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ABSTRACT  

Tetrahydropyridazines are of particular interest for their versatility as intermediates in organic 

synthesis and display pharmacological activity in several domains. Here, we describe the 

photocatalytic synthesis of different tetrahydropyridazines starting from γ,δ-unsaturated N-

arylsulfonylhydrazones. Simple structural changes of substrates result into three different 

pathways beginning from a common N-hydrazonyl radical which evolvesthrough a 

dominocarboamination/dearomatization, a HAT process, or a photoinduced radical Smiles 

rearrangementto afford diverse tetrahydropyridazines. All reactions are carried out in very mild 

conditions and quite inexpensive [Ru(bpy)3]Cl2is used as the catalyst. Preliminary mechanism 

studies are presented, among them luminescence and electrochemical characterization of the 

involved species. Computational studies allow to rationalize the mechanism in accord with the 

experimental findings. 

Introduction 
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The synthesis of nitrogen-containing heterocycles represents one of the major focus in organic 

synthesis.1, 2 Among them, tetrahydropyridazines are of particular interest since they are frequently 

found in natural products and pharmacologically active compounds. Their activity as lipoxygenase 

inhibitors,3, 4 cardiotonics,5, 6 antibacterials,7 cannabinoid receptor antagonists,8 influenza 

neuraminidase inhibitors9 has been reported (Figure 1), in addition to studies correlated to their 

herbicidal properties.10 Moreover, they are versatile intermediates in organic synthesis.11 
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Figure 1 Biologically active 1,4,5,6-tetrahydropyridazines 

As a consequence, many efforts have been dedicated to new strategies for the construction of 

these nitrogen heterocycles: among those, [4 + 2] cycloaddition of azoalkenes,12-15 1,2-diaza-1,3-

dienes,9, 16or diazenes,17 and [3 + 3] formal cycloadditions18 exploiting cyclopropyl derivatives and 

hydrazones.19, 20 Nevertheless, the need for available starting materials and a good compatibility 

of reaction conditions with several functional groups has been the driving force for the use of other 

cyclization strategies. In this context, hydrazones represent an appealing alternative,21-24 being 

easy to prepare and displaying a very peculiar reactivity.25-30 Many synthetic approaches exploiting 

them have been reported, like Palladium 31, 32 and Copper mediated cyclizations,33, 34 but 

especially, visible light-mediated processes. Photocatalytic transformations have, indeed, attracted 

huge interest in the last years, disclosing alternative routes to functionalized molecules under mild 

reaction conditions and with high functional group tolerance.35-39 In particular, visible light-

mediated generation of N-centered radicals40, 41 has rapidly became one of the most efficient 

approach in the synthesis of N-heterocycles (Scheme 1).42-44Thus far, the pioneering work by Xiao 

and co-workers has emerged as a milestone, giving access to 4,5-dihydropyrazoles in good yields 

from β,γ-unsaturated hydrazones through a photocatalytic N-radical hydroamination.45 Similar 

strategies afforded pyrazolines, pyridazines and isoxazolines under oxidative conditions,46, 47 or by 

a radical mediated cyclization/allylation.48 Moreover, the light-induced N-radical 5-
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exocyclization/addition/aromatization cascade by dual Ru/Co co-catalysis was reported, affording 

various dihydropyrazole-fused benzosultams from β,γ-unsaturated 

hydrazones.49Dihydropyrazoles were also obtained starting from aldehyde hydrazones with halo-

1,3-dicarbonyls44 or α-halohydrazones with β-ketocarbonyls.50 In 2017 our research group 

reported the first example of a visible light driven transformation of α,β-unsaturated 

sulfonylhydrazones to allylic sulfones by the generation of highly delocalized radicals, crucial in 

promoting nitrogen loss instead of the commonly observed intramolecular hydroamination.51 A 

1,5-rearrangement of the sulfonyl group with loss of nitrogen was hypothesized via a six member 

ring transition state, moreover the formation of a vinyl radical was demonstrated (Scheme 1). To 

our knowledge, no studies on visible-light mediated reactivity of γ,δ-unsaturated derivatives are 

reported in literature, so we decided to explore such substrates as possible precursors for 

tetrahydropyridazines synthesis and compare them to α,β and β,γ-analogues (Scheme 1). 
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Scheme 1N-radical-centred reactivity of unsaturated aryl hydrazones to afford different N-
tetrahydropyridazine scaffolds. 

Results and discussion 
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Reaction Optimisation and Scope 

First attempts were carried out using phenylbut-3-enyl-N-tosylhydrazone (1). The effect of the 

light source, solvent, photocatalyst and base was studied and the complete optimization is reported 

in supporting information (table 1 in ESI). Under the best reaction conditions, KOH was used as 

the base, [Ru(bpy)3]Cl2 ∙6H2O as the catalyst in CHCl3, a 9W blue lamp as the light source, to 

afford 2 in 24% yield (Scheme 2). 

NNHTs
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.6H

2O, 
1.2 eq KOH,
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2  

Scheme 2 Photocatalyzed cyclization of phenylbut-3-enyl-N-tosylhydrazone (1) 

Despite the reaction selectively afforded product 2 deriving from the originally designed 6-exo-

trig cyclization (Scheme 2), any attempt to enhance the yield was unsuccessful, even when a more 

powerful light source was used (40W). In the light of these results, we speculated a competition 

between the desired cyclization and the formation of a stable allylic radical which could be further 

involved in alternative reaction pathways leading to byproducts or product degradation. Therefore, 

we turned our attention to phenyl-2,2-dimethylbut-3-enyl-N-tosylhydrazone (10a), where the 

presence of two geminal CH3 at the β-C avoids the undesired 1,5-HAT. When 10a was reacted 

under the optimized reaction conditions for 1 (entry 1,Table 1), we witnessed the total conversion 

of the reagent yielding an unexpectedly different product. NMR analysis suggested structure 13a 

containing a 1,4-dienic moiety corroborated by a broad singlet at 5.35 and a multiplet at 6.75 ppm 

pertinent to alkenyl sp2 protons and three signals related to methylenes in the DEPT-135 spectrum 

(31.4, 31.5 and 34.6 ppm). This structure was eventually confirmed by Single Crystal X-ray 

Diffraction (Table 1, top right). Most importantly, we observed the formation of a single 

diastereoisomer. This new outcome delighted us, mostly because the introduction of two geminal 

methyl groups afforded, with complete diastereoselectivity, a tricyclic structure containing a 1,4-

diene moiety as result of an arene dearomatization. This was probably the consequence of a 

cascade process involving two consecutive exo-trig-cyclizations, a very different result from the 

cyclization/addition/aromatization cascade of β,γ-unsaturated-N-tosylhydrazones reported by 

Xiao et al. where the dienic portion spontaneously evolved to an aromatic ring.491,4-(Skipped) 
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dienes are ubiquitous structural units in natural products such as polyenic macrolides,52-54 

macrolactames,55and alkaloids56 and also in functional materials.57-59 Their synthesis is not trivial 

and in the last years the dearomatization approach has emerged as a powerful strategy to access 

this motif.60Optimization of reaction conditions for 10a is reported in Table 1. When a 40W blue 

light was utilized (entry 2), the yield of 13a increased to 52%. The use of K2CO3 in CHCl3 afforded 

the product in 40% yield (entry 3) and 73% yield was obtained switching the solvent to CH3CN 

(entry 10). A mixture of degradation products was recovered using both KOH and NaOH as the 

bases in CH3CN (entries 4, 5 and 6), whereas Cs2CO3 demonstrated a complete inefficacy, in fact 

starting material 10a was fully recovered (entry 7). The base was essential for the success of the 

reaction as demonstrated by entry 17. 1.5 eq. of the base respect to 10a resulted optimal for the 

reaction. The effect of the light source power was evident as well, since the reaction carried out 

using a 9W blue lamp did not reach completion after 72h (85% conversion, 50% yield, entry 9). 

Different photocatalysts were also tested: 3% mol [Ru(bpy)3]Cl2∙6H2O resulted optimal (entry 10), 

since lower loadings gave a total conversion but lower yields (58 and 55% respectively, entries 11 

and 12). Anyway, its performances were superior to [Ir(ppy)2(dtbpy)][PF6] and 

[Ir{dFCF3ppy2(bpy)]PF6 (entries 14 and 15) and Eosin Y, the latter being completely inefficient 

(entry 13). Experiments in the absence of photosensitizer (entry 18) or light (entry 19) afforded no 

product, confirming the photocatalytic nature of the process. 
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Table 1 Optimization for photocatalyzed cyclization of phenylprop-3-enyl-N-tosylhydrazone (10a) 

 

Entry Base Photosensitizer Solvent Time [h] Conversion [%] 
Yield[a] 
[%]  

1[c] KOH (1.2 eq.) [Ru(bpy)3]Cl2 ∙6H2O (3%) CHCl3 16 100 35 (22)[b] 

2[f] KOH (1.2 eq.) [Ru(bpy)3]Cl2 ∙6H2O (3%) CHCl3 16 100 52 (45)[b] 

3[f] K2CO3 (1.5 eq.) [Ru(bpy)3]Cl2 ∙6H2O (3%) CHCl3 16 100 40 (35)[b] 

4[f] KOH (1.2 eq.) [Ru(bpy)3]Cl2 ∙6H2O (3%) CH3CN 16 100 0[g] 

5[f] KOH (1.5 eq.) [Ru(bpy)3]Cl2 ∙6H2O (3%) CH3CN 16 100 0[g] 

6 [c] NaOH (1.5 eq.) [Ru(bpy)3]Cl2 ∙6H2O (3%) CH3CN 16 100 0 

7[c] Cs2CO3 (1.5 eq.) [Ru(bpy)3]Cl2 ∙6H2O(3%) CH3CN 16 0  0  

8[c] K2CO3 (1.5 eq.) [Ru(bpy)3]Cl2 ∙6H2O (3%) CH3CN 16 45 43 

9[c] K2CO3 (1.5 eq.) [Ru(bpy)3]Cl2 ∙6H2O (3%) CH3CN 72 85 50 

10[f] K2CO3 (1.5 eq.) [Ru(bpy)3]Cl2 ∙6H2O (3%) CH3CN 16 100 73 (70)[b] 

11[f] K2CO3 (1.5 eq.) [Ru(bpy)3]Cl2 ∙6H2O (2%) CH3CN 16 100 58 

12[f] K2CO3 (1.5 eq.) [Ru(bpy)3]Cl2 ∙6H2O (1%) CH3CN 16 100 55 

13[d] K2CO3 (1.5 eq.) Eosyn Y CH3CN 72 0 0 

14[e] K2CO3 (1.5 eq.) [Ir(ppy)2(dtbpy)][PF6] (3%) CH3CN 16 100 37 

15[e] K2CO3 (1.5 eq.) [Ir{dFCF3ppy}2(bpy)]PF6 

(3%) CH3CN 16 100 42 (36)[b] 

16[f] K2CO3 (1.5 eq.) [Ru(bpz)3][PF6]2 ∙6H2O (3%) CH3CN 16 0 0 

17[f] - [Ru(bpy)3]Cl2 ∙6H2O (3%) CH3CN 16 0  0  

18[f] K2CO3 (1.5 eq.) - CH3CN 16 0 0 

19[h] K2CO3 (1.5 eq.) [Ru(bpy)3]Cl2 ∙6H2O (3%) CH3CN 16 h Traces Traces  

Reactions conditions: tosylhydrazone10a (0.3 mmol), anhydrous solvent (5 mL) [reagent concentration: 0.06 M], base, catalyst. 
[a] Determined by NMR spectroscopy using nitromethane as internal standard; [b] Yields determined on isolated product; [c] 450 
nm light source – blue light. 9W, [d] 550 nm light source – green light; [e] 365 nm light source – purple light; [f] 450 nm light 
source – blue light, 40W, [g] a mixture of degradation products was recovered; [h]reaction performed in the dark. 



 

 

7 

Conditions listed in entry 10 resulted to be the best, so we extended the scope of the reaction to 

the β-hindered-γ,δ-unsaturated hydrazones listed in Scheme 3. Tosyl, phenylsulfonyl (10 and 11) 

and mesytylsulfonyl-hydrazones (12) were prepared in order to evaluate the influence of the 

substituent on the hydrazonyl moiety (Scheme 3) starting from the suitable α,β-unsaturated 

aldehyde 3 which was reacted with a Grignard reagent 4. The so-formed alcohol 5, after oxidation 

with MnO2, afforded the γ,δ-unsaturated ketone 8 and, after reaction with the arylsulfonyl 

hydrazide, the corresponding hydrazone (10,11 or 12). Acetone and acetophenone derivatives were 

used as starting materials for the preparation of both terminal and internal γ,δ-unsaturated 

hydrazones. Moreover, natural terpene pulegone was exploited (10l and 12g). As reported in Table 

2, best results were obtained with tosylhydrazones 10a and 10i and afforded 

hexahydrobenzo[e]pyridazino[1,6-b][1,2]thiazine-10,10-dioxide 13a and 13i in 70% and 73% 

yields respectively, thus demonstrating that an aromatic group is not compulsory and the reaction 

can be successfully applied to aliphatic arylsulfonylhydrazones. The reaction demonstrated to be 

totally diastereoselective, X-ray diffraction-derived molecular structure of 13a are reported in 

Table 1 (see ESI Table 5,6 and 7). In the case of methyl derivative 10i the reaction was scaled up 

to 2 mmoles and product 13i was obtained in 51% yield after 72 h. When 

phenylsulfonylhydrazones 11a and 11b were subjected to irradiation, products 13j and 13k were 

recovered in lower yields with respect to those obtained with tosylhydrazones 10a and 10i (40% 

and 55% yield respectively). Electron-rich aromatic rings can also be introduced: 2-naphthyl (13b, 

43%), 3-methoxyphenyl (13f, 50%) and tolyl substituents. In the last case meta, para and ortho 

derivatives (10c, 10d and 10e) were used in order to evaluate both electronic and steric effects. O-

tolyl derivative afforded the product 13e in lower yield respect to meta 13c and para 13d, which 

are comparable, thus demonstrating an influence of steric effects. The electron-poor 2-pyridinyl 

derivative 10g afforded product 13g in 37% yield, slightly worse than electron rich substrates. The 

reaction was also successfully extended to the unsaturated hydrazone 10l deriving from pulegone, 

a monoterpene ketone found in the leaves and flowering tops of several members of the mint family 

Lamiaceae, affording the corresponding tetrahydropyridazine 13l in 35% yield. 
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Scheme 3 Synthesis and list of the β-hinderedγ,δ-unsaturated hydrazones 

Finally, also the geminal substituents in the bridge were changed and the tosylhydrazone 10j, 

where a phenyl group was introduced in place of one of the two methyl groups, successfully 

afforded the cyclization product 13h in 34% yield. 

Furthermore, we tested the reactivity of mesitylhydrazones (mesityl=2,4,6-trimethylphenyl) 

12a-12g and a completely different outcome was observed (Table 3). Two products were 

recovered in high yields: the first, (14a), derived from the photocatalyzed cyclization of the N-

hydrazonyl radical and the second due to a photoradical promoted carboamination/Smiles 

rearrangement (15a).61-64 Best results were obtained with 2,2-dimethylbut-3-

enylphenylmesitylhydrazone (12a) and 2,2-dimethylbut-3-enylmethylmesitylhydrazone (12e) 
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with a total yield of 95% and a ratio of 53 : 47and 61 : 39 between products 14a/15a and 14e/15e 

respectively, again demonstrating no difference between aromatic and aliphatic derivatives (Table 

3). When 2-naphthyl (12b) was introduced as the substituent, 72% yield was obtained and a ratio 

of 58 :42 between the cyclization product 14band the Smiles rearrangement 15b. Also in this case, 

steric hindrance of o-tolyl derivative 12d decreased the efficiency of the process compared to p-

substituted 12c (87% versus 62% yield;Table 3). Pulegone hydrazone 12g was subjected to 

irradiation, as well. In such case only product 14f was recovered in 35 % yield, while only traces 

of the corresponding Smiles rearrangement product were observed. We reasoned that the steric 

hindrance and the rigidity of the pulegone cyclic structure make the attack of the so-formed alkyl 

radical to the aromatic ring more difficult. 
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Table 2 Scope of the synthesis of tetrahydropyridazines by photocatalyzed cyclization of γ,δ-unsaturated-
N-arylsulfonylhydrazones (10a-l, 11a-b)[a,b,c] 
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[a] Reaction conditions: arylsulfonylhydrazone 10a-land 11a-b 0.3 mmol, K2CO3 0.45 mmol, anhydrous CH3CN 5 mL, 
[Ru(bpy)3]Cl2.6H2O 0.09 mmol (3%), Kessil blue lamp 40W, 16 h, inert atm.; [b] yields determined on isolated product; [c] relative 
configurations of products were assigned by analogy to 13a. [d] reaction scaled to 2 mmol of 13i (51%, 72h). 
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Table 3 Alternative reactivity with γ,δ-unsaturated mesitylsulfonylhydrazones (12a-12f) and 2.2-
dimethylpent-3-enone arylhydrazones (10j-k)[a,b,c] 
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.
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[a] Reaction conditions: arylsulfonylhydrazone 0.3 mmol, K2CO3 0.45 mmol, anhydrous CH3CN 5 mL, [Ru(bpy)3]Cl2.6H2O 0.09 
mmol (3%), Kessil blue lamp 40W, 16 h, inert atm.; [b] determined on isolated product; [c] Mes (mesityl) = 2,4,6-trimethylphenyl 

 
Then we moved on testing tosylhydrazones 10j, 10k and 12f where an internal double bond was 

introduced. Again, this modification imposed a different reaction outcome because only the Smiles 

rearrangement product was recovered in all cases. Not only with mesitylsulfonyl hydrazone 

12f(product 15h, 72%), but also when tosyl derivatives 10j and 10k were involved (72 and 70% 

for 15h and 15g respectively). We supposed that the presence of the methyl makes difficult the 



 

 

12 

interaction with the ortho H of the aromatic ring. Finally, the reaction demonstrated to be 

diastereoselective, in fact only a diastereoisomer was recovered. 

Reaction mechanism studies 

To verify if a C-centered radical is involved as a key intermediate during the process, a trapping 

experiment with TEMPO was realized. The model reaction was carried out in the presence of 

TEMPO (2.0 equiv) affording 1-phenyl-N-tosyl-6-(2,2,6,6-tetramethyl-N-methylenoxy)1,4,5,6-

tetrahydropyridazine 16 in 30% yield (Scheme 4). The structure of TEMPO adduct was confirmed 

by HRMS, NMR spectroscopy and Single Crystal X-ray diffraction (Figure 2). 

K2CO3,
 TEMPO

[Ru(bpy)3]Cl26H2O

40 W blue lamp,
CH3CN, 16 h, rt

16, 30%

N
NH

Ts

CH3

CH3

N
N

Ts

CH3

CH3

O
N

H3C
H3C

H3C CH3Ph Ph

10a  
Scheme 4TEMPO trapping experiment 

 

To exclude the possibility of a chain radical mechanism, experiments with 10a were also carried 

out in the presence of radical initiators: no reaction was induced when AIBN was used, whereas 

the more reactive benzoyl peroxide produced a mixture of degradation by-products (see ESI).  

 
Figure 2 ORTEP plot of the asymmetric unit of TEMPO adduct 16 in the crystal structure (Color Code: 

grey, carbon; navy blue, nitrogen; red, oxygen; yellow, sulfur; 50 % of probability represented) 

Then, the Stern –Volmer luminescence quenching studies were performed (Figure 3,left). The 

interaction mechanism between the K+ salt of the model substrate K+-10a and [Ru(bpy)3]2+ was 

investigated (see details in ESI). The non-linearity of the trend is due to both static and dynamic 

quenching, in agreement with the formation of an ion pair between the tosylhydrazone anion K+-

10a and the [Ru(bpy)3]2+, as already observed in previous studies.51, 65 The model reaction has 



 

 

13 

been also studied from an electrochemical point of view. The cyclovoltammetries (CVs) of 2,2-

dimethylbut-3-enylphenone-N-tosylhydrazone-K+ salt (K+-10a) and the corresponding isolated 

reaction product (13a) show that K+-10a can be irreversibly oxidized, affording 13a that, 

conversely, is stable in the employed reaction conditions. Given the electrochemical 

characterization of these species, we followed by CV the whole reaction. Therefore, a 0.1 mM 

Ru(bpy)3Cl2.6H2O and 3mM K+-10a solution in acetonitrile was irradiated for 20 hours, under 

nitrogen atmosphere. In Figure 3 right, we observed, immediately after the begin of the irradiation, 

only the peak of K+-10a (+ 0.52 V). The low concentration of the catalyst does not allow to detect 

it as its peaks are covered by those of the substrate K+-10a. After 4 hours under irradiation, as the 

reaction proceeds, the peak of the substrate K+-10a located at + 0.52 V begins to decrease in 

intensity while the signal of product 13a, at + 1.23 V, grows (red line). Finally, after 20 hours of 

irradiation, the reaction goes to completeness showing an intense peak at + 1.23 V due to the 

complete conversion of the substrate K+-10a and the signal of tosylhydrazone salt disappeared K+-

10a (blue line). 

 
 

Figure 3 Left: Stern-Volmer plot for the [Ru(bpy)3]2+ luminescence quenching in the presence of 2,2-
dimethylbut-3-enylphenone-N-tosylhydrazone-K+ salt (K+-10a). Right: electrochemical characterization of 
the reaction. The CVs were carried at three different time during the reaction: 1) t = 0h (black); 2) t = 4h 
(red); 3) t = 20h of irradiation (blue). 
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Computational studies 

The experimental results have been flanked by the computational DFT study of the reaction 

mechanism in CH3CN (the details on the method and the full data are reported in the ESI). Given 

the experimental results and the computational data recovered so far, a general reaction mechanism 

is hypothesized in Scheme 5. Here we only focus on the key steps of the reaction mechanism; the 

complete scheme, discussion and energy profiles are reported in the ESI. The computational study 

is focused on the fate of the radicals A and performed for the reaction of tosylhydrazones 10i (R’, 

R’’ = H) and 10k (R’= Me, R’’ = H)and mesitylsulfonylhydrazone 12e (R’ = H, R’’ = Me).The 

energy values commented here are Gibbs free energies at room temperature (ΔG, in kcal mol-1). 

The experimental data and the comparison with the previous study51 allow us to deduce that the 

deprotonation of arylhydrazones 10 occurs under basic conditions to afford the anions 10’ in 

accordance with electrochemical measurements on K+-10a. Their single-electron oxidation by the 

excited state of the photocatalyst (*[Ru(bpy)3]2+) gives the N-centered radicals A and,51 following 

an exo-closure, the radicals B. Actually, this step takes place through several conformations of 

TSA yielding the same number of radical intermediates B. The lowest activation energies are quite 

similar for the three hydrazones:ΔG‡ = 10.8 and 9.2 kcal mol-1 for the tolyl derivatives 10i and 10k 

and 12.2 kcal mol-1 for the mesityl derivative 12e. This step is monomolecular, so we can easily 

apply the Eyring equation that furnishes (taking into account all conformations) an estimation of 

the rate constants which are 2 • 105 (10i), 1 • 106 (10k) and 1 • 104 (12e) sec-1. This fast formation 

of radicals B is irreversible, being exoergic in all cases (ΔG = -9.7, -11.1, and -7.6 kcal mol-1) 

giving rise to three possible pathways: 

i. the hydrogen atom transfer (HAT) from the solvent CH3CN generating products 14; 

ii. the intramolecular attack of the radical centers to the ortho (with respect to the sulfur) 

position of the aromatic yielding, after the HAT from CH3CN, products 13; 

iii. the intramolecular attack of the primary radical centers to the ipso positions of the aromatic 

yielding, (a sort of radical Smiles rearrangement) and the final HAT from the solvent, 

products 15.  

Process i is bimolecular and involves a molecule taken from the solvent while pathways ii and 

iii are monomolecular. Therefore, we cannot confidentially compare the rate constant calculated 

for pathway i with those calculated for the other two pathways. However, the rate constant for the 

HAT of triplet benzophenone with CH3CN reaction has been measured,66 the value is 102 sec-1. 
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The pathway ii, passing through TSB, requires to overcome a barrier of 14.4, 17.2 and 17.1 kcal 

mol-1 (lowest values of all conformations for each TS) for the tolyl 10i and 10m and for the mesityl 

12e, respectively. For pathway iii, passing through TSC, the ΔG‡ are, respectively, 16.0, 15.8, and 

14.7 kcal mol-1 for the tolyl 10i and 10m and for the mesityl 12e. We first focus on the different 

outcomes when, in the γ,δ-unsaturated hydrazones containing the terminal double bond, the aryl 

is the tolyl (10i) or the mesityl (12e). Comparing the last two pathways, we can observe that for 

the tolyl derivative 10i, the attack to the ortho positions (TSB, Figure 4, left) is favored. The rate 

constant that we can estimate by the Eyring equation is 4 • 102 sec-1, twenty times larger than that 

for TSC (2 • 101 sec-1). For the mesityl derivative 12e, it is the attack to the ipso positions (TSC, 

Figure 4, right) to be favored. The rate constant is 2 • 102 sec-1, and has to be compared to 3 sec-1 

for TSB. Therefore, our calculations indicate that for the tolyl derivative 10i, the formation of the 

condensed three-rings 13 (i.e.13i), is preferred. While, for the mesityl derivative 12e, the formation 

of the radical Smiles rearrangement product 15 (i.e. 15e) is preferred. As said above, here we are 

not confident in using the calculated rate constant for pathway Ibut we have an indication that it 

can be around 102 sec-1. This value is just of the same order that one calculated for the other two 

pathways. We can also observe that the reaction constant for the formation of product 13 (i.e.13i) 

from 10i is twice the one of product 15 (i.e.15e) from 12e. This is in a semi-quantitative agreement 

with the experimental finding: 13i is the only product obtained from the tolyl derivative 10i while 

in the reaction of the mesityl derivative 12e, 15e (39%), being its rate constant lower, is generated 

along with 14 (i.e.14e, 61%). 

The reason why the intramolecular attack of the primary radical centers to the ortho positions of 

the aromatics (TSB) in the mesityl derivative (ΔG‡ = 17.1 kcal mol-1) is more difficult than that in 

the tolyl case (ΔG‡ = 14.4 kcal mol-1) is presumably the steric hindrance of the ortho methyl groups 

in the first case. This effect is absent in the cases of the attack to the ipso positions. By contrast, 

the same methyl groups in the mesityl derivative concur to stabilize the incipient delocalized 

aromatic radicals formed in TSC, which, in fact, presents a lower barrier (ΔG‡ = 14.7 kcal mol-1) 

that in the case of the tolyl derivative (ΔG‡ = 16.0 kcal mol-1). These results are qualitatively 

applicable to all other cases with the terminal γ,δ-unsaturated hydrazone.  When Ar is a phenyl or 

a tolyl (see Table 3), the lack of the para-methyl does not change the choice between pathways ii 

and iii: all arylhydrazones follow the same pathway as 10i yielding 13a-n. The presence of an aryl 

or alkyl group linked to C=N is also irrelevant: the choice between pathways ii and iii is uniquely 
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due to the nature of the Ar as the comparison between Tables 2 and 3 confirms. For the tolyl 

derivatives, when the γ,δ-unsaturated hydrazone contains an internal double bond instead of a 

terminal one as in 10k, the main product is 15. The calculations are in qualitative agreement with 

the experiments: the Smiles rearrangement (pathway iii) is favored over the second cyclization 

(pathway ii yielding 13) by almost 2 kcal mol-1 (ΔG‡ = 15.8 kcal mol-1 for TSC and ΔG‡ = 17.5 

kcal mol-1 for TSB). Therefore, the competition is between pathways i (the HAT yielding 14) and 

iii. As discussed above, we are not confident in comparing rate constants calculated for mono and 

bimolecular processes but we can do it for homogenous process as HAT for different radicals. The 

calculated rate constants for the HAT reaction for the primary radicals B generated from the 

terminally double bonded 10i and 12e are in the order of 102 sec-1 while that for the more stable 

secondary radical B, generated from the internally double bonded 10k is 10-1 sec-1. This can 

explain why in the latter case, pathway iii. is preferred over all the others. 
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Figure 4 Key transition structures (TSB, left and TSC, right) for the formation of products 13i and 15e. 

Conclusions 

In summary, we have reported the synthesis of diverse tetrahydropyridazines following three 

different patterns simply changing the structural features of the starting γ,δ-unsaturated 

tosylhydrazones. All reactive pathways exploit a common N-centred radical which can undergo, 

in one case, a totally diastereoselective double cyclization affording 1,4-cyclohexadiene-fused 

tetrahydropyridazinylthiazines as a result of a dearomatization process. On the other cases, 

depending on the presence of an internal double bond or a mesitylsulfonylhydrazone, 

tetrahydropyridazines are obtained by a hydrogen atom transfer from the solvent CH3CN after the 

first exo-cyclization or a photocatalyzed Smiles rearrangement. Experimental data are supported 

by computational study of the mechanism which is coherent with the experimental findings and 

some explanation of the outcomes is put forward.  

 

Experimental Section 

Flasks and all equipment used for the generation and reaction of moisture-sensitive compounds 

were dried by electric heat gun under N2. All commercially available reagents and solvents were 

used as received. Anhydrous solvents were purchased by Sigma Aldrich, or distilled as indicated 

by Armarego.67 Products were purified by preparative column chromatography on Sigma Aldrich 

silica-gel for flash chromatography, 0,04-0,063 mm/ 230-400 mesh. Reactions were monitored by 

TLC using silica-gel on TLC-PET foils Sigma Aldrich, 2-25 µm, layer thickness 0.2 mm, medium 

pore diameter 60 Å. 
1H and 19F NMR spectra were recorded at NMR Jeol ECZR 600 MHz, 13C NMR spectra at 150 

MHz, in CDCl3 or d6- DMSO.68 Data were reported as follows: chemical shifts in ppm from Me4Si 

as an internal standard, integration, multiplicity, coupling constants (Hz); and assignment. 13C 



 

 

18 

NMR spectra were measured with complete proton decoupling. DEPT experiments were carried 

out with a DEPT 135 sequence. Chemical shifts were reported in ppm from the residual pick 

solvent as an internal standard.GC-MS spectra were obtained on a mass selective detector Agilent 

5970 B operating at an ionizing voltage of 70 eV connected to a HP 5890 GC equipped with a HP-

1 MS capillary column (25 m length, 0.25 mm I.D., 0.33 µm film thickness.High-resolution mass 

spectra (HRMS) were determined with a Bruker Daltonics microTOF Mass Spectrometer using 

electrospray ionization source (ESI).IR spectra were recorded on a BrukerVertex 70 FT-

IR.Fluorescence emission spectra were collected with a Cary Eclipse Fluorescence 

Spectrophotometer, with excitation at 452 nm. Excitation and emission slits set both at 5 nm. 

Spectra were taken in a fluorescence fused silica cuvette with 1 cm optical path length. Crystal of 

compounds 13a and 16 were obtained by slow precipitation from CHCl3 at room temperature. Data 

of single crystals of compound have been collected on a Gemini R Ultra diffractometer (Agilent 

Technologies UK Ltd., Oxford, U.K). All the data were collected using graphite monochromated 

Mo Kα radiation (k= 0.71073 Å) with the x-scan method. Cell parameters were retrieved using 

CrysAlisPro (Agilent Technologies CrysAlisProSoftare system, version 1.171.35.11 Agilent 

Technologies U K Ltd., Oxford, U.K (2012)) software, and the same program has been used for 

performing data reduction, with corrections for Lorenz and polarizing effects. Scaling and 

absorption corrections were applied by the CrysAlisPro (Agilent Technologies CrysAlisProSoftare 

system, version 1.171.35.11 Agilent Technologies U K Ltd., Oxford, U.K (2012)) multi-scan 

technique. All the structures were solved by direct methods using SHELXS-1469 and refined with 

full-matrix least-squares method on F2 inserted in SHELXL-1470 using the program Olex2.71 All 

non-hydrogen atoms were anisotropically refined. Hydrogen atoms were located in the final 

Fourier-difference maps and refined with coordinates and Uiso calculated and riding on the 

corresponding atom. Structural illustrations have been drawn with Mercury.72 

Photochemical reactions were carried out in a cylinder-shaped photochemical reactor (40 mm as 

ID and 25 mm height for general procedures and reactions, 40 mm as ID and 25 mm height for 

gram-scale reaction).A Kessil Blue Lamp was used as irradiation source, which emits a band 

centered at 450 nm and of about 55 nm width t half height. The irradiation source is located at 4 

cm from the reaction solution surface. 

Computational Method.The structures of reactants, intermediate adducts and transition states 

were optimized using the density functional method (DFT),73 with the functional M06-2X74, 75 and 
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the basis sets 6-311+G(d,p) for H, C, N, and O atoms and 6-311+G(2df) for S atoms.76The nature 

of the critical points was characterized by using vibrational analysis77, 78 which also furnished the 

Zero Point Energies (ZPE) and entropies for the calculations of the Free Energies. These have been 

converted from the gas phase to the 1M standard state at 1 atm and 298 and 338 K79 and used to 

calculate the rate constant with the Eyring equation.80 Solvent effects were introduced in all 

calculations using the universal solvation model density method (SMD).81, 82Calculations were 

performed by the quantum package Gaussian 16-A.03.83 Figures were obtained using the graphical 

program Molden.84 

General Procedure for the synthesis of 1-phenyl-4-penten-1-one N-tosylhydrazone (1) Under 

a nitrogen atmosphere in a dried Schlenk bottle, acetophenone N-tosylhydrazone (1.44 gr, 5.0 

mmol) was dissolved in 10 ml of THF. The resulting mixture was vigorously stirred for 5 minutes, 

cooled to -78° C, then n-BuLi (2.5 M solution, 4.4 mL, 11.0 mmol) was added dropwise over 30 

minutes. Turning of the solution from yellow to orange (after addition of 1 eq.) then from orange 

to red (after addition of 2 eq of n-BuLi) was observed. The reaction was stirred at -78°C for 45 

minutes. Subsequently allyl bromide was added (0.73 gr, 6.0 mmol), temperature allowed to raise 

and stirring maintained until complete consumption of the reactant (monitored by TLC). The 

reaction was then quenched with a NH4Cl saturated solution (20 mL) and diluted with Et2O (30 

mL). The aqueous phase was extracted with CH2Cl2 (3 x 15 mL) then the organic phase reunited, 

washed with brine (30 mL), dried over Na2SO4 and filtered. The obtained crude was then purified 

by flash chromatography on silica gel (PE/EE 65/35) and subsequently crystalized from methanol 

to obtain 1.42 gr of 1-phenyl-4-penten-1-one N-tosylhydrazone 1 as cubic-shaped colorless 

crystals (yield 86%). A mixture of isomers was found. Spectral data are coherent with those 

previously reported in literature.85, 86 1H NMR (600 MHz, CDCl3, Me4Si):δ mixture of isomers 

(51:49): 7.96 (s, 1H, N-H, isomer A), 7.95 (s, 1H, N-H, isomer B), 7.89 (d, J = 8.0 Hz, 2H, Ar-H, 

isomer A),7.78 (d, J = 8.0 Hz, 2H, Ar-H, isomer B), 7.44 (m, 4H, Ar-Hboth isomers), 7.32 (m, 8H, 

Ar-H, both isomers), 7.06 (m, 2H, Ar-H, both isomers), 5.67 (J = 16.9, 10.2, 6.5 Hz, 1H, CH=CH2 

, both isomers), 4.96 (dd, J = 17.4, 1.1 Hz, 1H, CH=CH2, H trans, both isomers); 4.92 (dd, J = 

10.7, 1.1 Hz, 1H, CH=CH2, H cis, both isomers), 2.66 (t, J = 7.6 Hz, 2H, N=C(Ph)-CH2isomer 

A),2.57 (t, J = 7.6 Hz, 2H, N=C(Ph)-CH2isomer B), 2.42 (s, 3H, Ar-CH3isomer A), 2.41 (s, 3H, 

Ar-CH3isomer B), 2.21 (m, 4H, N=C(Ph)-CH2-CH2both isomers). 
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General Procedure for the Synthesis of 6-Methyl-3-phenyl-1-tosyl-1,4,5,6-

tetrahydropyridazine (2)In a sealed photochemical reactor, 6.8 mg of [Ru(bpy)3]Cl2∙6H2O (0.009 

mmol) were dissolved in 5 mL of anhydrous CHCl3 and the solution was degassed with N2for 15 

min. Then phenylprop-3-enyl-N-tosylhydrazone (1) (98.5 mg, 0.300 mmol) and KOH (20.0 mg, 

0.360 mmol) were added in one portion and the solution degassed for additional 10 min. The 

mixture was then stirred at 4 cm from the irradiation source at room temperature until reaction 

completion. The solution was then filtered on a short pad of silica gel using CH2Cl2 as eluent and 

Et2O to wash the column. The crude product was purified by flash chromatography on silica gel 

(PE/EE 65/35) to obtain 24.1 mg of a greenish solid 2 (24%). 1H NMR (600 MHz, CDCl3, Me4Si): 

δ 7.88 (d, J = 8.3 Hz, 2H, Ar-H), 7.71 (dd, J = 8.1, 1.7 Hz, 2H, Ar-H), 7.38 – 7.31 (m, 3H, Ar-H), 

7.27 (d, J = 8.1 Hz, 2H, Ar-H), 4.59 (m, 1H, N-CH-CH3), 2.61 (dt, J = 18.2, 3.4 Hz, 1H, N=C(Ph)-

C(H)H), 2.42 (dt, J = 18.3, 10.2 Hz, 1H, N=C(Ph)-C(H)H), 2.38 (s, 3H, Ar-CH3), 1.88 (dt, J = 9.3, 

2.9 Hz, 2H, CH2-CH2-CH), 1.14 (d, J = 6.8 Hz, 3H, N-CH-CH3). 13C{1H} NMR (151 MHz, 

CDCl3,Me4Si): δ 147.3 (Cq), 143.6 (Cq), 137.1 (Cq), 135.4 (Cq), 129.5 (2 x CH), 129.2 (CH), 

128.4 (2 x CH), 128.2 (2 x CH), 125.3 (2 X CH), 47.4 (CH), 24.4 (CH2), 21.7 (CH3), 18.3 (CH2), 

17.5 (CH3). Mp: 142-145°C. νmax (neat)/cm-1: 3060, 2926, 2866, 1603, 1444, 1238, 907, 839, 762, 

690. HRMS (ESI) m/z:[M + H]+ Calcd. For C18H21N2 O2S329.1318;found 329.1320. 

General Procedure for the synthesis of α,β-unsaturated ketones(6). A dried three-necked round 

bottom flask connected with a drip funnel and a reflux condenser was dried under nitrogen 

atmosphere. Magnesium (290 mg, 12.0 mmol) and a small crystal of double sublimed Iodine was 

added to the flask, covered with anhydrous THF and vigorously stirred. A small aliquot of the 

solution of the appropriate arylbromide 4 (10.0 mmol, 1M in THF) was added, and the resulting 

orange mixture was stirred until a turning to grey or colorless was observed. At this point, the rest 

of the arylbromide solution was added dropwise through funnel and heated to reflux for 6 hours. 

The solution was then cooled to rt and 3-methylbut-2-enal 3 (930 mgr, 11.0 mmol, 1 M in THF) 

was added dropwise. Stirring was maintained till complete consumption of the aldehyde 3 (about 

2 hours) then the reaction was cooled to 0° C and quenched diluting with NH4Cl saturated solution 

(30 mL) and Et2O (30 mL). The aqueous layer was extracted with Et2O (2 x 30 mL) and the 

collected organic phases were washed with brine (30 mL); and finally dried over Na2SO4. Filtration 

of the solids and removal of the volatiles under reduced pressure afforded an oil corresponding to 

α,β-unsaturated alcohol 5 that was then poured in a 250 mL round bottom flask and dissolved in 
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150 mL of CH2Cl2. MnO2 (7.00 gr, 80.0 mmol) was added to the mixture in small portions every 

hour until complete oxidation of the alcohol 5. The resulting mixture was filtered over a thin pad 

of celite that was then washed with CH2Cl2 and AcOEt. The solvents were removed under reduced 

pressure to give an orange oil, whose purification by flash chromatography (PE/AcOEt 97.5/2.5, 

1% Et3N) afforded the desired α- β unsaturated ketone 6 as a yellowish oil. 

2-Methylprop-1-enylphenone (6a)Following the described procedure, 1.59 gr (10.0 mmol) of 

bromobenzene were reacted with magnesium and 3-methylbut-2-enal, then subsequently with 

MnO2 to afford 1.04 gr (6.5 mmol) of 2-methylprop-1-enylphenone(6a) as a yellowish oil (yield 

65%). Spectral data are coherent with those reported in literature.871HNMR (600 MHz, CDCl3, 

Me4Si): δ 7.96-7.90 (m, 2H, ArH); 7.41-7.56 (m, 3H, ArH); 6.75 (sept, J = 1.3 Hz, 1H, CO-CH); 

2.21 (d, J = 1.3 Hz, 3H, CH=C-(CH3)2); 2.03 (d, J = 1.3 Hz, 3H, CH=C-(CH3)2). 

2-Methylprop-1-enylnaphtone (6b)Following the described procedure, 2.05 gr (10.0 mmol) of 

2-bromonaphtalene were reacted with magnesium and 3-methylbut-2-enal 3, then subsequently 

with MnO2 to afford 1.22 gr (5.8 mmol) of 3-methyl-1-(naphthalen-2-yl)but-2-en-1-one 6b (58%). 

Spectral data are coherent with those reported in literature.881HNMR (600 MHz, CDCl3, Me4Si: δ 

8.43-8.40 (m, 1H, Ar-H); 8.03 (dd, J = 8.7, 1.8 Hz, 1H, Ar-H); 7.95 (d, J =8.3 Hz, 1H, Ar-H); 7.87 

(ddt, J = 7.5, 5.4, 0.7 Hz, 2H, Ar-H); 7.57 (t, J =7.5 Hz, 1H, Ar-H); 7.53 (t, J =7.5 Hz, 1H, Ar-H); 

6.90 (bs, 1H, CO-CH); 2.26 (d, J = 1.3 Hz, 3H, CH=C-(CH3)2); 2.05 (d, J = 1.3 Hz, 3H, CH=C-

(CH3)2). 

2-Methylprop-1-enyl-m-tolylketone (6c)Following the described procedure, 1,70 gr (10.0 

mmol) of m-tolylbromide were reacted with magnesium and 3-methylbut-2-enal 3, then 

subsequently with MnO2 to afford 0.71 gr of 2-methylprop-1-enyl-m-tolylketone 6c as yellowish 

oil (41%). 1HNMR (600 MHz, CDCl3, Me4Si):δ 7.73 (s, 1H, ArH); 7.70 (m, 1H, ArH) 7.34 (d, 

J=1.1 Hz, 1H, ArH); 7.32 (m, 1H, ArH); 6.72 (quint, J = 1.3 Hz, 1H, CO-CH); 2.40 (s, 3H, Ar-

CH3); 2.19 (d, J = 1.3 Hz, 3H, CH=C-(CH3)2); 2.01 (d, J = 1.3 Hz, 3H, CH=C-(CH3)2). 
13C{1H}NMR (151 MHz; CDCl3, Me4Si):δ 191.9 (Cq); 156.4(Cq); 139.4 (Cq); 138.3 (Cq); 133.1 

(CH); 128.9 (CH); 128.4 (CH); 125.5 (CH); 121.5 (CH); 28.0 (CH3); 21.58 (CH3); 21.2 (CH3). 

HRMS (ESI) m/z: [M + H]+ Calcd. for C12H14O 175.1045;found 175.1039.IR νmax (neat)/ cm–1: 

3019, 2942, 1659, 1610, 1495, 899 cm-1 

2-Methylprop-1-enyl-p-tolylketone (6d)Following the described procedure, 1.70 gr (10.0 

mmol) of p-tolylbromide were reacted with magnesium and 3-methylbut-2-enal 3, then 
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subsequently with MnO2 to afford 1.01 gr of 2-methylprop-1-enyl-m-tolylketone 6d as yellowish 

oil (59%).891HNMR (600 MHz, CDCl3, Me4Si):δ 7.26 (d, J = 7.8, 2H, ArH); 7.15 (d, J = 7.8, 2H, 

ArH); 5.41 (m, CO-CH); 2.32 (s, 3H, Ar-CH3); 1.78 (s, 3H, CH=C-(CH3)2); 1.73 (s, 3H, CH=C-

(CH3)2). 

2-Methylprop-1-enyl-o-tolylketone (6e)Following the described procedure, 1,70 gr (10.0 

mmol) of o-tolylbromide were reacted with magnesium and 3-methylbut-2-enal 3, then 

subsequently with MnO2 to afford 0.96 gr of 2-methylprop-1-enyl-o-tolylketone 6e as yellowish 

oil (55%).901HNMR (600 MHz, CDCl3, Me4Si):δ 7.49 (dm, J = 9 Hz, 1H, ArH); 7.31 (td, J = 7.2, 

1.2 Hz, 1H, ArH) 7.22 (t, J=7.0 Hz, 2H, ArH); 7.32 (m, 1H, ArH); 6.42 (m, 1H, CO-CH); 2.45 (s, 

3H, Ar-CH3); 2.16 (s, 3H, CH=C-(CH3)2); 1.96 (s, 3H, CH=C-(CH3)2). 

2-Methylprop-1-enyl-m-methoxyphenone (6f)Following the described procedure, 1.86 gr 

(10.0 mmol) of m-bromoanisole were reacted with magnesium and 3-methylbut-2-enal 3, then 

subsequently with of MnO2 to afford 1.05 gr of 2-methylprop-1-enyl-m-methoxyphenylketone 

6fas a yellowish oil (55%).1HNMR (600 MHz, CDCl3, Me4Si):δ 7.49 (ddd, J = 7.7, 1.5, 0.9 Hz, 

1H, Ar-H); 7.46 (dd, J = 2.7, 1.5 Hz, 1H, Ar-H); 7.34 (t, J = 7.9 Hz, 1H, Ar-H); 7.06 (ddd, J = 8.2, 

2.7, 1.0 Hz, 1H, Ar-H); 6.72 (sept, J = 1.3 Hz, 1H, CO-CH); 3.85 (s, 3H, O-CH3); 2.20 (d, J = 1.3 

Hz, 3H, CH=C-(CH3)2); 2.01 (d, J = 1.4 Hz, 3H, CH=C-(CH3)2). 13C{1H}NMR (151 MHz; CDCl3, 

Me4Si):δ 191.3 (Cq); 159.9 (Cq); 156.9 (Cq); 140.8 (Cq); 129.5 (CH); 121.3 (CH); 120.9 (CH); 

118.9 (CH); 112.6 (CH); 55.5 (CH3); 28.1 (CH3); 21.3 (CH3). HRMS (ESI) m/z: [M + H]+ Calcd. 

forC12H14O2191.1072; found 191.1075.IR νmax (neat)/ cm–1: 3022, 2899, 1658, 1612, 1495, 1249, 

1043, 899 cm-1 

2-Methylprop-1-enyl-2-pyridylketone (6g). According to the described procedure, 1,57 gr 

(10.0 mmol) of 2-bromopyridine were reacted with magnesium. Differently from the general 

procedure, turning from yellow to black was observed. After complete formation of the Grignard 

reagent, 3-methylbut-2-enal 3 was added and the obtained crude was subsequently reacted with 

MnO2 to afford 0.61 gr of 2-methylprop-1-enyl-2-pyridylketone(6g) as a brown oil (38%).1HNMR 

(600 MHz, CDCl3, Me4Si):δ 8.66 (ddd, J = 4.8, 1.8, 1.0 Hz, 1H. Ar-H); 8.08 (dt, J = 7.9, 1.1 Hz, 

1H, Ar-H); 7.83 (tt, J = 7.7, 1.4 Hz, 1H, Ar-H); 7.45 (sept, J = 1.3 Hz, 1H, CO-CH); 7.42 (ddt, J 

= 7.4, 4.8, 1.2 Hz, 1H, Ar-H); 2.30 (d, J = 1.3 Hz, 3H, CH=C-(CH3)2); 2.06 (d, J = 1.3 Hz, 3H, 

CH=C-(CH3)2). 13C{1H}NMR (151 MHz; CDCl3, Me4Si):δ 190.22 (Cq); 159.71 (Cq); 155.35 

(Cq); 148.63 (CH); 137.13 (CH); 126.46 (CH); 122.65 (CH); 119.74 (CH); 28.57 (CH3)., 21.51 
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(CH3). HRMS (ESI) m/z: [M + H]+ Calcd. forC10H11NO162.0919;found 162.0922. IR νmax (neat)/ 

cm–1: 3082, 2960, 1688, 1639 1583, 1353, 994. 

General Procedure for the synthesis of 2-phenylprop-1-enylphenone (6h).Following a 

modified procedure to that reported by Luo,91 acetophenone (2.4 g, 20 mmol) and ethyl 

orthotitanate (2.4 g, 10 mmol) in 100 ml of heptane were heated to reflux in a bottomed flask 

equipped with a Dean–Stark trap which was filled with 5 ml of sulfuric acid (96% solution) to 

absorb the liberating alcohol. When the reaction was complete, the mixture was cooled to room 

temperature, then 30 mL of acetonitrile were added, and the resulting mixture stirred for 1 hour. 

The mixture was then transferred to a separatory funnel and the bottom layer was separated and 

moved to a 50 mL round bottomed flask where it was further treated with 4 mL of hydrochloric 

acid 37% solution. This mixture was stirred for 10 minutes then heated to reflux and cooled to rt. 

A precipitate formed which was separated from the filtrated solution. The accumulated precipitate 

was washed with cold acetonitrile and the resulting organic phase was united with the filtrated 

solution and the solvent evaporated. The obtained residue was purified on silica gel column 

chromatography to afford the desired product 6h as a yellow solid (63% yield).1HNMR (600 MHz, 

CDCl3, Me4Si):δ 7.98(dm, J = 6.0 Hz, 2H. Ar-H), 7.54-7.58 (m, 3H, Ar-H), 7.47 (tm, J = 7.8 Hz, 

2H, Ar-H), 7.39-7.42 (ddt, J = 7.4, 4.8, 1.2 Hz, 3H, Ar-H), 2.16 (s, 3H, CH=C-CH3). 

General procedure for the synthesis of γ,δ-unsaturated ketones(8)According to the 

procedure reported by Von Fraunberg92 with slight modifications, under a nitrogen atmosphere in 

a dried Schlenk bottle, copper iodide (190 mgr, 0.5 mmol) was added at -40°C to vinylmagnesium 

bromide 7a (11.0 mL, commercial 1.0 M solution in THF) or propenylmagnesium bromide 7b 

(22.0 mL, commercial 0.5 M solution in THF). The resulting mixture was vigorously stirred for 

15 minutes, then a cooled 0.5 M solution of the appropriate α,β-unsaturated ketone 6 (10.0 mmol) 

in THF was added dropwise over 30 minutes keeping temperature of the bath below -40°C. Once 

the addition was completed, temperature was allowed to raise up to rt and stirring was maintained 

until complete consumption of the reactant. The reaction was then quenched with a NH4Cl/NH4OH 

9/1 solution (30 mL) and diluted with Et2O (30 mL). The organic phase was washed with NH4Cl 

(10 mL aliquots) until the aqueous phase stopped turning blue. It was then washed with brine (30 

mL); dried over Na2SO4 and filtered. The volatiles were removed under reduced pressure to give 

a colorless oil, that was used without any further purification. 
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2,2-Dimethylbut-3-enylphenone (8a)Following the described procedure, 1.60 gr (10.0 mmol) 

of 2-methylprop-1-enylphenone (6a) were reacted with CuI and vinylmagnesiumbromide 7a to 

afford 1.64 gr (8.7 mmol) of 2,2-dimethylbut-3-enylphenone 8a (87%) as a colorless oil.1HNMR 

(600 MHz, CDCl3, Me4Si):δ 7.93 – 7.89 (m, 2H, Ar-H); 7.53 (ddt, J = 7.9, 6.9, 1.3 Hz, 1H, Ar-H); 

7.46 – 7.40 (m, 2H, Ar-H); 5.95 (dd, J = 17.4, 10.7 Hz, 1H, CH=CH2); 4.95 (dd, J = 17.5, 1.1 Hz, 

1H, CH=CH2); 4.90 (dd, J = 10.7, 1.1 Hz, 1H, CH=CH2); 2.96 (s, 2H, CO-CH2); 1.17 (s, 6H, CH2-

(CH3)2-CH). 13C{1H}NMR (151 MHz; CDCl3, Me4Si): 199.6 (Cq); 147.5 (CH); 138.4 (Cq); 132.9 

(CH); 128.6 (2 x CH); 128.3 (2 x CH); 110.7 (CH2); 49.2 (CH2); 36.8 (Cq); 27.4 (2 x CH3). HRMS 

(ESI) m/z: [M + H]+ Calcd. forC13H16O189.1279;found 189.1275. IR νmax (neat)/ cm–1: 3082, 

2960, 1676, 1618, 1240.  

2,2-Dimethylbut-3-enylnaphtone (8b)Following the described procedure, 2.10 gr (10.0 mmol) 

of 2-methylprop-1-enylnaphtone(6b) were reacted with CuI and vinylmagnesiumbromide 7a to 

afford 1.48 gr 2,2-dimethylbut-3-enylnaphtone 8b (62%) as a colorless oil which crystallize as a 

white-yellowish solid after cooling.1HNMR (600 MHz, CDCl3, Me4Si):δ 8.43 – 8.40 (m, 1H, Ar-

H); 8.00 (dd, J = 8.7, 1.8 Hz, 1H, Ar-H); 7.95 (ddq, J = 8.2, 1.4, 0.7 Hz, 1H, Ar-H); 7.89 – 7.84 

(m, 2H, Ar-H); 7.58 (ddd, J = 8.2, 6.9, 1.3 Hz, 1H, Ar-H); 7.54 (ddd, J = 8.1, 6.9, 1.3 Hz, 1H, Ar-

H); 6.00 (dd, J = 17.4, 10.7 Hz, 1H, CH=CH2); 4.98 (dd, J = 17.4, 1.1 Hz, 1H, CH=CH2); 4.92 

(dd, J = 10.7, 1.1 Hz, 1H, CH=CH2); 3.09 (s, 2H, CO-CH2); 1.22 – 1.20 (s, 6H, CH2-(CH3)2-CH). 
13C{H}NMR (151 MHz; CDCl3, Me4Si): δ 199.6 (Cq); 147.6 (CH); 135.8 (Cq); 135.5 (Cq); 132.6 

(Cq); 130.1 (CH); 129.7 (CH); 128.5 (CH); 128.4 (CH); 127.8 (CH); 126.8 (CH); 124.2 (CH); 

110.7 (CH2); 49.3 (CH2); 37.0 (Cq); 27.4 (2 x CH3). HRMS (ESI) m/z: [M + H]+ Calcd. 

forC17H18O239.1436; found 239.1440.IR νmax (neat)/ cm–1: 3226, 1639, 1381, 1305, 1164. Mp: 

53-56°C. 

2,2-Dimethylbut-3-enyl-m-tolyl ketone (8c)Following the described procedure, 1.74 gr (10.0 

mmol) of 2-methylprop-1-enyl-m-tolylketone(6c)were reacted with CuI and 

vinylmagnesiumbromide 7a to afford 1.69 gr (8.4 mmol) of 2,2-dimethylbut-3-enyl-m-tolyl ketone 

8c (84%) as a colorless oil. 1HNMR (600 MHz, CDCl3, Me4Si):δ 7.7 (dq, J = 1.8, 0.9 Hz, 1H, Ar-

H); 7.69 (dt, J = 7.4, 1.7 Hz, 1H, Ar-H); 7.34 (ddq, J = 7.7, 1.8, 0.8 Hz, 1H, Ar-H); 7.33 – 7.29 

(m, 1H, Ar-H); 5.95 (dd, J = 17.4, 10.7 Hz, 1H, CH=CH2); 4.95 (dd, J = 17.4, 1.1 Hz, 1H, 

CH=CH2); 4.90 (dd, J = 10.7, 1.1 Hz, 1H, CH=CH2); 2.94 (s, 2H, CO-CH2); 2.39 (d, J = 0.8 Hz, 

3H, Ar-CH3); 1.16 (s, 6H, CH2-(CH3)2-CH). 13C{1H}NMR (151 MHz; CDCl3, Me4Si): δ 199.8 
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(Cq); 147.6 (CH); 138.5 (Cq); 138.3 (Cq); 133.6 (CH); 128.8 (CH); 128.4 (CH); 125.6 (CH); 110.6 

(CH2); 49.3 (CH2); 36.8 (Cq); 27.4 (CH3); 21.5 ( 2 x CH3).HRMS (ESI) m/z: [M + H]+ Calcd. 

forC14H18O203.1436;found 203.1434.IR νmax (neat)/ cm–1: 3082, 2961, 2871, 1673, 1603, 1249. 

2,2-Dimethylbut-3-enyl-p-tolyl ketone (8d). Following the described procedure, 1.74 gr (10.0 

mmol) of 2-methylprop-1-enyl-p-tolylketone (6d) were reacted with CuI and 

vinylmagnesiumbromide 7a to afford 1.71 gr (8.4 mmol) of 2,2-dimethylbut-3-enyl-p-tolyl ketone 

8d (85%) as a colorless oil.{Duan, 2015 #80}1HNMR (600 MHz, CDCl3, Me4Si):δ 7.82 (d, J = 

7.8 Hz, 2H, Ar-H); 7.22 (d, J = 7.8 Hz, 2H, Ar-H); 5.97 (dd, J = 17.4, 10.8 Hz, 1H, CH=CH2); 

4.94 (d, J = 17.4 Hz, 1H, CH=CH2a); 4.89 (d, J = 10.8 Hz, 1H, CH=CH2b); 2.94 (s, 2H, CO-CH2); 

2.39 (s, 3H, Ar-CH3); 1.16 (s, 6H, CH2-(CH3)2-CH). 

2,2-Dimethylbut-3-enyl-o-tolyl ketone (8e)Following the described procedure, 1.74 gr (10.0 

mmol) of 2-methylprop-1-enyl-o-tolylketone(6e)were reacted with CuI and 

vinylmagnesiumbromide 7a to afford 1.09 gr (8.4 mmol) of 2,2-dimethylbut-3-enyl-o-tolyl ketone 

8e (54%) as a colorless oil. 1HNMR (600 MHz, CDCl3, Me4Si):δ 7.52 (d, J = 7.2 Hz, 1H, Ar-H); 

7.52 (td, J = 7.2, 1.2 Hz, 1H, Ar-H); 7.22 (t, J = 7.8 Hz, 2H, Ar-H); 5.91 (dd, J = 17.4, 11.4 Hz, 

1H, CH=CH2); 4.93 (dd, J = 17.4, 0.6 Hz, 1H, CH=CH2a); 4.89 (d, J = 11.4, 0.6 Hz, 1H, CH=CH2b); 

2.89 (s, 2H, CO-CH2); 2.43 (s, 3H, Ar-CH3); 1.14 (s, 6H, CH2-(CH3)2-CH). 13C{1H}NMR (151 

MHz; CDCl3, Me4Si): δ204.4 (Cq); 147.4 (CH); 140.0 (Cq); 137.4 (Cq); 131.9 (CH); 130.8 (CH); 

128.3 (CH); 125.6 (CH); 110.6 (CH2); 52.9 (CH2); 37.2 (Cq); 27.4 (CH3); 21.0 (2 x CH3).HRMS 

(ESI) m/z: [M + H]+ Calcd. for C14H18O203.1436;found 203.1432.IR νmax (neat)/ cm–1: 3082, 

2962, 1678, 1640, 1456, 1346, 1235. 

2,2-Dimethylbut-3-enyl-m-methoxyphenone (8f)Following the described procedure, 1.90 gr 

(10.0 mmol) of 2-methylprop-1-enyl-m-methoxyphenone (6f) were reacted with CuI and 

vinylmagnesiumbromide 7a to afford 1.57 gr of 2,2-dimethylbut-3-enyl-m-methoxyphenone 8f 

(72%) as a colorless oil. 1HNMR (600 MHz, CDCl3, Me4Si): δ 7.52 (dm, J = 7.8 Hz, 1H, Ar-H); 

7.44 (dd, J = 3.0, 1.2 Hz, 1H, Ar-H); 7.34 (t, J = 7.8 Hz, 2H, Ar-H); 7.07 (ddd, J = 7.8, 3.0, 1.2 

Hz, 2H, Ar-H); 5.91 (dd, J = 17.4, 10.8 Hz, 1H, CH=CH2); 4.95 (dd, J = 17.4, 1.2 Hz, 1H, 

CH=CH2a); 4.89 (d, J = 10.8, 1.2 Hz, 1H, CH=CH2b); 4.08 (s, 3H, Ar-OCH3); 2.94 (s, 2H, CO-

CH2); 1.16 (s, 6H, CH2-(CH3)2-CH). 13C{1H}NMR (151 MHz; CDCl3, Me4Si): δ199.3 (Cq); 159.8 

(Cq); 147.5 (CH); 139.8 (Cq); 129.5 (CH); 121.0 (CH); 119.4 (CH); 112.5 (CH); 110.7 (CH2); 



 

 

26 

55.5 (CH3); 49.4 (CH2); 36.8 (Cq); 27.4 (CH3). HRMS (ESI) m/z: [M + H]+ Calcd. for 

C14H18O2219.1385; found219.1388. IR νmax (neat)/ cm–1: 3073, 2937, 1614, 1593, 1260. 

2,2-Dimethylbut-3-enyl-pyridyl ketone (8g)Following the described procedure, 1.61 gr (10.0 

mmol) of 2-methylprop-1-enyl-2-pyridylketone (6g)were reacted with CuI and 

vinylmagnesiumbromide 7a to afford 1.66 gr of 2,2-dimethylbut-3-enyl-pyridyl ketone (8g) (88%) 

as a colorless oil. 1HNMR (600 MHz, CDCl3, Me4Si): δ 8.64 (ddq, J = 4.4, 1.7, 0.9 Hz, 1H, Ar-

H); 7.97 (dq, J = 7.9, 1.2 Hz, 1H, Ar-H); 7.81 – 7.75 (m, 1H, Ar-H); 7.41 (ddt, J = 7.5, 4.8, 1.4 

Hz, 1H, Ar-H); 5.97 (ddd, J = 17.4, 10.7, 1.2 Hz, 1H, CH=CH2); 4.92 (dt, J = 17.4, 1.3 Hz, 1H, 

CH=CH2); 4.85 (dt, J = 10.7, 1.3 Hz, 1H, CH=CH2); 3.26 (s, 2H, CO-CH2); 1.15 (d, J = 1.4 Hz, 

6H, CH2-(CH3)2-CH).13C{1H}NMR (151 MHz; CDCl3, Me4Si): δ 201.1 (Cq); 154.4 (Cq); 148.7 

(CH); 147.6 (CH); 136.9 (CH); 126.9 (CH); 121.8 (CH); 110.4 (CH2); 47.6 (CH2); 36.80 (Cq); 

27.34 (2 x CH3). HRMS (ESI) m/z: [M + H]+ Calcd. forC12H15NO190.1232; found 190.1229.IR 

νmax (neat)/ cm–1: 3038, 2961, 1689, 1583, 1328, 1013. 

2-Phenyl-2-methylbut-3-enylphenone (8h)Following the described procedure, 2.08 gr (10.0 

mmol) of 2-phenylprop-1-enylphenone 6h were reacted with CuI and vinylmagnesium bromide 

7a to afford 2.07 gr of 2-phenyl-2-methylbut-3-enylphenone (8h). (83%) as colorless oil. 1HNMR 

(600 MHz, CDCl3, Me4Si), δ 7.85 (dm, J = 8.4 Hz, 2H, Ar-H); 7.51 (tm, 1H, J = 9.0 Hz, Ar-H); 

7.39tm, 2H, J = 7.8 Hz, Ar-H); 7.33 (dm, J = 8.4 Hz, 2H, Ar-H); 7.23 (tm, 2H, J = 9.0 Hz, Ar-H); 

7.16 (tm, 1H, J = 7.8 Hz, Ar-H); 6.26 (dd, J = 17.4, 10.2 Hz, 1H, CH=CH2); 5.13 (dd, J = 10.2, 

1.8 Hz, 1H, CH=CH2a); 5.06 (dd, J = 17.4, 1.8 Hz, 1H, CH=CH2b); 3.48 (s, 2H, CO-CH2); 1.58 (s, 

3H, CH3). 13C{1H}NMR (151 MHz; CDCl3, Me4Si):δ198.4 (Cq); 146.0 (CH); 132.8 (CH); 129.2 

(Cq);128.7 (2 X CH) ; 128.5 (2 X CH); 128.4 (Cq); 128.3 (2 X CH); 128.1 (2 X CH); 126.3 (2 X 

CH);112.4 (CH2); 48.4 (CH2); 43.8 (Cq); 26.0 (CH3). HRMS (ESI) m/z: [M + H]+ Calcd. 

forC18H18O251.1436; found251.14.40.IR νmax (neat)/ cm–1: 2829, 2667, 2554, 1678, 1452, 1288, 

1154, 925. 

4,4-Dimethylhex-5-en-2-one (8i)Following the described procedure, 0.98 gr (10.0 mmol) of 

mesityl oxide 6i (4-methylpent-3-en-2-one) were reacted with CuI and vinylmagnesium bromide 

7a to afford 1.12 gr of 4,4-dimethylhex-5-en-2-one 8i (89%) as a colorless oil.931HNMR (600 

MHz, CDCl3, Me4Si): δ5.90 (dd, J = 18.0, 10.81H, CH=CH2); 4.94 (dd, J = 18.0, 1.1 Hz, 1H, 

CH=CH2 (H trans)); 4.93 (dd, J = 10.8, 1.1 Hz, 1H, CH=CH2 (H cis)); 2.41 (s, 2H, CO-CH2); 2.09 

(s, 3H, CH3-CO); 1.10 (s, 6H, CH2-(CH3)2-CH). 
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2,2-dimethylpent-3-enylphenone (8j)Following the described procedure, 1.60 gr (10.0 mmol) 

of 2-methylprop-1-enylphenone 6a (4-methylpent-3-en-2-one) were reacted with CuI and 

propenylmagnesium bromide 7b to afford 1.75 gr of 2,2-dimethylpent-3-enylphenone (8j) (87%) 

as a colorless oil.1HNMR (600 MHz, CDCl3, Me4Si), mixture of isomers (75:25): δ 7.91(dm, J = 

7.2 Hz, 2H, Ar-H, Z isomer); 7.88(dm, J = 7.2 Hz, 2H, Ar-H, E isomer); 7.50 (m, 3H, Ar-H, both 

isomers); 7.41 (m, 3H, Ar-H, both isomers); 5.52 (dq, J = 15.6, 1.8 Hz, 1H, CH=CHCH3, E 

isomer); 5.42 (dq, J = 12.0, 1.8 Hz, 1H, CH=CHCH3, Z isomer); 5.33 (dq, J = 15.6, 6.0 Hz, 1H, 

CH=CHCH3, E isomer); 5.31 (dq, J = 12.0, 7.2 Hz, 1H, CH=CHCH3, Z isomer);3.08 (s, 2H, CO-

CH2, Z isomer); 2.91 (s, 2H, CO-CH2, E isomer); 1.68 (dd, J = 7.2, 1.8 Hz, 1H, CH=CHCH3, Z 

isomer); 1.57 (dd, J = 6.0, 1.8 Hz, 1H, CH=CHCH3, E isomer); 1.27 (s, 6H, CH2-(CH3)2-CH, Z 

isomer), 1.13 (s, 6H, CH2-(CH3)2-CH, E isomer).13C{1H}NMR (151 MHz; CDCl3, Me4Si), 

mixture of isomers (75:25): 199.9 (Cq, E isomer); 199.5 (Cq, Z isomer); 140.4 (CH, E isomer); 

138.9 (CH, Z isomer); 138.6 (Cq,E isomer); 138.4 (Cq, Z isomer); 132.8 (2 x CH, Z isomer); 132.7 

(2 x CH, E isomer); 128.5 (2 x CH, Z isomer); 128.5 (2 x CH,E isomer);128.4 (CH, E isomer); 

128.2 (CH, Z isomer); 123.0 (CH, Z isomer); 121.0 (CH, E isomer); 50.2 (CH2, Z isomer); 50.0 

(CH2, E isomer); 36.1 (Cq, Z isomer); 36.1 (Cq, E isomer); 29.3 (CH3,Z isomer), 27.9 (CH3, E 

isomer), 18.0 (2 x CH3,E isomer), 14.4 (2 x CH3, Z isomer). 

4,4-Dimethylhept-5-en-2-one (8k)Following the described procedure, 0.98 gr (10.0 mmol) of 

mesityl oxide 6i (4-methylpent-3-en-2-one) were reacted with CuI and propenylmagnesium 

bromide 7b to afford 0.97 gr of 4,4-dimethylhept-5-en-2-one 8k (69%) as a colorless oil. 1HNMR 

(600 MHz, CDCl3, Me4Si), mixture of isomers (60:40): δ 5.52 (dq, J = 15.6, 1.8 Hz, 1H, 

CH=CHCH3, E isomer); 5.34-5.38 (m, 3H, CH=CHCH3, Z isomer, CH=CHCH3, E and Z isomer); 

2.53 (s, 2H, CO-CH2, Z isomer); 2.37 (s, 2H, CO-CH2, E isomer); 2.11 (s, 2H, CO-CH3, Z isomer); 

2.07 (s, 2H, CO-CH3, E isomer); 1.71 (dd, J = 6.0, 3.0 Hz, 1H, CH=CHCH3, Z isomer); 1.65 (dd, 

J = 6.6, 1.2 Hz, 1H, CH=CHCH3, E isomer); 1.20 (s, 6H, CH2-(CH3)2-CH, Z isomer), 1.07 (s, 6H, 

CH2-(CH3)2-CH, E isomer). 13C{1H} NMR (151 MHz; CDCl3, Me4Si), mixture of isomers 

(75:25):208.8 (Cq, E isomer); 208.5 (Cq, Z isomer); 140.0 (CH, E isomer); 138.5 (CH, Z isomer); 

123.6 (CH, Z isomer); 121.4 (CH, E isomer); 56.0 (CH2, Z isomer); 55.8 (CH2, E isomer); 35.8 

(Cq, Z isomer); 35.4 (Cq, E isomer); 32.4 (CH3, Z isomer), 32.0 (CH3, E isomer), 29.2 (CH3, Z 

isomer), 27.7 (CH3, E isomer), 18.1 (2 x CH3, E isomer), 14.4 (2 x CH3, Z isomer). 
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(2S,5R) and(2R,5R)-5-Methyl-2-(2,2-dimethylprop-2-enyl)cyclohexanone (8l)Following the 

described procedure, 1.52 gr (10.0 mmol) of commercially available R-pulegone (4-methylpent-

3-en-2-one) were reacted with CuI and vinylmagnesium bromide 7a to afford 1.49 gr of (2S,5R) 

and(2R,5R)-5-methyl-2-(2,2-dimethylprop-2-enyl)cyclohexanone 8l (83%) as a colorless oil. 
1HNMR (600 MHz, CDCl3, Me4Si):(isomer A) δ 5.95 (ddd, J = 16.3, 10.8, 1.1 Hz, 1H, CH=CH2), 

4.98 – 4.88 (m, 2H, CH=CH2), 2.45 (dd, J = 13.0, 5.5 Hz, 1H, CH-C(H)H-CO), 2.25 (m, 2H, CO-

CH, CO-CH-C(H)H), 2.00 (m, J = 2H, CH-C(H)H-CO with CO-CH-C(H)H), 1.88 – 1.83 (m, 2H, 

CH-CH2-CH2-CH), 1.56 (m, 1H, CH3-CH), 0.98 (d, J = 6.2 Hz, 6H, CH-C-(CH3)2), 0.92 (d, J = 

7.0 Hz, 3H, CH-CH3). (isomer B)δ 5.94 (ddd, J = 16.3, 10.8, 1.1 Hz, 1H, CH-CH2), 4.98 – 4.88 

(m, 2H, CH=CH2), 2.18 (m, 1H, CH-C(H)H-CO), 2.10 – 2.02 (m, 2H, CH-C(H)H-CO), 1.86 (m, 

2H, CH-CH2-CH2-CH), 1.80 – 1.70 (m, 1H, CH3-CH), 1.40 (qdd, J = 12.9, 3.0, 1.1 Hz, 1H, CH-

C(H)H-CH2), 1.30 (qd, J = 13.2, 12.8, 2.7 Hz, 1H, CH-C(H)H-CH2), 1.16 – 1.04 (m, 9H, CH-CH3 

with CH-C-(CH3)2). 13C{1H}NMR (151 MHz; CDCl3, Me4Si): (mixture of isomers):δ 212.6 (Cq), 

211.6 (Cq), 147.4 (CH), 147.2 (CH), 111.3 (CH2), 111.0 (CH2), 58.9 (CH), 58.8 (CH), 52.5 (CH2), 

50.4 (CH2), 38.4 (CH), 37.9 (Cq), 36.4 (Cq), 34.7 (CH2), 32.7 (CH), 31.3 (CH2), 29.0 (CH2), 25.9 

(CH), 25.4 (CH), 25.0 (CH2), 24.3 (CH3), 23.7 (CH3), 22.4 (CH3), 19.8 (CH3). 

General Procedures for the Synthesis of γ,δ-unsaturated N-arylsulfonylhydrazones (10, 11, 

12)To a vigorously stirred suspension of arylsulfonylhydrazide 9 (5.6 mmol, 1.12eq) in MeOH 

(3.0 mL); the appropriate ketone or aldehyde 8 (5.0 mmol, 1.0 eq) was added dropwise. The 

mixture was reacted to completion (about 18 h); then cooled to 0 °C. When the product precipitated 

it was removed by filtration and used without any further purification, otherwise the solvent was 

removed under reduced pressure and the crude purified by flash chromatography on deactivated 

silica gel (PE/AcOEt 90/10) to afford in both case the N-arylsulfonylhydrazone (10 when 

tosylhydrazone, 11 when phenylsulfonylhydrazone, 12 when mesitylsulfonylhydrazone) as a 

mixture of isomers (precipitation usually afforded one single stereoisomer or a mixture clearly 

enriched in only one of the possible stereoisomer). 

2,2-Dimethylbut-3-enylphenone-N-tosylhydrazone(10a)Following the described procedure 

2,2-dimethylbut-3-enylphenone 8a, (0.95 g, 5.0 mmol) was reacted with N-tosylhydrazide 9a 

(1.00. g, 5.4 mmol) in methanol (3.0 mL) to obtain 1.03 g (2.9 mmol) of 2,2-dimethylbut-3-

enylphenone-N-tosylhydrazone(10a) (mixture of isomers) as a white powder (58%). 1HNMR (600 

MHz, CDCl3, Me4Si):(major isomer) δ 7.89 (d, J = 8.3 Hz, 2H, Ar-H), 7.87 (s, 1H, N-H), 7.49 
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(dm, J = 6.3, 1H, Ar-H), 7.35-7.29 (m, 5H, Ar-H), 5.58 (dd, J = 17.5, 10.6 Hz, 1H, CH=CH2), 4.97 

(dd, J = 17.5, 0.9 Hz, 1H, CH=CH2H trans), 4.88 (dd, J = 10.6, 0.9 Hz, 1H, CH=CH2H cis), 2.67 

(s, 2H, N=C(Ar)-CH2), 2.44 (s, 3H, Ar-CH3), 0.91 (s, 6H, C(CH3)2). (minor isomer) δ 7.78 (d, J = 

8.3 Hz, 2H, Ar-H), 7.54 (s, 1H, N-H), 7.42-7.36 (m, 5H, Ar-H), 7.04 – 7.00 (m, 2H, Ar-H), 5.54 

(dd, J = 17.5, 10.7 Hz, 1H, CH=CH2), 4.67 (dd, J = 17.4, 1.3 Hz, 1H, CH=CH2H trans), 4.60 (dd, 

J = 10.7, 1.2 Hz, 1H, CH=CH2H cis), 2.53 (s, 2H, s, 2H, N=C(Ar)-CH2), 2.43 (s, 3H, Ar-CH3), 

0.85 (s, 6H, C(CH3)2).13C{1H}NMR (151 MHz; CDCl3, Me4Si):(major isomer) δ 155.2 (Cq), 

146.8 (CH), 144.2 (Cq), 138.6 (Cq), 135.5 (Cq), 129.6 (CH)129.6 (2 x CH), 128.4 (2 x CH), 128.2 

(2 x CH), 127.0 (2 x CH), 113.4 (CH2), 39.6 (CH2), 38.0 (Cq), 27.9 (CH3), 21.8 (2 x CH3). (minor 

isomer)156.8 (Cq), 147.2 (CH), 144.0 (Cq), 139.2 (Cq), 136.7 (Cq), 129.8 (CH), 129.5 (2 x CH), 

128.3 (2 x CH), 128.0 (2 x CH), 127.2 (2 x CH), 110.5 (CH2), 50.4(CH2), 37.4 (Cq) 27.2 (CH3), 

21.7(2 x CH3). HRMS (ESI) m/z: [M + H]+ Calcd. forC20H24N2O2S357.1637; found357.1640. 

2,2-Dimethylbut-3-enylnaphtone-N-tosylhydrazone (10b)Following the described procedure 

2,2-dimethylbut-3-enylnaphtone 8b (1.02 g, 4.3 mmol) was reacted with N-tosylhydrazide 9a 

(0.87g, 4.7 mmol) in methanol (6.0 mL) refluxed at 50°C overnight. The reaction was then cooled 

to rt to obtain 1.01 g (2.5 mmol) of 2,2-dimethylbut-3-enylnaphtone-N-tosylhydrazone (10b) (only 

one isomer found) as a white powder (58%, PE/EE 7/3). 1HNMR (600 MHz, CDCl3, Me4Si): δ 

7.99 (s, 1H, N-H), 7.93 (dt, J = 8.3, 1.7 Hz, 2H, Ar-H), 7.90 (d, J = 1.3 Hz, 1H, Ar-H), 7.83 – 7.80 

(m, 2H, Ar-H), 7.78 (d, J = 8.7 Hz, 1H, Ar-H), 7.74 (dd, J = 8.6, 1.8 Hz, 1H, Ar-H), 7.51-7.46 (m, 

2H), 7.36 (d, J = 8.0 Hz, 1H, Ar-H), 5.64 (dd, J = 17.5, 10.6 Hz, 1H, CH=CH2), 5.00 (dd, J = 17.5, 

0.7 Hz, 1H, CH=CH2H trans), 4.90 (dd, J = 10.7, 0.8 Hz, 1H, CH=CH2H cis), 2.79 (s, 2H, 

N=C(Ar)-CH2), 2.45 (s, 3H, Ar-CH3), 0.95 (s, 6H, C(CH3)2).13C{1H}NMR (151 MHz; CDCl3, 

Me4Si): δ 154.7 (Cq), 146.9 (CH), 144.3 (Cq), 136.0 (Cq), 135.5 (Cq), 133.9 (Cq), 132.9 (Cq), 

129.6 (2 x CH), 128.7 (CH), 128.3 (2 x CH), 128.2 (CH), 127.7 (CH), 126.9 (CH), 126.9 (CH), 

126.7 (CH), 124.4 (CH), 113.4 (CH2), 39.4 (CH2), 38.1 (Cq), 28.0 (CH3), 21.8 (2 x CH3).HRMS 

(ESI) m/z: [M + H]+ Calcd. forC24H26N2O2S407.1793; found407.1799.IR νmax (neat)/ cm–1: 3057, 

2958, 1599, 1445, 1179. 

2,2-Dimethylbut-3-enyl-m-tolyl ketone-N-tosylhydrazone (10c)Following the described 

procedure 2,2-dimethylbut-3-enyl-m-tolyl ketone 8c (0.46 g, 2.3 mmol) was reacted with N-

tosylhydrazide 9a (0.47 g, 2.5 mmol) in methanol (2 mL) to obtain 0.366 g (1.0 mmol) of 2,2-

dimethylbut-3-enyl-m-tolyl ketone-N-tosylhydrazone 10c (only one isomer found) as a white 
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powder (43%, PE/EE 7/3). 1HNMR (600 MHz, CDCl3, Me4Si): δ 7.90 (dt, J = 8.4, 1.8 Hz, 2H, Ar-

H), 7.85 (s, 1H, N-H), 7.34 (d, J = 8.4 Hz, 1H, Ar-H), 7.28 (m, 2H, Ar-H), 7.19 (t, J = 7.8 Hz, 1H, 

Ar-H), 7.15 (bd, J = 7.8 Hz, 1H, Ar-H), 5.58 (dd, J = 17.4, 10.8 Hz, 1H, CH=CH2), 4.99 (dd, J = 

17.4, 0.6 Hz, 1H, CH=CH2H trans), 4.90 (dd, J = 10.8, 0.6 Hz, 1H, CH=CH2H cis), 2.65 (s, 2H, 

N=C(Ar)-CH2), 2.44 (s, 3H, Ar-CH3), 2.34 (s, 3H, Ar-CH3), 0.89 (s, 6H, C(CH3)2).13C{1H}NMR 

(151 MHz; CDCl3, Me4Si): δ 155.3 (Cq), 146.9 (CH), 144.2 (Cq), 138.6 (Cq), 137.9 (Cq), 135.5 

(Cq), 130.3 (CH), 129.5 (CH), 128.3 (2 x CH), 128.2 (CH), 127.7 (CH), 124.2 (CH), 113.4 (CH2), 

39.7 (CH2), 37.9 (Cq), 27.9 (CH3), 21.7 (CH3), 21.6 (2 x CH3). Mp: 120-123°C. IR νmax (neat)/ 

cm–1: 3284, 3186, 2961, 1641, 1597, 1341, 1164, 792. HRMS (ESI) m/z: [M + H]+ Calcd. 

forC21H26N2O2S371.1793; found371.1789. 

2,2-Dimethylbut-3-enyl-p-tolyl ketone-N-tosylhydrazone (10d)Following the described 

procedure 2,2-dimethylbut-3-enyl-p-tolyl ketone 8d (1.01 g, 5.0 mmol) was reacted with N-

tosylhydrazide 9a (1.04 g, 5.6 mmol) in methanol (2 mL) to obtain 1.48 g (4.0 mmol) of 2,2-

dimethylbut-3-enyl-p-tolyl ketone-N-tosylhydrazone 10d as a white powder (80%, PE/EE 7/3). 
1HNMR (600 MHz, CDCl3, Me4Si): (mixture of isomers)δ 59 : 41) 7.87 (d, J = 7.8 Hz, 2H, Ar-H, 

major isomer), 7.78 (d, J = 8.4 Hz, 2H, Ar-H, minor isomer), 7.52 (bs, 1H, N-H), 7.40 (d, J = 8.4 

Hz, 2H, Ar-H, major isomer), 7.33 (d, J = 8.4 Hz, 2H, Ar-H, minor isomer), 7.31 (d, J = 7.8 Hz, 

2H, Ar-H, minor isomer),7.22 (d, J = 7.8 Hz, 2H, Ar-H, minor isomer), 7.19 (d, J = 7.8 Hz, 2H, 

Ar-H, major isomer), 7.11 (d, J = 7.8 Hz, 2H, Ar-H, major isomer), 6.91 (d, J = 8.4 Hz, 2H, Ar-H, 

major isomer), 5.58 (dd, J = 14.4, 10.8 Hz, 1H, CH=CH2, major isomer), 5.56 (dd, J = 15.0, 10.8 

Hz, 1H, CH=CH2, minor isomer), 4.97 (d, J = 16.8 Hz, 1H, CH=CH2 , H trans, major isomer), 

4.88 (dd, J = 10.8, 1.2 Hz, 1H, CH=CH2 , H cis, major isomer), 4.68 (dd, J = 17.4, 1.2 Hz, 1H, 

CH=CH2 , H trans, minor isomer), 4.61 (dd, J = 10.8, 1.2 Hz, 1H, CH=CH2 , H cis, minor isomer), 

2.92 (s, 2H, N=C-CH2, minor isomer), 2.64 (s, 2H, N=C-CH2, major isomer), 2.44 (s,3H Ar-CH3, 

major isomer), 2.43 (s,3H Ar-CH3, minor isomer), 2.36 (s, 3H Ar-CH3, minor isomer), 2.33 (s,3H 

Ar-CH3, major isomer), 0.91 (s, 6H, C(CH3)2, major isomer), 0.84 (s, 6H, C(CH3)2, minor 

isomer).13C{1H}NMR (151 MHz; CDCl3, Me4Si): (mixture of isomers 59 : 41) δ 156.4 (Cq), 156.1 

(Cq), 147.3 (CH), 146.9 (CH), 144.2 (Cq), 143.9 (Cq), 139.9 (Cq), 139.7 (Cq), 135. 8 (Cq), 135. 

5 (Cq), 130.6 (2 x CH), 130.2 (2 x CH), 129.6 (2 x CH), 129.6 (2 x CH), 129.2 (2 x CH), 129.1 (2 

x CH), 128.5 (2 X CH), 128.2 (2 X CH), 128.0 (2 X CH), 127.1 (Cq), 126.9 (Cq), 113.4 (CH2), 

110.4 (CH2), 50.3 (CH2), 39.5 (CH2), 37.9 (Cq), 37.3 (Cq), 28.0 (CH3), 27.4 (CH3), 27.2 (CH3), 
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21.8 (2 x CH3), 21.7 (2 x CH3).HRMS (ESI) m/z: [M + H]+ Calcd. forC21H27N2O2S371.1793; 

found 371.1796. 

 

2,2-Dimethylbut-3-enyl-o-tolyl ketone-N-tosylhydrazone (10e)Following the described 

procedure 2,2-dimethylbut-3-enyl-o-tolyl ketone 8e (1.01 g, 5.0 mmol) was reacted with N-

tosylhydrazide 9a (1.04 g, 5.6 mmol) in methanol (2 mL) to obtain 1.48 g (4.0 mmol) of 2,2-

dimethylbut-3-enyl-o-tolyl ketone-N-tosylhydrazone 10e as a white powder (56%, PE/EE 

7/3).1HNMR (600 MHz, CDCl3, Me4Si): δ 7.89 (bs, 1H, N-H), 7.83 (d, J = 8.3 Hz, 2H, Ar-H), 

7.31 (d, J = 7.8 Hz, 2H, Ar-H), 7.17 (dt, J = 7.8, 1.6 Hz, 2H, Ar-H), 7.10 (m, 3H, Ar-H), 5.68 (dd, 

J = 17.4, 10.8 Hz, 1H, CH=CH2), 5.01 (dd, J = 17.4, 0.6 Hz, 1H, CH=CH2H trans), 4.92 (dd, J = 

10.8, 0.6 Hz, 1H, CH=CH2H cis), 2.64 (s, 2H, N=C(Ar)-CH2), 2.44 (s, 3H, Ar-CH3), 2.03 (s, 3H, 

Ar-CH3), 0.88 (s, 6H, C(CH3)2). 13C{1H}NMR (151 MHz; CDCl3, Me4Si): 156.7 (Cq), 146.7 

(CH), 144.2 (Cq), 139.1 (Cq), 136.0 (Cq), 135.8 (Cq), 131.3 (CH), 129.6 (2 x CH), 128.5 (CH), 

128.4 (2 x CH), 125.5 (CH), 113.2 (CH2), 43.3 (CH2), 38.5 (Cq), 27.7 (CH3), 21.7 (2 x CH3), 20.5 

(CH3). Mp: 98-102 °C. IR νmax (neat)/ cm–1: 3280, 3179, 2960, 1645, 1598, 1340, 1167, 768. 

HRMS (ESI) m/z: [M + H]+ Calcd. forC21H26N2O2S371.1793; found 371.1797. 

2,2-Dimethylbut-3-enyl-m-methoxyphenone-N-tosylhydrazone (10f)Following the 

described procedure, 2,2-dimethylbut-3-enyl-m-methoxyphenone 8f (0.48 g, 2.2 mmol) was 

reacted with N-tosylhydrazide 9a in methanol (0,45 g, 2.4 mmol) to obtain (0.64 g, 1.5 mmol) of 

2,2-dimethylbut-3-enyl-m-methoxyphenone-N-tosylhydrazone 10f as a white powder (70%,). 
1HNMR (600 MHz, CDCl3, Me4Si: (mixture of isomers 66 : 33) δ 7.95 (bs, 1H, N-H, major 

isomer), 7.89 (d, J = 8.4, Hz, 2H, Ar-H, major isomer), 7.78 (d, J = 8.4 Hz, 2H, Ar-H, minor 

isomer), 7.61 (bs, 1H, N-H, minor isomer), 7.29 (m, 2H, Ar-H, both isomers), 7.20 (t, J = 7.8 Hz, 

1H, Ar-H, major isomer), 7.07 (dm, J = 7.8 Hz, 1H, Ar-H, major isomer), 7.03 (m, 1H, Ar-H, 

major isomer), 6.57 (dt, J = 7.2, 0.6 Hz, 1H, Ar-H, minor isomer), 6.52 (m, 1H, Ar-H, minor 

isomer), 5.58 (dd, J = 17.4, 10.8 Hz, 1H, CH=CH2, major isomer), 5.52 (dd, J = 17.4, 10.2 Hz, 1H, 

CH=CH2, major isomer), 4.98 (d, J = 17.4 Hz, 1H, CH=CH2 , H trans, major isomer), 4.86 (d, J = 

10.2 Hz, 1H, CH=CH2 , H cis, major isomer), 4.67 (dd, J = 17.4, 1.8 Hz, 1H, CH=CH2 , H trans, 

minor isomer), 4.61 (dd, J = 10.8, 1.2 Hz, 1H, CH=CH2 , H cis, minor isomer), 3.78 (s, 3H, OCH3, 

minor isomer), 3.77 (s, 3H, OCH3, minor isomer), 2.64 (s, 2H, N=C-CH2, major isomer), 2.51 (s, 

2H, N=C-CH2, minor isomer), 2.42 (s, 3H Ar-CH3, both isomers), 0.90 (s, 6H, C(CH3)2, major 
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isomer), 0.85 (s, 6H, C(CH3)2, minor isomer). 13C{1H}NMR (151 MHz; CDCl3, Me4Si): (mixture 

of isomers) δ 160.3 (Cq), 159.4 (Cq), 156.0 (Cq), 154.9 (Cq), 147.2 (CH), 146.8 (CH), 144.2 (Cq), 

144.0 (Cq), 140.0 (Cq), 135.7 (Cq), 135.5 (Cq), 134.9 (Cq), 130.8 (CH), 129.6 (2 X CH), 129.5 (2 

x CH), 128.2 (2 x CH), 128.0 (2 x CH), 119.6 (CH), 119.1 (CH), 115.2 (CH), 115.0 (CH), 113.3 

(CH2), 112.9 (CH), 112.5 (CH), 110.5 (CH2), 55.4 (CH3), 55.3 (CH3), 50.3 (CH2), 39.6 (CH2), 38.1 

(Cq), 38.0 (Cq), 27.9 (CH3), 27.2 (CH3), 21.7 (2 x CH3), 21.7 (2 x CH3).HRMS (ESI) m/z: [M + 

H]+ Calcd. forC20H24N2O2S387.1742;found387.1739. 

2,2-Dimethylbut-3-enyl-pyridyl ketone-N-tosylhydrazone (10g)Following the described 

procedure 2,2-dimethylbut-3-enyl-pyridyl ketone 8g (0.57 g, 3.0 mmol) were reacted with N-

tosylhydrazide 9a (0.61 g, 3.3 mmol) in methanol (5.0 mL) refluxed at 50°C for 16h. The reaction 

was cooled to rt to obtain 0.450 g (1.26 mmol) of 2,2-dimethylbut-3-enyl-pyridyl ketone-N-

tosylhydrazone 10g as a white powder (42%, PE/AcOEt 98/2). 1HNMR (600 MHz, CDCl3, 

Me4Si): (isomer A) δ 8.60 (dm, J = 4.9 Hz, 1H, Ar-H), 8.19 – 8.09 (bs, 1H, N-H), 7.87 (dd, J = 

8.4, 1.9 Hz, 1H, Ar-H), 7.88-7.85 (m, 2H, Ar-H), 7.43 (d, J = 8.1 Hz, 1.1 Hz,1H, Ar-H), 7.43 (dt, 

J = 8.1, 1.1 Hz, 1H, Ar-H), 7.31 – 7.26 (m, 2H, Ar-H), 5.52 (dd, J = 17.5, 10.7 Hz, 1H, CH=CH2), 

4.62 (dd, J = 17.5, 1.2 Hz, 1H, CH=CH2 , H trans), 4.52 (dd, J = 10.7, 1.2 Hz, 1H, CH=CH2 , H 

cis), 2.65 (s, 2H, N=C-CH2), 2.42 (s,3H Ar-CH3), 0.77 (s, 6H, C(CH3)2).(isomer B) δ 8.49 (dd, J 

= 4.9, 1.8, 0.9 Hz, 1H, Ar-H), 8.19 – 8.09 (bs, 1H, N-H), 7.90 (dd, J = 8.4, 1.9 Hz, 1H, Ar-H), 7.64 

(td, J = 7.7, 1.8 Hz, 1H), 7.32 (d, J = 8.1 Hz, 2H, Ar-H), 7.31 – 7.26 (m, 2H, Ar-H), 7.21 (ddd, J 

= 7.5, 4.8, 1.2 Hz, 1H, Ar-H), 5.66 (dd, J = 17.5, 10.6 Hz, 1H, CH=CH2), 4.93 (dt, J = 17.4, 1.1 

Hz, 1H, CH=CH2 , H trans), 4.87 (dt, J = 10.7, 1.4 Hz, 1H, CH=CH2 , H cis), 2.98 (2H, N=C-CH2), 

2.40 (s, 3H, Ar-CH3), 0.92 (s, 6H, C(CH3)2). 13C{1H}NMR (151 MHz; CDCl3, Me4Si):(mixture 

of isomers) δ 155.6 (Cq), 155.0 (Cq), 153.6 (Cq), 148.2 (CH), 147.8 (CH), 147.6 (CH), 147.5 

(CH), 144.9 (Cq), 144.3 (Cq), 143.5 (Cq),137.4 (CH), 136.6 (Cq), 136.5 (Cq), 135.5 (Cq), 129.7 

(2 x CH), 129.5 (2 x CH), 128.1 (2 x CH), 128.1 (2 x CH), 124.0 (CH), 124.0 (CH), 123.9 (CH), 

121.3 (CH), 112.9 (CH2), 110.4 (CH2), 46.6 (CH2), 38.15 (Cq), 37.6 (Cq), 37.3 (CH2), 27.6 (CH3), 

26.9 (CH3), 21.7 (2 x CH3), 21.6 (2 x CH3).HRMS (ESI) m/z: [M + H]+ Calcd. 

forC19H24N3O2S358.1589;found 358.1586. 

2-Phenyl-2-methylbut-3-enylphenone N-tosylhydrazone (10h)Following the described 

procedure 2-phenyl-2-methylbut-3-enylphenone, 8h (1.27 gr, 5.1 mmol) was reacted with N-

tosylhydrazide 9a (1.05 gr, 5.6 mmol) in methanol (3.0 mL) to obtain 1.07 g (3.3 mmol) 2-phenyl-
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2-methylbut-3-enylphenone N-tosylhydrazone 10h (mixture of isomers) as a white powder 

(64%).1HNMR (600 MHz, CDCl3, Me4Si), (mixture of isomers):δ 7.75 (d, J = 7.8 Hz, 1H, Ar-H), 

7.69 (d, J = 8.4 Hz, 1H, Ar-H), 7.47 (m, 1H, Ar-H), 7.33 (m, 4H, Ar-H), 7.18-7.26 (m, 4H, Ar-H), 

7.08 (m, 3H, Ar-H), 6.73 (bs, 1H, N-H, isomer 1), 6.47 (bs, 1H, N-H, isomer 2), 6.00 (dd, J = 17.4, 

10.8, 1H, CH=CH2, isomer 1),5.97 (dd, J = 17.4, 10.2, 1H, CH=CH2, isomer 2), 5.15 (d, J = 17.4, 

1H, CH=CH2, isomer 1), 5.13 (d, J = 10.8, 1H, CH=CH2, isomer 1),4.90 (d, J = 17.4, 1H, CH=CH2, 

isomer 2), 4.88 (d, J = 10.2, 1H, CH=CH2, isomer 2), 3.18 (d, J = 13.2, 1H, N=C(Me)-CH2a, isomer 

1), 3.12 (d, J = 13.2, 1H, N=C(Me)-CH2b, isomer 1), 3.07 (d, J = 13.8, 1H, N=C(Me)-CH2a, isomer 

2), 2.98 (d, J = 13.8, 1H, N=C(Me)-CH2b, isomer 2), 2.46 (m, 3H, Ar-CH3, both isomers), 1.27 

(s,3H, CH3, isomer 1), 1.16 (s, 3H, CH3, isomer 2). 13C{1H}NMR (151 MHz; CDCl3, 

Me4Si),(mixture of isomers): δ 156.2 (Cq), 155.5 (Cq), 146.1 (CH), 146.1 (Cq), 146.0 (Cq), 145.5 

(Cq), 144.0 (Cq), 144.0 (Cq), 139.0 (Cq), 135.7 (Cq), 135.0 (Cq), 133.5 (Cq), 129.7 (2 x CH), 

129.6 (2 x CH), 129.4 (2 x CH), 129.1 (2 x CH), 128.6 (2 X CH), 128.4 (2 X CH), 128.1 (2 X CH), 

128.0 (2 X CH), 128.0 (2 X CH), 127.7 (CH), 127.5 (CH), 127.1 (CH), 126.9 (CH), 126.6 (CH), 

126.3 (CH), 126.0 (CH), 126.0 (CH), 113.0 (CH2), 112.3(CH2), 49.1 (CH2), 44.7 (Cq),44.3 (Cq), 

39.4 (CH2), 25.9 (CH3), 25.3 (CH3), 21.8 (CH3), 21.8 (CH3).HRMS (ESI) m/z: [M + H]+ Calcd. 

forC25H27N2O2S419.1793; found419.1793. 

4,4-Dimethylhex-5-en-2-one-N-tosylhydrazone (10i)Following the described procedure 4,4-

dimethylhex-5-en-2-one, 8i (0.640 gr, 5.1 mmol) was reacted with N-tosylhydrazide 9a (1.05 gr, 

5.6 mmol) in methanol (3.0 mL) to obtain 0.720 g (2.45 mmol) of 4,4-dimethylhex-5-en-2-one-N-

tosylhydrazone 10i (mixture of isomers) as a white powder (48%).1HNMR (600 MHz, CDCl3, 

Me4Si):( major isomer) δ 7.82 (d, J = 8.3 Hz, 2H, Ar-H), 7.79 (bs, 1H, N-H), 7.29 (d, J = 7.9 Hz, 

2H, Ar-H), 5.69 (dd, J = 17,3, 10.8 Hz, 1H, CH=CH2), ), 4.76 (dd, J = 10.8, 1.6 Hz, 1H, CH=CH2 

(H cis)), 4.73 (dd, J = 17.3, 1.2 Hz, 1H, CH=CH2 (H trans)), 2.42 (s, 3H, Ar-CH3), 2.21 (s, 2H, 

CH2), 1.71 (s, 3H, N=C-CH3), 0.84 (s, 6H, C(CH3)2). (minor isomer)δ 7.79 (d, J = 8.3 Hz, 2H, Ar-

H), 7.5 (s, 1H, N-H), 7.34 (d, J = 7.9 Hz, 2H, Ar-H), 5.90 (dd, J = 17.3, 10.8 Hz, 1H, CH=CH2), 

4.98 (bd, J = 10.8 Hz, 1H, CH=CH2 (H cis)), 4.94 (bd, J = 17.4 Hz, 1H, CH=CH2 (H trans)), 2.41 

(s, 3H, Ar-CH3), 2.19 (s, 2H, CH2), 1.91 (s, 3H, N=C-CH3), 1.04 (s, 6H, C(CH3)2). 13C{1H}NMR 

(151 MHz; CDCl3, Me4Si): (mixture of isomers) δ 147.5 (CH), 144.0 (Cq), 135.5 (Cq), 130.1 (2 x 

CH), 129.5 (2 x CH), 128.4 (2 x CH), 128.2 (2 X CH), 128.1 (Cq), 110.9 (CH2), 51.4 (CH2), 37.2 
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(Cq), 27.8 (CH3), 27.1 (CH3), 26.9 (CH3), 21.7 (CH3), 18.0 (2 x CH3).HRMS (ESI) m/z: [M + H]+ 

Calcd. forC15H23N2O2S295.1480; found 295.1478. 

2,2-dimethylpent-3-enylphenone-N-tosylhydrazone (10j)Following the described procedure 

2,2-dimethylpent-3-enylphenone 8j (1.01 g, 5.0 mmol) was reacted with N-tosylhydrazide 9a 

(1.00. g, 5.4 mmol) in methanol (3.0 mL) to obtain 1.07 g (2.9 mmol) of 2,2-dimethylbut-3-

enylphenone-N-tosylhydrazone(10j) (mixture of isomers) as a white powder (58%). 1HNMR (600 

MHz, d6-DMSO, Me4Si), (mixture of isomers): δ 10.58 (s, 1H, NH, isomer 1), 10.56 (s, 1H, NH, 

isomer 2), 9.90 (s, 1H, NH, isomer 3), 9.89 (s, 1H, NH, isomer 4), 7.70-7.72m, 4H, Ar-H), 7.47 

(m, 2H, Ar-H), 7.45 (m, 1H, Ar-H), 7.32-7.39 (m, 4H, Ar-H), 7.23-7.28 (m, 6H, Ar-H), 5.23 (dq, 

J = 15.6, 1.8 Hz, 1H, CH=CH-CH3, isomer 1), 5.23 (dq, J = 12.0, 1.8 Hz, 1H, CH=CH-CH3, isomer 

2), 4.93-5.03 (bm, 2H, CH=CHCH3all isomers, CH=CH-CH3, isomer 3 and 4), 2.85 (s, 2H, 

N=C(Ar)-CH2, isomers 1 and 2), 2.75 (s, 2H, N=C(Ar)-CH2),isomers 3 and 4), 2.30 (s, 3H, Ar-

CH3, isomer 1 and 2), 2.29 (s, 3H, Ar-CH3, isomer 3 and 4), 1.49 (dd, J = 6.6, 1.2 Hz, 1H, 

CH=CHCH3, isomer 3), 1.47 (dd, J = 7.2, 1.8 Hz, 1H, CH=CHCH3, isomer 1), 1.28 (m, 1H, 

CH=CHCH3, isomer 2 and 4), 0.91 (s, 6H, C(CH3)2, isomer 1), 0.89 (s, 6H, C(CH3)2, isomer 4), 

0.80 (s, 6H, C(CH3)2, isomer 2), 0.77 (s, 6H, C(CH3)2, isomer 3). 13C{1H}NMR (151 MHz; d6-

DMSO, Me4Si):(mixture of isomers) δ 154.9 (Cq), 154.5 (Cq), 143.5 (CH), 143.4 (Cq), 143.2 

(Cq), 140.9 (CH), 139.7 (Cq), 139.6 (CH), 138.8 (CH), 138.6 (CH), 136.8 (Cq), 136.6 (Cq), 136.5 

(Cq),129.7 (CH), 129.5 (2 x CH), 129.2 (2 x CH), 129.0 (2 x CH), 128.8 (2 x CH), 128.6 (2 x CH), 

128.5 (2 x CH), 128.3 (2 x CH), 128.2 (2 x CH), 128.0 (2 x CH), 127.6 (2 x CH), 127.6 (2 x CH), 

127.2 (2 x CH), 127.1 (2 x CH), 122.8 (2 x CH), 120.1 (CH), 120.0 (CH), 50.7 (CH2), 46.0 (CH2), 

38.3 (CH2), 38.3 (CH2), 38.0 (Cq), 37.6 (Cq), 29.2 (CH3), 29.2 (CH3), 27.7 (CH3), 21.3 (CH3), 

17.9 (2 x CH3), 17.8 (2 x CH3), 14.3 (2 x CH3), 14.2 (2 x CH3).HRMS (ESI) m/z: [M + H]+ Calcd. 

forC21H27N2O2S371.1793; found 371.1795. 

4,4-Dimethylhept-5-enone-N-tosylhydrazone (10k)Following the described procedure 4,4-

dimethylhept-5-en-2-one, 8k (0.71 gr, 5.1 mmol) was reacted with N-tosylhydrazide 9a (1.05 gr, 

5.6 mmol) in methanol (3.0 mL) to obtain 1.01 g (3.3 mmol) of 4,4-dimethylhex-5-en-2-one-N-

tosylhydrazone 10k (mixture of isomers) as a white powder (64%).1HNMR (600 MHz, d6-DMSO, 

Me4Si), (mixture of isomers):δ 9.90 (bs, 1H, N-H, isomer 1), 9.88 (bs, 1H, N-H, isomer 2), 7.62 

(d, J = 8.4 Hz, 2H, Ar-H, both isomers), 7.33 (d, J = 8.4 Hz, 2H, Ar-H, isomer 1), 7.31 (d, J = 8.4 

Hz, 2H, Ar-H, isomer 1), 5.29 (dq, J = 13,8, 1.8 Hz, 1H, CH=CHCH3, isomer 1), ), 5.10 (m, 3H, 
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CH=CHCH3, isomer 2 and CH=CHCH3, both isomers), 2.46 (m, 3H, Ar-CH3, isomer 2), 2.33 (m, 

3H, Ar-CH3, isomer 1), 2.12 (s, 2H, N=C(Me)-CH2, isomer 1), 2.02 (s, 2H, N=C(Me)-CH2, isomer 

2), 1.73 (s, 3H, N=C-CH3, isomer 1), 1.69 (s, 3H, N=C-CH3, isomer 2), 1.50 (m, 1H, CH=CHCH3, 

isomer 1), ), 1.45 (m, 3H, CH=CHCH3, isomer 2),0.88 (s, 6H, C(CH3)2, isomer 1), 0.72 (s, 6H, 

C(CH3)2, isomer 2). 13C{1H}NMR (151 MHz; d6-DMSO, Me4Si), (mixture of isomers): δ 157.8 

(Cq), 157.6 (Cq), 143.4 (Cq), 141.1 (CH), 139.0 (CH), 136.9 (Cq), 129.7 (2 x CH), 129.7 (2 x 

CH), 128.1 (2 X CH), 128.1 (2 X CH), 123.3 (CH), 120.5 (CH), 51.4 (CH2), 51.3 (CH2),39.6 (Cq), 

36.7 (Cq), 29.1 (CH3), 27.7 (CH3), 21.5 (CH3), 19.5 (CH3), 19.2 (CH3), 18.2 (2 x CH3), 14.5 (2 x 

CH3).HRMS (ESI) m/z: [M + H]+ Calcd. forC16H25N2O2S309.1637; found 309.1640. 

(5R)-5-Methyl-2-(1,1-dimethylprop-2-enyl)cyclohexanone N-tosylhydrazone 

(10l)Following the described procedure pulegone derivative 8l, (1.2g, 6.7 mmol) was reacted with 

N-tosylhydrazide 9a (1.4 g, 7.5 mmol) in methanol (5.0 mL) to obtain 1.3 g (3.8 mmol) upon 

precipitation with water of pulegone tosylhydrazone 10l as a white powder (57%). Only 2 isomer 

observed.1HNMR (600 MHz, CDCl3, Me4Si): (mixture of 2 isomers 85/15), (major isomer) δ 7.84 

(d, J = 8.2 Hz, 2H, Ar-H), 7.46 (s, 1H, N-H), 7.29 (d, J = 8.2 Hz, 2H, Ar-H), 5.83 (dd, J = 17.6, 

10.8 Hz, 1H, CH=CH2), 4.79 (dd, J = 17.6, 1.5 Hz, 1H, CH-CH2H trans), 4.76 (dd, J = 10.8, 1.5 

Hz, 1H, CH-CH2H cis), 2.56 (dd, 1H, J = 13.5, 4.0 Hz, N=C-C(H)H-C(Me)H), 2.41 (s, 3H, Ar-

CH3),1.91-1.85 (m, 2H, CH-CH2-CH2-C(Me)H), 1.76 – 1.71 (m, 1H, CH-CH2-CH2-C(Me)H), 

1.59 – 1.53 (m, 1H, CH2-C(Me)H-CH2), 1.41 (dd, 1H, J = 13.5, 11.5 Hz, N=C-C(H)H-C(Me)H), 

1.22 (ddd, J = 14.5, 12.8, 4.0 Hz, 1H, CH-CH2-C(H)H-C(Me)H), 1.03 (ddm, J = 13.5, 11.5, 1H, 

CH-CH2-C(H)H-C(Me)H), 0.98 (s, 3H, C(CH3) CH3), 0.97 (s, 3H, C(CH3) CH3), 0.91 (d, J = 6.5 

Hz, 3H, CH2-CH-CH3). (minor isomer)δ 7.79 (d, J = 8.2 Hz, 2H, Ar-H), 7.35 (d, J = 8.0 Hz, 2H, 

Ar-H), 5.75 (dd, J = 17.3, 11.0 Hz, 1H, CH=CH2), 5.60 (s, 1H, N-H), 4.76 (dd, 1H, J = 17.5, 1.5 

Hz, CH-CH2H trans), 4.75 (dd, 1H, J = 10.8, 1.5 Hz, CH-CH2H cis), 2.44 (s, 3H, Ar-CH3), 2.35 – 

2.29 (m, 1H, N=C-C(H)H-C(Me)H), 2.15 (t, 1H, J = 5.8 Hz, N=C-C(H)H-C(Me)H), 1.95 – 1.83 

(m, 2H, CH-CH2-CH2-C(Me)H), 1.78 – 1.67 (m, 2H, CH2-C(Me)H-CH2 with CH-CH2-CH2-

C(Me)H), 1.36 – 1.27 (m, 1H, CH-CH2-C(H)H-C(Me)H), 1.10 (d, 1H, J = 12.2 Hz, CH-CH2-

C(H)H-C(Me)H), 0.90 (s, 3H, C(CH3)-CH3), 0.89 (s, 3H, C(CH3)-CH3), 0.87 (d, J = 6.2 Hz, 3H, 

CH2-CH-CH3).13C{1H}NMR (151 MHz; CDCl3, Me4Si): (mixture of isomers), δ 162.1 (Cq), 148.0 

(CH), 144.0 (Cq), 135.6 (Cq), 130.0 (CH), 129.5 (2 x CH), 128.5 (2 x CH), 128.4 (2 x CH), 110.9 

(CH2), 110.5 (CH2), 53.9 (CH), 51.8 (CH), 39.7 (Cq), 38.8 (Cq), 36.2 (CH2), 34.4 (CH2), 34.0 
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(CH), 32.1 (Cq), 31.2 (Cq), 28.9 (CH2), 27.0 (CH2), 25.8 (CH3), 25.4 (CH3), 23.9 (CH3), 22.2 

(CH3), 21.4 (CH3),21.7 (CH3).HRMS (ESI) m/z: [M + H]+ Calcd. forC19H29N2O2S349.1950; found 

349.1952. 

2,2-Dimethylbut-3-enylphenone-N-phenylsulfonylhydrazone (11a)Following the described 

procedure 2,2-dimethylbut-3-enylphenone 8a (0.38 g, 2.0 mmol) was reacted with 

phenylsulfonylhydrazide 9b (0.38 g, 2.2 mmol) in methanol (2 mL) to obtain 1.13 g (3.5 mmol) 

of 2,2-dimethylbut-3-enylphenone-N-phenylsulfonylhydrazone 11a (only one isomer found) as a 

white powder (50%). 1HNMR (600 MHz, CDCl3, Me4Si):δ 8.04 – 7.99 (m, 2H, Ar-H), 7.88 (s, 

1H, N-H), 7.63 (tt, J = 7.4, 1.8 Hz, 1H, Ar-H), 7.57 (ddt, J = 8.2, 6.7, 1.1 Hz, 2H, Ar-H), 7.48 (dt, 

J = 6.6, 1.7, 1.3 Hz, 2H, Ar-H), 7.37 – 7.28 (m, 3H, Ar-H), 5.57 (dd, J = 17.5, 10.6 Hz, 1H, 

CH=CH2), 4.96 (dd, J = 17.5, 0.9 Hz, 1H, CH=CH2H trans), 4.87 (dd, J = 10.6, 0.9 Hz, 1H, 

CH=CH2,H cis), 2.70 – 2.64 (m, 2H, N=C(Ph)-CH2), 0.91 – 0.88 (bs, 6H, C-(CH3)2).13C{1H}NMR 

(151 MHz; CDCl3, Me4Si): δ 155.4 (Cq), 146.8 (CH), 138.6 (Cq), 138.4 (Cq), 133.4 (CH), 129.7 

(CH), 129.0 (2 x CH), 128.4 (2 x CH), 128.2 (2 x CH), 128.0 (2 x CH), 113.5 (CH2), 39.7 (CH2), 

37.9 (Cq), 27.9 (2 x CH3). HRMS (ESI) m/z: [M + H]+ Calcd. forC19H22N2O2S 343.1480; found 

343.1481. IR νmax (neat)/ cm–1: 3059, 2956, 1641, 1445, 1349, 1160. m.p.: 104-107 °C. 

4,4-Dimethylhex-5-en-2-one-N-phenylsulfonylhydrazone (11b)Following the described 

procedure 4,4-dimethylhex-5-en-2-one, 8i (0.50 gr, 4.0 mmol) was reacted with N-

phenylsulfonylhydrazide 9b (0.770 gr, 4.5 mmol) in methanol (2.5 mL) to obtain 0.762 g (2.72 

mmol) of 4,4-dimethylhex-5-en-2-one-N-phenylsulfonylhydrazone 11b (mixture of isomers) as a 

white powder (68%).1HNMR (600 MHz, CDCl3, Me4Si): (major isomer)δ 7.96 (d, J = 1.2 Hz, 2H, 

Ar-H), 7.95 (t, J = 1.7 Hz, 1H, Ar-H), 7.74 (bs, 1H, N-H), 7.57 (tt, J = 7.4, 1.2 Hz, 2H, Ar-H), 5.66 

(dd, J = 17.4, 10.8 Hz, 1H, CH=CH2), 4.73 (dd, J = 10.8 1.2 Hz, 1H, CH=CH2, H cis), 4.71 (dd, J 

= 17.4, 1.3 Hz, 1H, CH=CH2, H trans), 2.19 (s, 2H, N=C(Me)-CH2), 1.72 (s, 3H, N=C-CH3), 0.81 

(s, 6H, C(CH3)2). (minor isomer)δ 7.96 (d, J = 1.2 Hz, 2H, Ar-H), 7.92 (t, J = 1.7 Hz, 1H, Ar-H), 

7.74 (s, 1H, N-H), 7.59 (tt, J = 7.4, 1.2 Hz, 2H, Ar-H), 5.67 (dd, J = 17.4, 10.8 Hz, 1H, CH=CH2), 

4.96-4.81 (m, 2H, CH=CH2), 2.19 (s, 2H, N=C(Me)-CH2), 1.91 (s, 3H, N=C-CH3), 1.02 (s, 6H, 

C(CH3)2). 13C{1H}NMR (151 MHz; CDCl3, Me4Si): (mixture of isomers) δ 156.9 (Cq), 156.8 

(Cq), 147.4 (CH), (147.1 (CH), 138.5 (Cq), 133.1 (CH), 129.4 (2 x CH), 129.0 (2 x CH), 128.3 

(CH), 128.2 (2 x CH), 128.0 (2 x CH), 112.9 (CH2), 110.9 (CH2), 51.4(CH2), 43.8 (CH2), 37.7 
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(Cq), 37.2 (Cq), 27.7 CH3), 26.8 (CH3), 26.3 (2 x CH3), 18.2 (2 x CH3).HRMS (ESI) m/z: [M + 

H]+ Calcd. forC14H21N2O2S 281.1324; found281.1322. 

2,2-Dimethylbut-3-enylphenone-N-mesitylsulfonylhydrazone (12a)Following the described 

procedure 2,2-dimethylbut-3-enylphenone 8a (0.75 g, 4.0 mmol) was reacted with N-

mesitylsulfonylhydrazide 9c (0.96 g, 4.5 mmol) in methanol (2.5 mL) to obtain 0.81 g (2.1 mmol) 

of 2,2-dimethylbut-3-enylphenone-N-2,4,6-mesitylsulfonylhydrazone 12a (only one isomer 

found) as a white powder (53%, PE/EE 9/1). 1HNMR (600 MHz, CDCl3, Me4Si): δ 7.93-7.96 (bs, 

1H, N-H), 7.47 (dd, J = 8.0, 1.6 Hz, 2H, Ar-H), 7.34 – 7.25 (m, 3H, Ar-H), 6.97 (s, 2H, Ar-H), 

5.78 (dd, J = 17.5, 10.6 Hz, 1H, CH=CH2), 5.01 (d, J = 17.4 Hz, 1H, CH=CH2H trans), 4.95 (dd, 

J = 10.8, 0.7 Hz, 1H, CH=CH2 H cis), 2.71 (s, 6H, orto Ar-CH3), 2.68 (s, 2H, N=C-CH2), 2.30 (s, 

3H, para Ar-CH3), 0.97 (s, 6H, C(CH3)2). 13C{1H}NMR (151 MHz; CDCl3, Me4Si): δ 154.2 (Cq), 

146.8 (CH), 143.0 (Cq), 140.6 (2 x Cq), 138.8 (Cq), 132.5 (Cq), 131.9 (2 x CH), 129.3 (CH), 128.3 

(2 x CH), 127.0 (2 x CH), 113.0 (CH2), 39.0 (CH2), 38.1(Cq), 28.0 (CH3), 23.6 (2 x CH3), 21.1 (2 

x CH3).Mp: 76-82°C. HRMS (ESI) m/z: [M + H]+ Calcd. forC22H28N2O2S385.1950; found 

385.1954. IR νmax (neat)/ cm–1: 3201, 2962, 1602, 1444, 1377, 1159. 

2,2-Dimethylbut-3-enylnaphtone-N-mesitylsulfonylhydrazone (12b)Following the 

described procedure 2,2-dimethylbut-3-enylnaphtone 8b, (0.480 g, 2.0 mmol) was reacted with N-

mesitylsulfonylhydrazide 9c (0.47 g, 2.2 mmol) in methanol (2 mL) at rt to obtain 0.312 g of 2,2-

dimethylbut-3-enylnaphtone-N-2,4,6-mesitylsulfonylhydrazone (12b) (0.72 mmol) as a white 

powder (36%, PE/AcOEt 99/1). 1HNMR (600 MHz, CDCl3, Me4Si): δ 8.02 (s, 1H, N-H), 7.89 (m, 

1H, Ar-H), 7.87 (m, 1H, Ar-H), 7.80 (m, 2H, Ar-H), 7.75 (dd, J = 8.7, 3.3 Hz, 1H, Ar-H), 7.66 (m, 

1H, Ar-H) 7.47 (m, 1H, Ar-H), 6.99 (s, 2H, Ar-H), 5.83 (dd, J = 17.4, 10.6 Hz, 1H, CH=CH2), 

5.07 (d, J = 17.4 Hz, 1H, CH=CH2H trans), 4.99 (dd, J = 10.8, 0.7 Hz, 1H, CH=CH2 H cis), 2.80 

(s, 2H, N=C-CH2), 2.75 (s, 6H, orto Ar-CH3), 2.31 (s, 3H, para Ar-CH3), 1.01 (s, 6H, C(CH3)2). 
13C{1H}NMR (151 MHz; CDCl3, Me4Si): 153.9 (Cq), 146.9 (CH), 143.1 (Cq), 140.6 (2 x Cq), 

136.2 (Cq), 133.8 (Cq), 132.9 (Cq), 132.5 (Cq), 132.0 (2 x CH), 128.6 (CH), 128.0 (CH), 127.7 

(CH), 126.8 (CH), 126.7 (Cq), 126.4 (CH), 124.5 (CH), 113.2 (CH2), 39.0 (CH2), 38.2 (Cq), 28.1 

(CH3), 23.5 (CH3), 21.2 (2 x CH3). Mp: 59-65°C. HRMS (ESI) m/z: [M + H]+ Calcd. 

forC26H30N2O2S435.2106; found 435,2110 .IR νmax (neat)/ cm–1: 3228, 2960, 1602, 1467, 1376, 

1331, 1187, 1161, 1052. 
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2,2-Dimethylbut-3-enyl-p-tolyl ketone-N-mesitylsulfonylhydrazone (12c)Following the 

described procedure 2,2-dimethylbut-3-enyl-p-tolyl ketone 8d, (0.85 g, 4.0 mmol) was reacted 

with N-mesitylsulfonylhydrazide 9c (0.95 g, 4.5 mmol) in methanol (2 mL) to obtain 0.98 g (2.5 

mmol) of 2,2-dimethylbut-3-enyl-p-tolyl ketone-N-mesitylsulfonylhydrazone 12c as a white 

powder (62%, PE/AcOEt 98/2). 1HNMR (600 MHz, CDCl3, Me4Si): (mixture of isomers 83 : 

17).1H NMR (600 MHz, Chloroform-d) δ 7.93 (s, 1H, N-H, major isomer), 7.63 (bs, 1H, N-H 

minor isomer), 7.37 (d, J = 8.3 Hz, , 2H, Ar-H, minor isomer), 7.34 (d, J = 8.1 Hz, 2H, Ar-H major 

isomer),  7.22 (d, J = 7.8 Hz, 2H, Ar-H, both isomers), 7.09 (m, 4H, Ar-H, both isomers), 6.96 (d, 

J = 4.0 Hz, 2H, Mes-H, both isomers), 5.79 (dd, J = 17.4, 10.2 Hz, 1H, CH=CH2 major isomer), 

5.54 (dd, J = 17.4, 10.2 Hz, 1H, CH=CH2 minor isomer), 5.02 (dd, J = 17.4, 0.6 Hz, 1H, CH=CH2 

, H trans major isomer), 4.96 (dd, J = 10.2, 1.2 Hz, 1H, CH=CH2 , H cis major isomer) 4.66 (dd, J 

= 17.4, 1.2 Hz, 1H, CH=CH2 , H trans, minor isomer), 4.59 (dd, J = 10.8, 1.2 Hz, 1H, CH=CH2 , 

H cis, minor isomer), 2.70 (m, 12H Ar-CH3, both isomers ), 2.59 (s, 2H, N=C-CH2, major isomer), 

2.45 (s, 2H, N=C-CH2, major isomer), 2.31 (s, 3H, p-tolyl CH3 major isomer), 2.30 (s, 3H, p-tolyl 

CH3, minor isomer), 2.29 (s, 3H Ar-CH3 major isomer), 2.29 (s, 3H Ar-CH3,minor isomer), 0.97 

(s, 6H, C(CH3)2, minor isomer), 0.76 (s, 6H, C(CH3)2 major isomer). 13C{1H}NMR (151 MHz; 

CDCl3, Me4Si): (mixture of isomers) δ154.7 (Cq), 154.3 (Cq), 147.0 (CH), 142.9 (CH), 140.6 

(Cq), 140.5 (Cq), 139.4 (CH), 136.1 (CH), 132.6 (CH), 131.9 (2 x CH), 130.2 (2 x CH), 129.0 (2 

x CH), 126.9 (2 x CH), 126.8 (2 x CH), 113.0 (CH2), 110.4 (CH2), 39.0 (CH2), 38.1 (Cq), 37.7 

(Cq), 36.2 (CH2); 35.9 (CH); 28.0 (CH3), 27.4 (CH3), 23.6 (CH3), 23.5 (CH3), 21.3 (2 x CH3) 21.1 

(2 x CH3).HRMS (ESI) m/z: [M + H]+ Calcd. for C23H31N2O2S399.2106; found 399.2109. 

2,2-Dimethylbut-3-enyl-o-tolyl ketone-N-mesitylsulfonylhydrazone (12d)Following the 

described procedure 2,2-dimethylbut-3-enyl-o-tolyl ketone 8e, (0.40 g, 2.0 mmol) was reacted 

with N-mesitylsulfonylhydrazide 9c (0.45 g, 2.2 mmol) in methanol (2 mL) to obtain 139 mg (0.35) 

of 2,2-dimethylbut-3-enyl-o-tolyl ketone-N-mesitylsulfonylhydrazone 12d as a white powder that 

was immediately subjected to irradiation (15%, PE/AcOEt 98/2).941H NMR (600 MHz, CDCl3-

d);δ 7.30 (m, 1H, Ar-H), 7.27 (m, 2H, Ar-H), 7.20 (m, 1H, Ar-H), 6.96 (s, 2H, Ar-H), 5.62 (dd, J 

= 17.5, 10.7 Hz, 1H, CH=CH2), 4.70 (dd, J = 17.5, 1.3 H, 1H, CH=CH2 H trans), 4.64 (dd, J = 

10.7, 1.3 Hz, 1H, CH=CH2 H cis), 2.57 (s, 2H, N=C(Ar)-CH2),2.56 (s, 6H, 2 x Ar-CH3), 2.31 (s, 

3H, o-tolyl CH3), 2.30 (s, 3H, Ar-CH3), 0.90 (s, 6H, C(CH3)2). 
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4,4-Dimethylhex-5-en-2-one-N-mesitylsulfonylhydrazone (12e)Following the described 

procedure 4,4-dimethylhex-5-en-2-one, 8i (0.630 g, 5.0 mmol) was reacted with N-

mesitylsulfonylhydrazide 9c (1.070 g, 5.00 mmol) in methanol (3.1 mL) to obtain 1,13 g (3.5 

mmol) 4,4-dimethylhex-5-en-2-one-N-mesitylhydrazone 12e (mixture of isomers) as a white 

powder (70%, PE/EE 95/5).1HNMR (600 MHz, CDCl3, Me4Si): (major isomer)δ 7.37 (bs, 1H, N-

H), 6.94 (s, 2H, Ar-H), 5.64 (dd, J = 17.4, 10.7 Hz, 1H, CH=CH2), 4.74 (bd, J = 10.7, 1H, CH=CH2, 

H cis), 4.70 (dd, J = 17.5, 1.2 Hz, 1H, CH=CH2 H trans), 2.64 (s, 6H, orto Ar-CH3), 2.28 (s, 3H, 

para Ar-CH3), 2.13 (s, 2H, N=C(Me)-CH2), 1.71 (s, 3H, N=C-CH3), 0.79 (s, 6H, C(CH3)2). (minor 

isomer)δ 7.37 (bs, 1H, N-H), 6.97 (s, 2H, Ar-H), 5.82 (dd, J = 17.5, 10.7 Hz, 1H, CH=CH2), 5.04 

(d, J = 10.7, 1H, CH=CH2, H cis), 5.02 (d, J = 17.5, 1H, CH=CH2 H trans), 2.66 (s, 6H, orto Ar-

CH3), 2.29 (s, 3H, para Ar-CH3), 1.89 (s, 2H, N=C(Me)-CH2), 1.78 (s, 3H, N=C-CH3), 1.09 (s, 

6H, C(CH3)2). 13C{1H}NMR (151 MHz; CDCl3, Me4Si): (mixture of isomers) δ 154.6 (Cq), 147.5 

(CH), 142.8 (Cq), 140.4 (2 x Cq), 140.2 (2 x Cq), 132.6 (Cq), 131.8 (2 x CH), 131.8 (2 x CH), 

110.8 (CH2), 51.3 (CH2), 37.2 (Cq), 27.9 (Cq), 27.0 (2 x CH3), 26.7 (2 x CH3), 23.2 (CH3), 21.0 

(CH3), 17.8 (2 x CH3). HRMS (ESI) m/z: [M + H]+ Calcd. forC17H27N2O2S323.1793; found 

323.1794. 

2,2-dimethylpent-3-enylphenone-N-mesitylsulfonylhydrazone (12f)Following the described 

procedure 2,2-dimethylpent-3-enylphenone 8j, (1.01 g, 5.0 mmol) was reacted with N-

mesitylsulfonylhydrazide 9c (1.00. g, 5.4 mmol) in methanol (3.0 mL) to obtain 1.43 g (2.9 mmol) 

of 2,2-dimethylbut-3-enylphenone-N-tosylhydrazone(12f) (mixture of 4 isomers) as a white 

powder (72%). 1HNMR (600 MHz, CDCl3, Me4Si), (mixture of isomers): δ 7.93 (s, 1H, NH, 

isomer 1), 7.93 (s, 1H, NH, isomer 2), 7.92 (s, 1H, NH, isomer 3), 7.91 (s, 1H, NH, isomer 4), 7.50 

(m, 4H, Ar-H), 7.41-7.43 (m, 3H, Ar-H), 7.29 (m, 3H, Ar-H), 7.13 (dm, J = 7.2 Hz, 2H, Ar-H, 

isomer 1), 7.06 (dm, J = 6.6 Hz, 2H, Ar-H, isomer 1 and 2), 7.03 (dm, J = 6.6 Hz, 2H, Ar-H, isomer 

1 and 2), 6.93-6.96(m, 2H, Mes-H, all isomers), 4.97-5.00 (bm, 1H, CH=CH-CH3, all isomers), 

4.93-5.03 (bm, 2H, CH=CHCH3,all isomers), 2.71 (s, 2H, N=C(Ar)-CH2, isomers 1 and 2), 2.60 

(s, 2H, N=C(Ar)-CH2), isomers 3 and 4), 2.30 (s, 3H, Ar-CH3, isomer 1 and 2), 2.29 (s, 3H, Ar-

CH3, isomer 3 and 4), 1.70 (dd, J = 6.6, 1.2 Hz, 1H, CH=CHCH3, isomer 3), 1.68 (dd, J = 7.2, 1.8 

Hz, 1H, CH=CHCH3, isomer 1), 1.66 (bd, J = 7.2 Hz, 1H, CH=CHCH3, isomer 12), 1.58 (dd, J = 

6.0, 1.8 Hz, 1H, CH=CHCH3, isomer 4), 1.07 (s, 6H, C(CH3)2, isomer 1), 0.98 (s, 6H, C(CH3)2, 

isomer 4), 0.93 (s, 6H, C(CH3)2, isomer 2), 0.66 (s, 6H, C(CH3)2, isomer 3). 13C{1H}NMR (151 



 

 

40 

MHz; CDCl3, Me4Si):(mixture of isomers) δ 155.6 (Cq), 155.0 (Cq), 154.0 (Cq), 142.9 (CH), 142.9 

(Cq), 142.7 (Cq), 140.7 (Cq), 140.5 (Cq), 140.3 (CH), 140.1 (Cq), 140.0 (CH), 139.2 (Cq), 139.0 

(CH), 138.2 (CH), 134.0 (Cq), 132.7 (Cq), 131.9 (CH), 131.8 (2 x CH), 129.6 (2 x CH), 129.6 (2 

x CH), 129.5 (2 x CH), 129.5 (2 x CH), 129.4 (2 x CH), 129.3 (2 x CH), 128.3 (2 x CH), 128.2 (2 

x CH), 127.2 (2 x CH), 127.0 (2 x CH), 124.0 (CH), 123.4 (2 x CH), 120.8 (2 x CH), 51.0 (CH2), 

50.7 (CH2), 44.7 (CH2), 39.7 (CH2), 39.4 (CH2), 37.8 (Cq), 37.3 (Cq), 36.7 (Cq), 36.6 (Cq), 30.6 

(CH3), 29.3 (CH3), 28.6 (CH3), 27.7 (CH3), 23.6 (CH3), 23.2 (CH3), 21.1 (2 X CH3), 18.0 (2 x 

CH3), 17.8 (2 x CH3), 17.1 (2 x CH3), 14.7 (2 x CH3), 14.3 (2 x CH3).HRMS (ESI) m/z: [M + H]+ 

Calcd. forC23H31N2O2S399.5694; found 399.5694. 

(5R)-5-Methyl-2-(1,1-dimethylprop-2-enyl)cyclohexanone N-mesitylsulfonylhydrazone 

(12g)Following the described procedure, pulegone derivative 8l (0.61 g, 3.4 mmol) was reacted 

with N-mesitylsulfonylhydrazide 9c (0.79 g, 3.7 mmol) in methanol (2.5 mL) to obtain 0.68 g (1.8 

mmol) of (5R)-5-methyl-2-(1,1-dimethylprop-2-enyl)cyclohexanone N-mesitylsulfonylhydrazone 

12g after column chromatography, affording a white solid product as a mixture of the 4 isomer 

(54%, PE/EE 9/1). 1HNMR (600 MHz, CDCl3, Me4Si): (mixture of 4 isomers): 6.97 (s, 2H, Ar-H, 

isomers 1), 6.93 (s, 2H, Ar-H isomer 2 and 3), 6.83 (s, 2H, Ar-H isomer 4), 5.95 (dd, J = 17.4, 

10.9 Hz, 1H, CH=CH2 isomer 1), 5.81 (dd, J = 17.5, 10.6 Hz, 1H, CH=CH2  isomer 2 and 3), 5.70 

(dd, J = 17.6, 10.7 Hz, H, CH=CH2 isomer 4), 4.94 (bm, 2H, CH=CH2  isomer 1 and 4), 4.70 (bm, 

2H, CH=CH2  isomer 2 and 3), 2.64 (s, 6H, orto Ar-CH3 all isomers), 2.56 (dd, J = 13.4, 4.3, 1.7 

Hz, 1H, N=C-C(H)H-C(Me)H, isomer 2), 2.53 (m, 1 H, isomer 3), 2.33 (m, 1H, ) 1.41 (dd, 1H, J 

= 13.4, 11.5 Hz, N=C-C(H)H-C(Me)H, isomer 2), 2.27 (s, 6H, para Ar-CH3 all isomers), 2.56 

((dd, 1H, J = 13.5, 4.0 Hz, isomer 2), 2.35 – 2.31 (m, 1H, N=C-C(H)H-C(Me)H isomer 3), 2.29 

(d, J = 14.8 Hz, 2H N=C-C(H)H-C(Me)H, isomer 2), 2.17 (ddd, J = 13.0, 4.9, 1.3 Hz, 2H, CH-

CH2-CH2-C(Me)H isomer 2), 2.07 (t, 1H, J = 5.8 Hz, N=C-C(H)H-C(Me)H isomer 3), 1.99 (dd, J 

= 12.5, 1.3 Hz, CH-CH2-CH2-C(Me)H isomer 2), 1.95 – 1.83 (m, 2H, CH-CH2-CH2-C(Me)H 

isomer 3), 1.80-1.72 (m, 6H, CH2-C(Me)H-CH2 with CH-CH2-CH2-C(Me)H with CH-CH2-CH2-

C(Me)H all isomers), 1.59 (ddt, J = 10.9, 8.7, 3.2 Hz, 1H, isomer 2), 1.55 – 1.49 (m, 0H), 1.43 

(dm, J =11.5, 1H, CH-CH2-C(H)H-C(Me)H isomer 2), 1.41 (d, J = 11.4 Hz, 1H, CH-CH2-C(H)H-

C(Me)H, isomer 1) 1.34-1.29 (m, 1H, CH-CH2-C(H)H-C(Me)H), isomer 3), 1.24 – 1.15 (m, 2H, 

CH-CH2-C(H)H-C(Me)H, all isomers), 1.19 (ddd, J = 14.5, 12.8, 4.0 Hz, 1H, CH-CH2-C(H)H-

C(Me)H isomer 2), 1.10 (d, 1H, J = 12.2 Hz, CH-CH2-C(H)H-C(Me)H isomer 3), 1.05 (dt, J = 
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8.0, 2.0 Hz, 2H, CH-CH2-C(H)H-C(Me)H, isomer 2), 0.98 (d, J = 6.5 Hz, 3H, CH2-CH-CH3, 

isomer 1 ), 0.94 (d, J = 6.5 Hz, 3H, CH2-CH-CH3, isomer 2 and 3), 0.91 ((d, J = 6.5 Hz, 3H, CH2-

CH-CH3), 0.87 (s, 3H, C(CH3) CH3 isomer 1), 0.86  (s, 3H, C(CH3) CH3 isomer 2 and 3), 0.84 (s, 

3H, C(CH3) CH3 isomer 4), 0.73 (s, 3H, C(CH3) CH3isomer 1), 0.71 (s, 3H, C(CH3) CH3isomer 

2), 0.70 (s, 3H, C(CH3) CH3isomer 3), 0.69 (s, 3H, C(CH3) CH3isomer 4).13C{1H}NMR (151 

MHz; CDCl3, Me4Si): (mixture of 4 isomers),δ 159.8 (Cq), 159.8 (Cq), 147.9 (CH), 147.7 (CH), 

147.4 (CH), 147.2 (CH), 142.7 (Cq), 142.7 (Cq), 140.1 (2xCq), 140.0 (2x Cq), 137.5 (Cq), 132.7 

(CH), 132.2 (CH), 131.9 (2XCH), 131.8 (2XCH), 130.7 (CH2), 112.8(CH2), 111.0(CH2), 

110.9(CH2), 110.0(CH2), 58.8 (CH),53.8 (CH), 52.1 (CH), 51.8 (CH), 39.6 (Cq), 38.7 (Cq), 36.4 

(CH), 35.7 (CH2), 35.6 (CH2), 34.7 (CH2), 34.4 (CH2), 34.3 (CH) 34.1 (CH) 33.6 (CH2),31.8 (CH), 

31.2 (CH2), 29.0 (CH2), 28.9 (CH2), 26.8 (CH3), 25.6(CH2), 25.5(CH3), 25.4(CH3), 25.0 (CH3), 

23.7 (CH3), 23.5, (CH3), 23.2 (CH3), 23.1 (CH3), 23.0 (CH3), 22.4 (CH3), 22.3 (CH3), 21.4 (CH3), 

21.2 (2xCH3), 21.1 (2xCH3), 21.0 (2xCH3), 19.1 (2xCH3). HRMS (ESI) m/z: [M + H]+ Calcd. 

forC22H35N2O2S391.2419; found391.2421. 

 

Synthesis of 2,2-dimethylbut-3-enylphenone-N-tosylhydrazone-K+ salt (K+-10a)According 

to our previously reported procedure,51 2,2-dimethylbut-3-enylphenone-N-tosylhydrazone 10a (1 

mmol, 0.360 gr) was dissolved in the minimal amount of anhydrous MeOH at 0°C and under 

nitrogen atmosphere, then sublimed tert-BuO-K+ (1 mmol, 0.112 g) was added, and the solution 

was stirred in the dark for 30 minutes. Solvent evaporation afforded 0.39 gr of 2,2-dimethylbut-3-

enylphenone-N-tosylhydrazone-K+ salt (K+-10a) (>99%). 1H NMR (600 MHz, Methanol-d4) δ 

7.75 (d, J = 8.2 Hz, 2H, Ar-H), 7.39 – 7.35 (m, 2H, Ar-H), 7.21 (d, J = 7.9 Hz, 3H, Ar-H), 7.18 (t, 

J = 7.4 Hz, 2H, Ar-H), 7.14 (d, J = 7.0 Hz, 1H, Ar-H), 5.73 (dd, J = 17.4, 10.7 Hz, 1H, CH=CH2), 

4.63 (dd, J = 17.5, 1.7 Hz, 1H, CH=CH2H trans), 4.49 (dd, J = 10.7, 1.6 Hz, 1H, CH=CH2H cis), 

2.88 (s, 2H, N=C(Ph)-CH2), 2.34 (s, 3H, Ar-CH3), 0.80 (s, 6H, C(CH3)2). 13C{1H} NMR (151 

MHz, Methanol-d4)δ 150.3 (Cq),149.0 (CH), 142.1 (Cq), 141.9 (Cq), 140.3 (Cq), 128.3 (2 x CH), 

127.4 (2 x CH), 126.9 (2 x CH), 126.8 (2 x CH), 126.6 (CH), 108.1 (CH2), 37.9 (Cq), 37.2 (CH2), 

29.9 (CH3), 26.71 (2 x CH3). HRMS (ESI) m/z: [M + H]+ Calcd. forC20H23N2O2S355.1486found 

355.1483. IR νmax (neat)/ cm–1:  2957, 2923, 2053, 1636, 1441, 1279, 1078 

General procedure for the photocatalytic synthesis of dearomatizon products (13) In a 

sealed photochemical reactor, 6.75 mg of [Ru(bpy)3]Cl2∙6H2O (0.009 mmol) were dissolved in 5 
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mL of anhydrous CH3CN, the solution was degassed with N2 for 15 min then the suitable 

tosylhydrazone 10 or phenylsulfonylhydrazone 11 (0.30 mmol) and 62.2 mg of K2CO3 (0.45 

mmol) were added. The solution was then stirred at 4 cm from the irradiation source (see above) 

at room temperature until the reaction was completed as monitored by TLC analysis. The solution 

was then filtered on a short pad of silica gel using CH2Cl2 as eluent. The crude product was purified 

by flash chromatography on silica gel (hexane/acetone 92/8) to obtain the dearomatized product 

13. 

4,4,7-Trimethyl-2-phenyl-3,4,4a,5,5a,8-hexahydrobenzo[e]pyridazino[1,6-b][1,2]thiazine 

10,10-dioxide (13a)Following the general procedure A, 107 mg (0.30 mmol) of 2,2-dimethylbut-

3-enylphenone-N-tosylhydrazone (10a) were reacted with K2CO3 and [Ru(bpy)3]Cl2∙6H2O for 16 

h under blue light irradiation to obtain 75 mg (0.210 mmol) of 4,4,7-trimethyl-2-phenyl-

3,4,4a,5,5a,8-hexahydrobenzo[e]pyridazino[1,6-b][1,2]thiazine 10,10-dioxide 13a (70%) as a 

white solid.1H NMR (600 MHz, CDCl3, Me4Si): δ 7.80 – 7.75 (m, 2H, Ar-H), 7.38 – 7.32 (m, 3H, 

Ar-H), 6.74 (tm, J = 3.5, Hz, 1H, CH2-CH=C), 5.25 (dq, J = 3.1, 1.6 Hz, 1H, CH3CH=CH), 4.01 

(dd, J = 12.6, 2.4 Hz, 1H, N-CH), 3.48 (bs,CH2-CH-CH=), 2.75 (m, 2H, CH-CH2-C(CH3)2), 2.38 

(d, J = 18.4 Hz, 1H, CH-C(H)H-C(CH3)), 2.28 (d, J = 18.3 Hz, 1H, CH-C(H)H-C(CH3)), 1.78 

(ddd, J = 13.5, 4.0, 1.8 Hz, 1H, CH-C(H)H-CH), 1.64 (t, J = 1.5 Hz, 3H, CH3CH=CH), 1.23 (q, J 

= 12.7 Hz, 1H, CH-C(H)H-CH), 1.11 (s, 6H, CH2-C(CH3)2). 13C{1H}NMR (151 MHz, 

CDCl3,Me4Si): δ 149.1 (Cq), 137.0 (Cq), 135.5 (Cq), 131.9 (CH), 130.5 (Cq), 129.5 (CH), 128.4 

(2 x CH), 125.6 (2 x CH), 121.2 (CH), 62.5 (CH), 35.4 (CH), 34.6 (CH2), 31.5 (CH2), 31.4 (CH2), 

31.0 (Cq), 28.3 (CH3), 27.0 (CH3), 22.7 (CH3). Mp: 169.2-170.5 °C, degradation. νmax (neat)/cm-

1: 2966, 2921, 2908, 1448, 1345, 1159, 1060, 1021.HRMS (ESI) m/z: [M + Na]+ Calcd. 

forC20H24N2O2S379.1451; found379.1451. 

4,4,7-Trimethyl-2-(naphthalen-2-yl)-3,4,4a,5,5a,8-hexahydrobenzo[e]pyridazino[1,6-

b][1,2]thiazine 10,10-dioxide (13b)Following the general procedure A, 122 mg (0.30 mmol) of 

2,2-dimethylbut-3-enylnaphtone-N-tosylhydrazone (10b) were reacted with K2CO3 and 

[Ru(bpy)3]Cl2∙6H2O under blue light irradiation for 16 h to obtain 52.5 mg (0.13 mmol) of 2,4,4-

trimethyl-3,4,4a,5,5a,8-hexahydrobenzo[e]pyridazino[1,6-b][1,2]thiazine 10,10-dioxide 13b 

(43%) as a white solid.1H NMR (600 MHz, CDCl3, Me4Si): δ 8.11 (dd, J = 8.7, 1.8 Hz, 1H, Ar-

H), 8.01 (s, 1H, Ar-H), 7.82 (ddd, J = 9.0, 5.6, 3.4 Hz, 2H Ar-H), 7.79 (d, J = 9.0 Hz, 1H, Ar-H), 

7.47 (tt, J = 5.8, 4.7 Hz, 2H, Ar-H), 6.78 (m, 1H, CH2-CH=C), 5.26 (m, 1H, CH3CH=CH), 4.06 
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(dd, J = 12.7, 2.4 Hz, 1H, N-CH), 3.51 (bs, 1H, CH2-CH-CH), 2.75 (m, 2H, CH-CH2-C(CH3)2), 

2.54 ((d, J = 18.0 Hz, 1H, CH-C(H)H-C(CH3)), 2.42 (d, J = 18.2 Hz, 1H, CH-C(H)H-C(CH3)), 

1.81 (ddd, J = 13.3, 4.2, 2.4 Hz, 1H, CH-C(H)H-CH), 1.64 (s, 3H, CH3CH=CH) 1.29 (q, J = 12.7 

Hz, 1H, CH-C(H)H-CH), 1.16 (s, 6H, CH2-C(CH3)2). 13C{1H}NMR (151 MHz, CDCl3,Me4Si): δ 

148.9 (Cq), 135.5 (Cq), 134.5 (Cq), 133.9 (Cq), 133.0 (Cq), 132.0 (CH), 130.5 (Cq), 128.5 (CH), 

128.0 (CH), 127.8 (CH), 126.8 (CH), 126.4 (CH), 125.0 (CH), 123.4 (CH), 121.2 (CH), 62.7 (CH), 

35.4 (CH), 34.5 (CH2), 31.6 (CH2), 31.4 (CH2), 31.1 (Cq), 28.4 (CH3), 27.0 (CH3), 22.7 (CH3). 

Mp: 63.4-67.2 °C. νmax(neat)/cm-1: 3057, 2958, 2923, 1599, 1445, 1349, 1349, 1179, 1158, 1018. 

HRMS (ESI) m/z: [M + H]+ Calcd. forC24H26N2O2S407.1793; found407.17.92. 

4,4,7-Trimethyl-2-(m-tolyl)-3,4,4a,5,5a,8-hexahydrobenzo[e]pyridazino[1,6-

b][1,2]thiazine 10,10-dioxide (13c)Following the general procedure A, 111 mg (0.30 mmol) of 

2,2-dimethylbut-3-enyl-m-tolyl ketone-N-tosylhydrazone (10c) were reacted with K2CO3 and 

[Ru(bpy)3]Cl2∙6H2O under blue light irradiation for 16 h to obtain 66.6 mg (0.18 mmol) of 4,4,7-

trimethyl-2-(m-tolyl)-3,4,4a,5,5a,8-hexahydrobenzo[e]pyridazino[1,6-b][1,2]thiazine 10,10-

dioxide 13c (60%) as a white solid. 1H NMR (600 MHz, CDCl3, Me4Si): δ 7.58 (s, 1H, Ar-H), 

7.55 (d, J = 8.4 Hz, 1H, Ar-H), 7.25 (dd, J = 7.8, 7.2 Hz, 1H, Ar-H), 7.18 (d, J = 7.2 Hz, 1H, Ar-

H), 6.76 (bs, 1H, CH2-CH=C), 5.26 (m, 1H, CH3CH=CH), 4.02 (dd, J = 12.5, 2.4 Hz, 1H, N-CH), 

3.49 (m, 1H, CH2-CH-CH), 2.76 (m, 1H, CH-CH2-C(CH3)2), 2.37 (s, 3H, Ar-CH3), 2.36 (s, 1H, 

CH-C(H)H-C(CH3)), 2.29 (d, J = 18.2 Hz, 1H, CH-C(H)H-C(CH3)), 1.78 (ddd, J = 13.3, 4.2, 2.5 

Hz, 1H, CH-C(H)H-CH), 1.65 (s, 3H, CH3CH=CH), 1.24 (q, J = 12.7 Hz, 1H, CH-C(H)H-CH), 

1.12 (s, 6H, CH2-C(CH3)2). 13C{1H}NMR (151 MHz, CDCl3,Me4Si): δ 149.2 (Cq), 138.1 (Cq), 

137.0 (Cq), 135.4 (Cq), 131.9 (CH), 130.5 (Cq), 130.3 (CH), 128.3 (CH), 126.2 (CH), 122.8 (CH), 

121.2 (CH), 62.5 (CH), 35.4 (CH), 34.7 (CH2), 31.5 (CH2), 31.4 (CH2), 31.0 (Cq), 28.3 (CH3), 

27.0 (CH3), 22.7 (CH3), 21.6 (CH3). Mp: 73.0-75.2 °C. νmax (neat)/cm-1: 2957, 2921, 2854, 1604, 

1446, 1349, 1159, 1157, 1021. HRMS (ESI) m/z: [M + H]+ Calcd. forC21H26N2O2S371.1793; 

found371.1797. 

4,4,7-Trimethyl-2-(p-tolyl)-3,4,4a,5,5a,8-hexahydrobenzo[e]pyridazino[1,6-b][1,2]thiazine 

10,10-dioxide (13d)Following the general procedure A, 111 mg (0.30 mmol) of 2,2-dimethylbut-

3-enyl-p-tolyl ketone-N-tosylhydrazone (10d) were reacted with K2CO3 and [Ru(bpy)3]Cl2∙6H2O 

under blue light irradiation for 16 h to obtain 68.8 mg (0.18 mmol) of 4,4,7-trimethyl-2-(p-tolyl)-

3,4,4a,5,5a,8-hexahydrobenzo[e]pyridazino[1,6-b][1,2]thiazine 10,10-dioxide 13d (62%) as a 
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white solid.1H NMR (600 MHz, CDCl3, Me4Si): δ 7.66 (dd, J = 8.4, 1.8 Hz, 2H, Ar-H), 7.26 (bd, 

J = 8.4 Hz, 2H, Ar-H), 6.74 (td, J = 3.6, 1.8 Hz, 1H, CH2-CH=C), 5.26 (dd, J = 12.6, 1.8 Hz, 1H, 

CH3CH=CH), 3.47 (m, 1H, CH2-CH-CH), 2.76 (m, 1H, CH2-C(CH3)2), 2.37 (dd, J = 18.0, 0.6 Hz, 

1H, CH-C(H)H-C(CH3), 2.34 (s, 3H, Ar-CH3), 2.25 (bd, J = 18.0, 1H, CH-C(H)H-C(CH3), 1.76 

(ddd, J = 13.2, 4.2, 2.4 Hz, 1H, CH-C(H)H-CH), 1.63 (s, 3H, CH3CH=CH), 1.24 (d, J = 12.0 Hz, 

1H, CH-C(H)H-CH), 1.20 (d, J = 12.0 Hz, 1H, CH-C(H)H-CH), 1.11 (s, 3H, CH2-C(CH3)2), 1.10 

(s, 3H, CH2-C(CH3)2).13C{1H} NMR (151 MHz, CDCl3,Me4Si): δ 149.1 (Cq), 139.6 (Cq), 135.4 

(Cq), 134.2 (Cq), 131.8 (CH), 130.5 (Cq), 129.1 (2 X CH), 125.5 (2 X CH), 121.2 (CH), 62.5 

(CH), 35.4 (CH), 34.6 (CH2), 31.4 (2 X CH2), 31.0 (Cq), 28.3 (CH3), 27.0 (CH3), 22.7 (CH3), 21.3 

(CH3). Mp: degradation 172.5-180°C.  νmax (neat)/cm-1: 2971, 2916, 2862, 1449, 1344, 1177, 1159. 

HRMS (ESI) m/z: [M + H]+ Calcd. forC21H26N2O2S371.1793; found 371.1791. 

4,4,7-Trimethyl-2-(o-tolyl)-3,4,4a,5,5a,8-hexahydrobenzo[e]pyridazino[1,6-b][1,2]thiazine 

10,10-dioxide (13e)Following the general procedure A, 111 mg (0.30 mmol) of 2,2-dimethylbut-

3-enyl-o-tolyl ketone-N-tosylhydrazone (10e) were reacted with K2CO3 and [Ru(bpy)3]Cl2∙6H2O 

under blue light irradiation for 16 h to obtain 57.7 mg (0.16 mmol) of 4,4,7-trimethyl-2-(o-tolyl)-

3,4,4a,5,5a,8-hexahydrobenzo[e]pyridazino[1,6-b][1,2]thiazine 10,10-dioxide 13e (52%) as a 

white solid.1H NMR (600 MHz, CDCl3, Me4Si): δ 7.17-7.21 (m, 4H, Ar-H), 6.74 (td, J = 3.6, 1.8 

Hz, 1H, CH2-CH=C), 5.26 (m, 1H, CH3CH=CH), 3.99 (dd, J = 12.6, 1.8 Hz, 1H, C=CHCH), 3.51 

(m, 1H, CH2-C(CH3)2), 2.77 (dm, J = 6.6 Hz, 2H, CH2-CH=C), 2.34 (s, 3H, Ar-CH3), 2.22 (dd, J 

= 19.0 1.2 Hz, 1H, CH-C(H)H-C(CH3), 2.15 (d, J = 18.7 Hz, 1H, CH-C(H)H- C(CH3), 2.15 (ddd, 

J = 13.2, 4.8, 3.0 Hz, 1H, CH-C(H)H-CH), 1.69 (s, 3H, CH3CH=CH), 1.37 (d, J = 12.6 Hz, 1H, 

CH-C(H)H-CH), 1.33 (d, J = 12.6 Hz, 1H, CH-C(H)H-CH), 1.17 (s, 3H, CH2-C(CH3)2), 1.06 (s, 

3H, CH2-C(CH3)2). 13C{1H} NMR (151 MHz, CDCl3,Me4Si): δ 153.2 (Cq), 137.8 (Cq), 136.1 

(Cq), 135.5 (Cq), 132.1 (CH), 131.1 (CH), 128.6 (CH), 127.8 (CH), 125.8 (CH), 121.3 (CH), 62.0 

(CH), 38.3 (CH2), 35.4 (CH), 31.6 (CH2), 31.4 (CH2), 31.2 (Cq), 28.3 (CH3), 26.7 (CH3), 22.8 

(CH3), 20.8 (CH3).Mp: degradation 165.0-169.2 °C. νmax (neat)/cm-1: 2961, 2942, 2871, 2114, 

1734, 1346, 1156, 1176.HRMS (ESI) m/z: [M + H]+ Calcd. 

forC21H26N2O2S371.1793found371.1793. 

2-(3-methoxyphenyl)-4,4,7-trimethyl-3,4,4a,5,5a,8-hexahydrobenzo[e]pyridazino[1,6-

b][1,2]thiazine 10,10-dioxide (13f)Following the general procedure A, 116 mg (0.30 mmol) of 

2,2-dimethylbut-3-enyl-m-methoxyphenone-N-tosylhydrazone (10f) were reacted with K2CO3 
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and [Ru(bpy)3]Cl2∙6H2O under blue light irradiation for 16 h to obtain 58 mg (0.15 mmol) of 2-(3-

methoxyphenyl)-4,4,7-trimethyl-3,4,4a,5,5a,8-hexahydrobenzo[e]pyridazino[1,6-b][1,2]thiazi ne 

10,10-dioxide 13f (50%) as a white solid.1H NMR (600 MHz, CDCl3, Me4Si): δ 7.34 (d, 1H, J = 

1,8 Hz, Ar-H), 7.32 (dm, 1H, J = 6.6 Hz, Ar-H), 7.28 (d, 1H, J = 8.4 Hz, Ar-H), 7.24 (t, 1H, J = 

7.8 Hz, Ar-H), 6.90 (dd, J = 7.8, 2.0, 1H, Ar-H), 6.74 (td, J = 3.6, 1.5 Hz, 1H, CH2-CH=C), 5.25 

(q, J = 1.8 Hz, 1H, CH3CH=CH), 4.01 (dd, J = 13.0, 2.4 Hz, 1H, N-CH), 3.82 (s, 3H, O-CH3), 3.48 

(m, 1H, CH2-CH-CH=), 2.75 (m, 2H, CH2-C(CH3)2), 2.35 (d, J = 18.3 Hz, 1H, CH-C(H)H-

C(CH3)), 2.26 (d, J = 18.5 Hz, 1H, CH-C(H)H-C(CH3)), 1.77 (ddd, J = 13.4, 4.3, 2.5 Hz, 1H, CH-

C(H)H-CH), 1.64 (s, 3H, CH3CH=CH), 1.22 (m, 1H, CH-C(H)H-CH), 1.11 (d, J = 3.0 Hz, 6H, 

CH2-C(CH3)2).13C{1H} NMR (151 MHz, CDCl3,Me4Si): δ 159.7 (Cq), 148.9 (Cq), 138.5 (Cq), 

135.5 (Cq), 131.9 (CH), 130.5 (Cq), 129.4 (CH), 121.2 (CH), 118.1 (CH), 115.1 (CH), 111.1 (CH), 

62.5 (CH), 55.5 (CH3), 35.4 (CH), 34.7 (CH2), 31.5 (CH2), 31.4 (CH2), 31.0 (Cq), 28.3 (CH3), 26.9 

(CH3), 22.7 (CH3).Mp: 85.0-89.5 °C νmax (neat)/cm-1: 3030, 2961, 1598, 1449, 1349, 1287.HRMS 

(ESI) m/z: [M + H]+ Calcd. for C21H26N2O3S387.1742; found 387.1740. 

4,4,7-Trimethyl-2-(pyridin-2-yl)-3,4,4a,5,5a,8-hexahydrobenzo[e]pyridazino[1,6-

b][1,2]thiazine 10,10-dioxide (13g)Following the general procedure A, 107 mg (0.30 mmol) of 

2,2-dimethylbut-3-enyl-pyridyl ketone-N-tosylhydrazone (10g) were reacted with K2CO3 and 

[Ru(bpy)3]Cl2∙6H2O under blue light irradiation for 16 h to obtain 40 mg (0.11mmol) of 4,4,7-

trimethyl-2-(pyridin-2-yl)-3,4,4a,5,5a,8-hexahydrobenzo[e]pyridazino[1,6-b][1,2]thiazine 10,10-

dioxide 13g (37%) as a white solid. 1H NMR (600 MHz, CDCl3, Me4Si): δ 8.52 (ddd, J = 4.8, 1.8, 

0.9 Hz, 1H, Ar-H), 8.11 (dt, J = 8.1, 1.1 Hz, 1H, Ar-H), 7.66 (ddd, J = 8.1, 7.4, 1.8 Hz, 1H, Ar-

H), 7.24 (ddd, J = 7.4, 4.8, 1.2 Hz, 1H, Ar-H), 6.74 (td, J = 3.5, 1.5 Hz, 1H, CH2-CH=C), 5.26 (dq, 

J = 3.2, 1.6 Hz, 1H, CH3CH=CH), 4.02 (ddd, J = 12.7, 2.5, 1.2 Hz, 1H, N-CH), 3.52 – 3.45 (m, 

1H, CH2-CH-CH), 2.73 (dd, J = 19.3, 1.3 Hz, 1H, CH-CH2-C(CH3)2), 2.38 (dd, J = 19.3, 1.0 Hz, 

1H, CH-C(H)H-C(CH3)), 1.81 (ddd, J = 13.4, 4.2, 2.5 Hz, 1H, CH-C(H)H-CH), 1.64 (dd, J = 1.9, 

1.0 Hz, 3H, CH3CH=CH), 1.26 (dt, J = 13.4, 12.5 Hz, 1H, CH-C(H)H-CH), 1.11 (s, 3H, CH2-

CH3(CH3)), 1.09 (s, 3H, CH2-CH3(CH3)). 13C{1H} NMR (151 MHz, CDCl3,Me4Si): δ 154.8 (Cq), 

150.6 (Cq), 148.4 (CH), 136.3 (CH), 135.7 (Cq), 131.8 (CH), 130.4 (Cq), 124.0 (CH), 121.2 (CH), 

120.6 (CH), 63.0 (CH), 35.4 (CH), 33.6 (CH2), 31.7 (CH2), 31.4 (CH2), 30.7 (Cq), 28.3 (CH3), 

26.8 (CH3), 22.7 (CH3). Mp: 55.0-58.7 °C. νmax (neat)/cm-1: 3053, 2964, 1581, 1434, 1349, 1179. 

HRMS (ESI) m/z: [M + H]+ Calcd. for C19H23N3O2S358.1589; found 358.1590. 
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4,7-Dimethyl-2,4-diphenyl-3,4,4a,5,5a,8-hexahydrobenzo[e]pyridazino[1,6-b][1,2]thiazine 

10,10-dioxide (13h)Following the general procedure A, 125 mg (0.30 mmol) of 2-phenyl-2-

methylbut-3-enylphenone N-tosylhydrazone(10h)were reacted with K2CO3 and 

[Ru(bpy)3]Cl2∙6H2O for 16 h under blue light irradiation to obtain 43 mg (0.10 mmol) of 4,4,7-

trimethyl-2-phenyl-3,4,4a,5,5a,8-hexahydrobenzo[e]pyridazino[1,6-b][1,2]thiazine 10,10-dioxide 

13h (34%) as a white solid.1H NMR (600 MHz, CDCl3, Me4Si): δ 7.85 (m, 2H, Ar-H), 7.40 (m, 

3H, Ar-H),7.30 (m, 2H, Ar-H),7.25 (m, 3H, Ar-H), 6.76 (tm, J = 3.0, Hz, 1H, CH2-CH=C), 5.23 

(q, J = 1.2 Hz, 1H, CH3CH=CH), 4.47 (dd, J = 12.6, 1.8 Hz, 1H, N-CH), 3.51 (bs, 1 H, CH2-CH-

CH=), 3.21 (d, J = 18.4 Hz, 1H, CPhMe-CH2a),2.78 (m, 2H, CH-CH2-C(CH3Ph), 2.54 (d, J = 18.4 

Hz, 1H, CPhMe-CH2b), 1.88 (ddd, J = 13.8, 4.2, 3.0 Hz, 1H, CH-C(H)H-CH), 1.67 (s, 3H, 

CH3CH=CH), 1.43 (q, J = 13.0 Hz, 1H, CH-C(H)H-CH).13C{1H} NMR (151 MHz, CDCl3,Me4Si): 

δ 149.3 (Cq), 145.2 (Cq), 135.6 (Cq), 135.5 (Cq), 132.0 (CH), 130.7 (Cq), 129.7 (CH), 128.8 (2 x 

CH), 128.5 (2 x CH), 127.1 (CH), 125.7 (2 x CH), 125.4 (2 x CH), 121.1 (CH), 62.6 (CH), 35.3 

(CH), 34.0 (CH2), 32.2 (CH2), 31.4 (CH2), 29.8 (Cq), 26.5 (CH3), 22.7 (CH3). Mp: 113.0-117.0 

°C.νmax (neat)/cm-1:2964, 2929, 2256, 1498, 1412, 1338, 1180, 1157. HRMS (ESI) m/z: [M + Na]+ 

Calcd. forC25H26N2O2S441.1607;found441.1614. 

2,4,4,7-Tetramethyl-3,4,4a,5,5a,8-hexahydrobenzo[e]pyridazino[1,6-b][1,2]thiazine 10,10-

dioxide (13i)Following the general procedure A,88 mg (0.30 mmol) of 4,4-dimethylhex-5-en-2-

one-N-tosylhydrazone (10i) were reacted with K2CO3 and [Ru(bpy)3]Cl2∙6H2O for 16 h under blue 

light irradiation to obtain 65 mg (0.22 mmol) of 2,4,4,7-tetramethyl-3,4,4a,5,5a,8-

hexahydrobenzo[e]pyridazino[1,6-b][1,2]thiazine 10,10-dioxide 13i (73 %) as a white solid.1H 

NMR (600 MHz, CDCl3, Me4Si): δ6.74 (t, J=3.8 Hz, 1H, CH2-CH=C);5.26 (q, J=2.1 Hz 1H, 

CH3CH=CH);3.87 (dd, J=12.8, 2.3 Hz, 1H, N-CH);3.43 (bs, 1H, CH2-CH-CH);2.83 (ddd, J = 23.3, 

7.8, 3.5 Hz, 1H, CH-C(H)H-C(CH3));2.75 (dd, J = 22.7, 8.6, 1H, CH-C(H)H-C(CH3)), 1.95 (s, 

3H, CH3-C=N);1.88 (d, J = 18.9 Hz, 1H, CH-C(H)H-C(CH3)2); 1.84 (d, J = 19.0 Hz, 1H, CH-

C(H)H-C(CH3)2), 1.72 (ddd, J = 13.5, 4.5, 2.3 Hz, 1H, CH-C(H)H-CH), 1.69 (s, 3H, 

CH3CH=CH);1.59 (d, J = 3.6, 1H, CH(CH3)=CH), 1.17 (q, J = 12.9 Hz, 1H, CH-C(H)H-CH); 1.05 

(s, 3H, CH2-C(CH3)CH3); 1.00 (s, 3H, CH2-C(CH3) (CH3)).13C{1H} NMR (151 MHz, 

CDCl3,Me4Si): δ 152.7 (Cq);135.1 (Cq);131.8 (CH); 130.6 (Cq); 121.4 (CH); 62.0 (CH); 38.6 

(CH2); 35.41 (CH); 31.5(CH2); 31.01 (Cq); 30.9 (CH2); 28.3(CH3); 26.7(CH3); 24.3(CH3); 
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22.9(CH3).Mp: degradation 192.0-195° C. νmax (neat)/cm-1: 2962, 1637, 1343, 1177, 1155. HRMS 

(ESI) m/z: [M + Na]+ Calcd. forC15H22N2O2S317.1294; found317.1294. 

4,4-Dimethyl-2-phenyl-3,4,4a,5,5a,8-hexahydrobenzo[e]pyridazino[1,6-b][1,2]thiazine 

10,10-dioxide (13j)Following the general procedure A, 103 mg (0.30 mmol) of 2,2-dimethylbut-

3-enylphenone-N-phenylsulfonylhydrazone (11a) were reacted with K2CO3 and 

[Ru(bpy)3]Cl2∙6H2O for 16 h under blue light irradiation to obtain 41 mg (0.120 mmol) of 4,4-

dimethyl-2-phenyl-3,4,4a,5,5a,8-hexahydrobenzo[e]pyridazino[1,6-b][1,2]thiazine 10,10-dioxide 

13j (40%) as a white solid.1H NMR (600 MHz, CDCl3, Me4Si): δ 7.80 – 7.74 (m, 2H, Ar-H), 7.38 

– 7.33 (m, 3H, Ar-H), 6.76 (bm, 1H, CH2-CH=C), 5.63 (dm, J = 10.1, 1H, CH-CH=CH-CH2, 1H, 

), 5.54 (dm, J = 10.2, 3.3, 2.0 Hz, 1H, CH3CH=CH), 4.03 (dd, J = 12.7, 2.5 Hz, 1H, N-CH), 3.52 

(m, 1H, CH2-CH-CH), 2.87 (tm, J = 8.6 Hz, 2H), 2.39 (dd, J = 18.3, 1.1 Hz, 1H, CH-C(H)H-

C(CH3 2.29 (dd, J = 18.4, 0.9 Hz, 1H, CH-C(H)H-C(CH3), 1.79 (ddd, J = 13.3, 4.2, 2.5 Hz, 1H, 

CH-C(H)H-CH), 1.29 (q, J = 12.8 Hz, 1H, CH-C(H)H-CH), 1.12 (d, J = 1.8 Hz, 6H, CH2-

C(CH3)2). 13C{1H} NMR (151 MHz, CDCl3,Me4Si): δ 149.1 (Cq), 136.9 (Cq), 135.5 (Cq), 131.8 

(CH), 129.5 (CH), 128.4 (2 x CH), 126.6 (CH), 125.6 (2 x CH), 123.0 (CH), 62.5 (CH), 34.6 

(CH2), 34.4 (CH), 31.2 (CH2), 31.0 (Cq), 28.3 (CH3), 27.0 (CH3), 26.8 (CH2).Mp: 141.9 -144.5 

°C. νmax (neat)/cm-1: 3059, 2956, 2922, 2868, 1445, 1349, 1169, 1019, 955. HRMS (ESI) m/z: [M 

+ Na]+ Calcd. forC19H22N2O2S365.1294;found 365.1285. 

2,4,4-Trimethyl-3,4,4a,5,5a,8-hexahydrobenzo[e]pyridazino[1,6-b][1,2]thiazine 10,10-

dioxide (13k)Following the general procedure A, 84 mg (0.30 mmol) of 4,4-dimethylhex-5-en-2-

one-N-phenylsulfonylhydrazone (11b) were reacted with K2CO3 and [Ru(bpy)3]Cl2∙6H2O under 

blue light irradiation for 16 h to obtain 46 mg (0.165 mmol) of 2,4,4-trimethyl-3,4,4a,5,5a,8-

hexahydrobenzo[e]pyridazino[1,6-b][1,2]thiazine 10,10-dioxide 13k (55%) as a white solid.1H 

NMR (600 MHz, CDCl3, Me4Si):δ 6.74 (bs, 1H, CH2-CH=C), 5.67 (dm, J = 10.2 Hz, 1H, CH-

CH=CH-CH2), 5.54 (dm, J = 10.1Hz, 1H, CH-CH=CH-CH2), 3.87 (dd, J = 12.8, 2.3 Hz, 1H, N-

CH), 3.45 (m, 1H, CH2-CH-CH), 2.94 (dm, J = 23.9Hz, 1H, , CH-C(H)H-C(CH3)), 2.85 (ddq, J = 

23.9, 8.7, 3.3 Hz, 1H, CH-C(H)H-C(CH3)), 1.95 (s, 3H, CH3-C=N), 1.87 (d, J = 6.5 Hz, 2H, CH-

CH2-C(CH3)2), 1.72 (ddd, J = 13.3, 4.2, 2.4 Hz, 1H, CH-C(H)H-CH), 1.22 (q, J = 12.8 Hz, 1H, 

CH-C(H)H-CH), 1.05 (s, 3H, CH2-C(CH3)2), 0.99 (s, 3H, CH2-C(CH3)2). 13C{1H} NMR (151 

MHz, CDCl3,Me4Si):bδ152.7 (Cq), 135.2 (Cq), 131.7 (CH), 126.7 (CH), 123.0 (CH), 62.0 (CH), 

38.5 (CH2), 34.3 (CH), 30.9 (Cq), 30.6 (CH2), 28.2 (Cq), 26.8 (CH2) , 26.6 (CH3), 24.2 (CH3).Mp: 
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degradation 185.0-190.2 °C. νmax (neat)/cm-1: 2975, 712, 1639, 1341, 1171.HRMS (ESI) m/z: [M 

+ H]+ Calcd. forC14H20N2O2S281.1324; found 281.1322. 

2,9,12,12-Tetramethyl-3,8,9,10,11,11a,12,12a,13,13a-

decahydrobenzo[5,6][1,2]thiazino[2,3-b]cinnoline 5,5-dioxide (13l)Following the general 

procedure A, 101 mg (0.300 mmol) of pulegone tosylhydrazone(10l) were reacted with K2CO3 

and [Ru(bpy)3]Cl2∙6H2O under blue light irradiation for 16 h to obtain 36,5mg (0.105 mmol) of 

2,9,12,12-tetramethyl-3,8,9,10,11,11a,12,12a,13,13a-decahydrobenzo[5,6][1,2]thiazino[2,3-

b]cinnoline 5,5-dioxide 13l (35%) as a white solid. 1H NMR (600 MHz, CDCl3, Me4Si):δ 6.72 (bs, 

1H, CH2-CH=C), 5.25 (bs, 1H, CH3CH=CH), 3.90 (dd, J = 12.7, 2.3 Hz, 1H, N-CH), 3.40 (m, 1H, 

CH2-CH-C(CH3)2), 2.81 (dm, J = 22.2 Hz, 1H, CH2a-CH- C(CH3) 2), 2.74 (dd, J = 22.2 Hz, 7.4 

Hz, 1H, CH2b-CH-C(CH3) 2), 2.58 (dt, J = 14.5, 2.4 Hz, 1H, CH- CH2a-C(CH3)), 1.84 (m, 2H, 

CH(CH3)-CH2-C=N), 1.72 (d, J = 13.7 Hz, 1H, CH-CH2a-CH2), 1.68 (m, 1H, CH(CH3)- CH2 -

C(H)H-CH); 1.67 (s, 3H, CH3CH=CH); 1.59 (bm, 1H, CH2-CH(CH3)-CH2), 1.55 (s, 2H, 

CH3CH=CH), 1.32 – 1.19 (m, 2H, CH(CH3)- CH2 -C(H)H-CH with CH2-C(CH)=N), 1.06 (qd, J 

= 12.5, 11.4, Hz, 1H, CH(CH3)-C(H)H-CH2-CH), 1.00 (s, 3H, (CH3)2a), 0.99 (s, 3H, (CH3)2b), 0.93 

(d, J = 6.5 Hz, 3H, CH-CH3).13C{1H} NMR (151 MHz, CDCl3,Me4Si):δ 158.3 (Cq), 135.1 (Cq), 

132.0 (CH), 130.5 (CH), 121.3 (CH), 64.7 (CH), 43.3 (Cq), 42.5 (Cq), 35.5 (CH), 34.1 (CH2), 33.8 

(Cq), 33.2 (CH), 31.4 (CH2), 30.0 (CH2), 25.6 (CH2), 25.1 (CH3), 24.9 (CH3), 22.8 (CH3), 22.1 

(CH3).Mp: degradation 118.0-124.0 °C. νmax (neat)/cm-1: 2949, 1737, 1630, 1453, 1352, 1150. 

HRMS (ESI) m/z: [M + H]+ Calcd. for C19H28N2O2S349.1950;found 349.1947.General 

procedure for the photoirradiation of β-hindered-γ,δ-unsaturated N-

mesitylsulfonylhydrazones (12) and internal β-hindered-γ,δ-unsaturated N-

arylsulfonylhydrazones (10 j-k)In a sealed photochemical reactor, 6,75 mg of 

[Ru(bpy)3]Cl2∙6H2O (0.009 mmol) were dissolved in 5 mL of anhydrous CH3CN, the solution was 

degassed with N2 for 15 min then the suitable arylsulfonylhydrazone (12a-g, 10j-k) (0.30 mmol) 

and 62.2 mg of K2CO3 (0.45 mmol) were added. The solution was then stirred at 4 cm from the 

irradiation source (see above) at room temperature until the reaction was completed as monitored 

by TLC analysis. Then, it was filtered on a short pad of silica gel using CH2Cl2 as eluent and Et2O 

to wash the column. The crude product was purified by flash chromatography on silica gel 

(hexane/Et2O 9/1). 
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1-(Mesitylsulfonyl)-4,5,5-trimethyl-3-phenyl-1,4,5,6-tetrahydropyridazine (14a)According 

to general procedure 115 mg (0.30 mmol) of 2,2-dimethylbut-3-enylphenone-N-2,4,6-

mesitylsulfonylhydrazone 12a were reacted with K2CO3 and [Ru(bpy)3]Cl2∙6H2O under blue light 

irradiation for 16 h to obtain 57.5 mg (0.15 mmol) of 1-(mesitylsulfonyl)-4,5,5-trimethyl-3-

phenyl-1,4,5,6-tetrahydropyridazine 14a (50%) as a white solid.1H NMR (600 MHz, CDCl3, 

Me4Si): δ 7.56 (d, J = 6.8 Hz, 2H, Ar-H), 7.30 (m, 3H, Ar-H), 6.97 (s, 2H, Ar-H), 4.14 (q, J = 6.6 

Hz, 1H, N-CH), 2.74 (s, 6H, orto Ar-(CH3)), 2.40 (d, J = 18.0 Hz, 1H, (CH3)2-CH-C(H)H)), 2.30 

(s, 3H, para Ar-(CH3)), 2.26 (d, J = 18.0, 1H, (CH3)2-CH-C(H)H ), 1.30 (d, J = 6.6 Hz, 3H,N-CH-

CH3), 1.11 (s, 3H, CH(CH3)-C(CH3)2 ), 0.94 (s, 3H, CH(CH3)-C(CH3)2). 13C{1H} NMR (151 

MHz, CDCl3,Me4Si): δ 145.3 (Cq), 142.7 (Cq), 141.0 (2 x Cq), 137.3 (Cq), 133.1 (Cq), 131.8 (2 

xCH), 129.0 (CH), 128.3 (2 x CH), 125.3 (2 x CH), 56.5 (CH), 33.4 (CH2), 30.9 (Cq), 28.5 (CH3), 

27.0 (CH3), 23.5 (2 x CH3), 21.1 (CH3), 15.1 (CH3). Mp: 136.5-139.4 °C. νmax (neat)/cm-1: 2964, 

2930, 2873, 1598, 1461, 1443, 1327, 1162 HRMS (ESI) m/z: [M + H]+ Calcd. forC22H28N2O2S 

385.1950; found 385.1952. 

1-(Mesitylsulfonyl)-5,5,6-trimethyl-3-(naphthalen-2-yl)-1,4,5,6-tetrahydropyridazine 

(14b)According to the general procedure, 130 mg (0.30 mmol) of 2,2-dimethylbut-3-

enylnaphtone-N-2,4,6-mesitylsulfonylhydrazone (12b) were reacted with K2CO3 and 

[Ru(bpy)3]Cl2∙6H2O under blue light irradiation for 16 h to obtain 54 mg (0.12 mmol) of 1-

(mesitylsulfonyl)-5,5,6-trimethyl-3-(naphthalen-2-yl)-1,4,5,6-tetrahydropyridazine 14b (42%) as 

a white solid.1H NMR (600 MHz, CDCl3, Me4Si): δ 7.90 (s, 1H, Ar-H), 7.79 (m, 3H, Ar-H), 7.74 

(d, J = 8.7 Hz, 1H, Ar-H), 7.45 (m, 2H, Ar-H), 6.99 (s, 2H, Ar-H), 4.17 (q, J = 6.6 Hz, 1H, N-CH), 

2.78 (s, 6H, orto Ar-(CH3)), 2.52 (d, J = 17.7 Hz, 1H, (CH3)2-CH-C(H)H))), 2.42 (d, J = 17.7 Hz, 

1H, (CH3)2-CH-C(H)H)), 2.31 (s, 3H, para Ar-(CH3)), 1.34 (d, J = 6.6 Hz, 3H, N-CH-CH3)), 1.16 

(s, 3H, CH(CH3)-C(CH3)2), 0.98 (s, 3H, , CH(CH3)-C(CH3)2). 13C{1H} NMR (151 MHz, 

CDCl3,Me4Si): δ 145.2 (Cq), 142.8 (Cq), 141.0 (2 x Cq), 134.9 (Cq), 133.6 (Cq), 133.1 (Cq),133.0 

(Cq), 131.8 (2 x CH), 128.4 (CH), 127.9 (CH), 127.7 (CH), 126.6 (CH), 126.4 (CH), 124.7 (CH), 

123.1 (CH), 56.6 (CH), 33.3 (CH2), 30.9 (Cq), 28.6 (CH3), 27.1 (CH3), 23.5 (2 x CH3), 21.1 (CH3), 

15.1 (CH3). Mp: 136.2-139.8 °C. νmax (neat)/cm-1: 3052, 2958, 1602, 1503, 1321, 1160. HRMS 

(ESI) m/z: [M + H]+ Calcd. forC26H30N2O2S435.2106; found435.21.04. 

1-(Mesitylsulfonyl)-5,5,6-trimethyl-3-(p-tolyl)-1,4,5,6-tetrahydropyridazine 

(14c)According to the general procedure, 119 mg (0.30 mmol) of 2,2-dimethylbut-3-enyl-p-tolyl 
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ketone-N-mesitylsulfonylhydrazone (12c) were reacted with K2CO3 and [Ru(bpy)3]Cl2∙6H2O 

under blue light irradiation for 16 h to obtain 74 mg (0.19 mmol) of 1-(mesitylsulfonyl)-5,5,6-

trimethyl-3-(p-tolyl)-1,4,5,6-tetrahydropyridazine 14c (62%) as a white solid.1H NMR (600 MHz, 

CDCl3, Me4Si): δ 7.46 (d, J = 7.8 Hz, 1H, Ar-H), 7.10 (d, J = 7.8 Hz, 1H, Ar-H), 6.95 (s, 2H, Ar-

H), 4.12 (q, J = 6.6 Hz, 1H, N-CH), 2.76 (s, 6H, orto Ar-(CH3)2), 2.38 (d, J = 18.0 Hz, 1H, (CH3)2-

CH-C(H)H), 2.32 (s, 3H, para Ar-CH3), 2.29 (s, 3H, Ar-CH3, tolyl), 2.23 (d, J = 18.0 Hz, 1H, 

(CH3)2-CH-C(H)H), 1.29 (d, J = 6.6 Hz, 3H, N-CH-CH3), 1.10 (s, 3H, CH(CH3)-C(CH3)2), 0.92 

(s, 3H, , CH(CH3)-C(CH3)2). 13C{1H}NMR (151 MHz, CDCl3,Me4Si): δ 145.4 (Cq), 142.6 (Cq), 

141.0 (2 x Cq), 138.9 (Cq), 134.6 (Cq), 133.2 (Cq),131.7 (2 x CH), 129.0 (2 x CH), 125.2 (2 x 

CH), 54.4 (CH), 33.4 (CH2), 30.9 (Cq), 28.5 (CH3), 27.0 (CH3), 23.5 (2 x CH3), 21.3 (CH3), 21.1 

(CH3), 15.0 (CH3). Mp: 142.0-147.0 °C. νmax (neat)/cm-1: 3020, 2958, 1682, 1611, 1511, 1324, 

1109. HRMS (ESI) m/z: [M + Na]+ Calcd. forC23H30N2O2S 421.1920; found 421.1919. 

1-(Mesitylsulfonyl)-5,5,6-trimethyl-3-(o-tolyl)-1,4,5,6-tetrahydropyridazine 

(14d)According to the general procedure, 119 mg (0.30 mmol) of 2,2-dimethylbut-3-enyl-o-tolyl 

ketone-N-mesitylsulfonylhydrazone (12d) were reacted with K2CO3 and [Ru(bpy)3]Cl2∙6H2O 

under blue light irradiation for 16 h to obtain 49 mg (0.13 mmol) of 1-(mesitylsulfonyl)-5,5,6-

trimethyl-3-(o-tolyl)-1,4,5,6-tetrahydropyridazine 14d (42.5%) as a white solid.1H NMR (600 

MHz, CDCl3, Me4Si): δ 7.13 (m, 4H), 6.89 (s, 2H, Ar-H), 4.10 (q, J = 6.6 Hz, 1H), 2.76 (s, 6H, 

orto Ar-(CH3)2), 2.43 (d, J = 18.0 Hz, 1H, (CH3)2-CH-C(H)H), 2.27 (s, 3H, para Ar-CH3), 2.01 

(s, 3H, orto tolyl), 1.99 (d, J = 18.0 Hz, 1H, (CH3)2-CH-C(H)H),), 1.35 (d, J = 6.6 Hz, 3H, N-CH-

CH3), 1.06 (s, 3H, CH(CH3)-C(CH3)2), 0.99 (s, 3H, , CH(CH3)-C(CH3)2). 13C{1H}NMR (151 

MHz, CDCl3, Me4Si): δ 148.1 (Cq) 141.0 (2 x Cq), 138.3 (Cq), 136.0 (Cq), 133.3 (Cq) 131.7 (2 x 

CH), 131.0 (CH), 128.1 (CH), 127.7 (CH), 125.5 (CH), 56.1 (CH), 37.0 (CH2), 31.0 (Cq), 29.8 

(CH3), 28.4 (CH3), 26.8 (CH3), 23.3 (CH3), 21.0 (CH3), 20.1 (CH3), 15.2 (CH3).Mp: 112.0-

116.7°C. νmax (neat)/cm-1: 2992, 2958, 1602, 1456, 1317, 1161, 1032, 776.HRMS (ESI) m/z: [M 

+ Na]+ Calcd. for: C23H30N2O2S421.1920; found421.1916 . 

1-(Mesitylsulfonyl)-3,5,5,6-tetramethyl-1,4,5,6-tetrahydropyridazine (14e)According to the 

general procedure, 97 mg (0.30 mmol) of 4,4-dimethylhex-5-en-2-one-N-mesitylhydrazone 12e 

were reacted with K2CO3 and [Ru(bpy)3]Cl2∙6H2O under blue light irradiation for 16 h to obtain 

53 mg (0.165 mmol) of 1-(mesitylsulfonyl)-3,5,5,6-tetramethyl-1,4,5,6-tetrahydropyridazine 14e 

(55%) as a white solid.1H NMR (600 MHz, CDCl3, Me4Si):δ 6.92 (s, 2H, Ar-H), 3.97 (qd, J = 6.6, 
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1.5 Hz, 1H, N-CH), 2.68 (s, 6H, orto Ar-(CH3)), 2.28 (s, 3H, para Ar-(CH3)), 2.00 (d, J = 18.5 

Hz, 1H, (CH3)2-CH-C(H)H)), 1.82 (s, 3H, N=C-CH3), 1.67 (dd, J = 18.5, 1.5 Hz, 1H, (CH3)2-CH-

C(H)H)), 1.21 (d, J = 6.6 Hz, 3H, N-CH-CH3)), 0.98 (s, 3H, CH(CH3)-C(CH3)2), 0.88 (d, J = 0.9 

Hz, 3H, CH(CH3)-C(CH3)2 ). 13C{1H}NMR (151 MHz, CDCl3,Me4Si):δ 148.3 (Cq), 142.3 (Cq), 

141.0 (2 x Cq), 133.6 (Cq), 131.6 (2 x CH), 55.9 (CH), 37.2 (CH2), 31.0 (Cq), 28.4 (CH3), 26.8 

(CH3), 24.1 (CH3), 23.4 (2 x CH3), 21.1 (CH3), 14.5(CH3).Mp: degradation 150-170 °C. 

νmax(neat)/cm-1: 2967, 1712, 1602, 1314, 1080.HRMS (ESI) m/z: [M + H]+ Calcd. 

forC17H26N2O2S323.1793; found 323.1790. 

(7R)-2-(Mesitylsulfonyl)-3,4,4,7-tetramethyl-2,3,4,4a,5,6,7,8-octahydrocinnoline 

(14f)According to the general procedure, 105 mg (0.30 mmol) of pulegone derivative N-

mesitylsulfonylhydrazone (12g) were reacted with K2CO3 and [Ru(bpy)3]Cl2∙6H2O under blue 

light irradiation for 16 h to obtain 37 mg (0.124 mmol) of (7R)-2-(mesitylsulfonyl)-3,4,4,7-

tetramethyl-2,3,4,4a,5,6,7,8-octahydrocinnoline 14f (35%) as a white solid.1H NMR (600 MHz, 

CDCl3, Me4Si):δ 6.92 (s, 2H, Ar-H), 3.97 (q, J = 6.6 Hz, 1H, N-C(CH3)H), 2.68 (s, 6H, orto Ar-

CH3), 2.35 (ddd, J = 14.7, 4.1, 2.3 Hz, 1H, CH-CH2-C(CH3)H), 2.28 (s, 3H, para Ar-(CH3)), 1.86 

(dd, J = 12.0, 4.4 Hz, 1H, C(H)H-C=N); 1.81-1.77 (m, 2H, CH-C(H)H-CH2-CH), 1.72 (t, J = 12.6, 

1H, CH-C(H)H-C(CH3)H), 1.49 – 1.42 (m, 1H, CH -CH2-C(H)H-CH), 1.18 (d, J = 6.6 Hz, 3H, N-

CH-CH3), 1.17 – 0.98 (m, 2H, CH-C(H)H-CH2-CH with CH -CH2-C(H)H-CH), 0.96 (s, 3H, -

C(CH3)-CH3), 0.90 (d, J = 6.5 Hz, 3H, CH2-CH(CH3)-CH2), 0.84 (s, 3H, -C(CH3)-CH3). 13C{1H} 

NMR (151 MHz, CDCl3, Me4Si): δ 153.9 (Cq), 142.3 (Cq), 141.1 (2 x Cq), 133.6 (Cq), 131.6 (2 

x CH), 58.4 (CH), 42.9 (CH2), 41.03 (CH), 34.0 (CH2), 32.8 (CH), 25.3 (CH3), 25.1 (CH2), 24.9 

(CH3), 23.4 (2 x CH3), 22.2 (CH3), 21.1 (CH3), 13.2 (CH3). Mp: degradation 106-115 °C. νmax 

(neat)/cm-1: 3001, 2937, 1627, 1602, 1379, 1159.HRMS (ESI) m/z: [M + H]+ Calcd. 

forC21H32N2O2S 377.2263; found 377.2265. 

5,5-Dimethyl-3-phenyl-6-(2,4,6-trimethylbenzyl)-1,4,5,6-tetrahydropyridazine 

(15a)According to general procedure 115 mg (0.30 mmol) of 2,2-dimethylbut-3-enylphenone-N-

2,4,6-mesitylsulfonylhydrazone 12a were reacted with K2CO3 and [Ru(bpy)3]Cl2∙6H2O under blue 

light irradiation for 16 h to obtain 43 mg (0.13 mmol) of 5,5-dimethyl-3-phenyl-6-(2,4,6-

trimethylbenzyl)-1,4,5,6-tetrahydropyridazine 15a (45%) as a greenish oil.1H NMR (600 MHz, 

CDCl3, Me4Si):δ 7.62 (d, J = 7.2 Hz, 2H, Ar-H), 7.31 (tm, J = 7.5, 2H, Ar-H), 7.24 (m, 1H, Ar-H), 

6.85 (s, 2H, Ar-H), 5.39 (bs, 1H, N-H), 3.06 (dm, J = 11.5Hz, 1H, NH-CH-C(H)H-CH), 2.89 (dd, 
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J = 13.8, 3.5 Hz, 1H, NH-CH-C(H)H-CH), 2.77 (tm, J = 12.5, 1H, NH-CH), 2.43 (d, J = 17.6 Hz, 

1H, N=C(Ph)-C(H)H), 2.38 (d, J = 17.7 Hz, 1H, N=C(Ph)-C(H)H), 2.33 (s, 6H, orto Ar-(CH3)), 

2.25 (s, 3H, para Ar-(CH3)), 1.18 (s, 3H C(CH3)-CH3), 1.11 (s, 3H, C(CH3)-CH3). 13C{1H} NMR 

(151 MHz, CDCl3,Me4Si):δ 141.6 (Cq), 138.8 (Cq), 137.3 (2 x Cq), 136.0 (Cq), 131.5 (Cq), 129.5 

(2 x CH), 128.3 (2 x CH), 127.6 (CH), 124.2 (2 x CH), 59.0 (CH), 39.1 (CH2), 30.6 (Cq), 27.4 (2 

x CH3), 26.8 (CH2), 22.4 (CH3), 20.9 (CH3), 20.6 (CH3). νmax(neat)/cm-1: 3064, 2978, 1598, 1428, 

1379, 1065. HRMS (ESI) m/z: [M + H]+ Calcd. forC22H28N2321.2325; found 321.2330. 

5,5-dimethyl-3-(naphthalen-2-yl)-6-(2,4,6-trimethylbenzyl)-1,4,5,6-tetrahydropyridazine 

(15b)According to general Procedure B, 130 mg (0.30 mmol) of 2,2-dimethylbut-3-enylnaphtone-

N-2,4,6-mesitylsulfonylhydrazone (12b) were reacted with K2CO3 and [Ru(bpy)3]Cl2∙6H2O under 

blue light irradiation for 16 h to obtain 35 mg (0.093 mmol) of 5,5-dimethyl-3-(naphthalen-2-yl)-

6-(2,4,6-trimethylbenzyl)-1,4,5,6-tetrahydropyridazine15b (30%) as a greenish solid. 1H NMR 

(600 MHz, CDCl3, Me4Si): δ 7.94 (dd, J = 8.8, 1.8 Hz, 1H, Ar-H), 7.86 (s, 1H, Ar-H), 7.76 (m, J 

= 15.9, 7.7 Hz, 3H, Ar-H), 7.43 (q, J = 6.6 Hz, 2H, Ar-H), 6.86 (s, 2H, Ar-H), 5.48 (s, 1H, N-H), 

3.09 (dd, J = 11.6, 2.7 Hz, 1H, NH-CH-C(H)H-CH), 2.89 (dd, J = 13.7, 3.1 Hz, 1H, NH-CH), 2.80 

(dd, J = 13.7, 11.6 Hz, 1H, NH-CH-C(H)H-CH), 2.51 (d, J = 2.8 Hz, 2H, N=C(Ar)-CH2), 2.32 (s, 

6H, orto Ar-(CH3)), 2.23 (s, 3H, para Ar-(CH3), 1.20 (s, 3H, C(CH3)-CH3), 1.13 (s, 3H, C(CH3)-

CH3). 13C{1H} NMR (151 MHz, CDCl3,Me4Si): δ 141.3 (Cq), 137.3 (2 x Cq), 136.3 (Cq), 136.0 

(Cq), 133.5 (Cq), 133.0 (Cq), 131.4 (Cq), 129.5 (2 x CH), 128.2 (CH), 127.7 (CH), 127.7 (CH), 

126.1 (CH), 125.8 (CH), 122.9 (CH), 122.7 (CH), 59.1 (CH), 39.0 (CH2), 30.6 (Cq), 27.5 (2 x 

CH3), 26.9 (CH2), 22.4 (CH3), 20.9 (CH3), 20.6 (CH3). Mp: 124.5-128.7 °C. νmax(neat)/cm-1: 3052, 

2961, 1606, 1479, 1365, 1260.HRMS (ESI) m/z: [M + H]+ Calcd. forC26H30N2371.2482; 

found371.2490. 

5,5-Dimethyl-3-(p-tolyl)-6-(2,4,6-trimethylbenzyl)-1,4,5,6-tetrahydropyridazine 

(15c)According to the general procedure, 119 mg (0.30 mmol) of 2,2-dimethylbut-3-enyl-p-tolyl 

ketone-N-mesitylsulfonylhydrazone (12c) were reacted with K2CO3 and [Ru(bpy)3]Cl2∙6H2O 

under blue light irradiation for 16 h to obtain 25 mg (0.075 mmol) of 5,5-dimethyl-3-(p-tolyl)-6-

(2,4,6-trimethylbenzyl)-1,4,5,6-tetrahydropyridazine 15c (25%) as a greenish oil.1H NMR (600 

MHz, CDCl3, Me4Si): δ 7.52 (dm, J = 8.4, 2H, Ar-H), 7.13 (d, J = 8.4 Hz, 2H, Ar-H), 6.86 (s, 2H, 

Ar-H), 5.34 (bs, 1H, N-H), 3.05 (dd, J = 11.4, 3.0 Hz, 1H, NH-CH-C(H)H-CH), 2.89 (dd, J = 13.8, 

3.6 Hz, 1H, NH-CH), 2.80 (dd, J = 13.8, 11.4 Hz, 1H, NH-CH-C(H)H-CH), 2.43 (d, J = 17.4 Hz, 
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1H, N=C(Ar)-CH2a), 2.36 (d, J = 17.4 Hz, 1H, N=C(Ar)-CH2b), 2.34 (s, 6H, orto Ar-CH3), 2.33 

(s, 3H, para Ar-(CH3), 2.25 (s, 3H, para Ar-(CH3), 1.18 (s, 3H, C(CH3)-CH3), 1.12 (s, 3H, C(CH3)-

CH3).13C{1H}NMR (151 MHz, CDCl3,Me4Si): δ 142.1 (Cq), 137.2 (2 x Cq), 136.0 (2 x Cq), 131.7 

(Cq), 131.5 (2 x Cq), 129.5 (2x CH), 129.2 (Cq), 129.0 (2 x CH), 124.3 (2 x CH), 59.0 (CH), 39.2 

(CH2), 30.6 (Cq), 27.4 (2 x CH3), 26.8 (CH2), 22.3 (CH3), 21.2 (CH3), 20.9 (CH3), 20.5 (CH3). 

νmax(neat)/cm-1: 3372, 2958, 2916, 2885, 1511, 1460, 1366, 1324. HRMS (ESI) m/z: [M + H]+ 

Calcd. forC23H30N2335.2482; found 335.2481. 

5,5-Dimethyl-3-(o-tolyl)-6-(2,4,6-trimethylbenzyl)-1,4,5,6-tetrahydropyridazine 

(15d)According to the general procedure, 119 mg (0.30 mmol) of 2,2-dimethylbut-3-enyl-o-tolyl 

ketone-N-mesitylsulfonylhydrazone (12d) were reacted with K2CO3 and [Ru(bpy)3]Cl2∙6H2O 

under blue light irradiation for 16 h to obtain 16 mg (0.06 mmol) of 5,5-dimethyl-3-(o-tolyl)-6-

(2,4,6-trimethylbenzyl)-1,4,5,6-tetrahydropyridazine 15d (19%) as a greenish oil.1H NMR (600 

MHz, CDCl3, Me4Si): δ 7.15 (m, 4H, Ar-H), 6.85 (s, 2H, Ar-H), 5.04 (bs, 1H, N-H), 3.07 (dd, J = 

11.4, 3.0 Hz, 1H, NH-CH-C(H)H-CH), 2.89 (dd, J = 13.8, 3.6 Hz, 1H, NH-CH), 2.78 (dd, J = 

13.8, 11.4 Hz, 1H, NH-CH-C(H)H-CH), 2.36 (d, J = 17.4 Hz, 1H, N=C(Ar)-CH2a), 2.34 (s, 6H, 

orto Ar-CH3), 2.33 (s, 3H, orto tolyl), 2.24 (s, 3H, para Ar-(CH3)), 2.23 (d, J = 17.4 Hz, 1H, 

N=C(Ar)-CH2b), 1.24 (s, 3H, C(CH3)-CH3), 1.16 (s, 3H, C(CH3)-CH3). 13C{1H} NMR (151 MHz, 

CDCl3, Me4Si): δ 141.8 (Cq), 137.3 (Cq), 137.3 (Cq), 137.2 (2 x Cq), 136.0 (2 x Cq), 135.6 (Cq), 

130.8 (CH), 129.5 (2 x CH), 127.8 (CH), 125.7 (CH), 59.1 (CH), 42.7 (CH2), 30.7 (Cq), 27.2 

(CH3), 27.0 (CH2), 24.2 (CH3), 22.4(CH3), 20.9(CH3), 20.6 (CH3), 20.4 (CH3). νmax(neat)/cm-1: 

3371, 2975, 2920, 1611, 1484, 1453, 1384, 1319, 1259, 1014. HRMS (ESI) m/z: [M + H]+ Calcd. 

forC23H30N2335.2487; found 335.2489. 

3,5,5-trimethyl-6-(2,4,6-trimethylbenzyl)-1,4,5,6-tetrahydropyridazine (15e)According to 

the general procedure, 97 mg (0.30 mmol) of 4,4-dimethylhex-5-en-2-one-N-mesitylhydrazone 

12e were reacted with K2CO3 and [Ru(bpy)3]Cl2∙6H2O under blue light irradiation for 16 h to 

obtain 53 mg (0.165 mmol) of 31 mg (0.120 mmol) of 3,5,5-trimethyl-6-(2,4,6-trimethylbenzyl)-

1,4,5,6-tetrahydropyridazine 15e (40%) as a greenish oil.1H NMR (600 MHz, CDCl3, Me4Si):δ 

6.81 (s, 2H, Ar-H), 4.80 (s, 1H, N-H), 2.84 (dd, J = 11.5, 3.3 Hz, 2H, NH-CH-C(H)H-CH), 2.80 

(dd, J = 13.8, 3.3 Hz, 2H, NH-CH-C(H)H-CH), 2.66 (dd,J = 13.7, 11.5 Hz, 1H, NH-CH-C(H)H-

CH), 2.30 (s, 6H, orto Ar-(CH3)), 2.22 (s, 3H para Ar-(CH3)), 1.99 (d, J = 18.2 Hz, 1H, N=C(Me)-

C(H)H), 1.83 (d, J = 18.3 Hz, 1H, N=C(Me)-C(H)H), 1.77 (s, 3H, N=C-C(CH2)H3), 1.06 (s, 3H, 
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C(CH3)-CH3), 1.03 (s, 3H, C(CH3)-CH3).13C{1H}NMR (151 MHz, CDCl3,Me4Si):δ 145.0 (Cq), 

137.2 (2 x Cq), 136.0 (Cq), 131.8 (Cq), 129.4 (2 x CH), 59.0 (CH), 43.2 (CH2), 30.9 (Cq), 27.2 (2 

x CH3), 26.6 (CH2), 23.6 (CH3), 22.0 (CH3), 20.8 (CH3), 20.5 (CH3).νmax (neat)/cm-1: 3377, 2950 

2916, 1593, 1480, 1447, 1264, 1127, 1067.HRMS (ESI) m/z: [M + H]+ Calcd. 

forC17H26N2259.2174;found 259.2173. 

5,5-Dimethyl-3-phenyl-6-(1-tolylethyl)-1,4,5,6-tetrahydropyridazine (15f)According to the 

general procedure, 119 mg (0.30 mmol) of 2,2-dimethylpent-3-en-2-one-N-tosylhydrazone 10j 

were reacted with K2CO3 and [Ru(bpy)3]Cl2∙6H2O under blue light irradiation for 16 h to obtain 

66 mg (0.22 mmol) 5,5-dimethyl-3-phenyl-6-(2,4,6-trimethylbenzyl)-1,4,5,6-

tetrahydropyridazine 15f (72%) as a yellow solid.1H NMR (600 MHz, CDCl3, Me4Si):δ7.55 (dd, 

J = 8.4 Hz, 2H, PhH), 7.55 (tm, J = 7.2 Hz, 2H, PhH), 7.22 (tt, J = 7.2 Hz, 1.2, 1H, PhH), 7.15 

(dm, J = 6.6 Hz, 2H, Ar-H), 7.11 (dm, J = 6.6 Hz, 2H, Ar-H), 5.40 (s, 1H, N-H), 2.99 (d, J = 7.8 

Hz, 1H, CH-ring), 2.92 (quint, J = 7.2 Hz, 1H, Tol-CH-CH3), 2.40 (d,J = 18.0 Hz, 1H, C(H)H-

ring), 2.32 (s, 3H, Ar-CH3), 2.20 (d,J = 18.0 Hz, 1H, C(H)H-ring), 1.41 (d, J = 7.2 Hz, 3H, J = 7.2 

Hz, 1H, Tol-CH-CH3), 1.20 (s, 3H, CH3ring), 0.90 (s, 3H, CH3ring). 13C{1H}NMR (151 MHz, 

CDCl3,Me4Si):δ 141.2 (Cq), 140.9 (Cq), 138.8 (Cq), 136.4 (Cq), 129.5 (2 x CH), 128.2 (2 x CH), 

128.0 (2 x CH), 127.4 (CH), 124.2 (2 x CH), 65.4 (CH), 40.3 (CH2), 40.2 (CH), 31.0 (Cq), 29.4 

(CH3), 22.7 (CH3), 22.5 (CH3), 21.1 (CH3). Mp: 89.0-95.8°C. νmax (neat)/cm-1: 3381, 3010, 2990, 

1591, 1514, 1467, 1338, 1324, 1071.  HRMS (ESI) m/z: [M + H]+ Calcd. forC21H26N2307.2169; 

found 307.2175. 

3,5,5-Trimethyl-6-(1-tolylethyl)-1,4,5,6-tetrahydropyridazine (15g)According to the general 

procedure, 92 mg (0.30 mmol) of 4,4-dimethylhept-5-enone-N-tosylhydrazone 10k were reacted 

with K2CO3 and [Ru(bpy)3]Cl2∙6H2O under blue light irradiation for 16 h to obtain 51.2 mg (0.21 

mmol) 5,5-dimethyl-3-phenyl-6-(2,4,6-trimethylbenzyl)-1,4,5,6-tetrahydropyridazine 15g (70%) 

as a yellowish oil.1H NMR (600 MHz, CDCl3, Me4Si):δ 7.11 (m, J = 6.6 Hz, 2H, Ar-H), 7.06 (dm, 

J = 6.6 Hz, 2H, Ar-H), 5.40 (s, 1H, N-H), 2.92 (q, J = 7.2 Hz, 1H, Tol-CH-CH3), 2.74 (d, J = 7.2 

Hz, 1H, CH-ring), 2.31 (s, 3H, Ar-CH3), 1.98 (d,J = 16.8 Hz, 1H, C(H)H-ring), 1.73 (s, 3H, N=C-

CH3), 1.67 (d,J = 16.8 Hz, 1H, C(H)H-ring), 1.34 (d, J = 7.2 Hz, 3H, J = 7.2 Hz, 1H, Tol-CH-

CH3), 1.08 (s, 3H, CH3ring), 0.88 (s, 3H, CH3ring). 13C{1H}NMR (151 MHz, CDCl3,Me4Si):δ 

144.8 (Cq), 141.5 (Cq), 136.2 (Cq), 129.3 (2 x CH), 128.0 (2 x CH), 65.3 (CH), 44.4 (CH2), 40.0 

(CH), 31.6 (Cq), 29.2 (CH), 23.2 (CH3), 22.7 (CH3), 22.4 (CH3), 21.1 (CH3). νmax (neat)/cm-1: 



 

 

55 

3060, 2964, 1498, 1338, 1260, 1157. HRMS (ESI) m/z: [M + H]+ Calcd. forC16H26N2245.2018; 

found 245.2015. 

5,5-Dimethyl-3-phenyl-6-(1-mesityllethyl)-1,4,5,6-tetrahydropyridazine (15h)According to 

the general procedure, 119 mg (0.30 mmol) of 2,2-dimethylpent-3-en-2-one-N-

mesitylsulfonylhydrazone 12f were reacted with K2CO3 and [Ru(bpy)3]Cl2∙6H2O under blue light 

irradiation for 16 h to obtain 66 mg (0.22 mmol) 5,5-dimethyl-3-phenyl-6-(2,4,6-trimethylbenzyl)-

1,4,5,6-tetrahydropyridazine 15h (72%) as a yellow solid.1H NMR (600 MHz, CDCl3, Me4Si): 

δ7.58 (dd, J = 7.2, 1.8 Hz, 2H, PhH), 7.31 (tm, J = 7.2 Hz, 2H, PhH), 7.24 (tm, J = 7.2 Hz, 1H, 

PhH, isomer A), 7.22 (tm, J = 7.2 Hz, 1H, PhH, isomer B), 6.83 (s, 2H, Mes-H, isomer A), 6.82 

(s, 2H, Mes-H, isomer B), 5.31 (s, 1H, N-H), 3.51 (quint, J = 7.2 Hz, 1H, Tol-CH-CH3), 3.32 (d, 

J = 9.0 Hz, 1H, CH-ring), 2.52 (d, J = 17.4 Hz, 1H, C(H)H-ring), 2.39 (s, 3H, Ar-CH3), 2.34 (s, 

3H, Ar-CH3), 2.28 (d, J = 17.4 Hz, 1H, C(H)H-ring), 2.24 (s, 3H, Ar-CH3), 1.45 (d, J = 7.2 Hz, 

3H, J = 7.2 Hz, 1H, Tol-CH-CH3), 1.25 (s, 3H, CH3 ring), 1.10 (s, 3H, CH3 ring). 13C{1H}NMR 

(151 MHz, CDCl3,Me4Si):(mixture of isomers) δ 140.3 (Cq), 138.8 (Cq), 137.4 (Cq), 136.1 (Cq), 

135.9 (Cq), 131.4 (CH), 129.8 (2 x CH), 128.3 (2 x CH), 127.4 (CH), 124.1 (2 x CH), 63.5 (CH), 

40.7 (CH2), 40.2 (Cq), 34.2 (CH), 31.5 (Cq), 29.5 (CH3), 22.6 (CH3), 21.9 (CH3), 21.4 (CH3), 20.7 

(CH3), 20.2 (CH3).νmax (neat)/cm-1: 3394, 3010, 2992, 1608, 1572, 1445, 1307, 1131. Mp: 85.4-

89.7 °C. HRMS (ESI) m/z: [M + H]+ Calcd. forC23H30N2335.2482; found 335.2482. 

TEMPO-trapping experiment: isolation of TEMPO adduct 16In a sealed photochemical 

reactor 6.8 mg (0.009 mmol) of [Ru(bpy)3]Cl2∙6H2O were dissolved in 5 mL of anhydrous CH3CN, 

and the solution was degassed with N2 for 15 min. Then 2,2-dimethylbut-3-

enylphenonetosylhydrazone 10a (107.0 mg, 0.300 mmol), TEMPO radical (2,2,6,6-

Tetramethylpiperidin-1-yl)oxyl) (94.0 mg, 0.600 mmol) and K2CO3 (62.5 mg, 0.45 mmol) were 

added in one portion and the solution degassed for additional 10 min. The mixture was then stirred 

at 4 cm from the irradiation source (see above) at room temperature for 16 h. The solution was 

then filtered on a pad of silica gel and celite using CH2Cl2 as eluent and Et2O to wash the column. 

The crude product was purified by flash chromatography on silica gel (hexane/acetone 92/8) to 

obtain 46.4 mg (0.009 mmol) of the TEMPO-adduct (5,5-dimethyl-3-phenyl-6-(((2,2,6,6-

tetramethylpiperidin-1-yl)oxy)methyl)-1-tosyl-1,4,5,6-tetrahydropyridazine) 16 as light pink 

crystals (yield=30%). 1H NMR (600 MHz, Methanol-d4) δ 7.75 (d, J = 8.2 Hz, 2H, Ar-H), 7.39 – 

7.35 (m, 2H, Ar-H), 7.21 (d, J = 7.9 Hz, 3H, Ar-H), 7.18 (t, J = 7.4 Hz, 2H, Ar-H), 7.14 (d, J = 7.0 
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Hz, 1H, Ar-H), 5.73 (dd, J = 17.4, 10.7 Hz, 1H, CH=CH2), 4.63 (dd, J = 17.5, 1.7 Hz, 1H, 

CH=CH2H trans), 4.49 (dd, J = 10.7, 1.6 Hz, 1H, CH=CH2H cis), 2.88 (s, 2H, N=C(Ph)-CH2), 

2.34 (s, 3H, Ar-CH3), 0.80 (s, 6H, C(CH3)2). 13C{1H}NMR (151 MHz, Methanol-d4) δ 150.3 (Cq), 

149.0 (CH), 142.1 (Cq), 141.9 (Cq), 140.3 (Cq), 128.3 (2 x CH), 127.4 (2 x CH), 126.9 (2 x CH), 

126.8 (2 x CH), 126.6 (CH), 108.1 (CH2), 37.9 (Cq), 37.2 (CH2), 29.9 (CH3), 26.71 (2 x CH3). 

HRMS (ESI) m/z: [M + H]+ Calcd. for C29H41N3O3S512.294; found 512.2938. IR νmax (neat)/ cm–

1: 3002, 2951, 1733, 1598, 1493, 1344, 1167, 1092. X-RAY: see ESI 

Scaled-up procedure for the synthesis of 2,4,4,7-Tetramethyl-3,4,4a,5,5a,8-

hexahydrobenzo[e]pyridazino[1,6-b][1,2]thiazine 10,10-dioxide (13i) In a large-sized sealed 

photochemical reactor (40 mm as ID and 25 mm height), 40 mg of [Ru(bpy)3]Cl2∙6H2O (0.06 

mmol) were dissolved in 25 mL of anhydrous CH3CN, and the solution was degassed with N2 for 

15 min. Then 4,4-Dimethylhex-5-en-2-one-N-tosylhydrazone 10i (0.590 gr, 2.00 mmol) 

andK2CO3 (0.415 g, 3.00 mmol) were added in one portion and the solution degassed for additional 

10 min. The mixture was then stirred at 4 cm from the irradiation source (see above) at room 

temperature until reaction completion, which occurred in 72 h. The solution was then filtered on a 

pad of silica gel and celite using CH2Cl2 as eluent and Et2O to wash the column. The crude product 

was purified by flash chromatography on silica gel (hexane/acetone 92/8) to obtain 0.300 g of 

2,4,4,7-Tetramethyl-3,4,4a,5,5a,8-hexahydrobenzo[e]pyridazino[1,6-b][1,2]thiazine 10,10-

dioxide 13ias a white solid (yield=51%). 

 

Conflicts of interest 

There are no conflicts to declare. 

 

Acknowledgements 

We thank prof. Valter Maurino for the useful discussion on the mechanism.  

 

ASSOCIATED CONTENT 

Supporting Information.  

The following files are available free of charge. 

ESI experimental (PDF) 

ESI computational (PDF) 



 

 

57 

Spectra (PDF) 

CHECKCIF compounds 13a and 16 

 

AUTHOR INFORMATION 

Corresponding Author 

* prof. Annamaria Deagostino,Department of Chemistry, University of Torino, Via Pietro Giuria, 

7 –10125 Torino - annamaria.deagostino@unito.it 

Author Contributions 

The manuscript was written through contributions of all authors. All authors have given approval 

to the final version of the manuscript. 

Funding Sources 

This work was supported by MIUR (Ministero Italiano dell’Università e dellaRicerca) 

REFERENCES 

[] 
 

1. Majumdar, K. C.; Chattopadhyay, S. K., Heterocycles in Natural Product Synthesis. 
Edited by 1st ed.; Wyley VHC: 2011; Vol. 51. 
2. Taylor, R. D.;  MacCoss, M.; Lawson, A. D. G., Combining Molecular Scaffolds from 
FDA Approved Drugs: Application to Drug Discovery. J. Med. Chem. 2017, 60 (5), 1638-1647. 
3. Brooks, D. W.;  Basha, A.;  Kerdesky, F. A. J.;  Holms, J. H.;  Ratajcyk, J. D.;  Bhatia, P.;  
Moore, J. L.;  Martin, J. G.;  Schmidt, S. P.;  Albert, D. H.;  Dyer, R. D.;  Young, P.; Carter, G. 
W., Structure-Activity-Relationships Of The Pyridazinone Series Of 5-Lipoxygenase Inhibitors. 
Bioorg. Med.Chem. Lett. 1992, 2 (11), 1357-1360. 
4. Brooks, D. W.;  Albert, D. H.;  Dyer, R. D.;  Bouska, J. B.;  Young, P.;  Rotert, G.;  
Machinist, J. M.; Carter, G. W., 1-Phenyl- 2h -Tetrahydropyridazin-3-One, A-53612, A Selective 
Orally Active 5-Lipoxygenase Inhibitor. Bioorg. Med.Chem. Lett. 1992, 2 (11), 1353-1356. 
5. Combs, D. W., Synthesis and cardiotonic activity of 2,9-dihydro-6-(5-methyl-3-oxo-
2,3,4,5-tetrahydropyridazin-6-yl)pyrazolo 4,3-b 1,4 benzoxazine. Bioorg. Med.Chem. Lett. 1993, 
3 (8), 1663-1666. 
6. Segreti, J. A.;  Marsh, K. C.;  Polakowski, J. S.; Fryer, R. M., Evoked changes in 
cardiovascular function in rats by infusion of levosimendan, OR-1896 (R)-N-(4-(4-methyl-6-
oxo-1,4,5,6-tetrahydropyridazin-3-yl)phenyl)acetam ide , OR-1855 (R)-6-(4-aminophenyl)-5-
methyl-4,5-dihydropyridazin-3(2H)-one , dobutamine, and milrinone: Comparative effects on 
peripheral resistance, cardiac output, dP/dt, pulse rate, and blood pressure. J. Pharmacol. Exp. 
Ther. 2008, 325 (1), 331-340. 



 

 

58 

7. Jungheim, L. N.;  Boyd, D. B.;  Indelicato, J. M.;  Pasini, C. E.;  Preston, D. A.; Alborn, 
W. E., Synthesis, Hydrolysis Rates, Supercomputer Modeling, And Antibacterial Activity Of 
Bicyclic Tetrahydropyridazinones. J.  Med. Chem. 1991, 34 (5), 1732-1739. 
8. Lange, J. H. M.;  den Hartog, A. P.;  van der Neut, M. A. W.;  van Vliet, B. J.; Kruse, C. 
G., Synthesis and SAR of 1,4,5,6-tetrahydropyridazines as potent cannabinoid CB1 receptor 
antagonists. Bioorg. Med.Chem. Lett. 2009, 19 (19), 5675-5678. 
9. Zhang, L. J.;  Williams, M. A.;  Mendel, D. B.;  Escarpe, P. A.;  Chen, X. W.;  Wang, K. 
Y.;  Graves, B. J.;  Lawton, G.; Kim, C. U., Synthesis and evaluation of 1,4,5,6-
tetrarydropyridazine derivatives as influenza neuraminidase inhibitors. Bioorg. Med.Chem. Lett. 
1999, 9 (13), 1751-1756. 
10. Satow, J.;  Fukuda, K.;  Itoh, K.; Nawamaki, T., Tetrahydropyridazine Derivatives - 
Synthesis, Reactivity, And Herbicidal Activity Of Heterocycle Fused Tetrahydropyridazines. In 
Synthesis and Chemistry of Agrochemicals Iv, Baker, D. R.;  Fenyes, J. G.; Basarab, G. S., Eds. 
1995; Vol. 584, pp 100-113. 
11. Wermuth, C. G., Are pyridazines privileged structures? MedChemComm 2011, 2 (10), 
935-941. 
12. Deng, Y. M.;  Pei, C.;  Arman, H.;  Dong, K. Y.;  Xu, X. F.; Doyle, M. P., Syntheses of 
Tetrahydropyridazine and Tetrahydro-1,2-diazepine Scaffolds through Cycloaddition Reactions 
of Azoalkenes with Enol Diazoacetates. Org. Lett. 2016, 18 (22), 5884-5887. 
13. Huang, R.;  Tao, H. Y.; Wanet, C. J., PPh3-Mediated 4+2 - and 4+1 -Annulations of 
Maleimides with Azoalkenes: Access to Fused Tetrahydropyridazine/Pyrrolidinedione and 
Spiro-dihydropyrazole/Pyrrolidinedione Derivatives. Org. Lett. 2017, 19 (5), 1176-1179. 
14. Yin, W. H.;  Fang, L.;  Wang, Z. Y.;  Gao, F.;  Li, Z. F.; Wang, Z. Y., Synthesis of 
Bicyclo 4.1.0 tetrahydropyridazines by a Sequential 4+2 and 1+2 Annulation Reaction of 
Azoalkenes and Crotonate-Derived Sulfur Ylides. Org. Lett. 2019, 21 (18), 7361-7364. 
15. Zhang, Y.;  Cao, Y.;  Lu, L. S.;  Zhang, S. W.;  Bao, W. H.;  Huang, S. P.; Rao, Y. J., 
Perylenequinonoid-Catalyzed 4+1 and 4+2 Annulations of Azoalkenes: Photocatalytic Access to 
1,2,3-Thiadiazole/1,4,5,6-Tetrahydropyridazine Derivatives. J. Org. Chem. 2019, 84 (12), 7711-
7721. 
16. Wu, Q.;  Shao, P. L.; He, Y., Synthesis of 1,4,5,6-tetrahydropyridazines and pyridazines 
via transition-metal-free (4+2) cycloaddition of alkoxyallenes with 1,2-diaza-1,3-dienes. Rsc 
Adv. 2019, 9 (37), 21507-21512. 
17. Du, Y. L.;  Zhao, F.;  Han, Z. Y.; Gong, L. Z., Chiral Gold Complex Catalyzed Tandem 
Dehydrative Cyclization/Hetero-Diels-Alder Reaction. Synthesis 2017, 49 (1), 151-158. 
18. Fora review on the use of [3 + 3] cycloaddition in the heterocycle synthesis see: X. F. Xu 
and M. P. Doyle, Acc. Chem. Res., 2014, 47, 1396-1405. 
19. Huo, H. R.;  Runa, A.; Gong, Y. F., Formal 3+3 Cycloaddition Reactions between 
Electron-Deficient Cyclopropenes and Hydrazones: A Route to Alkyl 1,4,5,6-
Tetrahydropyridazine-3-carboxylates. J. Org. Chem. 2019, 84 (4), 2093-2101. 
20. Mishra, M.;  De, P. B.;  Pradhan, S.; Punniyamurthy, T., Stereospecific Copper(II)-
Catalyzed Tandem Ring Opening/Oxidative Alkylation of Donor-Acceptor Cyclopropanes with 
Hydrazones: Synthesis of Tetrahydropyridazines. J. Org. Chem. 2019, 84 (17), 10901-10910. 
21. Johnson, S. M.;  Petrassi, H. M.;  Palaninathan, S. K.;  Mohamedmohaideen, N. N.;  
Purkey, H. E.;  Nichols, C.;  Chiang, K. P.;  Walkup, T.;  Sacchettini, J. C.;  Sharpless, K. B.; 
Kelly, J. W., Bisaryloxime Ethers as Potent Inhibitors of Transthyretin Amyloid Fibril 
Formation. J. Med. Chem. 2005, 48 (5), 1576-1587. 



 

 

59 

22. Kalia, J.; Raines, R. T., Hydrolytic Stability of Hydrazones and Oximes. Angew. Chem., 
Int. Ed 2008, 47 (39), 7523-7526. 
23. Guru, M. M.;  Ali, M. A.; Punniyamurthy, T., Copper-Mediated Synthesis of Substituted 
2-Aryl-N-benzylbenzimidazoles and 2-Arylbenzoxazoles via C–H Functionalization/C–N/C–O 
Bond Formation. J. Org. Chem. 2011, 76 (13), 5295-5308. 
24. Guru, M. M.; Punniyamurthy, T., Copper(II)-Catalyzed Aerobic Oxidative Synthesis of 
Substituted 1,2,3- and 1,2,4-Triazoles from Bisarylhydrazones via C–H Functionalization/C–
C/N–N/C–N Bonds Formation. The Journal of Organic Chemistry 2012, 77 (11), 5063-5073. 
25. Shao, Z.; Zhang, H., N-Tosylhydrazones, versatile reagents for metal-catalyzed and 
metal-free cross-coupling reactions. Chem. Soc. Rev. 2012, 41 (2), 560-572. 
26. Xiao, Q.;  Zhang, Y.; Wang, J. B., Diazo Compounds and N-Tosylhydrazones: Novel 
Cross-Coupling Partners in Transition-Metal-Catalyzed Reactions. Accounts of Chemical 
Research 2013, 46 (2), 236-247. 
27. Belskaya, N. P.;  Eliseeva, A. I.; Bakulev, V. A., Hydrazones as substrates for 
cycloaddition reactions. Russ. Chem. Rev. 2015, 84 (12), 1226-1257. 
28. Fulton, J. R.;  Aggarwal, V. K.; de Vicente, J., The use of tosylhydrazone salts as a safe 
alternative for handling diazo compounds and their applications in organic synthesis. Eur. J. 
Org. Chem. 2005,  (8), 1479-1492. 
29. Liu, Z.; Wang, J., Cross-Coupling Reactions Involving Metal Carbene: From C=C/C-C 
Bond Formation to C-H Bond Functionalization. J. Org. Chem. 2013, 78 (20), 10024-10030. 
30. Xia, Y.; Wang, J., N-Tosylhydrazones: versatile synthons in the construction of cyclic 
compounds. Chem. Soc. Rev. 2017, 46 (8), 2306-2362. 
31. Guo, Y. J.;  Zhao, J. B.; Zhang, Q., Synthesis of Tetrahydropyridazines via Pd-Catalyzed 
Carboamination of Alkenyl Hydrazones. Adv. Synth. Catal. 
32. Mboyi, C. D.;  Abdellah, I.;  Duhayon, C.;  Canac, Y.; Chauvin, R., Versatile Pd-
Catalyzed C-H Oxidative Cyclization of Homoallylhydrazones to Pyrazolines and 
Tetrahydropyridazines. Chemcatchem 2013, 5 (10), 3014-3021. 
33. Guo, Y. Q.;  Zhao, M. N.;  Ren, Z. H.; Guan, Z. H., Copper-Promoted 6-endo-trig 
Cyclization of beta,gamma-Unsaturated Hydrazones for the Synthesis of 1,6-
Dihydropyridazines. Org. Lett. 2018, 20 (11), 3337-3340. 
34. Zeng, W.; Chemler, S. R., Copper(II)-Catalyzed Enantioselective Intramolecular 
Carboamination of Alkenes. J. Am. Chem. Soc. 2007, 129, 12948-12949. 
35. Palmisano, G.;  Augugliaro, V.;  Pagliaro, M.; Palmisano, L., Photocatalysis: a promising 
route for 21st century organic chemistry. Chem. Commun. 2007, 3425–3437. 
36. Chen, J.-R.;  Yan, D.-M.;  Wei, Q.; Xiao, W.-J., Photocascade Catalysis : a New Strategy 
for Cascade Reactions. ChemPhotoChem 2017, 1, 148 –158. 
37. K. Prier, C.;  Rankic, D. A.; MacMillan, D. W. C., Visible Light Photoredox Catalysis 
with Transition Metal Complexes: Applications in Organic Synthesis. Chem. Rev. 2013, 113, 
5322−5363. 
38. Ravelli, D.;  Protti, S.; Fagnoni, M., Carbon−Carbon Bond Forming Reactions via 
Photogenerated Intermediates. Chem. Rev. , 2016,, 116, 9850−9913. 
39. Narayanam, J. M. R.; Stephenson, C. R. J., Visible light photoredox catalysis: 
applications in organic synthesis. Chem. Soc. Rev. 2011, 40, 102–113. 
40. Duan, X.-Y.;  Zhou, N.-N.;  Fang, R.;  Yang, X.-L.;  Yu, W.; Han, B., Transition from π−
Radicals to σ−Radicals: Substituent-Tuned Cyclization of Hydrazonyl Radicals. Angew. Chem. 
Int. Ed. 2014, 53, 3158 –3162. 



 

 

60 

41. Yu, X.-Y.;  Zhao, Q.-Q.;  Chen, J.;  Xiao, W.-J.; Chen, J.-R., When Light Meets 
Nitrogen-Centered Radicals: From Reagents to Catalysts. Acc. Chem. Res. 2020, 53 (5), 1066-
1083. 
42. Karkas, M. D., Photochemical Generation of Nitrogen-Centered Amidyl, Hydrazonyl, 
and Imidyl Radicals: Methodology Developments and Catalytic Applications. Acs Catal. 2017, 7 
(8), 4999-5022. 
43. Chen, J. R.;  Hu, X. Q.;  Lu, L. Q.; Xiao, W. J., Exploration of Visible-Light 
Photocatalysis in Heterocycle Synthesis and Functionalization: Reaction Design and Beyond. 
Acc. Chem. Res. 2016, 49 (9), 1911-1923. 
44. Xu, X. Y.;  Zhang, J.;  Xia, H. G.; Wu, J., C(sp(2))-H functionalization of aldehyde-
derived hydrazones via a radical process. Org. Biomol. Chem. 2018, 16 (8), 1227-1241. 
45. Hu, X. Q.;  Chen, J. R.;  Wei, Q.;  Liu, F. L.;  Deng, Q. H.;  Beauchemin, A. M.; Xiao, 
W. J., Photocatalytic Generation of N-Centered Hydrazonyl Radicals: A Strategy for 
Hydroamination of beta,gamma-Unsaturated Hydrazones. Angew. Chem. Int. Ed. 2014, 53 (45), 
12163-12167. 
46. Hu, X. Q.;  Qi, X. T.;  Chen, J. R.;  Zhao, Q. Q.;  Wei, Q.;  Lan, Y.; Xiao, W. J., Catalytic 
N-radical cascade reaction of hydrazones by oxidative deprotonation electron transfer and 
TEMPO mediation. Nat. Commun. 2016, 7. 
47. Hu, X. Q.;  Chen, J.;  Chen, J. R.;  Yan, D. M.; Xiao, W. J., Organophotocatalytic 
Generation of N- and O-Centred Radicals Enables Aerobic Oxyamination and Dioxygenation of 
Alkenes. Chem.  Eur.  J. 2016, 22 (40), 14141-14146. 
48. Zhao, Q. Q.;  Chen, J.;  Yan, D. M.;  Chen, J. R.; Xiao, W. J., Photocatalytic Hydrazonyl 
Radical-Mediated Radical Cyclization/Allylation Cascade: Synthesis of Dihydropyrazoles and 
Tetrahydropyridazines. Org. Lett. 2017, 19 (13), 3620-3623. 
49. Zhao, Q.-Q.;  Hu, X.-Q.;  Yang, M.-N.;  Chen, J.-R.; Xiao, W.-J., A visible-light 
photocatalytic N-radical cascade of hydrazones for the synthesis of dihydropyrazole-fused 
benzosultams. Chem. Commun. 2016, 52, 12749-12752. 
50. Yu, J. M.;  Lu, G. P.; Cai, C., Photocatalytic radical cyclization of alpha-halo hydrazones 
with beta-ketocarbonyls: facile access to substituted dihydropyrazoles. Chem. Commun. 2017, 53 
(38), 5342-5345. 
51. Parisotto, S.;  Garreffa, G.;  Canepa, C.;  Diana, E.;  Pellegrino, F.;  Priola, E.;  Prandi, 
C.;  Maurino, V.; Deagostino, A., Visible-Light-Driven Photocatalytic Transformation of 
alpha,beta-Unsaturated-N-Tosylhydrazones: A Novel Route to Allylic Sulfones. 
Chemphotochem 2017, 1 (2), 56-59. 
52. Fürstner, A.;  Nevado, C.;  Waser, M.;  Tremblay, M.;  Chevrier, C.;  Teplý, F.;  Aïssa, 
C.;  Moulin, E.; Müller, O., Total Synthesis of Iejimalide A−D and Assessment of the 
Remarkable Actin-Depolymerizing Capacity of These Polyene Macrolides. J. Am. Chem. Soc. 
2007, 129 (29), 9150-9161. 
53. Scheeff, S.; Menche, D., Total syntheses of the archazolids: an emerging class of novel 
anticancer drugs. Beilstein J. Org. Chem. 2017, 13, 1085-1098. 
54. Souris, C.;  Misale, A.;  Chen, Y.;  Luparia, M.; Maulide, N., From Stereodefined 
Cyclobutenes to Dienes: Total Syntheses of Ieodomycin D and the Southern Fragment of 
Macrolactin A. Org. Lett. 2015, 17 (18), 4486-4489. 
55. Wilson, M. C.;  Nam, S.-J.;  Gulder, T. A. M.;  Kauffman, C. A.;  Jensen, P. R.;  Fenical, 
W.; Moore, B. S., Structure and Biosynthesis of the Marine Streptomycete Ansamycin 



 

 

61 

Ansalactam A and Its Distinctive Branched Chain Polyketide Extender Unit. J. Am. Chem. Soc. 
2011, 133 (6), 1971-1977. 
56. Michael, J. P., Quinoline, quinazoline and acridone alkaloids. Nat. Prod. Rep. 1997, 14 
(6), 605-618. 
57. Ananikov, V. P.;  Hazipov, O. V.; Beletskaya, I. P., 1,4-Diiodo-1,3-dienes: Versatile 
Reagents in Organic Synthesis. Chem. Asian J. 2011, 6 (2), 306-323. 
58. Settle, A. E.;  Berstis, L.;  Rorrer, N. A.;  Roman-Leshkov, Y.;  Beckham, G. T.;  
Richards, R. M.; Vardon, D. R., Heterogeneous Diels-Alder catalysis for biomass-derived 
aromatic compounds. Green Chem. 2017, 19 (15), 3468-3492. 
59. Brachet Etienne , B. P., Inverse Electron Demand Diels-Alder (IEDDA) Reactions: 
Synthesis of Heterocycles and Natural Products Along with Bioorthogonal and Material Sciences 
Applications. Curr. Org. Chem. 2016, 20 (21), 2136 - 2160. 
60. McAtee, R. C.;  Noten, E. A.; Stephenson, C. R. J., Arene dearomatization through a 
catalytic N-centered radical cascade reaction. Nat. Commun. 2020, 11 (1), 2528. 
61. Li, W. P.;  Xu, W. T.;  Xie, J.;  Yu, S. Y.; Zhu, C. J., Distal radical migration strategy: an 
emerging synthetic means. Chem. Soc. Rev. 2018, 47 (3), 654-667. 
62. Staveness, D.;  Bosque, I.; Stephenson, C. R. J., Free Radical Chemistry Enabled by 
Visible Light-Induced Electron Transfer. Acc. Chem. Res. 2016, 49 (10), 2295-2306. 
63. Gurry, M.; Aldabbagh, F., A new era for homolytic aromatic substitution: replacing 
Bu3SnH with efficient light-induced chain reactions. Org. Biomol. Chem. 2016, 14 (16), 3849-
3862. 
64. Huynh, M.;  De Abreu, M.;  Belmont, P.; Brachet, E., Spotlight on Photo-Induced Aryl 
Migration Reactions. Chem. Eur. J. , 10.1002/chem.202003507. 
65. Lakowicz, J. R., Principles of Fluorescence Spectroscopy. 3rd ed.; 2009. 
66. Naguib, Y. A.;  Steel, C.; Cohen, S. G., Photoreduction of Benzophenone by Acetonitrile: 
Correlation of Rates of Hydrogen Abstraction from RH with the Ionization Potentials of the 
Radicals R*. J. Phys. Chem. 1987, 91, 3033-3036. 
67. Armarego, W. L. F., Purification of laboratory chemicals. Butterworth-Heinemann: 
2017. 
68. Due to the Covid-19 pandemic and consequent inconvenience, the experiments necessary 
to determine the absolute stereochemistry of products 14f, 15f, 15g, 15h, are still in progress. We 
observed only one isomer with NMR experiments (most probably a racemic mixture of two 
enantiomers), thus we are optimizing a protocol of derivatization/crystallization in order to 
provide this information with absolute certainty by X-RAY crystallographic analysis. 
69. Sheldrick, G., A short history of SHELX. Acta Crystallogr. Sect. A 2008, 64 (1), 112-
122. 
70. Sheldrick, G., SHELXT - Integrated space-group and crystal-structure determination. 
Acta Crystallogr. Sect. A 2015, 71 (1), 3-8. 
71. Dolomanov, O. V.;  Bourhis, L. J.;  Gildea, R. J.;  Howard, J. A. K.; Puschmann, H., 
OLEX2: a complete structure solution, refinement and analysis program. J. Appl. Crystallogr. 
2009, 42 (2), 339-341. 
72. Macrae, C. F.;  Bruno, I. J.;  Chisholm, J. A.;  Edgington, P. R.;  McCabe, P.;  Pidcock, 
E.;  Rodriguez-Monge, L.;  Taylor, R.;  van de Streek, J.; Wood, P. A., Mercury CSD 2.0 - new 
features for the visualization and investigation of crystal structures. J. Appl. Crystallogr. 2008, 
41 (2), 466-470. 



 

 

62 

73. Parr, R. G.; Yang, W., Density-functional Theory of Atoms and Molecules. Clarendon 
Press: 1989; p 333 pp. 
74. Zhao, Y.; Truhlar, D. G., The M06 suite of density functionals for main group 
thermochemistry, thermochemical kinetics, noncovalent interactions, excited states, and 
transition elements: two new functionals and systematic testing of four M06-class functionals 
and 12 other functionals. Theor. Chem. Acc. 2008, 120 (1-3), 215-241. 
75. Zhao, Y.; Truhlar, D. G., Density Functionals with Broad Applicability in Chemistry. 
Acc. Chem. Res. 2008, 41 (2), 157-167. 
76. Dunning, T. H., Jr., Gaussian basis sets for use in correlated molecular calculations. I. 
The atoms boron through neon and hydrogen. J. Chem. Phys. 1989, 90 (2), 1007-23. 
77. Foresman, J. B.; Frisch, Æ., Exploring chemistry with electronic structure methods. 
Gaussian: Pittsburgh, Pa., 1996. 
78. McQuarrie, D. A., Statistical Thermodynamics. Harper and Row: 1973; p 343 pp. 
79. Ribeiro, R. F.;  Marenich, A. V.;  Cramer, C. J.; Truhlar, D. G., Use of Solution-Phase 
Vibrational Frequencies in Continuum Models for the Free Energy of Solvation. J. Phys. Chem. 
B 2011, 115 (49), 14556-14562. 
80. Laidler, K. J.; King, M. C., Development of transition-state theory. J. Phys. Chem. 1983, 
87 (15), 2657-64. 
81. Marenich, A. V.;  Cramer, C. J.; Truhlar, D. G., Universal Solvation Model Based on 
Solute Electron Density and on a Continuum Model of the Solvent Defined by the Bulk 
Dielectric Constant and Atomic Surface Tensions. J. Phys. Chem. B 2009, 113 (18), 6378-6396. 
82. Marenich, A. V.;  Cramer, C. J.; Truhlar, D. G., Performance of SM6, SM8, and SMD on 
the SAMPL1 Test Set for the Prediction of Small-Molecule Solvation Free Energies. J. Phys. 
Chem. B 2009, 113 (14), 4538-4543. 
83. Frisch, M. J.;  Trucks, G.;  Schlegel, H. B.;  Scuseria, G. E.;  Robb, M. A.;  Cheeseman, 
J.;  Scalmani, G.;  Barone, V.;  Mennucci, B.;  Petersson, G. A.;  Nakatsuji, H.;  Hratchian, H. P.;  
Izmaylov, A. F.;  Bloino, J.;  Zheng, G.;  Sonnenberg, J. L.;  Hada, M.;  Ehara, M.;  Toyota, K.;  
Fukuda, R.;  Hasegawa, J.;  Ishida, M.;  Nakajima, T.;  Honda, Y.;  Kitao, O.;  Nakai, H.;  
Vreven, T.;  Montgomery, J. A., Jr.;  Peralta, J. E.;  Ogliaro, F.;  Bearpark, M.;  Heyd, J. J.;  
Brothers, E.;  Kudin, K. N.;  Staroverov, V. N.;  Kobayashi, R.;  Normand, J.;  Raghavachari, K.;  
Rendell, A.;  Burant, J. C.;  Iyengar, S. S.;  Tomasi, J.;  Cossi, M.;  Rega, N.;  Millam, N. J.;  
Klene, M.;  Knox, J. E.;  Cross, J. B.;  Bakken, V.;  Adamo, C.;  Jaramillo, J.;  Gomperts, R.;  
Stratmann, R. E.;  Yazyev, O.;  Austin, A. J.;  Cammi, R.;  Pomelli, C.;  Ochterski, J. W.;  
Martin, R. L.;  Morokuma, K.;  Zakrzewski, V. G.;  Voth, G. A.;  Salvador, P.;  Dannenberg, J. 
J.;  Dapprich, S.;  Daniels, A. D.;  Farkas, O.;  Foresman, J. B.;  Ortiz, J. V.;  Cioslowski, J.; Fox, 
D. J., Gaussian 09 Revision A.02. Gaussian Inc. 2009. 
84. Schaftenaar, G.; Noordik, J. H., Molden: a pre- and post-processing program for 
molecular and electronic structures*. Journal of Computer-Aided Molecular Design 2000, 14 (2), 
123-134. 
85. Miyashi, T.;  Nishizawa, Y.;  Fujii, Y.;  Yamakawa, K.;  Kamata, M.;  Akao, S.; Mukai, 
T., The intramolecular nitrene type 1,1-cycloaddition reaction of allyl-substituted diazomethanes. 
J. Am. Chem. Soc. 1986, 108 (7), 1617-1632. 
86. Li, L.;  Liu, P.;  Su, Y.; Huang, H., Palladium-Catalyzed Aminomethylamination and 
Aromatization of Aminoalkenes with Aminals via C–N Bond Activation. Org. Lett. 2016, 18 
(21), 5736-5739. 



 

 

63 

87. Otera, J.;  Fujita, Y.;  Sakuta, N.;  Fujita, M.; Fukuzumi, S., Mechanism of 
Mukaiyama−Michael Reaction of Ketene Silyl Acetal:  Electron Transfer or Nucleophilic 
Addition? J. Org. Chem. 1996, 61 (9), 2951-2962. 
88. Harris, M. R.;  Konev, M. O.; Jarvo, E. R., Enantiospecific Intramolecular Heck 
Reactions of Secondary Benzylic Ethers. J. Am. Chem. Soc. 2014, 136 (22), 7825-7828. 
89. Ma, W.;  Xue, D.;  Yu, T.;  Wang, C.; Xiao, J., Carbonylative coupling of allylic acetates 
with aryl boronic acids. Chemical Communications 2015, 51 (42), 8797-8800. 
90. Wittenberg, R.;  Srogl, J.;  Egi, M.; Liebeskind, L. S., Ketone Synthesis under Neutral 
Conditions. Cu(I) Diphenylphosphinate-Mediated, Palladium-Catalyzed Coupling of Thiol 
Esters and Organostannanes. Organic Letters 2003, 5 (17), 3033-3035. 
91. Yu, T.;  Zhu, Q.; Luo, S., Pd-catalyzed imine-directed intramolecular CN bond formation 
through C(sp3)H activation: An efficient approach to multisubstituted pyrroles. Tetrahedron 
Lett. 2020, 61 (21), 151887. 
92. Fraunberg, K. V. 2 432 232, 1976. 
93. Morita, M.;  Sakaguchi, S.; Ishii, Y., One-Pot Synthesis of γ,δ-Unsaturated Carbonyl 
Compounds from Allyl Alcohols and Vinyl or Isopropenyl Acetates Catalyzed by [IrCl(cod)]2. 
J. Org. Chem. 2006, 71 (16), 6285-6286. 
94. This poor yield and the absence of a full characterization are motivated by the low 
stability of product 12d that was immediately used for the photocatalytic process after 1H-NMR 
characterization and removal of the deuterated solvent. 

 


