6.4; N, 12.6%).

1-(4-Methylphenylazo)-2-(2-methoxyphenyl)ethylene Sb: mp 86.2-87.0 °C (petroleum ether); 'H-NMR:
2.41 (3H, s), 3.93 (3H, s), 6.98 (2H, m), 7.27 (2H, AA' of AA'BB', J 8.6 Hz), 7.35 (1H, m), 7.61 (1H, dd, J
1.5 and 7.7 Hz), 7.73 (2H, BB' of AA'BB', J 8.6 Hz) 7.96 (1H, d, J 13.7 Hz), 8.11 (1H, d, J 13.7 Hz). Found:
C,76.0; H, 6.6; N, 11.3% (C,¢H;6N70 requires: C, 76.2; H, 6.4; N, 11.1%).
1-(4-Methylphenylazo)-2-(3-methoxyphenyl)ethylene Sc: mp 50.4-50.7 °C (petroleum ether); |H-NMR:

2.42 (3H, s), 3.85 (511 s), 6.93 (1H, dd, J 1.8 and 7.3 Hz), 7.14 (1H, app. d), 7.28 [5H in all, partly

ral o~ ¥ s A
7.97 (1H, d, J 13.9 Hz). Found: C, 76.2; H, 6.4, IV, ii.i% (C161116N2U requlres C,76.2; H,6.4;N, 11, 1'70)
I S S e r 3 pg el . o1 .
1-{4-Methylphenylazo)-2-(4-methoxyphenyljethylene 5d: mp 118.5-119.2 °C (EtOH); 'H-NMR: 2.41
o o LI 1 - AIT A A AL A ATDD FO 2 II\ "7 £N LT ien
(3H, s), 3.85 (3H, s), 6.94 (2H, AA' of AABB', J 8.8 Hz), 7.27 (2H, AA' of AABB', J 8.3 Hz), 7.60 |3H in
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all, partly overlapped BB' of AA'BB' (J 8.8 Hz) and d (J 13.2 Hz)], 7.71 (2H, BB' of AABB', J 8.3 Hz), 7.93
(1H, d, J 13.2 Hz). 13C-NMR: 21.47, 55.38, 114.48, 122.48, 127.84, 129.51, 129.75, 140.94, 141.60, 145.14,
151.05, 160.86. Found: C, 76.5; H, 6.5; N, 11.0% (C;gH;6N,O requires: C, 76.2; H, 6.4; N, 11.1%).

1 (4-Methylphenylazo) 2-(2- thienyl)ethylene Se' ‘mp 102 9- 103 2 °C (light petroleum); H-NMR: 2.42

3. 8HZ)J, /4U(lH a Js. ()Hz),770 and 7.83 [4H in all, partly overlapped BB' of AABB' (J84Hz)andAB
(J 13.8 Hz)]. Found: C, 67.9; H, 5.3; N, 12.0% (C;3H;,N,S requires: C, 68.4; H, 5.3; N, 12.3%).

I-(4-Methylphenylazo)-2-(3-thienyl)ethylene 5f: mp 111.2-112.5 °C (EtOH/H,0); 'H-NMR: 2.42 (3H,
S T N0 INDNTT A AL £ A AT FO 1 1Y_\ 7T 10 rHYTY % ¥~ 1YY L -F-4rshal F™ 2 YX_\ ~ o™ o reaYTY 1 yam =YY _N\
sj, 7.28 (ZH, AA' of AA'BB', /8.1 Hz), 7.38 (ZH, d, /2.1 Hz), 7.55 (1H, t, J 2.1 Hz), 7.67 (iH, d, J 13.7 Hz),
72 Y DD L AATDID TO 1 TT.N\ ’1 oL (1YY 1 F12 7T IT\ Do d. MY £O N IT £ . AT 1A N/ 74 TY w1 ©
f«1J \&ll, DD VU1 AADD,J 0.1 114), /.00 {111, 4, J 1.7 INZ). round. «, 08.U, 11, 5.0, N, 12.U70 (L 3112N2D
requires: C, 68.4; H, 5.3; N, 12.3%).

P (A4 llnflnr]nlanm Taon)_2_ 17 _finusDothulons e mn 117 N_112 D O (matealam athar). I NAMD- 2 A1

LTUTTLVECSIIY VTSI YR UL ]~ L™ (LT J T YEJTMIEYICTIC O LL 1L VUTL1J.4 o pruivIculll vl ), L17INIVRIN., L.'t1
(IH <) £ 50 (1 dd 11 and 1 4 2y AT (TH 4 T2AHN TIOR8 MH AA'AfAARR 7992 H2) 741
\Jll, -}” e/ \I.IL’ uu, W Reif GARIKNE JTF LL‘.‘I’ AVEAY v g \111, u, YRS S l.l-l.t,, T da’J \bll, Ay VR muu, v Ul ]..I.Lal, F.vL
(1 J136 H, 752 (1H. 4, J1.7H2). 7.71 (2H. BR' of AARR' J &2 Hz). 790 (1H. 4. J 13.6 H2
- AR 1Y ~ \Aaa i .or AL A RFAF o Ued Z2iufy 17V \AAdy Wy ¥ dJeV LRiu)s

(2H, BB J
3.5% (C3HpN,0 requires: C, 73.6; H, 5.7; N, 13.2%).

] /4 Meth‘vlnhenvlazo) 2-(2-N-methvipyrrolvl)ethylene Sh: e(_l solid which easily decomposes; Iyg.
NMR: 2.40 (3H, s), 3.77 (3H, s), 6.25 (1H, m), 6.73 (1H, m), 6.81 (1H, m), 7.27 and 7.68 (2H each, AABB',
J 8.5 Hz), 7.55 (1H, d, J 13.4 Hz), 7.91 (1H, d, J 13.4 Hz).

I1-(4-Methylphenylazo)-2-(2-pyridyl)ethylene 5i: mp 112.9-113.6 °C (petroleum ether); 1H-NMR: 2.43
(3H, s), 7.28 (3H, m), 7.57 (1H, d, J 8.0 Hz), 7.74 (4H, m), 8.27 (111, d, J 13.6 Hz), 8.69 (1H, br d, J 4.9 Hz).
Found: C, 75.0; H, 6.2; N, 18.5% (C;4H3Nj3 requires: C, 75.3; H, 5.9; N, 18.8%).

1-(4-Methylphenylazo)-2-(3-pyridyl)ethylene 5j: mp 116.3-117.2 °C (petroleum ether); 'H-NMR: 2.44
(3H, s), 7.31 (2H, AA' of AA'BB', J 8.4 Hz), 7.42 (1H, m), 7.65 (1H, d, J 13.9 Hz), 7.75 (2H, BB' of AABB/,
J 8.4 Hz), 7.99 [2H in all, partly overlapped d (/ 13.9 Hz) and m], 8.60 (1H, br d, J 4.8 Hz), 8.84 (1H, br s).
Found: C, 75.2; H, 6.0; N, 19.0% (C;4H;3Nj3 requires: C, 75.3; H, 5.9; N, 18.8%).

2-(4-Methylphenylazo)-1-phenylpropene Sk: obtained as a mixture of stereoisomers A and B (73:27
molar ratio), which partially solidifies in the fridge; !H-NMR: 2.17 [3H (B), d, J 1.0 Hz], 2.28 [3H (A), d, J
1.0 Hz}], 2.42 [3H (A) + 3H (B), 5], 6.95 [1H (B), s], 7.51 [10 H (A) + 9H (B), m]. Found: C, 81.0; H, 6.9; N,
11.5% (C gH N5 requires: C, 81.3; H, 6.8; N, 11.9%)).

2-(4-Methyiphenylazo)-1-(4-methoxyphenyl)propene SI: obtained as a mixture of stereoisomers A and B
(32:68 molar ratio), which partially solidifies in the fridge; IH-NMR: 2.15 [3H (B), s], 2.29 [3H (A), d, J 0.9

i

~ Al\ FRAYT FAN &+ AIT /TN 7 A OF FATY /T T A QL TATT AN T £ DA TATT ST
Hz], 2.42 [3H (A) + 3H (B), s}, 3.85 [3H (B), s], 3.86 [3H (A), s], 6.92 [3H (B) in all, partly overlapped s and
A Al O A AT 7 TO0 £ TT_N\T £ OO INTT 7 AN A At L A AT FOnNn 117 7770 FINIT 7 AN | ATT /M 7 LY ALY
AA U1 AADD (J 0.0 IZ)), 0.70 |[411 (A, AA Ol AADD, J .U INN4j, 7.40 [Z1 {A) T 211 (D), [Il], /.23 1401
FTAY DD A8 AATMD 70N LI1 T£L0 FT1LT AN &1 7774 TALT FAY L ALT /N canl Davaenade 7 TL£ A LT 7N WT
), DD UL AADD, v 7.V 1ML, 1.UY LLI1 {A), 3], 7.79% {&£13 \A) T 911 (D), il]. FUOUIML. ., /U5, 11, /.U, I\,
10.7% (Cy7HgN,0O requires: C, 76.7; H, 6.8; N, 10.5%).
2=/A=‘ othvinhom rni. ’=nhpnu .3 2=n'1'rnofln:l;"n‘ono &m- rad nil- H-LT\TMID 1224 MO &\ 247 (R <)
R T=VACR S ys s by s /= I =i yi=0 , J=GTiCart yiUuiCric Jiki. IVU Ull, IATINIVAN. 107 \Jiky )y & T& \J11, 9j,
654 (1H ). 723 (TH. m). 7.66 (2H half AA'BR' J 83 Hz). Found: C, 81.8 83: N. 9R8% (CigHA~NA
VST (xXRy T, L2 V&R, dldy, VU \&AR, G LSO, J 0.0 D14 JUwaG. L, 1.0, 15, 3.2, 1N, .88 (V(08R224%2

requires: C, 82.0; H, 8.0; N, 101%)
2-(4-Methylnhervlazo)-1-(4-methoxyphenyl)-3, 3-dimethvlbutene 5n: red oil; TH-.NMR: 1.34 (9H, s),

iadind =rs5

2.42 (3H, s), 3.80 (3H, s), 6.64 (1H, s), 6.81 (2H, half AABB', J 8.8 Hz), 7.31 (4H, m), 7.67 (2H, half

oL

AA'BB', J 7.9 Hz). Found: C, 77.1; H, 8.2; N, 9.0% (CypH4N,O requires: C, 77.9; H, 7.8; N, 9.1%).
Other Compounds
Methoxybenzaldehydes were identified by comparison with commercial samples.

1-Hydroxy-1-phenylpropanone was identified by comparison with an authentic sample from our
laboratories: yellow oil; TH-NMR: 2.08 (3H, s), 4.31 (1H, d, J 3.6 Hz), 5.10 (1H, d, J 3.6 Hz), 7.35 (5H, m).
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