
Research Article       CODEN: IJPRNK            IMPACT FACTOR : 4.278       ISSN: 2277-8713                                                       
Degani MS, IJPRBS, 2014; Volume 3(4): 14-31                                                                     IJPRBS 
 

 
 

Available Online at www.ijprbs.com 

14 

 

ANTIFUNGAL ACTIVITY AND SYNERGY STUDIES OF POLYSUBSTITUTED ALICYCLIC 
ANALOGUES 

PALSULE DESAI NH, KAKWANI MD, LELE AC, RAJU A, DEGANI MS 
Department of Pharmaceutical Sciences and Technology, Institute of Chemical Technology, N. 

P. Marg, Matunga, Mumbai 400019, India. 

Accepted Date: 19/06/2014; Published Date: 27/08/2014 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Abstract: Opportunistic mycosis is mainly caused by Candida and Aspergillus species. There 
have been several recent case reports of pulmonary aspergillosis caused by Aspergillus niger. 
In our research on anti-infective agents, a series of polysubstituted cyclohexanone derivatives 
were synthesized and showed good in-vitro growth inhibitory activity against Aspergillus niger 
and the CC50 values indicate that the compounds are relatively less toxic. The most active 
compound showed synergy with Clotrimazole and exhibited thirty-three fold improvements in 
activity. Fractional inhibitory concentration index (FICI) was found to be 0.33. Thus, the newly 
synthesized polysubstituted alicyclic compounds are good hits and the most active derivative 
could serve as a potential lead. 
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INTRODUCTION 

Aspergillosis is the name given to a wide variety of diseases caused by fungi of the genus 

Aspergillus. The most common forms are allergic bronchopulmonary aspergillosis, pulmonary 

aspergilloma and invasive aspergillosis. Aspergillus species is the second most commonly isolated 

fungi in opportunistic mycoses following Candida species. Most human inhale Aspergillus spores 

every day. Aspergillosis develops mainly in individuals who are immunocompromised, either from 

disease or from immunosuppressive drugs, and is a leading cause of death in acute leukemia and 

hematopoietic stem cell transplantation. 

In recent cases of aspergillosis, there have been reports of Aspergillus niger as the causative agent 
[1]. Aspergillus niger is an opportunistic human pathogen and has been infrequently described as 

an invasive pathogen in the past [2,3,4,5]. The air and indoor environment is colonised by 

propagules of the various microorganisms and the relative frequency of Aspergillus niger in the 

indoor air is 96.8ς100% thus making it a very common cause for infections [6]. 

The utility of several antimycotic drugs available at present is limited by emergence of new 

resistant strains, toxicity, poor solubility and low potency [7]. Furthermore, some existing 

antimycotics like azoles may sometimes cause allergic reactions or have other side effects [8]. Thus 

there is a requirement for novel drugs which can overcome resistance by acting through a new 

mechanism. Also the currently known and available drugs can be used in combination with these 

novel agents in order to achieve more efficient and quick treatment. 

In recent years, polysubstituted cyclohexanone derivatives have been reported to exhibit various 

biological activities such as antifungal, anti-viral [9], anticonvulsant [10], etc. besides being useful in 

organic synthesis and in industry [11]. In our continuous efforts for the development of novel anti-

infective agents [12,13,14] we have developed a series of cyclohexane derivatives as potential agents 

acting on Aspergillus niger. These derivatives showed promising anti- fungal activity against 

Aspergillus niger and showed reasonably low toxicity values. Further, the most active compound 

was selected for synergy studies with known anti-fungal agent Clotrimazole. 

MATERIALS AND METHODS 

1) Chemistry 

All chemicals used for synthesis were procured from Sigma Aldrich and S. D. Fine chemicals and 

were used directly. Melting points were determined in open capillaries on Thermomix Compbell 

electronics, having oil-heating system and are uncorrected. The monitoring of reaction for 

completion and purity of the compounds were routinely checked by thin-layer chromatography 

(TLC) and was accomplished on 0.2 mm precoated plates of silica gel 60 F- 254 (Merck, 
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Darmstadt-Germany). FTIR spectra were obtained on a Perkin-Elmer Infrared spectrometer with 

KBr discs and 1H NMR spectra were recorded in CDCl3 or DMSO-d6 on a JEOL 60 MHz and 300 MHz 

spectrometer with tetramethylsilane as internal standard. Mass spectral data were obtained with 

micromass - Q ς TOF (YA105) spectrometer. 

General procedure for synthesis of Compound 1 (1a- 1l): Aromatic aldehyde (1 mmol), ethyl 

acetoacetate (2 mmol) and piperidine (0.5 mmol) were charged to a 20 mL reactor. Reaction 

mixture was stirred at room temperature for 1-2 h. After the completion of reaction, solid 

precipitated out. Hexane (10 mL) was added to the resulting mixture and the precipitate was 

filtered at pump. A pure product was obtained by recrystallization in ethanol. 

General procedure for synthesis of compound 2 (2a- 2e): Compound (1) (1 mmol) was placed in 

round bottom flask. An aqueous solution of NaOH (2 mmol, 5mL) was added and resulting 

reaction mixture was stirred at room temperature. After completion of reaction, as indicated by 

TLC, resulting mixture was concentrated at pump to obtain sodium salt which was treated with 

methanolic HCl and precipitate obtained was filtered out. Filtrate was concentrated under 

vacuum to give the desired derivative. 

General procedure for synthesis of compound 3 (3a- 3e): Compound (1) (1 mmole) was placed in 

50 mL round bottom flask containing 20 mL of methanol and sodium borohydride (0.5 mmol) was 

added to it. Reaction mixture was stirred at room temperature for 1-2 h. Reaction was monitored 

by TLC. After completion of reaction, methanol was removed under vacuum and 10 mL of 

saturated ammonium chloride solution was added. Aqueous layer was extracted with 2 x 10 mL 

portion of ethyl acetate; organic layer was combined and concentrated under vacuum. The crude 

product so obtained was further purified by column chromatography using hexane: ethylacetate 

(80:20). 

General procedure for synthesis of the compound 4 (4a- 4e): Compound (2) (1 mmole) was 

placed in 50 mL round bottom flask containing 20 mL of methanol and sodium borohydride (0.5 

mmol) was added to it. Reaction mixture was stirred at room temperature for 1-2 h. Reaction was 

monitored by TLC. After completion of reaction, methanol was removed under vacuum and 10 mL 

of saturated ammonium chloride solution was added. Aqueous layer was extracted with 2 x 10 mL 

portion of ethyl acetate; organic layers were combined and concentrated under vacuum. The 

crude product so obtained was further purified by column chromatography using hexane: 

ethylacetate (50:50). 

General procedure for synthesis of the compound 5 (5a- 5e): A solution of compound (1) (1 

mmol) in methanol (20 mL) was treated with hydrazine hydrate (1.5 mmol). Reaction mixture was 

stirred at room temperature for 2-5 h. Reaction was monitored by TLC. After completion of 
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reaction, the precipitated solid was filtered under suction and the crude product was 

recrystallised using hot methanol. 

General procedure for synthesis of the compounds 6 (6a- 6g): A solution of compound (3) (1 

mmol) in methanol (20 mL) was treated with hydrazine hydrate (1.5 mmol). Reaction mixture was 

stirred at room temperature for 2-5 h. Reaction was monitored by TLC. After completion of 

reaction, the precipitated solid was filtered under suction and the crude product was 

recrystallised using hot methanol. 

All the synthesized compounds were characterised by suitable spectroscopic techniques. Some of 

the derivatives which have been reported earlier were confirmed by determination of melting 

point and comparison with reported values as shown in Table 1 [15,16]. 

2) Microbiology 

The study was performed to determine the MIC using the protocol mentioned by NCCLS M27-A2 

broth microbroth dilution method [17,18]. All experiments were performed in duplicate for each of 

the synthesized compounds. The compounds were dissolved in DMSO. Further dilutions of the 

compounds and standard drugs in test medium were prepared at the required concentration of 

1000, 500, 250, 125, 62.5, 31.25, 15.62, 7.81, 3.91 µg mL-1 with Potato Dextrose Broth. In order to 

ensure that the solvent, per se had no effect on the fungal growth, a control test was also 

performed containing inoculated broth supplemented with DMSO using same dilutions used in 

our experiments and was found to be inactive in culture medium. All the compounds were tested 

for their in-vitro growth inhibitory activity against human pathogenic Aspergillus niger NCIM 501, 

obtained from National Chemical Laboratory, Pune, India. Clotrimazole was used as a standard 

drug. 

The study was performed to determine CC50 values for the synthesized molecules following 

reported protocol [19]. 50mL of Fetal Bovine Serum (FBS) and 10mL of 100X Antibiotic solution was 

added into 440 mL of MEM (Obtained from Himedia Pvt. Ltd). Sterility testing of media was done 

and then it was stored at 8°C. VERO C1008 was obtained from National Centre for Cell Sciences, 

Pune, India. The cell line was revived into cell culture flask and kept in 5% CO2 incubator for 

confluent growth. 

General procedure for antimicrobial activity and cytotoxicity testing: Aspergillus niger was 

maintained in Potato dextrose broth (Himedia) after overnight incubation at 28 ± 1 ºC. The 

inoculum of test microorganisms was adjusted to match the turbidity of a McFarland 0.5 standard 

tube as determined with a spectrophotometer and the final inoculum size was 0.5-2.5 x 105 cfu 

mL-1. Antimicrobial activity of all synthesized compounds was carried out in Potato dextrose broth 

(Himedia) at pH 7.0 and the two-fold serial dilution technique was applied. The last row of well on 
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the microplates, containing only inoculated broth, was kept as control. The plates were incubated 

at 28 ± 1 °C for 48 h. The MIC values were determined using Resazurin microtitre assay (REMA). 

The lowest concentration that completely inhibited visible growth of the microorganisms as 

detected by unaided eye and also by using resazurin dye as growth indicator [20] (Blue colour- No 

growth: Pink colour- growth). The MIC of all synthesized compounds is shown in Table 1. Every 

experiment in the antimicrobial assays was repeated twice in order to define the MIC values. 

The compounds were also evaluated for their cytotoxic potential against VERO C1008 cell line. 

The stock cell suspension, 1 in 10 and 1 in 100 dilutions contained the cell concentrations of 20 

x104, 8 x104 and 2.5x104 cells respectively. For the cytotoxicity assay, 1 in 10 dilution of cell 

ǎǳǎǇŜƴǎƛƻƴ ǿŀǎ ǳǎŜŘΦ /Ŝƭƭ ǎǳǎǇŜƴǎƛƻƴ όнлл˃[ύ ǿŀǎ ŀŘŘŜŘ ƛƴǘƻ ŜŀŎƘ ǿŜƭƭ ƻŦ ǘhe flat bottom 96-well 

plate. After addition, plate was kept for incubation in humidified atmosphere at 37°C for 24 h. 

!ŦǘŜǊ нп ƘΣ ƳŜŘƛŀ ǿŀǎ ǊŜƳƻǾŜŘ ŀƴŘ нлл˃[ ƻŦ ŘǊǳƎ ǎƻƭǳǘƛƻƴ ǿŀǎ ŀŘŘŜŘ ƛƴǘƻ ǘǊƛǇƭƛŎŀǘŜ ƻŦ ŜŀŎƘ 

concentration and the plate was kept for incubation for another 24 h. After 48 h, drug solution 

ǿŀǎ ǊŜƳƻǾŜŘ ŀƴŘ нлл˃[ ƻŦ a¢¢ ǎƻƭǳǘƛƻƴ όнлƳƎ ƛƴ рл Ƴ[ ƻŦ ƳŜŘƛŀύ ǿŀǎ ŀŘŘŜŘ ŀƴŘ ƛƴŎǳōŀǘŜŘ ŦƻǊ 

3-п ƘΦ [ŀǘŜǊΣ ǘƘŜ a¢¢ ǎƻƭǳǘƛƻƴ ǿŀǎ ǊŜƳƻǾŜŘ ŀƴŘ нлл˃[ ƻŦ мл҈ {5{ ǎƻƭǳǘƛƻƴ ǿŀǎ ŀŘŘŜŘ ŦƻǊ ƭȅǎƛǎ ƻŦ 

the cells and kept ŦƻǊ ƴŜȄǘ нп ƘΦ !ŦǘŜǊ ŎƻƳǇƭŜǘƛƻƴ ƻŦ ƛƴŎǳōŀǘƛƻƴ ǇŜǊƛƻŘΣ млл˃[ ƻŦ 5a{h ǿŀǎ ŀŘŘŜŘ 

to dissolve the formazan crystals. The amount of MTT-formazan produced was determined by the 

absorbance ELISA plate reader at 570nm. Data was interpreted and CC50 values of all molecules 

were determined by plotting a graph of % cell viability v/s ǘŜǎǘŜŘ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ό˃ƎƳ[-1) [19]. 

Synergy studies: One of the best known and very simple forms of tests to measure combination 

ŜŦŦŜŎǘǎ ƻŦ ŘǊǳƎǎ ƛǎ ǘƘŜ ΨŎƘŜǉǳŜǊōƻŀǊŘΩ ŜȄǇŜǊƛƳŜƴǘ ƛƴ ǿƘƛŎƘ a two dimensional array of serial 

concentrations of test compounds is used as the basis for calculation of a fractional inhibitory 

concentration index (FICI) to demonstrate that paired combinations of agents can exert inhibitory 

effects that are more than the sum of their effects alone (synergy; FICI < 1.0), or to less than the 

sum of their effects alone (antagonism; FICI > 1.0) [21,22]. 

The formula for determining FICI is as follows: 

FICI = {MIC [A] combination/ MIC [A]} + {MIC [B] combination/ MIC [B]} 

RESULTS 

1) Chemistry 

A series of polysubstituted alicyclic derivatives was successfully synthesized and characterized. 

The melting point values and yield are as shown in Table 1. All the reactions are as depicted in 

Scheme 1 shown below. 
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Scheme 1: a - piperidine/R.T. (1-2 h), b - 10% NaOH, 1-2h, c - NaBH4, MeOH, 1-2h, d - NaBH4, 

MeOH, 1-2h, e - Hydrazine hydrate (99%), MeOH (1-2h), f - Hydrazine hydrate (99%), MeOH (1-

2h) 

 

2) Microbiology 

The compounds were tested against Aspergillus niger by REMA method and were found to be in 

ǘƘŜ ǊŀƴƎŜ мр ǘƻ рлл ˃Ǝ Ƴ[-1. The molecules were also subjected to cytotoxicity studies using VERO 

C1008 cell line. The data is as depicted in Table 1. 

Synergy studies 

The most active compound 5d was further tested for synergy studies with Clotrimazole. MIC of 

polysubstituted alicyclic compound was 15.62 µg mL-1 and in combination the MIC was 0.5 µg mL-

1. MIC of Clotrimazole was 1.0 µg mL-1 and in combination with 5d and its MIC was 0.3 µg mL-1. 

Fractional inhibitory concentration index (FICI) for 5d was found to be 0.33. 
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Table 1: Melting point, Yield, MIC values against A. niger and CC50 values of synthesized 

polysubstituted alicyclic compounds. 

Sr. 

No. 

Comp. No. R M.P. ºC 

(Lit. Value) 

Yield 

(%) 

MIC 

A. niger 

ό˃Ǝ Ƴ[-1) 

CC50 

VERO C1008 

ό˃Ǝ Ƴ[-1) 1. 1a 4-OCH3 143 (144) 83 125 350 

2. 1b 3-NO2 152 (152) 78 125 255 

3. 1c 3,4-di OCH3 159 83 62.5 400 

4. 1d 3-OCH3 , 4-OH 170 (170) 81 62.5 420 

5. 1e 3,4,5-tri OCH3 172 85 250 367 

6. 1f -H 156 (155) 82 500 450 

7. 1g 4-Cl 162 (162) 85 250 325 

8. 1h 4-CH3 129 (130) 87 250 380 

9. 1i 4-F 168 84 250 365 

10. 1j 4-OH 115 78 125 275 

11. 1k 3,4-CH2-O-CH2- 168 86 125 328 

12. 1l 4-O-CH2- 

C(CH3)=CH2 

176 83 62.5 400 

13. 2a 4-OCH3 152 60 62.5 430 

14. 2b 3-NO2 165 58 62.5 295 

15. 2c 3,4-di OCH3 170 56 62.5 275 

16. 2d 3-OCH3 , 4-OH 176 57 31.25 320 

17. 2e 3,4,5-tri OCH3 185 59 250 245 

18. 3a 4-OCH3 162 77 62.5 300 

19. 3b 3-NO2 175 78 62.5 275 

20. 3c 3,4-di OCH3 168 82 125 360 

21. 3d 3-OCH3 , 4-OH 176 76 62.5 450 

22. 3e 3,4,5-tri OCH3 186 85 125 300 

23. 4a 4-OCH3 >300 87 62.5 450 

24. 4b 3-NO2 271 

(decomposed) 

82 62.5 400 
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Sr.No. Comp.No. R M.P. ºC 

(Lit. Value) 

Yield 

(%) 

MIC 

A. niger 

ό˃Ǝ Ƴ[-1) 

CC50 

VERO C1008 

ό˃Ǝ Ƴ[-1) 25. 4c 3,4-di OCH3 >300 78 62.5 450 

26. 4d 3-OCH3 , 4-OH >300 80 31.25 350 

27. 4e 3,4,5-tri OCH3 285 

(decomposed) 

76 125 425 

28. 5a 4-OCH3 225 78 31.25 425 

29. 5b 3-NO2 245 82 31.25 315 

30. 5c 3,4-di OCH3 269 87 31.25 400 

31. 5d 3-OCH3 , 4-OH 255 83 15.62 350 

32. 5e 3,4,5-tri OCH3 273 90 125 420 

33 6a 4-OCH3 276 

(decomposed) 

76 62.5 325 

34. 6b 3-NO2 235 88 62.5 320 

35 6c 3,4-di OCH3 285 

(decomposed) 

84 62.5 355 

36. 6d 3-OCH3 , 4-OH 245 78 31.25 410 

37. 6e 3,4,5-tri OCH3 >300 81 125 400 

38 Clotrimazole 

(Std) 

- - - 1.0 - 

 

DISCUSSION 

1) Synthesis 

/ƻƴŘŜƴǎŀǘƛƻƴ ƻŦ ʲ-keto ester with aromatic aldehydein presence of piperidine lead to the 

synthesis of polysubstituted cyclohexanone derivative via tandem Knoevenagel condensationς

Michael additionςaldol reaction. This tandem methodology was used for synthesis of various 

derivatives of cyclohexanone (1). In first strategy, these derivatives (1) were subjected to sodium 

hydroxide mediated hydrolysis to yield dicarboxylic acid derivatives (2). Further compounds (2) 

were reduced by NaBH4 in methanol to give the corresponding hydroxyl derivatives (4). In another 
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reaction, cyclohexanone derivatives (1) were subjected to NaBH4 mediated reduction to give the 

hydroxyl derivatives having ester functionality (3) which were further reacted with hydrazine 

hydrate to give the hydrazide derivatives (6). Also cyclohexanone derivatives (1) were directly 

reacted with hydrazine hydrate to yield the hydrazide derivaties having intact keto functionality 

(5). 

2) Structure Activity Relationship (SAR) studies 

The antifungal studies of synthesized molecules revealed that the cyclohexanone derivatives have 

moderate to good activity against Aspergillus niger. Compounds (1a-1l) having di-carboxylic ester 

functionality at position 2, 4 of cyclohexanone ring exhibit least activity in the range of 62.5-500 

µg mL-1. Compound with 3-methoxy and 4- hydroxy substituent on phenyl ring exhibit better 

activity in all the types of derivatives (1d, 2d, 3d, 4d, 5d, 6d). Dicarbohydrazide analogs with 

general structure 5 (5a-5d) are better in terms of their antifungal activity as compared to those 

with structure 1, 2, 3, 4 and 6. Compound 5d exhibits best activity. All derivatives with trimethoxy 

substitution are the least active analogs followed by the dimethoxy derivatives indicating that 

increasing the bulk on the phenyl ring decreases activity. 

3) Synergy studies 

Studies indicated that the most active derivative 5d exhibited thirty-three fold improvement in 

activity in combination with Clotrimazole. Also, Clotrimazole showed three fold improvement in 

its own MIC. Thus the derivative 5d shows synergy with known anti-fungal agent Clotrimazole 

against Aspergillus niger. 

CONCLUSION 

All the derivatives were subjected to in-vitro testing against Aspergillus niger with derivative 5d 

showing maximum activity. The cytotoxicity testing against VERO cell lines indicated that the 

compounds are relatively less toxic. Synergy studies of the most active derivative 5d exhibited 

synergy with known anti-fungal agent Clotrimazole with Fractional inhibitory concentration index 

(FICI) of 0.33. Thus, the newly synthesized polysubstituted alicyclic compounds are good hits, and 

the most active derivative could serve as a potential lead. 
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SUPPLEMENTARY INFORMATION 

Spectroscopic data for representative compounds 

Diethyl 4-hydroxy-2-(4-mehoxyphenyl)-4-methyl-6-oxocyclohexane-1,3-dicarboxylate (1a). 

Isolated as white needles (83%), mp 143ºC; IR (KBr) 3423, 1737, 1722, 1703, 1384, 1148 cm-1; 1H-

NMR: (60 MHz, CDCl3ύ ʵ тΦнрн- 7.105 (d, 2H,Ar-H, J= 8.82 Hz), 6.88- 6.73 (d, 2H,Ar-H, J= 8.82 Hz), 

4.2- 3.4 (complex m, 9H, OCH3, 2- OCH2, CH, OH [D2O exchangeable]), 3.09 (s, 1H,CH), 2.93 (s, 1H, 

CH), 2.63- 2.55 (b, 2H, CH2, J= 4.8 Hz), 1.33 (s, 3H, CH3), 1.18- 0.74 (complex m, 6H, 2- CH3); 13C 

NMR(75 MHz CDCl3ύΥ ʵ нлмΦоΣ мтоΦуΣ мстΦтΣ мрфΦлΣ молΦмΣ мнфΦмΣ 129.0, 113.9, 65.9, 62.8, 61.0, 

57.1, 55.2, 52.7, 20.15, 20.13, 13.9, 13,7;  MS m/z 379 [M+1]. 

2-(3,4-dimethoxyphenyl)-4-hydroxy-4-methyl-6-oxocyclohexane-1,3-dicarboxylic acid (2c) 

Isolated as a white coloured solid (56%), mp 170°C; IR (KBr) 3438.4, 2960, 2840, 1731, 1700, 1523, 

1261, 1144 cm-1. 

Diethyl 4,6-dihydroxy-4-methyl-2-(3-nitrophenyl)cyclohexane-1,3-dicarboxylate (3b) 

Isolated as a light yellow powder (85%), mp 175-178ºC; IR (KBr) 3414, 2967, 2926, 2905, 1742, 

1731, 1654, 1612, 1584, 1513, 1417, 1384,1350, 1309, 1259, 1224, 1152, 1112, 1096, 1016, 961, 

825, 812, 759, 721, 660, 585 cm-1; 1H-NMR (300 MHz, CDCl3ύ ʵ уΦмн-8.08 (d, 2H, Ar-H, J=11.7), 

7.63-7.60 (d, 1H, -ArH, J=7.2), 7.49-7.46 (d, 1H, Ar-H, J=7.8Hz), 4.70 (d, 1H, -OH, D2O 

exchangeable), 4.44 (1H, bs, -OH, D2Oexchangeable), 4.39 (s, 1H, -CH-OH), 4.01-3.82 (m, 4H,  -O-

CH2-CH3),  2.91  (d,  1H,  -CH-C(=O)-,J=9.6Hz),  2.64-2.60  (d,  1H,  -CH-C(=O)-,J=12.3Hz), 2.33-2.28 

(d, 1H, -CH-Ph, J=14.7Hz), 1.7 (s,2H, -CH2-), 1.27 (s, 3H, -CH3), 1.08- 

1.03  (t,  3H,  -O-CH2-CH3,  J=7.2Hz),  0.82-0.77  (t,  3H,  -O-CH2CH3,J=7.2Hz).  13C NMR (75MHz, 

CDCl3ύΥ ʵ мтоΦфΣ мтмΦоΣ мпоΦлΣ мнфΦоΣ мнфΦнΣ мннΦнΣ тмΦуΣ суΦрΣ слΦфΣ слΦфΣ пмΦпΣ 38.8, 28.8, 13.9.  

4,6-dihydroxy-2-(4-methoxyphenyl)-4-methylcyclohexane-1,3-dicarboxylic acid (4a)  

Isolated as a white coloured solid (87%), mp 300°C; IR (KBr) 3333, 3196, 2957, 1703, 1664, 1576, 

1356, 1160, 822 cm-1; MS m/z 325 [M+1]. 

4-hydroxy-2-(3-nitrophenyl)-4-methyl-6-oxocyclohexane-1,3-dicarbohydrazide (5b). 

Isolated as white coloured solid (82%), mp245ºC; IR (KBr)   3445, 3323, 2988, 1718, 1692, 1530, 

1350, 1187, 618 cm-; MS m/z 366 [M+1]. 

4,6-dihydroxy-2-(4-methoxyphenyl)-4-methylcyclohexane-1,3-dicarbohydrazide (6a) 
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Isolated as a white coloured solid(76%); mp276°C dec ; IR (KBr)  3435, 2978, 1686,1604, 1334, 

1240, 1166, 1047, 817, 595 cm-1; 1H-NMR (300MHz, CDCl3ύΥʵ тΦн όŘΣ нIΣ !Ǌ-H, J=), 6.8 (d, 2H, Ar-

H, J=), 3.8 (s, 4H, OCH3+OH), 2.7 (s, 4H, CH2+CH+CH), 1.6 (bs, 6H, 2NH2+2NH), 1.2 (s, 3H, CH3). 

MS m/z 352 [M+]. 

 

 

 

 

 

 

 

 

IR of compound 1a 

 

 

 

 

 

 

 

 

 

 

 

1H NMR of compound 1a 
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1H NMR (with D2O exchange) of compound 1a 

 

 

 

 

 

 

 

 

13C NMR of compound 1a 

 

 

 

 

 

 

 

Mass spectrum of compound 1a 
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IR of compound 2c 

 

 

 

 

 

 

 

IR of compound 3b 

 

1H NMR of compound 3b 
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1H NMR (D2O exchange) of compound 3b 

 

13C- NMR of compound 3b 

 

 

 

 

 

 

 

IR of compound 4a 
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Mass spectrum of compound 4a 

 

 

 

 

 

 

 

IR spectrum of compound 5b 

 

 

 

 

 

 

Mass spectrum of compound 5b 
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IR of compound 6a 

 

 

 

 

 

 

 

1H-NMR of compound 6a 

 

 

 

 

 

 

 

Mass spectrum of compound 6a 
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