
SYNTHESIS OF PURINE DERIVATIVES AS 

POTENTIAL ANTITHYROID AGENTS  

 

 

 

 

 

A THESIS SUBMITTED TO  

THE UNIVERSITY OF THE PUNJAB  

FOR THE AWARD OF DEGREE OF  

DOCTOR OF PHILOSOPHY  
IN  

CHEMISTRY  

SESSION: 2010 

 

 

BY 

ISMAT FATIMA  

 

 

 

RESEARCH SUPERVISOR  

PROF. DR. MUNAWAR ALI MUNAWAR  

 

INSTITUTE OF CHEMISTRY 

UNIVERSITY OF THE PUNJAB LAHORE PAKISTAN 



 i 

 

 

 

 

 

 

 

 

 

DEDICATED 

TO 

MY BELOVED PARENTS, HUSBAND AND CHILDREN 

 



 ii 

CERTIFICATION 

 I, Mrs. Ismat Fatima declare that this thesis submitted in the fulfillment of the 

requirement for the award of degree of Doctor of Philosophy in Chemistry in the Institute 

of Chemistry, University of the Punjab, Lahore; is wholly my own work unless otherwise 

referenced or acknowledged. The document has not been submitted for qualification at 

any other academic institution. 

 

 

         

         (ISMAT FATIMA)  

 

 



 iii 

CERTIFICATE 

 This is to certify that research work described in this thesis entitled “Synthesis of 

Purine Derivatives as Potential Antithyroid Agents” is the original work of Mrs. 

Ismat Fatima. It has been carried out under my supervision. I have personally gone 

through all the data/results/materials reported in this manuscript and certify to their 

correctness/authenticity. I further certify that the material included in this thesis has not 

been used in part or full for any manuscript already submitted or in the process of 

submission in partial/complete fulfillment of the award of any other degree from any 

other institution. I also certify that Mrs. Ismat Fatima has fulfilled all the conditions and 

is qualified to submit the thesis in regard to the degree of Doctor of Philosophy in 

Chemistry. I endorse its evaluation for the award of Ph.D. degree through official 

procedure of the University. 

 

 

 

 

Signatures: 

 

 

 

Name of Supervisor:    Dr. Munawar Ali Munawar 

Designation:     Professor, 

      Institute of Chemistry, 

             University of the Punjab, 

 Lahore, Pakistan 

 

Dated: 

 



 iv 

ACKNOWLEDGEMENT 

 

 All thanks to the Allah Almighty the most beneficent the most merciful who 

blessed me with this opportunity and with Whom help I became able to pursue my 

endeavors and may His peace and blessings on the last of the prophets whose teachings 

are light for lives here and hereafter and whose first revelation was “Read, Read in the 

name of thy Lord who created. Created man from a clot. Read, thy Lord is exalted, who 

taught with a pen”. 

 I would like to convey heartiest gratitude to my supervisor Prof. Dr. Munawar 

Ali Munawar for his guidance, encouragement and all along support during the research 

work and his useful pieces of advice in the preparation of the dissertation. He remained 

very kind and helpful during all this period.  

 I am grateful to Dr. Saeed Ahemd Nagra, Director Institute of Chemistry for 

providing facilities for research. 

 I am also thankful to Dr. Misbahul Ain Khan, Prof. Dr. Makshhof Athar, Dr. 

Ahsan Sharif for their cooperation and time to time guidance during the study, and to 

Mr. Muhammad Salman Lecturer  Institute of Chemistry for spectrophotometric 

analysis. 

I am thankful to Higher Education Commission of Pakistan for the award of 

fellowship and for timely provision of funds to carry out research. I am also thankful to 

Pakistan Atomic Energy Commission for providing study leave and all along support. 

I also owe to Director HEJ for providing facilities for structural elucidation of the 

synthesized compounds and to Dr. Nasir Mehmood Director CENUM as well as Mrs. 

Affia Tasneem Head RIA and Biochemistry CENUM Mayo Hospital Lahore for 

providing facilities for blood assays of test animals. 

 I am grateful to Dr. Asmatullah of Department of Zoology, University of the 

Punjab Lahore and Dr. Sarwat Jehan of Department of Animal Sciences Quid-e-Azam 

University Islamabad, for extending facilities for breeding and experimentation on 

laboratory animals. I am also thankful to Dr. Saadia of CEMB, University of the Punjab, 

Lahore for providing animal pairs sufficient for breeding animals for in vivo evaluation of 

antithyroid activity of the compounds. 



 v 

 I am thankful to Director General AEMC Lahore as well as to Mr. Syed Abbas 

Sultan, Mr. Muhammad Ashraf Mughal, Mr. Muhammad Rehan Adil and Mr. Abu 

Turab Faruqi for cooperation in the study of slides, computer related matters and 

statistical analysis of the data.  

 I am thankful to my fellow scholars and my family for their help and cooperation 

in the completion of my research work. Here, I would also covey my thanks to all the 

staff of Institute of Chemistry who remained very cooperative and helpful. 

 

 

 

 

Ismat Fatima 



 vi 

LIST OF ABBREVIATIONS 
 

 

1. T3: Triiodothyronine 

2. T4: Thyroxine 

3. TSH: Thyroid stimulating hormone 

4. TRH: Thyrtropin releasing hormone 

5. TPO: Thyroperoxidase 

6. SAT: Synthetic antithyroid agent 

7. MMI: Methimazole 

8. PTU: Propylthiouracil 

9. CBZ: Carbimazole 

10. CT Complex: Charge transfer complex 

11. CTB: Charge transfer band 

12. Kc: Formation constant 

13. εc: Molar absorptivity (Molar extinction coefficient) 

14. 6SP: 6-sulfanylpurine (6-purin-7H-thiol) 

15. RIA: Radioimmunoassay 

16. ELISA: Enzyme linked immunosorbent assay 

 

 



 vii 

CONTENTS  

 

CHAPTER - 1 

1. INTRODUCTION..................................................................................................... 1 

1.1 Thyrod Gland and Thyroid Hormones ................................................................ 1 

1.2 Effects of Thyroid Hormones on Body Functions .............................................. 3 

1.2.1 Effect on Growth............................................................................................. 3 

1.2.2 Effect on Metabolism ...................................................................................... 4 

1.2.3 Temperature Regulation.................................................................................. 4 

1.2.4 Cardiovascular Functions................................................................................ 4 

1.2.5 Effects on Respiratory System ........................................................................ 5 

1.2.6 Effect on the Gastrointestinal Tract ................................................................ 5 

1.2.7 Effect on the Central Nervous System ............................................................ 6 

1.2.8 Effect on the Function of Musceles ................................................................ 6 

1.2.9 Effects on other Endocrine Glands ................................................................. 6 

1.3 Regulatory Mechanism of Thyroid Hormones ................................................... 8 

1.3.1 Auto Regulation .............................................................................................. 8 

1.3.2 Feedback Inhibition ........................................................................................ 8 

1.3 Hyperthyroidism ................................................................................................. 9 

1.3.1 Types Of Hyperthyroidism ........................................................................... 10 

1.3.2 Causes of Hyperthyroidism........................................................................... 10 

1.3.3 Diagnosis....................................................................................................... 12 

1.3.4 Treatment ...................................................................................................... 12 

CHAPTER - 2 

2. LITERATURE SURVEY ....................................................................................... 15 

2.1 Developments in Antithyroid Drugs ................................................................. 15 

2.1.1 Fluoro Compounds........................................................................................ 15 

2.1.2 Sulfur Containing Compounds ..................................................................... 16 

2.1.3 Non Sulfur Compounds ................................................................................ 27 

2.1.4 Selenium Analogues of Existing Drugs ........................................................ 32 

2.1.5 Naturally Occuring Antithyrioid Agents ...................................................... 33 



 viii 

2.1.6 Inorganic Ions as Antithyroid Agents ........................................................... 36 

2.1.7 Antithyroid Effects of Pesticides .................................................................. 37 

2.2 Purines............................................................................................................... 37 

2.2.1 Synthesis of Purines ...................................................................................... 39 

2.3 Biological Activity of Purine Derivatives ......................................................... 50 

2.4 Present Work ..................................................................................................... 54 

CHAPTER - 3 

3. MATERIALS AND METHODS ........................................................................... 55 

3.1 Chemicals and Instruments ............................................................................... 55 

3.2 Preparation of Starting Materials ...................................................................... 55 

3.2.1 Sodium Ethyl Xanthate (NASCSOC2H5) (140) ............................................ 55 

3.2.2 6-Aminopyrimidine-2,4(1H,3H)-dione (141) ............................................... 56 

3.2.3 6-Amino-5-nitrosopyrimidine-2,4(1H,3H)-dione (142) ............................... 57 

3.2.4 5, 6-Diaminopyrimidine-2,4(1H,3H)-dione (80)
183

 ...................................... 57 

3.3 Synthesis of Purines .......................................................................................... 58 

3.3.1 8-Sulfanyl-3,9-dihydro-1H-purine-2,6-dione (84) ........................................ 58 

3.3.2 2,8-Disulfanyl-5,9-dihydro-6H-purin-6-one (86) ......................................... 59 

3.3.3 [(2,6-Dioxo-2,3,6,9-tetrahydro-1H-Purin-8-Yl)sulfanyl]acetic Acid (143) .....  

 ....................................................................................................................... 59 

3.3.4 8-(Alkylsulfanyl)-3,9-dihydro-1H-purine-2,6-dione (144-148) ................... 60 

3.3.5 8-(Methylsulfanyl)-3,9-dihydro-1H-purine-2,6-dione    (144) ..................... 61 

3.3.6 8-(Ethylsulfanyl)-3,9-dihydro-1H-purine-2,6-dione (145) ........................... 61 

3.3.6 8-(Propylsulfanyl)-3,9-dihydro-1H-purine-2,6-dione (146) ......................... 62 

3.3.7 6-(Alkylsulfanyl)-9H-purines (149-159) ...................................................... 64 

3.3.8 6, 6'-(Methanediyldisulfanediyl)bis (9H-purine) (160) ................................ 72 

3.3.9 (9-H-purin-6ylsulfanyl)acetic acid (161) ...................................................... 72 

3.3.10 Ethyl  (9H-purin-6-ylsulfanyl)acetate (162) ............................................. 73 

3.3.11 2-(9H-Purin-6-ylsulfanyl)acetohydrazide (163) ....................................... 74 

3.3.12 2-(6,7-Dihydro-5H-Purin-6-ylsulfanyl)-N'-[(E)-phenylmethylidene] 

acetohydrazide (168) ................................................................................. 80 

 



 ix 

CHAPTER - 4 

4. RESULTS AND DISCUSSIONS (SYNTHESIS) ................................................. 86 

4.1 Research Programme ........................................................................................ 86 

4.2 Synthesis of 8-(Alkylsulfanyl)-3,9-dihydro-1H-purine-2,6-diones  (143-148) 87 

4.3 Synthesis of 6-(Alkylsulfanyl)-9H-Purines (149-159) ..................................... 88 

4.4 Synthesis of N'-[Substituted phenylmethylidene]-2-(7H-purin-6-

Ylsulfanyl)acetohydrazide (164-172) ............................................................... 89 

4.5. 8-(Alkylsulfanyl)-3,9-dihydro-1H-purine-2,6-diones (144-148) ...................... 93 

4.6 6-(Alkylsulfanyl)-9H-purines (149-159) .......................................................... 97 

4.7 Synthesis of 6,6‟-(Methanediyldisulfanediyl) bis(9H-purine)  (160) ............. 104 

4.8. 2-(6, 7-Dihydro-5H-purin-6-ylsulfanyl)aniline (173) ..................................... 113 

CHAPTER - 5 

5. ASSESSMENT OF ANTITHYROID ACTIVITY ............................................ 114 

5.1 Materials, Instruments and Methods ............................................................... 114 

5.1.1 In Vitro ........................................................................................................ 114 

5.1.2 In Vivo ........................................................................................................ 120 

5.1.3 Statistical Treatment of Hormonal Data ..................................................... 124 

5.1.3.1 Student‟s “t” Test .................................................................................... 125 

5.2 Appraisal of Antithyroid Activity of Potential Compounds ........................... 126 

5.2.1 6-Chloro-9H-Purine .................................................................................... 127 

5.2.2 8-Sulfanyl-5,9-Dihydro-1H-Purine-2,6-Dione And Derivatives (84, 143-148)  

 ..................................................................................................................... 131 

5.2.3 2,8-Disulfanyl-3,9-Dihydro-6H-Purin-6-One (86) ..................................... 140 

5.2.4 6-(alkylsulfanyl)-9H-rpurines (149 to 159) ................................................ 146 

5.2.5 Ethyl (9H-Purin-6-Ylsulfanyl)Acetate And Derivatives (162 TO 172) ..... 160 

5.3 Comparison of Compounds ............................................................................ 171 

5.4 Conclusions ..................................................................................................... 173 

REFERENCES .............................................................................................................. 174 

 

 



 x 

LIST OF TABLES  

 

Table 1.1 Effects of low and high thyroid hormone levels on major body 

functions ...........................................................................................................7 

Table 1.2 Types of hyperthyroidism with associated pathophysiology and gland 

conditions .......................................................................................................11 

Table 5.1 UV spectral data for charge transfer complex between iodine and 6-

chloropurine ..................................................................................................128 

Table 5.2 X,Y values calculated using lang‟s equation to fit the linear regression 

curves ............................................................................................................128 

Table 5.3 Formation constant and molar extinction coefficients for 6-

chloropurine- iodine complex calculated at different wavelengths ..............129 

Table 5.4 Radioimmunoassay results for mean free thyroid hormone levels in the 

rabbits (control, vehicle control and 6-chloropurine treated groups) ...........130 

Table 5.5 Mean hormonal levels as observed for control, vehicle control and 

animals treated with MMI, 84 and derivatives (143-148) ............................133 

Table 5.6 “t” values calculated on the basis of experimental data obtained from 

the blood assays of control, vehicle control and animals treated with 

MMI, 84 and derivatives ..............................................................................134 

Table 5.7 Thyroid body indices of control, vehicle control and animals treated 

with MMI, 84 and derivatives ......................................................................135 

Table 5.8 Histological observations of the thyroid tissues of control, vehicle 

control and animals treated with 84 and derivatives ....................................136 

Table 5.9 Assay results of serum hormone levels of control, vehicle and    animals 

treated with 86 and MMI after 21 days ........................................................142 

Table 5.10 Body wieghts and thyroid body indices of control, vehicle control and 

animals treated with 86 and MMI ................................................................144 

Table 5.11 Histological observations of thyroid tissues of animals treated with 86 

and MMI under microscope .........................................................................144 

Table 5.12 Spectrophotometric data of 6SP and derivatives (149-159) and 

respective CT complexes with iodine ..........................................................149 



 xi 

Table 5.13 Mean hormonal levels for control, vehicle control and animals treated 

with 6SP and derivatives ..............................................................................151 

Table 5.14 “t” Values calculated on the basis of experimental data of the hormonal 

concentrations of animals treated with 6SP and derivatives ........................152 

Table 5.15 Body weights and thyroid body indices of control, vehicle control and 

animals treated with 6SP and derivatives .....................................................154 

Table 5.16 Histological observations of control, vehicle control and animals treated 

with 6SP and derivatives under microscope .................................................155 

Table 5.17 Spectrophotometric data of compounds (162-172) and respective 

complexes with I2 .........................................................................................160 

Table 5.18 Average hormonal concentrations of control, vehicle control and 

animals treated with (162-172) and MMI ....................................................162 

Table 5.19 “t” values calculated on the basis of experimental data for the 

compounds (162-172) ...................................................................................163 

Table 5.20 Body weights and thyroid body indices of control, vehicle control and 

animals treated with (162-172) .....................................................................165 

Table 5.21 Histological observations of thyroid from control, vehicle control and 

animals treated with (162-172) .....................................................................166 

 

 

 

 



 xii 

LIST OF FIGURES  

 

Figure 1.1 Location of thyroid gland in human body ........................................................1 

Figure 1.2 Feedback inhibition of thyroid hormones ........................................................9 

Figure 5.1  Using M.S. Excel to solve Lang‟s equation for Kc and εc of CT 

complexes In the above figure: ....................................................................118 

Figure 5.2  Method of iterations on M.S. Excel ............................................................119 

Figure 5.3  Calculation of Kc with MS EXCEL using Lang‟s equations ......................120 

Figure 5.4 Linear regression fit to (X,Y) points determined from 

spectrophotometric data for 6-chloropurine-iodine complex at 20°C  

(DMSO, 1 cm quartz cells  )■ 215 nm (R
2 

= 0.9928); ● 220 nm (R
2 

= 

0.9959); ▲ 225 nm (R
2 

= 0.9993) ................................................................129 

Figure 5.5 Percentage decrease in hormone levels of animals treated with 6-

chloropurine with respect to vehicle control after 14 days treatment ..........131 

Figure 5.6 Mean percentage hormonal variations in the animals (rats) treated with 

(MMI, 84 and 143-148) with respect to vehicle control demonstrates 

fairly good antithyroid effects of the compounds ........................................133 

Figure 5.7. Thrydoid sections (a) control shows normal cuboidal epithelium with 

sufficient colloid material, (b) 84 treated shows follicular hypertrophy 

with enlarged cells and active gland condition, (c) treated with 144 

shows cylinderical epithelium as well as hypertrophy of the glandular 

cells ...............................................................................................................137 

Figure 5.8 Microscopic view thyroid sections of animals treated with (a) 145, (b) 

146 and (c) with 147 show increased hormonal secretions with a mild 

to moderate transition of epithelium from normal to cylindrical shape as 

well as prominent follicular nuclei exhibiting enhanced activity .................138 

Figure 5.9 Thyroid follicular hyperplasia in animals treated with (a) 148, (b) MMI; 

the nuclei of MMI treated animals are quite big which indicate presence 

of tumor cells ................................................................................................139 

Figure 5.10 UV absorption spectrum of (86) and I2 solutions in DMSO at 20°C with 

(86) solution in reference cell .......................................................................141 



 xiii 

Figure 5.11 Visible absorption spectrum of (86) and I2 solutions in DMSO at 20°C 

with I2 solution in reference cell ...................................................................141 

Figure 5.11 Comparison of hormonal concentratios of the animals treated with 86 

and MMI shows higher potency of 86 as compared to MMI in the rats 

administered with similar dose of 20 mg/kg of both compounds for 21 

days. ..............................................................................................................143 

Figure 5.12 Different sections of thyroid from animals treated with (86) shows 

highly increased activity (a, b) and hyperplasia of follicular cells (c) .........145 

Figure 5.13 UV spectra of (159) -I2 complex in DMSO at 20°C with the compound 

solution in reference cell ..............................................................................147 

Figure 5.14 Linear regression plot for XY scatter of 1:1 complexes between ∆ I2-

(149) complex (265 nm, R
2
= 0.9962) ; ● I2-(159) complex (265 nm, 

R
2
= 0.9952) ..................................................................................................147 

Figure 5.15 Linear regression plot for XY scatter of 1:1 complexes between ∆ I2-

(155) complex (265 nm, R
2
= 0.9965); × I2-(157) complex (265 nm, R

2
= 

0.9869); ■ I2-(158) complex (265 nm, R
2
= 0.9927) .....................................148 

Figure 5.16 Linear regression plot for XY scatter of 1:1 complexes between ∆ I2-

(150) complex (270 nm, R
2
= 0.992); ● I2-(156) complex (270 nm, R

2
= 

0.993) ............................................................................................................148 

Figure 5.17 Linear regression plot for XY scatter of 1:1 complexes between ▲ I2-

(151) complex (315 nm, R
2
= 0.999); □ I2-(152) complex (265 nm, R

2
= 

0.992); × I2-(153) complex (315 nm, R
2
= 0.994); ● I2-(154) complex 

(265 nm, R
2
= 0.998) .....................................................................................149 

Figure 5.18 Mean percentage hormonal variations in (MMI, 6SP and 149-159) 

treated animals as compared to vehicle control group plotted against Kc 

values ............................................................................................................153 

Figure 5.19 Thyroid sections of (a) control, (b) vehicle control ......................................156 

Figure 5.20 Microscopic view of thyroid of 6SP treated rat ...........................................156 

Figure 5.21 Colloid depletion and thyroid hyperplasia in the animals treated with 

(a) 149 and (b) 159 .......................................................................................157 

Figure 5.22 Microscopic view of thyroid section from animal treated with (158) ..........157 



 xiv 

Figure 5.23 Thyroid hypertrophy observed for animals treated with 153 (a), 155 (b) 

and 157 (c) ....................................................................................................158 

Figure 5.24 Tumor cells (a) and thyroid carcinoma (b) observed is animals treated 

with MMI .....................................................................................................159 

Figure 5.25 Linear regression curve drawn on the basis of spectrophotometric data 

of complexes between ▲ I2-(168) complex (305 nm, R
2
= 0.997); □ I2-

(162) complex (270 nm, R
2
= 0.996); ● I2-(166) complex (275 nm, R

2
= 

0.999) ............................................................................................................161 

Figure 5.26 Average percentage hormonal variations in the animals treated with 

(MMI, 162-172) with respect to vehicle control plotted against the Kc 

values for the respective compounds on a line column plot on two axes. ...164 

Figure 5.27 Thyroid of animals treated with (a) 162 (b) 164 (c) 166 shows cellular 

modification and overactive gland ...............................................................167 

Figure 5.28 Thyroid sections from animals treated with (a) 165, (b) 172 and  (c) 

MMI; clearly depicting colloid depletion, thyroid hyperplasia and 

cylindrical epithelium ...................................................................................168 

Figure 5.29 Microscopic view at larger scale of (a) control, (b) treated with 164 and 

(c) with 165 ..................................................................................................169 

Figure 5.30 Thyroid sections from animals treated with (a) 167, (b) 168 .......................170 

Figure 5.31 Comparison between compounds on the basis of percentage variations 

in TSH and FT4 levels in the treated animals as compared to vehicle 

control group ................................................................................................171 

Figure 5.32 Comparison between compounds on the basis of Kc values ........................172 

 

 



 xv 

ABSTRACT 

 Various purine derivatives mainly 6 and 8-substituted sulfanylpurines were 

synthesized and evaluated for their potential antithyroid activity. The basic theme of the 

research work originated from the idea of combining the two most popular existing 

antithyroid drugs, namely propylthiouracil (1) and methimazole (2), into a single 

molecule to get the combined effect of both drugs through a single compound. 

Interestingly it resulted in 2,8-disulfanyl-1,9-dihydro-6H-purin-6-one (86). The 

compound was prepared using known method and three major series along with some 

individual compounds were also synthesized because the structural properties of the 

purines and their ability to complex with molecular iodine made them potential 

antithyroid compounds. In this regard, a series of 8-(alkylsulfanyl)-3,9-dihydro-1H-

purine-2,6-diones (144-148) was synthesized using 8-sulfanyl-5,9-dihydro-1H-purine-

2,6-dione (84) and respective alkyl halides in aqueous solution; a second series of 6-

(Alkylsulfanyl)-9H-purines (149-159) was synthesized using 6-sulfanylpurine 

monohydrate and respective alkyl halides in aqueous sodium hydroxide solution. 

Similarly, ethyl (9H-purin-6-ylsulfanyl)acetate (162) was synthesized using 6-

sulfanylpurine monohydrate, triethylamine and ethyl chloroacetate in ethanol and 2-(9H-

purin-6-sulfanyl)acetohydrazide (163). Ethyl (9H-purin-6-sulfanyl)acetate (162) and 

hydrazine hydrate were refluxed in ethanol to get the desired product. Both conventional 

and microwave assisted methods were used. Microwave assisted heating reduced the 

reaction time and improved the yield. A series of N'-[Substituted phenylmethylidene]-2-

(79-purin-6-sulfanyl)acetohydrazides (164-172) was also synthesized by heating 163 and 

substituted benzaldehydes in ethanol under reflux. 

 The compounds were studied in vitro as well as in vivo for determining their 

antithyroid effects. Fortunately, most of them showed significant antithyroid activity  

with a few to be exceptionally good in this respect. The successful exposition of the 

synthesized compounds endorsed the idea of the research programme. It is certainly not 

the end but a new start. The 6 and 8 substituted purine derivatives may now be 

categorized as a new class of antithyroid agents. These compounds can be used as 

alternate drugs for popular benefit after completing the requisite procedures like 

evaluation of cytotoxicity, determining metabolic route and clinical trial etc.
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1. INTRODUCTION 

 

1.1 THYROD GLAND AND THYROID HORMONES 

 

 Thyroid gland is an important gland of the endocrine system.  It is a butterfly 

shaped gland located in upper part of the neck below the larynx and weighs about one 

ounce. Thyroid is a small gland of about two inches in size and usually appears larger in 

men as compared to women. It secretes three types of hormones namely triiodothyronine 

(T3), tetraiodothyronine (thyroxine, T4) and calcitonin
1
. 

  

 

 

 

 

 

 

 

 

 

 

Figure 1.1 Location of thyroid gland in human body 

 

 Thyroid gland is composed of follicular and parafollicular cells. Most of the 

thyroid tissue consists of the follicular cells, which secrete iodine-containing hormones 

called T3 and T4. The parafollicular cells secrete calcitonin. The gland needs iodine for 

the production of hormones. Follicles are lined with cuboidal epithelial cells, which 

release their secretion called colloid, into the follicles.Thyroglobulin is the main 

constituent of colloid. It is a large glycoprotein molecule, synthesized in endoplasmic 

reticulum and Golgi apparatus. Each thyroglobulin molecule is composed of seventy 

tyrosine residues. Tyrosine residue is iodized to form monoiodo and diioiodotyrosines 
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(SCHEME-1) in the presence of iodinase enzyme.
2,3 

These iodinated tyrosines combine 

through a coupling reaction (SCHEME-2) to form triiodothyronine (T3) and thyroxine 

(T4).
4
 Although the mechanism of coupling is still not clear,

5
 yet it is supposed to take 

place between two adjacent thyroglobulin molecules.
6
 The tyrosines remain attached with 

the thyroglobulin molecule during and after the iodination process. Each thyroglobulin 

molecule has 1-3 thyroxines and for every fourteen thyroxines, one triiodothyronine.
7
 

These molecules are stored in the follicles and can meet the body requirements for 2-3 

months. Free hormones are detached from thyroglobulin and enter into the blood where 

they can be used over a period of few days. These free hormones combine with plasma 

proteins especially thyroxine binding globulin (TBG) in the blood and transported to the 

tissue cells. Thyroxine has more binding affinity with TBG as compared to T3, so it is 

released slowly than T3. In the tissue cells, these hormones again bind with intracellaular 

proteins and are stored there.  

  

 

 

 

 

 

SCHEME- 1 

 

 

 

 

 

 

 

 

 

 

   SCHEME- 2 
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 Calcitonin is usually associated with calcium and phosphorus metabolism. It is a 

peptide composed of 32 amino acids cleaved from a larger prohormone. It contains a 

single disulfide bond, which causes the amino terminus to attain the ring shape. In 

mammals, calcitonin is synthesized in the parafollicular cells of the thyroid gland and in 

the other tissues including the lung and intestinal tract. Calcitonin secretion is controlled 

by the extracellular concentration of ionized calcium. Elevated levels of blood calcium 

stimulate the calcitonin secretions while the secretion is suppressed if the calcium 

concentration falls below normal. A number of other hormones have also been found to 

involve in the stimulation of calcitonin release. 

 

1.2 EFFECTS OF THYROID HORMONES ON BODY 

FUNCTIONS 

 

 Thyroid hormones T3 and T4 regulate the rate of chemical reactions and control 

the metabolism in the body cells. On the other hand, calcitonin promotes the deposition 

of calcium in the bones consequently decreasing the calcium concentration in the extra-

cellular fluid. The former two hormones are categorized as metabolic thyroid hormones. 

These hormones have profound effect on the rate of utilization of food for energy, protein 

synthesis, growth rate and mental activities. The performance of other endocrine glands is 

associated with the functioning of thyroid gland in one way or the other.  

 

1.2.1 EFFECT ON GROWTH  

 

 Thyroid hormones play an important role in growth and development of body in 

all vertebrates. They are also found to play a vital role in metamorphosis of frogs i.e. 

transformation of tadpole into a mature frog, which cannot occur if there is a deficiency 

of thyroid hormones. The hormones affect the development by binding with and thus 

activating thyroid hormone receptors which consequently accelerate the gene 

transcription. Thyroid hormones also affect the development of brain during fetal life. 

http://www.csa.com/discoveryguides/thyroid/gloss.php#thyr
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1.2.2 EFFECT ON METABOLISM 

 

 Thyroid hormones help the body in converting food into energy and heat.  

Triiodothyronine directly increases energy metabolism in mitochondria. It activates 

protein synthesis and influences mitochondrial gene transcription, which results in 

breakdown of proteins and increase of both free fatty acids and oxygen consumption. 

These also accelerate carbohydrate metabolism i.e. rapid glucose uptake by the cells, 

increased rate of glycolysis and gluconeogenesis and accompanying increased rate of 

absorption from the gastrointestinal tract. The rate of insulin secretion also increases as a 

result of increased carbohydrate metabolism. Fat metabolism is also increased under the 

effect of thyroid hormones and the fat stores are depleted. The free fatty acid 

concentration in the plasma as well as their oxidation by the cells is increased due to high 

metabolic rate of lipids. Vitamins are essential parts of some enzymes and co-enzymes, 

therefore, vitamins demand is also associated with the thyroid hormone levels. 

 

1.2.3 TEMPERATURE REGULATION  

 

 Thyroid hormones also regulate the body temperature. In fact, thyroid hormones 

and an anterior pituitiary secretion namely thyroid stimulating hormone (TSH) are 

connected through a feedback mechanism, and the later as obvious from its name 

stimulates thyroid gland to increase its hormonal production in case of thyroid hormone 

deficiency. It also stimulates the adipose tissue to enhance heat production in mammals 

without muscle activity. Therefore, thyroid hormone levels vary in response to caloric 

intake and external temperature. During starvation, the body naturally lowers thyroid 

hormones. It not only reduces caloric needs but also prevents the accumulation of ketone 

bodies in blood and kidneys, to avoid damage to the kidneys and other body parts. 

 

1.2.4 CARDIOVASCULAR FUNCTIONS 

 

 Elevated thyroid hormone levels increase the metabolism in the tissues, which 

results in release of above-normal quantities of metabolic end-products. It causes 

http://www.csa.com/discoveryguides/thyroid/gloss.php#mit
http://www.csa.com/discoveryguides/thyroid/gloss.php#gent
http://www.csa.com/discoveryguides/thyroid/gloss.php#fat
http://www.csa.com/discoveryguides/thyroid/gloss.php#ket
http://www.csa.com/discoveryguides/thyroid/gloss.php#ket
http://www.csa.com/discoveryguides/thyroid/gloss.php#ket
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vasodilation in most of the body tissues thus increasing blood flow, especially in the skin 

for eliminating extra heat produced due to the increased rate of metabolism. 

Consequently, the cardiac output and thus the heart rate increases to satisfy the increased 

blood flow requirements.  Increased level of thyroid hormones also directly affects the 

excitability of the heart, which in turn increases the heart rate and profoundness of the 

pulse. Heart rate is an important and sensitive physical sign to assess the thyroid hormone 

levels in a patient. Slight excess of thyroid hormones increase the strength of heart beat 

because of the increased enzymatic activity. However, further increase in hormone levels 

decreases the strength of heart muscle due to excessive protein catabolism. Some deaths 

are reported in severely thyrotoxic patients because of increased load on the heart due to 

the increased heart output. Thyroid hormones also cause the blood volume to increase 

slightly probably due to vasodilation which allows increased quantities of blood to collect 

in the circulatory system. In case of excessive hormones the systolic blood pressure is 

increased by 10-15mm of Hg due to increased blood flow through the tissues with a 

corresponding decrease of diastolic pressure. However, the mean arterial pressure usually 

remains unchanged.  

 

1.2.5 EFFECTS ON RESPIRATORY SYSTEM 

 

 The elevated levels of thyroid hormones increase the rate and depth of respiration 

by activating the respiratory mechanism and stimulating the respiratory centre. This is 

because of the enhanced rate of metabolism, which increases the oxygen utilization and 

as a result production of more carbon dioxide. 

 

1.2.6 EFFECT ON THE GASTROINTESTINAL TRACT 

 

 The motility of the gastrointestinal tract and rate of secretion of the digestive 

juices also alters with increasing or decreasing thyroid hormone levels. As a result, 

diarrhea and constipation are often caused by high or low levels of thyroid hormones 

respectively. 
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1.2.7 EFFECT ON THE CENTRAL NERVOUS SYSTEM 

 

 The lack of thyroid hormones decreases the promptness of cerebration and vice 

versa. However, the increased thyroid hormones may create nervousness and many other 

psycho-neurotic tendencies such as anxiety and paranoia etc. Another effect of increased 

concentration of thyroid hormones is a feeling of constant tiredness. Low concentration 

of thyroid hormones leads to daily sleeping time of 12-14 hours. While, in case of higher 

hormonal levels, it becomes difficult to sleep due to their exciting effects on the synapses. 

 

1.2.8 EFFECT ON THE FUNCTION OF MUSCELES  

 

 Muscles start reacting vigorously with slight increase in thyroid hormones. 

However, further increase of hormones increases the protein catabolism and weakens the 

muscles. Thyroid hormone deficiency makes the muscles sluggish resulting in their slow 

contraction and expansion. Fine tremor is a characteristic sign of increased thyroid 

hormone level. It has rapid frequency of 10 to 15 times per second. This tremor is 

believed to be caused by increased reactivity of the neuronal synapses in the areas of the 

cord that control muscle tone and is an important means to assess the severity of effect on 

the central nervous system. 

 

1.2.9 EFFECTS ON OTHER ENDOCRINE GLANDS 

 

 An increase in thyroid hormones results in corresponding rise in almost all the 

secretions of the endocrine system. At the same time, it also increases the tissue's demand 

for the hormones. For example, the rate of glucose metabolism increases with the 

increased level of thyroxine, which causes a parallel need for more insulin secretion by 

the pancreas. Likewise, due to the increased activities related to bone formation, the 

requirement for parathyroid hormone also increases. Furthermore, the rate of inactivation 

of adrenal glucocorticoids by the liver is increased with increasing thyroid hormones, 

which leads to feed back increase in adrenocorticotropic hormone production by anterior 

pituitary and thus increased rate of glucocorticoid secretion by the adrenal glands. Table 

1-1 summarizes the effects of increased and decreased thyroid hormones.  
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Table 1.1 Effects of low and high thyroid hormone levels on major body 

functions 

 

Description Function Low hormone level 
High hormone 

level 

Fetal development 
Skeletal maturation 

and brain development 

Mental retardation and 

dwarfism 
- 

Growth 

Promotes secretion of 

GH which causes 

normal growth 

Causes dwarfness in 

children 
- 

Metabolism 
Increases basal 

metabolic rate(BMR) 

Decreased metabolic 

activities 
Increased activity 

Cardiovascular 

effects 

Contractility of the 

heart is increased 

Decreased cardiac 

output 

Increased cardiac 

output 

Digestion 

Helps in digestion of 

food by stimulating 

gut motility 

Constipation Diarrhea 

Activity Normal activity Lethargy Increased activity 

Skeletal effects 
Causes normal closure 

of growth plates 
Myxedema 

Loss of bone mass 

and in severe cases 

hypercalcemia 

Carbohydrate and 

lipid metabolism 

Regulates blood sugar 

levels and cholesterol 

synthesis 

Increased cholesterol 

levels 

Decrease in 

cholesterol levels 

Neural and 

muscular activity 

Normal neural and 

muscular functions 
Hyporeflexia, lethargy 

Hyperreflexia, loss 

of muscle mass 

Heat tolerance - Sensitivity to cold Heat sensitivity 

Other endocrine 

glands 

Controls the synthesis 

and degradation of 

many other hormones 

Diminished hormonal 

activity 

Increased hormonal 

production 
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1.3 REGULATORY MECHANISM OF THYROID HORMONES 

 

 There are two accepted mechanisms for regulating thyroid functioning. The first 

is based on the ability of gland itself to respond to the increased hormonal level 

(autoregulation) and the second is through a chain of command through hypothalamus 

and anterior pituitary glands (feedback inhibition).  

 

1.3.1 AUTO REGULATION 

 

 The autoregulation mechanism operates through controlling the uptake of 

necessary iodine required for the synthesis of thyroid hormones. The phenomenon of 

autoregulation is complicated and is yet not comprehensively understood.  

 

1.3.2 FEEDBACK INHIBITION 

 

 This mechanism works through feedback inhibition process. Three most 

important glands namely thyroid gland, anterior pituitary and hypothalamus are supposed 

to take part in this regulatory process of thyroid hormones. Hypothalamus is an important 

regulatory center in the brain, which plays a pivotal role in this case as well. It secretes 

thyrotropin-releasing-hormone (TRH), which activates and regulates thyroid-stimulating 

hormone (TSH) an anterior pituitary secretion. TSH travels via circulation to the thyroid 

tissues and stimulates them to enhance the synthesis as well as release of thyroid 

hormones. The regulation of TRH probably involves complex neurological signals and 

interactions; however, hypothalamus is sensitive to TSH levels and stops releasing TRH 

if TSH levels in the blood rises above the normal values. Similarly, a positive feedback is 

sent to anterior pituitary and hypothalamus on presence of adequate levels of circulating 

free T4 and T3 (Fig. 1).   
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Figure 1.2 Feedback inhibition of thyroid hormones 

 

1.3 HYPERTHYROIDISM 

 

 The excess or deficiency of thyroid hormones affect the secretions of other glands 

and disturbs the body functions. The condition in which thyroid hormone levels rise 

above the normal is known as hyperthyroidism
8
. Its common signs and symptoms are

9
: 

1. Palpitations/ fast heart rate 

2. Nervousness 

3. Insomania 

4. Breathlessness 

5. Increased bowel movements  

6. Fatigue 

7. Trembling hands 

8. Weight loss 

9. Muscle weakness 

10. Warm moist skin 

 

 

Anterior 

Pituitary 

 

 

 

Thyroid 

 

 

 

Hypothalamus 
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11. Hair loss  

12. Staring gaze 

 

1.3.1 TYPES OF HYPERTHYROIDISM 

 

 There are several types of hyperthyroidism (Table 1.2), among which the most 

common is Grave‟s disease.
10

 In this disease the entire gland starts overproducing thyroid 

hormones. Sometimes, a single nodule called "hot" nodule is responsible for the excess 

hormone secretion. This condition is called toxic adenoma.
 11

 Toxic multinodular goiter is 

clinical name of a disease in which more than one hot noduli are found in the gland.  

Excessive hormones may also be released due to inflammatory conditions of thyroid 

gland, which is called thyroiditis.
12

   

 

1.3.2 CAUSES OF HYPERTHYROIDISM 

 

 The major causes of hyperthyroidism are: 

 The antibodies made by the patient's immune system are attached to specific 

activating sites on thyroid gland causing it to make more hormones (Grave's 

disease).
13

  

 Autonomous hormone production from hot nodule(s). 

 Non-cancerous lumps or tumors may become "autonomous" i.e. they do not 

respond to pituitary regulation via TSH and produce thyroid hormones 

independently.
14

 

 Inflammation of thyroid gland is sometimes caused by influenza or fever etc. 

resulting in hyperactivity of gland (Thyroiditis).
15

 

 Abnormal secretion of TSH due to tumor in pituitary gland may lead to the 

increased production of thyroid hormones. 

 Excessive intake of thyroid hormones.
16

 

 Excessive iodine intake. 
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Table 1.2 Types of hyperthyroidism with associated pathophysiology and gland conditions 

Types Pathophysiology 
Change in gland 

size 
Nodularity Tenderness 

Graves' disease (thyroid-

stimulating antibody) 

Increased glandular stimulation 

(substance causing stimulation) 
+ None Nontender 

Toxic adenoma 
Autonomous hormone 

production 
- Single nodule Nontender 

Toxic multinodular goiter 
Autonomous hormone 

production 
+ Multiple nodules Tender 

Subacute thyroiditis 
Leakage of hormone from the 

gland 
+ None Tender 

Lymphocytic thyroiditis 
Leakage of hormone from the 

gland 
+ None Nontender  

Iodine-induced hyper 

functioning of thyroid gland 

Increased glandular stimulation 

(substance causing stimulation) 
+ 

Multiple nodules or 

no nodule 
Nontender  

Functioning pituitary adenoma 
Increased glandular stimulation 

(substance causing stimulation) 
+ None Nontender 

+ Increased; - Decreased 
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1.3.3 DIAGNOSIS 

 

 The diagnosis of hyperthyroidism can be made with the help of blood tests within 

a few days. Serum hormone levels are measured from the blood samples of the patients. 

The assays are performed using commercially available kits. Radioimmunoassay (RIA) 

and Enzyme linked immunosorbent assay (ELISA) techniques are geneally used for this 

purpose. In case of hyperthyroidism, blood tests exhibit high levels of the thyroid 

hormones T4 & T3 and low level of TSH.
17

 Other special tests like iodine thyroid scan are 

occasionally used. This helps in distinguishing among the various causes of 

hyperthyroidism and depicts the presence of single hot nodule or multiple noduli in the 

gland.
18

 

 

1.3.4 TREATMENT 

 

 A number of treatments are available for hyperthyroidism like radioactive iodine 

therapy, surgery and antithyroid drugs.  

 

1.3.4.1 Radioactive Iodine 

 

 Radioactive iodine (
131

I) is the most common form of therapy in USA for patients 

with hyperthyroidism.
19

 It is preferred over other therapies for being safer and 

comparatively cost effective. Radioactive iodine is recommended for Graves' disease and 

toxic nodular goiter in all patients including children. The side effects are the 

development of tumors, leukemia, thyroid cancer and birth defects in women but the 

reported incidences are low.
20

 The major difficulty in this treatment is the adjustment of 

the required dose.
 
Twenty five percent of the patients become hypothyroid after one year 

of therapy and the incidence continues to increase yearly. On the other hand, the 

incidence of reocurrence of hyperthyroidism could be even higher if smaller doses are 

used.
 21 
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NHNH

O

S CH3

1.3.4.2 Surgery 

 Surgical treatment is also used but it has its own complications. Tracheal 

compression due to bleeding, infection, bilateral vocal fold paralysis and superior 

laryngeal nerve damage may occur. Moreover, persistent hypothyroidism may be caused 

due to excessive or full removal of the gland.
 22

   

 

1.3.4.3 Medicines 

 

 As far as medication is concerned, several inorganic monovalent anions having 

partial molal ionic volumes similar to that of iodine ion are concentrated by the active 

transport mechanism of the thyroid gland. These anions were supposed to competitively 

inhibit the active transport of iodine and were found active in order TcO
-
4 >> ClO

-
4 > Re

-
4 

> BF
-
4

 
> I

-
. Sodium and potassium per chlorate were also used to a limited extent in the 

treatment of hyperthyroidism. However, their use was restricted due to high incidence of 

gastric irritation. Thiocynate ion was also thought to inhibit the iodination of tyrosine 

residues by blocking the iodide concentrating mechanism and acting as substrate for 

thyroid per oxidase but the toxicity of thiocynate limited its use as therapy.  

 

A series of compounds containing the common structural features of thionamides 

are the most widely used drugs for the treatment of hyperthyroidism.
23

 These drugs 

inhibit peroxidase enzymes responsible for iodination of tyrosine residues and the 

coupling of iodotyrosine to form T3 and T4. Propylthiouracil (PTU, 1), methimazole 

(MMI, 2) and carbimazole (CBZ, 3) are the most important and widely used antithyroid 

drugs
24

. 

 

  

 

 (1)    (2)    (3) 

N

N

SH

CH3

N

N

S

CH3

COOC 2H5



Chapter –1         Introduction 

 14 

 Carbimazole (3) is broadly used in Europe. It is rapidly converted to 2 during 

metabolism hence 2 and 3 are essentially the same. These drugs have certain peculiar 

features as well, like 2 has longer duration of action and can be given once daily resulting 

in better patient compliance but 1 may be preferred for antithyroid drug therapy during 

pregnancy or breast feeding because it crosses the placenta and enters into breast milk in 

much lesser amount than 2. Also 1 is preferred for the treatment of thyroid storm because 

its higher doses partially block the peripheral conversion of T4 to T3. These drugs have 

side effects like agranulocytosis (severe decrease in the production of white blood cells), 

liver damage (more common with 1), aplastic anemia (failure of the bone marrow to 

produce blood cells) and vasculitis (inflammation of blood vessels). Up to fifteen percent 

of the patients observe minor side effects like; itching, rash, hives, joint pain and 

swelling, fever, change in taste, nausea, and vomiting.  

 

Scarcity of the medicines was observed for the treatment of hyperthyroidism. 

Therefore, it was planned to synthesize and identify new potential antithyroid 

compounds. Purine derivatives, because of their structural similarities with the exisiting 

drugs and ability to complex with iodine, were selected for the study. 
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2. LITERATURE SURVEY 

 

 The literature survey mainly encompasses current and past antithyroid drugs and 

worldwide research for the development of new antithyroid agents. As the research topic 

was related with the assessment of antithyroid potential of certain known as well as novel 

purine derivatives, therefore a detailed survey regarding synthesis and antithyroid activity 

of purines was made.  

 

2.1 DEVELOPMENTS IN ANTITHYROID DRUGS 

 

The chemical compounds whose main or direct action is to depress thyroid 

function are categorized as antithyroid agents. Although, a variety of synthetic and 

natural compounds as well as diets exhibit partial or secondary antithyroid activity but 

they can not be recognized as antithyroid agents because of their insufficiency to be a 

part of treatment protocol for hyperthyroisim. Thyroid gland and its functions have been 

extensively studied since the start of 20
th

 century. Petrova
25

 reviewed earlier attempts to 

control hyperthyroidism, which described “antithyroidin”, a substance isolated from the 

serum of thyroidectomized animals to be effective in the treatment of hyperactive gland. 

Human and animal urine and blood extracts, thyroxine analogues, salt of copper, iron or 

cobalt, fatty substances, carbohydrates, halogen derivatives and several alkaloids have 

been reported to oppose the effect of thyroid hormones in animals i.e. reduction in 

metabolic rate. However, none of them was found effective for the treatment of 

hyperthyroidism. A number of organic or inorganic compounds have been studied for 

potential antithyroid activity. These compounds are being discussed according to the 

active element present. 

 

2.1.1 FLUORO COMPOUNDS 

 

All fluoride compounds organic or inorganic were believed to have goitrogenic 

ability; Mckay
26

 has described the goitrogenic effects of certain fluorides. That is why, a 

large number of flouro compounds were tested for potential antithyroid activity. Kraft
27,28 



Chapter –2               Literature Survey 

 16 

OH

NH

COOH

F
CH2COOH

F

OH

described capacin (3-flouro-4-hydoxyphenylacetic acid) (4) and pardinon (3-

flourotyrosine) (5) as the most important flouro compounds to be used as antithyroid 

agents. Schiemann et al.
29

 synthesized 3-flourotyrosine (5) using 3-flouro-4-

methoxybenzaldehyde as starting molecule and described its antithyroid activity. The 

compound was found to have appreciable activity in rats. Abelin
30

  has stated that 

3,5,diiodotyrosine (agontan) in massive doses could reduce the thyroid activity. May
31

 

observed the effects of fluorine on the rats and observed thyroid hyperplasia of the 

epithelium and changes in the colloid. He treated eight hundred patients with internal 

fluorine therapy and reported its efficacy in the treatment of toxic goiter. He also studied 

the clinical applications of capacin. According to Benagiano and Fiorentinis,
 32

 fluorides 

can produce considerable functional and anatomical changes in thyroid gland and can act 

as antithyroid agents. 

 

 

 

 

 

  (4)     (5) 

                                                               

2.1.2 SULFUR CONTAINING COMPOUNDS 

 

Mackenzie and Mackenzie
33

 observed a noticeable effect of sulfaguanidine (6) on 

rat thyroids. Several other sulfa drugs including thiourea (7) were also studied and 

considerable antithyroid activity was observed in these compounds. They were amongst 

the first to use rats as test animals for the study of antithyroid activity. Changes in the 

weights and thyroid histology of rats treated with these compounds were determined. 

Richter and coworkers
34,35

 have also observed the enlargement and follicular hyperplasia 

of the thyroid gland due to thiourea (7), phenylthiourea (8), α-naphthylthiourea (9) and 

allylthiourea (10).   
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 (6)    (7)    (8) 

 

                  

 

 

 

 

(9)    (10)     (11)  

 

 

Later, in 1943 Astwood
36

 revealed the antithyroid effects of several thiourea 

moiety containing compounds including 2-thiouracil (11). He reported the first successful 

clinical treatment of hyperthyroidism with thiourea and thiouracil. These observations led 

to the development of more active and useful antithyroid agents. 

 

Thiouracil was the first extensively used compound for the treatment of 

hyperthyroidism after publication of positive results on 4745 cases by Vanwinkle et al.
37

 

It not only resulted in the clinical use of thiouacils but hundreds of new compounds were 

also tested on animals, some of which were subjected to subsequent clinical trials as well. 

Among uracils, 6-propyl-2-thiouracil (1) and 6-methyl-2-thiouracil (12) are currently 

receiving the widest use in general medical practice.    

  

    

 

          

        

       (12) 

CH2

NHNH2

S

NH NH

S

ONHNH2

S
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Taurog
38

 has stated that although different compounds have been found to show 

antithyroid activity yet sulfur containing compounds are the most important ones, 

especially those containing common structural features of the thionamides group and 

thiourea nucleus, called thiourelynes. The structure may exist in the thioketo or thioenol 

tautomeric forms. Kennedy
39

 has described that a variety of cyclic structures containing –

NH-C=S group show antithyroid activity. These compounds include allylthioureas and 

alkylthiocarbimides but most important of them are the simple alkyl derivatives of 

thiouracil. 6-Ethly (13) and 6-n-propyl thiouracils (1) are mostly in practice. According to 

Rivers et al.
40

 the most important antithyroid compounds are propylthiouracil (1), 

methimazole (2) and carbimazole (3).
 
Wilson et al.

41
 have also stated that 1 and 3 are the 

widely used antithyroid medicines. 

 

 

 

 

(13) 

 

Kumamoto et al.
42

 studied the effect of 2,4-dihydro-3H-1,2,4-triazole-3-thiones 

(14) and thiosemicarbazones on 
125

I uptake by the mouse thyroid. They found that ring 

structure reduces the toxicity of compounds. 5-Methyl-2,4-dihydro-3H-1,2,4-triazole-3-

thione (15) was the most potent among the fourteen compounds tested for antithyroid 

activity. 

          

      

 

     

 

 

 R = H, Me, Ph, MeOC6H4, Me2NC6H4, pyridyl; R
1
 = H, Me; R

2
 = H, Me  

   (14) 

 R= CH3,  R
1 
= R

2
 = H  (15) 

NHNH

O

S CH3 CH3 CH3 
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1,1,3,3-tetramethylthiourea (16) was found to have considerable antithyroid 

activity in vivo, which can be attributed to iodine complexation. Secondary antithyroid 

activity was also present in other sulfa drugs i.e. disulfiram (17).
43

 The drugs probably act 

by reducing TSH secretions or inhibit TPO or trap molecular iodine. 

 

 

 

 

 

 

(16)       (17) 

 

Raby et al. 
44

 noted the effect of a large number of biologically active compounds 

from different classes like thiocyanates, isothiocyanates, thiourea and derivatives, 

imidazoles and various amines on lactoperoxidase. The formation of charge transfer 

complexes with iodine was also studied. A good correlation was found between the 

formation constant (Kc) and in vivo antithyroid activity. It was observed that a large 

number of compounds like tetramethylthiourea (16), 1H-imidazole (18), 1-

methylthiourea (19) tetrahydrozoline (20), clotrimazole (21), levamisole (22), 

phenothiazines (23) and imipramines had no action on peroxidase but had high Kc values 

(tetramethylthiourea, 13825 L mol
-1

) and also strong antithyroid activity in the rat. They 

deduced from their studies that synthetic antithyroid agents may act either through 

inhibition of peroxidase or by complexing with the molecular iodine or through both 

mechanisms. 
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 (20)    (21)    (22) 

 

S
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N

 

(23) 

 

Trimeprazine (24) and its three main metabolites namely, trimaprazine 

sulphoxide (25), N-desmethyl trimeprazine (26) and 3-hydroxy-trimeprazine (27) were 

investigated for their antithyroid activity. Strong complexation with iodine in vitro was 

exhibited by 24 and 25, while 26 showed positive results in TPO inhibition. 

Administeration of 5 mg/kg trimeprazine (24) i.p. twice daily for eleven days to Wistar 

rats induced a decrease of FT3 and FT4 and a trend towards increase of serum TSH 

levels.
45
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 Lagorce et al.
46

 studied the oxidation of iodides during the synthesis of thyroid 

hormones. They claimed that the oxidation most probably produces the molecular iodine 

which is likely to form charge transfer complex with electron pair donor species, which 

may act as antithyroid drugs. The action of various drugs on lactoperoxidase as well as 

T3, T4, and TSH levels in the serum were also investigated. It was found that a good 

correlation exists between the formation constant of the complex of drug with molecular 

iodine and in vivo antithyroid activity. This positive correlation suggested the possibility 

of molecular iodine formation during the thyroid hormone synthesis. 

  

 Jambut-Absil et al
.47

 studied phenothiazine based compounds (23) using 

UV/visible spectroscopy. They claimed strong in vitro and in vivo antithyroid activity in 

these drugs. The same workers further studied various drugs having thiazole or imidazole 

rings.
48

 These compounds were found to form charge transfer complexes with iodine in 

1:1 stoichiometry. The Kc values of these complexes were determined and a relationship 

was observed between Kc and biochemical and histological parameters in rats. Higher 

values of Kc (≥100 L mol
-1

) were found to be a reasonable indicator of antithyroid activity. 

 

 Some drugs used for the treatment of diabetese, like glymidine and tolbutamide 

(28) were also found to have antithyroid activity as side effects.
49

 In a study on rats, these 

drugs were found to affect the conversion of monoiodotyrosine to diiodotyrosine. 

Likewise, SH-containing anaesthetics e.g. sodium thiopental revealed antithyroidal 

effects by inhibiting the 
125

I uptake in the rat thyroid.
 50
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   (28) 

 

Gupta et al.
51

 synthesized 1-alkyl-S-(2-N-methylimidazolyl) isothiouronium 

dihydrochlorides (29) and 1-aryl-S-(2-N-methylimidazolyl) isothiouronium 

dihydrochlorides (30) by the reaction of thiazole with alkyl or arylcyanamides in the 

presence of dry HCl. All of them were found to be active as antithyroid agents.  

                     

.  2HCl

N

N

S

H2
C

N
H

H
N

H3C

R

 

   R=H, CH3, C2H5, C3H7, C4H9, C (CH3)3, C6H5 

     (29) 

N

N S

C
H

N

H
N

H3C

R1

.  2HCl

 

(R
1
 = H, Me, Cl, 2- and 4-MeO or -EtO). 

              (30) 

        

 Antithyroid activity of 3-substituted 1,2,4-triazole derivatives (31) was studied in 

rats.
52

 Sulfanyl group was found to be more potent antithyroid group as compared to 

amino and nitro moiety. 
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N

N
H

N
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R= H, NH2, SH, NO2 

(31) 

 

 Stanely and Astwood
53

 have studied sulfur containing five-membered rings and 

found antithyroid activity in 2-thiozolidinethione e.g 32.
 
 

  

  

   

 

                        (32) 

 

 1-Cyclohexyl-3-(3-quinolyl)thiourea (33) was synthesized by Abou-Shaaban et 

al.
54

 and evaluated for potential antithyroid activity using 
125

I-thiocyanate discharge 

technique.
 
It was found to be more potent than propylthiouracil. 

 

  

HN

SN
H

N

 

           (33) 

  

They used electrotopological-state indices of thiourylene moiety as a guideline to 

develop less toxic acyclic thiourylene-type compdounds. One of these compounds 

abouthiouzine (34) showed antithyroid activity equivalent to PTU (1). This compound is 

slightly oxidant and is advantageous owing to its property of avoiding antithyroid-

induced immunological reactions.
55, 56
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N
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O
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H
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             (34) 

  

 Srivastava et al.
57,58

 synthesized a series of N-alkylformamidino-N-

arylthiocarbamide hydrochlorides (35) and determined their antithyroid activity in male 

rats by measuring thyroidal iodine uptake. Introduction of chloro, methoxy and ethoxy 

groups in benzene ring was observed to enhance the antithytroid activity as compared to 

the unsubstituted parent compounds. Results showed that compounds having chlorine in 

aryl nucleus are more active. Moreover, the compounds with isopropyl and tertiarybutyl 

groups also exhibited appreciable antithyroid activity. Several other N-alkylformamidino 

and N-arylthiocarbamide hydrochlorides were also prepared.
 

N-Formamidino-N-

phenylthiocarbamide hydrochloride was found to have antithyroid activity equivalent to 

thiouracil, while the N-allylformamidino-N-m-chlorophenylthiocarbamide hydrochloride 

was found to be 1.47 times more active than thiouracil. N-arylformamidino-N-

arylthiocarbamides were found comparable with thiouracil.
59, 60

 

NH2

S

N

NH

NH

R
1

R

.HCl

 

     R= H, CH3, Cl, OCH3   

      R
1
=H, alkyl       

    (35) 

  

 Srivastava et al.
 61-64 

also checked guanidine derivatives (36), benzimidazolyl and 

benzenesulfonylthiocarbamides for antithyroid activity. The study led to the conclusion 

that sulfanyl group is responsible for antithyroid activity, however, the presence of chloro 
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group at the 4-position of phenyl group also increases the activity.  Effect of the position 

of substituents was also studied, which revealed that para substituted derivatives were 

more active than ortho and meta derivatives. They further synthesized some di and 

trisulfides and determined their antithyroid activity which was considerably high (82-

99% of thiouracils). 

 

S

N
N

NH

NH

NH

SH

R  

       R = H, CH3, Cl, OCH3    

        (36)    

 

 N-arylformamidino-N'-substituted-thiosemicarbazone hydrochlorides (37) were 

synthesized and checked for antithyroid activity by Tiwari et al. 
65- 67 

Chloro compounds 

were found to be the most active amongst all the synthesized compounds. 

 

NH

C NH

C N

S

CRMe

HN

R1

 

             R = C2H5 or CH2CH (CH3)2 

   R
1 
= H, CH3, CH3O, Cl, C2H5O  

             (37)       

 

 Antithyroid activity of goitrin (DL-5-vinyl-2-oxazolidinethione) and related 

compounds was assessed in rats by Faiman et al.
68

. 4-Ethyl-2-oxazolidinethione (38) 

showed activity without obvious toxic effects.  
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O

N
H S

H3C

 

         (38) 

 

 Upadhaya et al.
 
synthesized some N-aryl-N`-benzoylthiocarbamides (39) and 

studied their antithyroid activity. Low level activity was observed for most of the 

compounds.
69,70 

 

HN

C

S

HN

C

O

R

 

           R= H, Br, CH3, OCH3, Cl, OC2H5   

                         (39) 

   

 Fatimi et al.
71

 synthesized 1,4,5-trialkyl-2-thioimidazoles (40) by condensing 

alkylthioureas with α-hydroxyketones. The compounds were tested for in vitro activity by 

inhibition of TPO and in vivo using rats as test animals. 

 

 1-Methyl-4,5-dipropyl-2-thioimidazole (41) was found to be the most potent 

amongst all synthesized compounds.   

N
H

N

S

R1

R2

R2

                           

HN

N
S

CH3

CH3

CH3  
R

1
=H, alkyl; R

2
=alkyl  

(40)     (41) 
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 Takaoka et al.
72

 assessed the antithyroid effects of 5-substituted 3-amino-1,2, 4-

triazoles on rats. Increase in TSH levels and decrease in T3 and T4 levels was observed. It 

was observed that sulfanyl (42) and amino (43) derivatives were the most potent. 

 

 

 

H
N

N

N
NH2

HS

                     

H
N

N

N

H2N

NH2  

  (42)      (43) 

  

 Ukrainets et al.
73

 synthesized a series of thio analogues of 3-(benzimidazol)-2-yl-

4-hydroxy-2(1H)-quinolinone. 3-(3a,7a-Dihydro-1H-benzo[d]imidazol-2-yl)-4-sulfanyl-

3,4-dihydroquinoline-2(1H)-thione (44) was found to be the most potent of all with 

activity equivalent to carbimazole.   

 

    NH S

NH

NSH

 

 (44) 

 

2.1.3 NON SULFUR COMPOUNDS 

 

 El-kerdawy et al.
74

 synthesized a series of tri and tetra substituted uracil and 

thiouracil derivatives and determined their antithyroid potential.The compound 45 has 

shown antithyroid activity comparable with 6-propylthiouracil (1). 
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(45) 

 

 2,3-Dihydroxypyridine (46) represents a new class of antithyroid agents, which 

mainly acts through TPO inhibition and showed considerable antithyroid activity both in 

vivo and in vitro. Its TPO inhibition potential is equivalent to PTU. The treated category 

of animals (rats) exhibited significant increase in serum TSH level with respect to the 

control animals, while a corresponding decrease of 20% and 10% was noted in T3 and T4 

levels respectively.
75

  

 

 

                          

       

(46) 

  

 Temoxifen (47) is the most important therapeutic agent for the treatment and 

chemoprevention of breast cancer. It is found that 47 changes the activity of certain 

peroxidase enzymes like horseradish peroxidase and lactoperoxidase which are being 

used as TPO analogues. Many antithyroid drugs act through inhibition of TPO. It was 

found during investigations that 47 not only inhibit TPO but also forms stable charge 

transfer complex with iodine (Kc = 876 L mol
-1

). Effects of 47 in female Wistar rats were 

investigated in a seven weeks assay with a daily dose of 5mg/kg/animal and found that 

administration of 47 led to goiter and a significant change in T4 and TSH levels, in rats.
76
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    (47) 

 

Sheaham et al.
77

 have described that butyl 3,5-diiodo-4-hydrxybenzoate (48) and 

butyl  2-hydroxybenzoate being competitors of thyroxine can work as an antithyroid 

agents. 

  

 

 

 

 

 

 

 

 

(48)  

 

 Murakami et al.
78

 studied the antithyroid activity of propranolol (49), a well 

known β-blocker, in a physiological culture system. They found that the drug shows 

direct antithyroid activity by inhibiting the iodide transport in the intact thyroid follicles. 

CH3

O

N

CH3

CH3
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(49) 

 

Singh et al.
79

 have synthesized some N'-[5-(N,10-phenothiazinomethyl)-1, 3,4-

thiadiazol-2-yl]-N-arylguanidine hydrochlorides as potential antithyroid agentsN'-[5-

(N,10-phenothiazinomethyl)-1,3,4-thiadiazol-2-yl]-N-phenylguanidine hydrochloride 

showed double antithyroid activity than that of thiouracil. 

 

Mashitak and Suzuki
80

 have reported thiocynates, thioglycosides, cyanogen 

glycosides (50) especially (1-5-vinyl thiooxazolidone), sulfonylureas, lithium and iodide 

to be potential goiterogens because they are found to cause goiter in humans and animals 

(mice, rats and guinea pigs). 

 

 

 

 

 

 

 

  (50) 

 

 Cohen et al. 
81

 administered trimethoprim (51) 200 mg twice for ten consecutive 

days to healthy volunteers and observed a small rise in serum free T4 levels, and decrease 

in T3, TSH and T4-binding globulin levels.  
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N

N

H2
C

NH2

NH2

H3CO

H3CO

OCH3  

   (51) 

 

It has been demonstrated spectroscopically by Lagorce et al.
82

  that many nitrogen 

containing heterocyclic compounds can form charge transfer complexes with iodine. The 

complex of morpholine with iodine was shown to be of n-σ type with 1:1 stoichiometry. 

A strong donor-acceptor interaction was found (Kc = 1261±12 L mol
-1

) at 20 C in CCl4, 

considerably higher than those of complexes of aromatic compounds with iodine. The 

high value of the formation constant for this complex indicated that morpholine could 

serve as starting point for the synthesis of novel anti-thyroid drugs. 

 

 Lee et al. 
83

 studied the antithyroid activity of tropolone (52) and 3-hydroxy-4-

pyrone (53) by observing the inhibition of thyroidal uptake of radio iodine in rats. Both 

compounds not only inhibited the thyroidal uptake of radio iodine but also inhibited 

thyroid peroxidase, lactoperoxidase, chloroperoxidase and horseradish peroxidase 

activities in vitro. However, both of them were toxic and caused liver damage to the 

mice.   

 

O

O

OHO

OH

 

    (52)    (53) 

 

Extensive studies of aromatic compounds with antithyroid activity have shown 

that amino or hydroxyl group is required for maximal goitrogenic activity. Mackenzie et 
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OHHO

OH

OH

HO

al.
84

 have stated that sulfa guanidine was the first aromatic amine in which goitrogenic 

activity was recognized. P-aminosalcylic acid also shows goitrogenic ability. Many 

phenolic compounds also have shown antithyroid activity. The most important have the 

1,3-dihydroxy-substitution patterns of resorcinol (54) or of phloroglucinol (55). 

                                  

 

 

 

 

 

   (54)      (55) 

 

 Ketoconazole was found to exhibit antithyroid effects during a study carried out 

by comby et al.
85

 The value of Kc was found to be 141 L mol
-1

 for its complex with 

iodine as well as it also inhibited lactoperoxidase (IC50 2×10
-4

 M) in vitro. The in-vivo 

effects were assessed by assaying circulating-T4 levels in the serum and from the 

histological changes of the thyroid tissue of rats. Increase in the weight of thyroid gland 

for treated animals was also noted as compared to the control.  

 

2.1.4 SELENIUM ANALOGUES OF EXISTING DRUGS 

 

 6-n-Propyl-2-selenouracil (PSeU) (56) and its methyl derivatives (MSeu) were 

synthesized by the replacement of the sulfur atom at C2 by selenium.  Antiperoxidase 

activity was increased five times as compared to antithyroid drug propylthiouracil 

(PTU)
86

.  

 

HN

N
H

O

Se Pr
 

(56) 
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 Taurog et al.
87

 have studied selenium analogues of methimazole (12) and 6-

Propylthiouracil (PTU) (10).  It has been observed that PTU apart from its antithyroid 

activity, is a potent inhibitor of Type I iodothyronine deiodinase (ID-1), which was 

initially attributed to the formation of a mixed disulfide between PTU and a putative 

cysteine residue at the active site. However, it has recently been demonstrated that ID-1 is 

a selenium-containing enzyme, with selenocysteine, rather than cysteine, at the active 

site. Therefore, it seemed possible that the selenium analogue of PTU (PSeU) (56) might 

be a more potent inhibitor of ID-1 than PTU and might have better antithyroid activity. 

Experiments on rats showed that PSeU is not concerned with thyroid gland because no 

appreciable inhibition of organic iodine formation was observed in the thyroid. Similarly, 

selenium analog of methimazole (MSeI) were also tested and showed little antithyroid 

activity as compared to MMI.
88

 

 

 The introduction of an ethoxycarbonyl group in methimazole and its selenium 

analogue not only prevents the oxidation to the corresponding disulfide and diselenide 

but also reduces the zwitter ionic character. A structure-activity correlation in a series of 

carbimazole (CBZ) analogues (57) suggests that the presence of a methyl substituent in 

CBZ and related compounds is important for their antithyroid activity.
89

   

 

NN

Se

C

O

OC2H5H3C

 

(57) 

 

2.1.5 NATURALLY OCCURING ANTITHYRIOID AGENTS 

 

Considerable goitrogenic activity was observed in cabbage and nitriles 

compounds were found to be its major constituents. So the researchers started looking for 

the antithyroid potential of nitriles. Afterwards, the clinical studies also suggested the 
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appearance of goiters in the patients after administering thiocyanate.
90

 Marine et al.
91

 

studied the mode of action of these compounds. They suggested that thiocyanates may act 

on cellular oxidation system of the tissues resulting in the decrease of overall metabolic 

rate. Rawson et al. 
92

 suggested that the interference may occur with the iodide uptake of 

the thyroid gland. Astwood and coworkers
93

 further studied the effects of diets having 

high protein contents, soyabeans, cabbage, vitamins A and C, nitriles, arsenic salts and 

thiocynates which caused thyroid enlargement in animals. No appreciable antithyroid 

action was found in vitamin A and C while others were found to be active. Although a lot 

of studies were carried on nitriles and thiocyanates especially acetonitriles but they are 

considered a less active class because their action is reversed by increasing the iodide 

contents in the diet. 

 

Cowan et al.
94

  pointed the antithyroid activity in onion volatiles. The onion 

volatiles contain allylmonosulfide, allyldisulfide, methyldisulfide and allyl alcohols, 

which were administered by gastric incubation into rats. All except allyl monosulfide, 

which was tolerated up to 350 ml, showed toxicity at 100, 50, and 30 ml respectively.  

However, allylmonosulfide did not exhibit any antithyroid activity, while allylalcohol and 

methyldisulfide significantly inhibited thyroid function. Radioactive iodine (
131

I) uptake 

in treated category of the female rats was reduced as compared to the control ones. 

 

 Many alkylmono and disulfides were tested for potential antithyroid activity by 

Saghir et al.
95

 The results showed that monosulfides had no antithyroid activity. 

However, disulfides exhibited antithyroid potential, which led to the deduction that the 

certain molecular structures may have role in antithyroid activity. 

 

Later on in another series of experiments,
96

 propyldisulfide was found to exhibit 

the highest activity (95% inhibition), in vitro, thus correlating with the previous in vivo 

findings (92% inhibition). Similarly; methyl, ethyl and butyl disulfides showed higher 

inhibitory activity than corresponding monosulfides. 

 

Langer et al.
97

 studied antithyroid activity of allyl, methyl and butyl 
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isothiocyanates, in vitro, using thyroid lobes of the rats. The compounds showed good 

antithyroid activity. They also studied the antithyroid activity of pure naturally occurring 

L-5-Vinyl-2-thiooxazolidinone (58) isolated from rape seeds (Brassica napus oeifera) on 

rats.
98

 

O

HN

S CH2

O

 

(58) 

 

 [7-Methoxy-8-(1,2-dihydroxy-3-methyl-3-butenyl)]coumarin (59) isolated from 

Murraya paniculata leaves exhibited antithyroid activity in rats.
99

 

 

O

CH2H3C

HO

OH

O

H3C

 

(59) 

 

Ferreira et al.
100

 have stated that some dietary flavonoids inhibit thyroperoxidase 

and hepatic deiodinase activity so they could be classified as anti thyroid agents. Soy 

isoflavones have been found to have goitrogenic ability. Divi et al.
101

 have studied its 

mechanism of action and found that it inhibits thyroid hormone synthesis. 

 

 Some foods also have goitrogenic (antithyroid) activity. Gaiten et al.
102

 have 

found antithyroid activity in Babassu (Orbignya phalerata) a palm tree coconut fruit 

mixed with mandioca (Maninotul itissiama), which is the staple food in endemic goiter 

areas of Marachao in Brazil. 
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Bourdox et al.
103

 have found that the starchy material from the fleshy roots of 

Cassava plant is a principal item of diet in Central Africa. Cassava contains a 

cyanogenicglucoside (50), linamarin which upon ingestion hydrolyzes and yields (CN
-
) 

cyanide ion. The cyanide ion is metabolically detoxified to form thiocyanate (SCN
-
), 

which is goitrogenic. 

 

 Pearl millet (Pennesatum millet leeke), which is a main source of food energy for 

the rural poor in the semi arid tropics is goitrogenic. C-glycosylflavones are abundant in 

the millet diet. In vivo and in vitro studies revealed that vitexin one of three major C-

glycosylflavones, produces antithryoid effects. Some other foods containing antithyroid 

agents are turnip, rutabaga and some species from mustard family (genus brassicae).
104

 

Astwood et al.
 105

 have reported goitrin (s)-5-vinyl-2-oxazolidinethione to be active 

agent. 

 

2.1.6 INORGANIC IONS AS ANTITHYROID AGENTS 

 

 Lithium ion is also known to have peripheral antithyroid activity. Ruzsas et al.
106

 

studied the effect of Li ions on TSH and TRH. After two months treatment on rats with 

Li ion, piutary TSH stores increased and TRH concentration decreased. They concluded 

that lithium not only affects the peripheral system but also has central effect on TRH-

TSH-thyroid axis. As investigated by Berens et al.
107

 Lithium salts in the form of 

Lithiumcarbonate may cause hypothyroidism. Templor et al.
108

 have found that Lithium 

ion inhibits adenylcyclase, which forms cyclic adenosine monophosphate. This second 

messenger is formed in response to TSH stimulates the thyroid hormone release from the 

thyroid gland. Inhibition of hormones by lithium ions has been proved to be useful in 

treating hyperthyroidism. 

 

 Significant decrease in thyroid 
131

I uptake, synthesis of thyroid hormones, and 

protein-bound iodine was noted in rats fed with a normal diet as compared to low-Iodine 

diet for 10 days before the experiment. The same compound was further tested on healthy 

volunteers and significant decrease in thyroidal iodine uptake was observed.
109

    



Chapter –2               Literature Survey 

 37 

Harringtoin et al.
110

 have studied the antithyroid action of ClO2 and found that 

ClO2 treated drinking water depressed thyroxine levels in African green monkeys. Same 

observations were made by Taylor et al.
111

 in neonatal rats that ClO2, an alternative to 

chlorine for drinking water disinfectant, decreased the thyroid activity. 

 

2.1.7 ANTITHYROID EFFECTS OF PESTICIDES 

 

 Pesticides can cause thyroid follicular cell tumors in rodents as obvious from the 

study carried out by Environmental Protection Agency, United States of America (EPA-

USA).
112

 It has been found that certain water soluble compounds such as 

dihydroxyphenols, resorcinol, 2-methylresorcinol and 5-methylresorcinol (orcinol) are 

potent TPO inhibitors. The water contaminated from such compounds might be a cause 

of water-borne goiters.
113

 A survey was made for endemic goiter in the Cauca Valley of 

Columbia and was found that water of a well contains saturated, unsaturated aliphatic and 

some sulfur compounds. In vitro and in vivo studies showed the antithyroid effects of this 

water.
114

 

 

2.2 PURINES 

 

The purine ring system is among the most important of all the heterocycyclic 

compounds. Adenine and guanine are the bases of DNA and RNA. This ring system is 

also important due to subsidiary uses in many biochemical systems. Purine derivatives 

are involved in almost all the biochemical reactions in one way or the other. 

 

Purines have widespred natural occurrence; adenine, guanine, caffeine, uric acid, 

hypoxanthine, xanthine, theobromine, 6-methylaminopurine (60), 6-

dimethylaminopurine, theophylline (61) and isocaffeine are among the most important 

naturally occurring purines. Caffeine (62) is found in both tea and coffee (3.5%). 

Theobromine (63) can be isolated from cocoa bean. 1,3-dimethylxanthine which occurs 

in tea leaves is a powerful diuretic and is used for this purpose. It is also effective in the 

treatment of asthma.
115

 1,7-dimethylxanthine has been reported to possess antithyroid 
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116

 Theobromine (63) is a cardiac and respiratory stimulant
117

. Cytokinins (plant 

growth substances) are adenine derivatives which were first isolated from Zea mays and 

the structure was confirmed by  Shaw et al.
118

 Purines are also very powerful antiviral
119

 

and and antitumer
120

 agents and are clinically used for the purpose.
121

  Sariri et al.
122

 have 

synthesized sulfanylpurines as potential antiviral agents. Sulfanylpurines have also been 

found effective for the treatment of leukemia,
123

 auto immune and rheumatic 

disorders,
124,125

 as well as for idiopathic diffuse interstitial fibrosis of lungs and immuno 

suppression during transplantation.
126

 In the recent years, during the search for new 

antidepressants and antitumor agents; much attention has been given to 6-

(nitroimidazolyl)sulfanylpurines,
127

 thiazolo [2,3-i]purine derivatives,
128

 and 1,3-

thiazino[2,3-i]purine derivatives.
129

 Methylxanthines have been found to be mildly 

antithyroid but strongly goitrogenic compounds. A series of xanthines like, (60-63) were 

investigated using rats as test animals. Mild antithyroid activity of the compounds was 

observed.
130

  

 

   

  

    

          

  

  (60)    (61): R
1
= R

2
 = CH3 

                        R
3
 = H 

                 (62): R
1
= R

2
 = R

3
 = CH3  

     (63):  R
1
= H, R

2
 = CH3, R

3
 = CH3 

 

The derivatives and analogues of these compounds may have antithyroid activity 

because they contain the structural elements of the known drugs. Nevertheless, no further 

studies were found regarding antithyroid activity of such compounds as well as 

sulfanylpurines, which have thiourea moiety-well known for antithyroid potential.   
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2.2.1 SYNTHESIS OF PURINES 

 

Purine itself was obtained for the first time by Fischer when 2,6,8-trichloropurine 

was treated with hydroiodic acid and phosphoniumiodide to yield 2,6-diiodopurine by 

zinc dust and water.
131

 The first representative of sulfanylpurines i.e. 2-chloro-7-methyl-

1,7-dihydro-6H-purine-6-sulfanone (65) was obtained in quantitative yield by the 

reaction of 2,6-dichloro-7-methylpurine (64) with potassiumhydrosulfide at 20°C. The 

same reaction (SCHEME-3) when proceded at 100°C yielded 2,6-disulfanyl-7-

methylpurine (66).
132
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(64)    (65)    (66) 

      SCHEME- 3 

 

 Three major synthetic approaches have been described in literature for purines. 

 

2.2.1.1 From Acyclic Precursors 

 

One of the earliest examples of the synthesis of purines from acyclic precursors is 

the synthesis of uric acid (68) from 3,3,3-trichloro-2-hydroxypropanamide (67) and urea 

(SCHEME-4).
133
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(67)       (68) 

SCHEME- 4 
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Hypoxanthine (70) was obtained by heating 3-amino-2-(formylamino)-3-

iminopropanamide (69) with formamide (SCHEME-5).
134
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(69)       (70) 

SCHEME- 5 

 

Similarly, 2,3-diamino-3-iminopropanamide (71) with orthoesters (72) in DMF or 

acetonitrile afforded 2,8-dialkylpurines (73)  (SCHEME-6).
135
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 (71)   (72)      (73) 

SCHEME- 6 

 

2.2.1.2 From Pyrimidines 

 

Although different purine derivatives were synthesized from acyclic precursors 

yet the most widely used route for the purine synthesis is to build up an imidazole ring on 

the appropriate pyrimidine. The simplest example is the synthesis of guanine (76) by the 

fusion of 2,5,6-triaminopyrimidin-4(3H)-one (74) with formic acid (75)  (SCHEME-7). 
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This and related reactions are termed as Traube synthesis.
136

 Product formation 

takes place through intermediate N-Acyl or N-formyl derivatives.  

 

N

NH

NH2

NH2

NH2

O

O

OHH

N

NH
N

H

NNH2

O

+

 

(74)   (75)   (76) 

SCHEME- 7 

 

Weakly acidic pyrimidines cyclize readily to give respective purines i.e. the 

synthesis of caffeine (78) from N-(6-amino-1,3-dimethyl-2,4-dioxo-1,2,3,4-

tetrahydropyrimidin-5-yl)-N-methylformamide (78)  (SCHEME- 8).
 137
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(77)     (78) 

SCHEME- 8 

 

8-Oxopurines can be synthesized by the fusion of 4,5-diaminopyrimidines with an 

excess of urea.
138

 Uric acid (68) can be obtained from the fusion of 4,5-diaminouracil 

(80) with urea.
139
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 (80)    (79)   (68) 

SCHEME- 9 
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Robins et al.
 140

 have synthesized 6-sulfanyl-8-oxypurine (82) by the fusion of 

4,5-diamino-6-sulfanylpyrimidine (81) with urea in quantitative yield.  

 

N

N
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NH2

SH

N

NH
N

H

N

H

S

O+

NH2 NH2

O

 

(81)       (82) 

SCHEME- 10 

 

Replacement of urea with alkyl or aryl isothiocyanates provided 9-

alkylated/arylated products. Traube et al.
 141

  have synthesized 9-phenyluric acid (83) by 

reacting 4,5-diamonouracil (80) with phenylisocyanate (SCHEME-11).  
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(80)      (83) 

SCHEME- 11 

  

Traube method has also been used for the synthesis of 8-thioxopurines. 

Diaminopyrimidines can be fused either with carbon disulfide, thiourea, thiophosgene or 

thiocyanic acid derivatives. The 4,5-diamionouracil (80) and carbon disulfide were 

combined under pressure to provide 8-thiouric acid (84) (SCHEME- 12).
142
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(80)      (84) 

SCHEME- 12 

 

Reaction of thiourea with 2-sulfanylpyrimidine (85) has been reported to give 2,8-

disulfanylpurine (86)  (SCHEME-13).
143
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(85)        (86) 

SCHEME- 13 

 

Synthesis of sulfanylpurines using thiourea requires more drastic conditions while 

using N,N`-dimethylthiourea the products can be achieved at lower temperatures. S-

methylated products could be isolated at higher temperatures. Merz et al.
144

 have 

achieved the synthesis of 1,3-dimethyl-8-thioxo-3,7,8,9-tetrahydro-1H-purine-2,6-dione 

(88) by heating 5,6-diamino-1,3-dimethylpyrimidine-2,4(1H,3H)-dione (87) with 

thiourea at high temperature (SCHEME-14). 
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(87)       (88) 

SCHEME- 14 
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Elion et al.
145

 synthesized labeled 
14

C8 -6-sulfanylpurine (92) by the fusion of 4,5-

diamino-6-sulfanylpyrimidine (91) with 
14

C labeled sodium formate. 
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14
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(89)     (90) 

SCHEME- 15 

 
Ibrahim et al.

146
 have synthesized 6,7,8-trisubstituted purines (92) starting from 

91  using copper catalyzed amidation reactions (SCHEME-16). 
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          (91)     (92) 

SCHEME- 16 

 

6-Sufanylpurine and sulfanylguanine (94) were obtained by heating the sodium or 

potassium salt of 4-amino-5-formamylamino-6-sulfanylpyrimidines (93) in an inert 

solvent (SCHEME-17).
147
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 (93)   R=H, NH2  (94) 

SCHEME- 17 
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Dille et al.
148

 have synthesized 2,6-disulfanylpurines (96) by heating the 4,5-

diamino-6-sulfanylpyrimidines (95) with 90% formic acid or formamide (SCHEME-18). 

2-Phenyl-6-sulfanylpurines and 9-alkylsubstituted sulfanylpurines have also been 

synthesized using the same method.
149,150 
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(95)       (96) 

SCHEME- 18 

 

2.2.1.3 From Imidazoles 

 

The synthesis of purine derivatives can also be achieved starting from suitable 

imidazoles. Imidazoles are precursors for the synthesis of purines in living systems. For 

this purpose, formic aceticanhydride is commonly used with aminoimidazoles. Reaction 

takes place via an intermediate N-formyl derivative, which cyclizes into the desired 

product either by treatment with a weak base or by prolonged heating. 

 

Hypoxanthine (70) has been synthesized by Shaw et al.
151

 by heating 5-

(formylamino)-1H-imidazole-4-carboxamide (97) in the presence of sodium bicarbonate 

(SCHEME-19).
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(97)    (70) 

SCHEME- 19 
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In a similar reaction (SCHEME-20) adenine (99) was synthesized by Prasad et 

al.
 152 

using formamide as cyclizing agent.
153

 Formamidineacetate has been reported to 

give an excellent yield of adenine. 
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(98)    (99) 

SCHEME- 20 

 

Ethyl formate has been used by Yamazaki et al.
154

 as cyclizing agent but triethyl 

orthoformate is most widely used. 

 

 Richter et al.
155

 have synthesized 8-methylhypoxanthine (101) using triethyl 

orthoformate in DMF.  
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(100)    (101) 

SCHEME- 21 

 

A mixture of triethyl orthoformate and aceticanhydride or diethoxyethyl acetate 

has also been used as cyclizing agent.
156

 In the absence of anhydride, intermediate can be 

isolated and used for the synthesis of purine derivatives. Shaw et al. 
157

  have described 

the synthesis of 9-methyladenine (104) by reacting 5-amino-1-methyl-1H-imidazole-4-

carbonitrile (102) with triethyl orthoformate to obtain 5-[(ethoxymethyl)amino]-1-
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methyl-1H-imidazole-4-carbonitrile (103) followed by reaction  with ethanolic ammonia 

(SCHEME-22).  
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SCHEME- 22  

 

Roussea et al.
 158

  have used ethyl acetate and ethyl propionate in ethanolic 

sodiumethoxide to get 2-methyl and 2-ethylhypoxanthine. Ethyl orthoacetate has also 

been used for the synthesis of 2-methylhypoxanthine. Gamazaki et al. 
159

have reported 

the synthesis of 6-sulfanylpurines (106) and via cyclization of 4-amino-imidazolo-5-

sulfanylcarboxamides (105) with formamide or ethyl formate (SCHEME-23). 
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 (105)      (106) 

SCHEME- 23 

 

2.2.1.4 By Substitution Reactions 

 

Purine derivatives may also be synthesized by the substitution of a group with an 

appropriate one. Khaletskii et al.
160

 have synthesized 6-thiocaffeine (108) by heating 

caffeine (107) with phosphorus trisulfide in kerosene at 120-140°C in 60-65% yield. At 

higher temperatures, both oxygen atoms were replaced by sulfur giving 2,6-dithiocaffeine 

(109) in 56% yield (SCHEME-24). 
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The reaction of theobromine with phosphorustrisulfide yielded a mixture of 

products. Only 2,6-disulfanyltheobromine was isolated in 34-42% yield.
161

 Elion et al.
162

 

used phosphoruspentasulfide for the replacement of oxygen with sulfur in the synthesis of 

purines. Beaman
163

 used pyridine as a solvent in the synthesis of 2-oxy-6-sulfanylpurine. 

The use of pyridine not only reduced the reaction time but also improved the yield (73-

81%). 6-Sulfanyltheophylline (111) was obtained by heating theophylline (110) with 

phosphoruspentasulfide in pyridine in 70 % yield (SCHEME- 25).  While the same 

reaction in tetralin at higher temperature provided disulfanyltheophylline (112) in 52-

60% yield.
 164 

 

 

 

 

 

 

(112)     (110)    (111) 

SCHEME- 25 
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2,6,8-Trisulfanylpurine (114) was obtained by the reaction of 2,8-disulfanylpurine 

(113) with phosphoruspentasulfide in pyridine under reflux (SCHEME-26).
165
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SCHEME- 26 

  

Bredereck et al.
166

 have reported the synthesis of hypoxanthine (70) by the deamination 

of adenine (99) with nitrous acid (SCHEME-27). 
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SCHEME- 27 

 

Giner-Sorolla et al.
167

 have described the synthesis of 6-sulfanylpurine (116) by 

the substitution of 6-hydrazino or 6-hydroxylamino (115) groups upon heating the 

purines with thioacetic acid. 
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SCHEME- 28 
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2.3 BIOLOGICAL ACTIVITY OF PURINE DERIVATIVES 

 

A lot of research is carried out for the synthesis and assessment of biological 

activities of purine derivatives. Stefan et al
168

 have synthesized purine derivatives as 

potential ATP-competitive kinase inhibitors. Olomoucine (117), Purvalanol A (118), PU3 

(119) were described as active agents. 
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Bergmann et al.
169

 synthesized 3-methylpurine derivatives (120-124) and 

investigated their effect on xanthine oxidase.   
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6-Alkylsulfanylpurines (125) and 6-(alkyl)aminopurines (126) have been found to 

affect the development of mosses, inhibition of tentacle regeneration in hydra, and the 

process of cell division and development.
170
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Skipper et al.
 171

 have described 6-methylsulfanylpurine (127) and 6-

benzylsulfanylpurine (128) to show activity against sarcoma 180 and adenocarcinoma 

755 comparable to that of 6-sulfanylpurine. 
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Therefore, the efforts were made to synthesize different sulfanylpurine derivatives 

and evaluate their biological activity. One such effort is the synthesis of α-(6-

purinylsulfanyl)succinic acid (131), which was found to promote growth of etiolated bean 

leaf disks.
172

 α-Bromoacetic, propionic, valeric and succinic acids were used for the 

purpose. 
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SCHEME- 30 

 

The resulting carboxylic acids were tested for the inhibitory activity against 

regeneration of hydra. No activity was observed in all the derivatives of carboxylic acids. 

It was inferred that the replacement of alkyl group with carboxylic group causes loss of 

activity. 9-Alkyl substituted 6-sulfanylpurine (132), thioguanine (133), and S-alkyl, 

aralkyl, carboxyalkyl derivatives have been found to possess considerable antitumor 

effect.
173

 

 

N

N
N

N

SH

R

(132) (133)

N

N
N

N

H

NH2

SH

 

 

Keeping in view the immunodepressive activity of 9-alkyl derivatives of 

sulfanylpurines, Alekasandrova et al.
174

 synthesized 9-alkylderivatives of azathioprine 

(134), 6-(1-butyl-4-nitro-2-propylimidazol-5-yl)sulfanylpurine (135), 6-(1-methyl-5-

nitroimidazolyl-4-yl)sulfanylpurine (136) and 6-(1-ethyl-5-nitro-1-propylimidazolyl-4-

yl)sulfanylpurine (137). The alkylating agents used were alkyl and aralkyl halides, 

haloalcohols, haloacids and their esters in anhydrous DMF. The compounds were 

supposed to show high level antotumor activity.  
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Huang et al.
175

synthesized 6-Chloropurine (138) and 2-Amino-6-chloropurine 

(139) derivatives using microwave irradiation. Different anilines, primary amines, and 

benzylamines were made to react with purine derivatives. The study was made to in lieu 

of biological importance of purines. 
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These and several others works reported in literature provoked the idea to work on 

purine derivatives for the assessment of biological i.e. antithyroid activity. 
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2.4 PRESENT WORK 

 

Propylthiouracil (1), methimazole (2) and carbimazole (3) are the drugs used for 

the treatment of hyperthyroidism. There is a lot of room for work in this area. The ratio of 

thyroid patients is increasing in our country as well as worldwide, probably due to 

increased use of pesticides and influx of other industrial pollutants in the environment. 

Therefore, earnest attention is required to cope with this problem by preventive as well as 

curative measures; for which work on new, more potent synthetic antithyroid agents 

(SATs) with lesser side effects is required. The present work is, therefore, designed to 

address both these aspects and alternate antithyroid agents have been suggested.  

 

It was thought to unite the nuclei of the two existing and most popular drugs into 

a single molecule with a view to get the combined effects of both drugs. The resultant 

molecule is interestingly a 2,8-disulfanyl-1,9-dihydro-6H-purin-6-one (86). The concept of 

binary drug conjugates is one the most effective strategy for drug design. The stability of 

molecular complexes of iodine increases with increasing non-bonding electrons. The 

compound 86 is likely to make more stable n-ζ complex with iodine owing to its dual 

sulfur atoms. Complexing with iodine is considered to be a major mechanism of action of 

many SATs and electron donor properties of purines are already known.
 
The formation of 

charge transfer band on mixing chloranil and 1,3,5-trinitrobenzene with adenine and 

caffeine in dimethylsulfoxide (DMSO) has been discussed by Beukers and Szent-

Gyorgyi.
176

 Machmer and Duchesne
 
have also observed the formation of a donor-acceptor 

complex between chloranil (acceptor) and adenine and guanine (donors).
177

 Helm and 

coworkers, were the first to report the structural and spectral information about a CT 

complex of purine, stabilized primarily, by donation of n-electrons from ring nitrogen.
178

 

Likewise, 1,7-dialkylxanthines
 

and some dimethylxanthines were reported to have 

antithyroid activity,
 
whilst adenine and guanine also exhibited low level antithyroid 

activity. Charge transfer complexes of purines with bromanil and p-benzoquinone have also 

been reported.
179

 All this drew our attention to evaluate purine derivatives for potential 

antithyroid activity. Therefore, a number of purine derivatives are synthesized and 

evaluated both in vitro and in vivo for potential antithyroid effects.  
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3. MATERIALS AND METHODS 

 

3.1 CHEMICALS AND INSTRUMENTS 

 

Reagent grade materials were purchased from Aldrich Chemical Co. and were 

used without further purification. Melting points were determined using a Gallenkamp 

melting point apparatus and are uncorrected. 
1
H NMR spectra were taken in DMSO-d6 

and recorded at 300, 400 and 500 MHz. 
13

C NMR spectra were recorded on 75 and 100 

MHz on a Brucker/XWIN-NMR instrument. Chemical shifts are given in ppm relative to 

(Me)4Si as internal standard (abbreviations: s, singlet; d, doublet; t, triplet; m, multiplet). 

Mass spectra were recorded on Jeol MS Route. Elemental analyses were carried out on 

Perkin Elmer 2400-CHN Analyzer performed in H.E.J. Research Institute, Karachi 

University, Karachi and were within the range of 0.4% of predicted values for all the 

compounds. UV/VIS Spectra were recorded on a double beam UVD-3500 

spectrophotometer (Labomed Inc.). House hold microwave was used for microwave 

assisted synthesis. Thin layer chromatography was carried out on Merck silica gel 60F254 

plates. Radioimmunoassay (RIA) kits for free T3 and T4 were obtained from Immunotech 

(France) and TSH for rat ELISA kit fromCusabio Biotech Ltd. and blood assay was 

carried out at Centre for Nuclear Medicine Lahore (Pakistan). The slides of thyroid 

tissues were studied under Olympus BX51microscope fitted with Olympus DP12 digital 

camera at Atomic Energy Minerals Centre, Lahore. 

 

3.2 PREPARATION OF STARTING MATERIALS 

3.2.1 SODIUM ETHYL XANTHATE (NaSCSOC2H5) (140)180 

 

Na
+

S
-

S

O CH3 
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 Sodium hydroxide (0.525 g, 13.25 mmol) was dissolved in absolute ethanol (50 

ml). The solution was mixed with carbon disulfide (13 mmol, 0.78 ml) and stirred 

overnight at room temperature. The resulting white precipitates were filtered and dried 

under vaccum.    

MP   >300°C (lit.
180

 mp >300 °C) 

Yield   99% 

UV λ max  300 nm 

1
HNMR  δH (300MHz, DMSO-d6) 4.12 (2H, quat, J=7.20), 1.28 (3H, t, J=7.20) 

13
CNMR  δC (75 MHz, D2O) 232.8, 70.3, 13.6 

 

3.2.2 6-AMINOPYRIMIDINE-2,4(1H,3H)-DIONE (141)181 

 

N

H

NH

O

O NH2

 

 

Ethyl cynoacetate (17.66 ml, 62.7 mmol) was added drop wise to a solution of 

sodium ethoxide prepared from sodium metal (3.8 g, 166 mmol) in absolute ethanol (50 

ml). The mixture was stirred at room temperature for 20 minutes and urea (10 g, 166 

mmol) was added. The mixture was refluxed for three hours on water bath. The white 

precipitates were filtered off, washed with ethanol and dissolved in water (100 ml). The 

solution was adjusted to pH 7 by adding glacial acetic acid. The precipitates were filtered 

off, washed water and dried in oven at 110°C. 

MP   > 300°C   (lit.
181

 >300°C)   

Yield   89% 

1
HNMR  δH (300 MHz, DMSO-d6) 10.05 (1H, s), 10.03 (1H, s), 6.15 (2H, s), 4.40 

(1H, s) 

13
CNMR δC (75 MHz, DMSO-d6)  164.2 , 155.1, 150.9, 74.1 

  MS     EI (m/z) 128(M+1, 10%), 127 (M
+
, 100) 
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3.2.3 6-AMINO-5-NITROSOPYRIMIDINE-2,4(1H,3H)-DIONE (142)182 

 

N

H

NH

O

O NH2

N

O

 

 

 6-Aminopyrimidine-2,4(1H,3H)-dione (141) (20 g, 21.0 mmol) in water (50 ml) 

was added to a solution of sodium nitrite (12.5 g, 22.0 mmol) in water (10 mL). Glacial 

acetic acid (14.16 g, 23.3 mmol) was added drop by drop in the above mixture and stirred 

for six hours at room temperature. Red precipitates were filtered, washed with ethanol 

and water and dried in oven at 110°C. 

MP   > 300°C (lit.
182

 >300°C) 

Yield   88% 

UV λ max  300 nm 

1
HNMR  δH  (300 MHz, DMSO-d6) 11.27 (2H, s), 10.48 (1H, s), 7.98 (1H, s) 

13
CNMR   δC  (75 MHz, DMSO-d6)  162.7 , 152.8, 149.5, 140.1 

MS   EI (m/z) 151(M-2, 14%), 149 (M
+
, 71), 147(14), 57 (100) 

 

3.2.4 5, 6-DIAMINOPYRIMIDINE-2,4(1H,3H)-DIONE (80)
183

 

N

H

NH

O

O NH2

NH2

 

 

 6-Amino-5-nitrosopyrimidine-2,4(1H,3H)-dione (142 ) (1.25g, 9.8 mmol) was 

added in distilled water (30 ml, 90°C) and heated on a boiling water bath, sodium 

dithionite (0.5 g, 10.1mmol)  was added slowly in the reaction mixture. Red color was 

discharged and the colorless mixture was heated with stirring for twenty minutes. 

Precipitates were filtered off, washed with acetone and dried in oven. 
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N

H

NH
N

N

H
O

O

SH

MP   > 300°C   

Yield   71% 

1
HNMR  δH (300 MHz, DMSO-d6) 10.53 (1H, s), 8.53 (1H, s), 5.92(2H, s), 4.37 

(2H, s) 

13
CNMR δC (75 MHz, DMSO-d6)  160.8, 149.0, 145.5 , 90.4 

 

3.3 SYNTH ESIS OF PURINES 

3.3.1 8-SULFANYL-3,9-DIHYDRO-1H-PURINE-2,6-DIONE (84)
183

 

 

           

 

  

 

 

 

 

 5,6-Diaminopyrimidine-2,4 (1H,3H)-dione (80) (2.5 g) was dissolved in ethanol 

water mixture (20:1 v/v, 400 mL) and potassium hydroxide (2 N, 25 ml) was added. 

Carbon disulphide (12.5 ml) was added to the solution and heated on the steam bath for 

one hour in a tightly closed vessel. Contents of the flask were cooled and filtered. The 

filtrate was acidified (pH 5) with glacial acetic acid and chilled. The brownish yellow 

precipitates were filtered, washed with cold water and dried in oven at 110°C and re-

crystallized from water. 

MP   > 300°C (lit.
183 

  > 300°C) 

Yield   81.6% 

1
HNMR  δH (400 MHz, DMSO-d6)  13.25 (1H, s), 13.05 (1H, s), 11.49 (1H, s), 

10.92 (1H, s) 

13
CNMR  δC (100 MHz, DMSO-d6) 163.8, 152.5, 150.2, 139.2, 103.6  

MS   EI (m/z)   183(M-1, 20%), 182 (M-2,100) 

Anal: calculated for (C5H4N4O2S), (184.17) C, 32.61; H, 2.173; N, 30.43. 

Found;  C, 32.62; H, 2.14; N, 30.42% 
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3.3.2 2,8-DISULFANYL-5,9-DIHYDRO-6H-PURIN-6-ONE (86) 

 

N

NH
N

N

H

O

SH

SH

 

 

Sodium ethylxanthate (140) (0.565 g, 3.9 mmol) was added in the suspension of 

5,6-diamino-2-sulfanyl-2,3-dihydropyrimidin-4(1H)-one (85) (0.565 g, 3.55 mmol) in 

anhydrous DMF (10 ml). The reaction mixture was refluxed for 2.5 hours. Cold 

acetonitrile was added to the mixture. Brownish precipitates were filtered and dried in 

oven. The precipitates were dissolved in water and acidified with HCl (aq.) and dried in a 

vacuum dessicator over P2O5. 

MP   > 300°C   

Yield   71% 

UV λ max  295 nm 

1
H-NMR δH (400 MHz, DMSO-d6) 13.21 (1H, s), 12.7 (1H, s), 11.72 (1H, s), 1.48 

(1H, s) 

13
CNMR   δC (100 MHz, DMSO-d6) 103.7, 139.3, 150.2, 152.6, 163.9  

MS EI (m/z) 196 (M-4, 19%), 195(8), 149(19), 110(22), 96 (20), 59 (100) 

Anal:  calculated for C5H4N4OS2 C, 30.01; H, 2.01; N, 28.01.   

Found;  C, 29.80; H, 2.01; N, 27.98% 

 

3.3.3 [(2,6-DIOXO-2,3,6,9-TETRAHYDRO-1H-PURIN-8-YL)SULFANYL] 

ACETIC ACID (143) 

 

O

OH

N

H

NH

O

O

N

N

H

S
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 Chloroacetic acid (0.188g, 2mmol) was added to a solution of 8-sulfanyl-5,9-

dihydro-1H-purine-2,6-dione (84) (0.368 g, 2mmol) in aqueous NaOH solution (10mL, 

2N) and stirred for two hours at room temperature. Progress of the reaction was 

monitored by TLC using isopropyl alcohol: water (80:20 v/v) as solvent system on silica 

gel plates. Clear solution was acidified with glacial acetic acid (pH 5.0) and the white 

precipitates obtained were filtered off, washed and recrystallized from water and dried in 

oven at 110°C  

MP   258-262°C (dec.) 

Yield   69 % 

UV λ max   290 nm 

1
HNMR  δ H(400 MHz, DMSO-d6) 13.25 (1H, s), 11.39 (1H, s), 10.60(1H, s), 

10.31(1H, s), 4.65 (2H, s) 

13
CNMR δC (75 MHz, DMSO-d6) 170.0, 154.6, 151.1, 149.9, 149.3, 108.8 , 35.1 

MS   EI (m/z)   238 (M-4, 30%)), 225 (10), 223 (100) 

Anal:  calculated for C7H6N4O4S (242.21); C, 34.71; H, 2.50; N, 23.13 

Found; C, 34.42; H, 2.442; N, 23.124% 

 

3.3.4 8-(ALKYLSULFANYL)-3,9-DIHYDRO-1H-PURINE-2,6-DIONE 

(144-148) 

 

8-Sulfanyl-5,9-dihydro-1H-purine-2,6-dione (84) (0.184g, 1mmol) in aqueous 

NaOH (20 mL, 1N) was stirred at room temperature with alkyl iodide (1 mmol) and the 

reaction was monitored by TLC. The pH of the reaction mixture was adjusted (5.0) by 

adding glacial acetic acid. The precipitates were filtered washed with water and dried in 

oven at 110°C.  

 

HN

N
H

N
H

N

O

O

S

R

 



Chapter –3          Materials & Method 

 61 

3.3.4.1  8-(Methylsulfanyl)-3,9-dihydro-1H-purine-2,6-dione    (144)
184

 

N

H

NH

O

O

N

N

H

S

CH3

 

 

 8-(Methylsulfanyl)-3,9-dihydro-1H-purine-2,6-dione (144) was synthesized from 

8-sulfanyl-5,9-dihydro-1H-purine-2,6-dione (84) (1.84g, 10 mmol) and iodomethane 

(0.62mL, 10 mmol) . 

MP   (lit.
184 

310°C dec., >300) 

Yield  71%  

1
HNMR  δH (300MHz, DMSO-d6) 13.22 (1H, s), 11.54 (1H, s), 10.75 (1H, s), 

2.60(3H, s, J=7.20) 

13
CNMR  δC (75 MHz, DMSO-d6) 154.3, 151.1, 149.4, 148.9, 65.9, 15.0  

MS   EI (m/z) 198(M
+
, 53%), 197 (3), 183(7), 85(100)  

Anal:  calculated for C6H8N4O2S: (198.204) C, 36.36; H, 3.05; N, 28.27 

Found; C, 36.32; H, 2.99; N, 28.25% 

 

3.3.4.2  8-(Ethylsulfanyl)-3,9-dihydro-1H-purine-2,6-dione (145) 

 

N

H

NH

O

O

N

N

H

S

CH3

 

 

8-(Ethylsulfanyl)-3,9-dihydro-1H-purine-2,6-dione (145) was prepared from 8-

sulfanyl-5,9-dihydro-1H-purine-2,6-dione (84) (0.184g, 1mmol) and iodoethane (0.155g, 

1mmol, 0.8 mL) while stirring at room temperature. 

MP   294 °C 

 Yield  69% 
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UV λmax  292nm 

1
HNMR δH (300MHz, DMSO-d6), 13.25 (1H, s), 11.49(1H, s), 10.72(1H, s), 3.18 

(2H, quat, J=7.20), 1.30 (3H, t, J=7.20) 

13
CNMR  δC (75 MHz, DMSO-d6) 154.3, 151.0, 149.4, 148.8, 107.9, 25.2, 15.0 

MS  EI (m/z) 212 (M
+
, 23%), 197 (15), 184 (9), 179 (15), 44 (100) 

Anal:  C7H8N4O2S: (212.230): calculated: C, 39.61; H, 3.80; N, 26.40 

Found; C, 39.62; H, 3.78; N, 26.43 % 

 

3.3.4.3  8-(Propylsulfanyl)-3,9-dihydro-1H-purine-2,6-dione (146) 

 

N

H

NH

O

O

N

N

H

S

CH3 

 

 8-(Propylsulfanyl)-3,9-dihydro-1H-purine-2,6-dione (146) was prepared from 8-

sulfanyl-5,9-dihydro-1H-purine-2,6-dione (84) (0.184g, 1mmol) and 1-iodopropane (0.1 

mL, 1mmol) by the same general procedure. 

 MP   289°C 

 Yield   72% 

1
HNMR  δH (400 MHz, DMSO-d6), 13.23(1H, s), 11.49(1H, s), 10.71(1H, s), 3.13 

(2H, t, J=7.20), 1.67 (2H, sext, J=7.20), 0.96 (3H, t, J=7.20) 

13
CNMR  δC (100 MHz, DMSO-d6) 154.3, 151.0, 149.3, 148.9, 107.9, 33.3, 22.6, 

12.9 

MS  EI (m/z) 226 (M
+
, 69%), 198 (8), 184(100)  

Anal:  C8H10N4O2S: (226.257): Calculated: C, 42.47; H, 4.45; N, 24.76; O, 

14.14; S, 14.17 

Found;  C, 42.46; H, 4.39; N, 24.73% 
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3.3.4.4   8-(Butylsulfanyl)-3,9-dihydro-1H-purine-2,6-dione (147) 

 

N

H

NH

O

O

N

N

H

S

CH3 

 

 8-(Butylsulfanyl)-3,9-dihydro-1H-purine-2,6-dione was prepared using 8-

sulfanyl-5, 9-dihydro-1H-purine-2, 6-dione (84) (0.184g, 1mmol) and 1-iodobutane (0.11 

mL, 1mmol). 

MP  281°C 

Yield   69% 

1
HNMR δH (300 MHz, DMSO-d6) 13.25 (1H, s), 11.49(1H, s), 10.71 (1H, s), 3.16 

(2H, t, J=7.20), 1.94(2H, quin, J=7.20), 1.65 (2H, sext, J=7.20), 0.96 (3H, 

t, J=7.20) 

13
CNMR  δC (75 MHz, DMSO-d6) 154.3, 151.0, 149.4, 148.9, 108.0, 31.2, 31.1, 

21.1, 13.4 

MS   EI (m/z) 240 (M
+
, 68%), 193(34), 184(100)  

Anal:  calculated for C9H12N4O2S (240.283): C, 44.99; H, 5.03; N, 23.32; O, 

13.32; S, 13.35 

Found; C, 44.96; H, 5.01; N, 23.36% 

 

3.3.4.5   8-(Pentylsulfanyl)-3,9-dihydro-1H-purine-2,6-dione (148) 

 

N

H

NH

O

O

N

N

H

S

CH3 
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N

N
N

N

H

S
R

 8-(Pentylsulfanyl)-3,9-dihydro-1H-purine-2,6-dione was prepared from 8-

sulfanyl-5,9-dihydro-1H-purine-2,6-dione (84) (0.184g, 1mmol) and 1-iodopantane (0.13 

mL, 1mmol). 

MP   277 °C 

Yield   68% 

1
HNMR δH(400 MHz, DMSO-d6) 13.25 (1H, s), 11.51 (1H, s), 10.76 (1H, s), 3.15 

(2H, t, J=7.20), 1.63 (2H, quin, J=7.20), 1.61 (2H, quin, J=7.20), 1.29 (2H, 

sext, J=7.20), 0.85(3H, t, J=7.20) 

13
CNMR  δC (100 MHz, DMSO-d6) 154.2, 151.0, 149.3, 148.9, 107.8, 31.3, 30.0, 

28.8, 21.5, 13.7  

MS  EI (m/z) 254 (M
+
, 69%), 226 (M-C2H5, 11), 184 (100)  

Anal: calculated for C10H14N4O2S: (254.309): C, 47.23; H, 5.55; N,  22.03; O, 

12.58; S, 12.61 

Found;  C, 46.99; H, 5.52; N, 22.04 % 

 

3.3.5 6-(ALKYLSULFANYL)-9H-PURINES (149-159) 

General Procedure: 

 

6-Sulfanylpurine monohydrate (0.170g, 1mmol) in aqueous sodium hydroxide 

(10mL, 2N) was stirred at room temperature with respective alkyl halides (1mmol). The 

clear solution was stirred until the disappearance of insoluble alkyl halides. For insoluble 

alkyl halides, 50% ethanol was added to increase the solubility. The pH of the solution 

was adjusted to (pH 5.0) by adding glacial acetic acid and precipitates were filtered and 

dried. 
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3.3.5.1  6-(Methylsulfanyl)-9H-purine (149)
185

 

 

N

N
N

N

H

S
CH3

 

Physical State:  White solid 

MP    223°C (lit.
185 

218-220°C) 

Yield    92%  

1
HNMR δH (400 MHz, DMSO-d6) 13.48 (1H, s), 8.68 (1H, s), 8.42 (1H, s), 

2.64 (3H, s) 

13
CNMR   δC (100 MHz, DMSO-d6) 153.9, 153.4, 151.4, 143.1, 129.3, 11.1  

MS    EI (m/z) 167 (M+1, 16%), 166 (M
+
, 100)  

Anal:    C6H6N4S: (166.204): calculated: C, 43.36; H, 3.64; N, 33.71% 

Found;   C, 43.33; H, 3.59; N, 33.69% 

 

3.3.5.2  6-(Ethylsulfanyl)-9H-purine (150)
186

 

 

N

N
N

N

H

S

CH3

 

MP   196°C (lit.
186

 196°C) 

Yield   89% 

1
HNMR  δH (300 MHz, DMSO-d6) 13.45 (1H, s), 8.67 (1H, s) 8.41 (1H, s), 3.27 

(2H, quat, J=7.20), 1.35 (3H, t, J=7.20) 

13
CNMR δC (75 MHz, DMSO-d6) 157.9, 151.4, 150.5, 143.2, 129.3, 22.4, 14.9 

MS  EI (m/z)  180 (M+, 97), 165 (51), 152 (48), 147 (100)  

Anal:   C7H8N4S: (180.230): calculated: C, 46.65; H, 4.47; N, 31.09; S, 17.79% 

Found;  C, 46.63; H, 4.43; N, 31.02% 
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3.3.5.3  6-(Propylsulfanyl)-9H-purine (151)
186 

 

N

N
N

N

H

S

CH3

 

MP  182°C (lit.
 186

179°C) 

Yield    94% 

1
HNMR  δH (400 MHz, DMSO-d6) 13.24 (1H, s), 8.65 (1H, s), 8.40 (1H, s), 3.31 

(2H, t, J=7.20), 1.71 (2H, sext, J=7.20), 0.99 (3H, t, J=7.20) 

13
CNMR  δC (100 MHz, DMSO-d6) 158.0, 151.3, 150.4, 143.4, 129.3, 29.6, 22.6, 

13.2  

MS EI (m/z) 194 (M
+
, 86%), 179(77), 166(90), 165 (53), 161 (48), 153 (22), 

152 (100)  

Anal:   C8H10N4S: (194.257): calculated: C, 49.46; H, 5.19; N, 28.84; S, 

 16.51% 

Found; C, 48.95; H, 5.18; N, 28.79% 

 

3.3.5.4  6-(Butylsulfanyl)-9H-purine (152)
186 

 

N

N
N

N

H

S

CH3

 

MP   152°C (lit.
186

152°C) 

Yield   95% 
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1
HNMR δH (300 MHz, DMSO-d6) 13.47(1H, s), 8.66 (1H, s), 8.41 (1H, s), 3.33 

(2H, t, J=7.20), 1.67 (2H, quin, J=7.2), 1.43 (2H, sext, J=7.20), 0.90 (3H, 

t, J=7.20) 

13
CNMR  δC (75 MHz, DMSO-d6) 158.0, 151.4, 150.3, 143.1, 129.3, 31.2, 27.4, 

21.3, 13.5  

MS  EI (m/z) 208 (M
+
, 44%), 179 (93), 175 (24), 168(10), 167 (21),  166 

 (100) 

Anal:   C9H12N4S: (208.283): calculated: C, 51.9; H, 5.81; N, 26.90; S, 

 15.39% 

Found;  C, 52.1; H, 5.79; N, 26.93% 

 

3.3.5.5  6-(Pentylsulfanyl)-9H-purine (153)
186 

 

N

N
N

N

H

S

CH3

 

MP  117°C (lit.
 186

115.5°C) 

Yield   94% 

1
HNMR δH (400 MHz, DMSO-d6) 13.51(1H, s), 8.66 (1H, s), 8.41 (1H, s) 3.32 

(2H, t, J=7.20), 1.69 (2H, quin), 1.40 (2H, quin, J=7.20), 1.32 (2H, sext, 

J=7.20), 0.863 (3H, t, J=7.20) 

13
CNMR δC (100 MHz, DMSO-d6) 157.9, 151.4, 144.4, 143.1, 129.3, 30.3, 28.8, 

27.7, 21.6, 13.8  

MS  EI (m/z) 222 (M
+
, 37%), 189 (16), 179 (62), 175 (32), 168 (8), 167 

 (15), 166 (100)  

Anal:   C10H14N4S: (222.310): calculated: C, 54.03; H, 6.35; N, 25.20; S, 

 14.42% 

Found;  C, 54.10; H, 6.33; N, 25.18% 
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3.3.5.6  6-(Hexylsulfanyl)-9H-purine (154)
187

 

 

N

N

N

N

H

S

CH3

 

MP  79°C (lit.
187 

77°C) 

Yield   78% 

1
HNMR δH (400 MHz, DMSO-d6) 13.45 (1H, s), 8.66 (1H, s), 8.41 (1H, s) 3.32 

(2H, t, J=7.20), 1.68 (2H, quin), 1.39 (2H, quin, J=7.20), 1.26 (2H, quin, 

J=7.20), 1.23 (2H, sext,  J=7.20), 0.83 (3H, t, J=7.20) 

13
CNMR  δC (100 MHz, DMSO-d6) 158.0, 151.4, 150.4, 143.1, 129.3, 30.7,  29.1, 

27.8, 27.7, 21.9, 13.8  

MS  EI (m/z) 236 (M
+, 

71%), 203 (67), 189 (69), 179 (76), 175 (65), 167 (50), 

161 (49), 154(41), 152 (100) 

Anal:   C11H16N4S: (236.336): calculated: C, 55.90; H, 6.82; N, 23.71; S,  13.57 

Found;  C, 55.82; H, 6.77; N, 23.85% 

 

3.3.5.7  6-(Heptylsulfanyl)-9H-purine (155)
187 

 

 

CH3

N

N
N

N

H

S

 

MP   80°C (lit.
187 

79-81°C) 
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Yield  79% 

1
HNMR δH (300 MHz, DMSO-d6) 13.45 (1H, s), 8.64 (1H, s), 8.39 (1H, s) 3.32 

(2H, t, J=7.20), 1.69 (2H, quin), 1.64-1.24 (8H, m), 0.842 (3H, t, J=7.20) 

13
CNMR  δC (75 MHz, DMSO-d6) 157.9, 151.3, 150.9, 143.5, 31.1, 29.1 , 28.2, 28.1, 

27.8, 22.0, 13.9  

MS  EI (m/z) 249 (M
+
, 86%), 235 (25), 231 (49), 217.3 (29), 204 (15.3), 179 

(47.6), 166 (82.3), 152 (100)  

Anal:   C12H18N4S: (250.363): calculated: C, 57.57; H, 7.25; N, 22.38; S, 

 12.81% 

Found;  C, 57.56; H, 7.20; N, 22.36% 

 

3.3.5.8 6-(Octylsulfanyl)-9H-purine (156)
187 

 

N

N
N

N

H

S

CH3

 

 

MP   84°C (lit.
187 

78-80°C) 

Yield    94% 

1
HNMR  δH (400 MHz, DMSO-d6) 13.46 (1H, s), 8.66 (1H, s), 8.41 (1H, s) 3.26 

(2H, t, J=7.20), 1.72-1.65 (12H, m), 0.85 (3H, t, J=7.20) 

13
CNMR  δC (100 MHz, DMSO-d6) 158.0 , 151.4 , 150.4, 143.1 , 129.3 , 31.1 , 29.1 , 

28.5 , 28.4 , 28.1 , 27.7 , 22.0 , 13.9  

MS  EI (m/z) 264 (M
+
, 82%), 231(58), 217 (27), 179 (48), 166 (85),152(100) 

Anal:  C13H20N4S: (263.390): calculated: C, 59.06; H, 7.62; N, 21.19; S, 12.13% 

Found;  C, 59.01; H, 7.58; N, 21.08 % 
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3.3.5.9  6-(Nonylsulfanyl)-9H-purine (157) 

 

 

N

N
N

N

H

S

CH3

 

MP   97°C 

Yield   93% 

1
HNMR  δH (400 MHz, DMSO-d6) 13.16 (1H, s), 8.64 (1H, s), 8.39 (1H, s) 3.23 

(2H, t, J=7.20), 1.70-1.22 (14H, m), 0.83 (3H, t, J=7.20) 

13
CNMR  δC (100 MHz, DMSO-d6) 157.9, 151.2, 150.5, 143.5, 129.4, 31.2, 29.1, 

28.8, 28.5, 28.5, 28.1, 27.7, 22.0, 13.9 

MS  EI (m/z) 278 (M
+
, 77%), 245 (48), 231 (76), 221 (36), 207 (17.7),  190 

(19), 179(94), 166 (100)  

Anal:   C14H22N4S: (278.416): calculated: C, 60.40; H, 7.96; N, 20.12; S, 

 11.52% 

Found; C, 60.37; H, 7.89; N, 20.09% 

 

3.3.5.10 6-(Decylsulfanyl)-7H-purine (158)
187 

 

N

N
N

N
H

S

CH3

 

 

MP  89°C (lit.
187 

84-85°C) 
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Yield   92% 

1
HNMR δH (300 MHz, DMSO-d6) 13.48 (1H, s), 8.67 (1H, s), 8.42 (1H, s) 3.33 

(2H, t, J=7.20),1.72 (2H, quin, J=7.20), 1.41-1.23 (14H, m) 0.84 (3H, t, 

J=7.20) 

13
CNMR  δC (75.5MHz, DMSO-d6) 157.6 , 151.3, 150.5 , 143.1 , 129.3 , 31.2 , 29.0 , 

28.8 , 28.6 , 28.5 , 28.5 , 28.1 , 27.7 , 22.0 , 13.9  

MS  EI (m/z) 292 (M
+
, 78%), 259 (74), 245 (76), 231 (62), 221 (68), 179 (89), 

152(100)  

Anal:   C15H24N4S: (292.443): calculated: C, 61.61; H, 8.27; N, 19.16; S, 

 10.96% 

Found;  C, 61.53; H, 8.24; N, 19.15% 

 

3.3.5.11 6-(Benzylsulfanyl)-9H-purine (159)
188

 

. 
N

N
N

N
H

S

 

 

MP   195°C (lit.
188

 195°C)  

Yield   88% 

1
HNMR  δH (400 MHz, DMSO-d6) 13.12 (1H, s), 8.72 (1H, s), 8.40(1H, s) 7.45-

7.21 (5H, m), 4.61 (2H, s) 

13
CNMR δC (75 MHz, DMSO-d6) 157.6, 151.3, 150.7, 143.4, 137.8, 129.4, 128.9, 

128.4, 127.1, 31.5  

MS   EI (m/z) 243 (M+1, 48%), 242 (M
+
, 100), 210 (36), 209(96) 208  (32) 

Anal:   C12H10N4S: (242.30): calculated: C, 59.48; H, 4.16; N, 23.12% 

Found;  C, 59.47; H, 4.12; N, 23.14% 
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3.3.6 6, 6'-(METHANEDIYLDISULFANEDIYL) BIS (9H-PURINE) (160) 

 

The compound was prepared from 6-sulfanylpurine monohydrate (0.170g, 

1mmol) and diiodomethane (0.133g, 0.5mmol) in aq. KOH (2N, 10mL) while stirring at 

room temp for ten hours. The solution was acidified with glacial acetic acid and white 

precipitates were washed with water and dried. 

N N

N

HN
S

C
H2

S

N N

NH

N

 

 

MP   269°C (dec.) 

Yield   65% 

1
HNMR δH (500 MHz, DMSO-d6) 11.41(2H, s), 8.81 (2H, s), 8.52 (2H, s), 4.38 

(2H, s) 

13
CNMR  δC (100 MHz, DMSO-d6) 156.2, 151.4, 150.6, 143.9, 129.4, 27.3  

MS  EI (m/z) 316(M-4, 30%), 284 (9), 270 (42), 165 (78), 152 (100)  

Anal:   C11H8N8S2 : (316.365): calculated: C, 41.76; H, 2.55; N, 35.42; S, 

 20.27% 

Found;  C, 41.75; H, 2.53; N, 35.44% 

 

3.3.7 (9-H-PURIN-6YLSULFANYL)ACETIC ACID (161) 

 

N

N
N

N

H

S

O OH
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 6-Sulfanylpurine monohydrate (0.170g, 1mmol) in aqueous sodium hydroxide 

(2N, 5mL) and of ethanol (5mL) was stirred with chloroacetic acid (0.094g, 1mmol) at 

room temperature. The reaction was monitored by TLC. Acidified the solution with 

glacial acetic acid (pH 5) and white ppts were filtered, washed with water and 

recrystallized in ethanol. 

MP  260°C (dec.) 

Yield   77% 

1
HNMR  δH(400 MHz, DMSO-d6), 13.2 (1H, s), 10.40 (1H, s), 8.65 (1H, s) 8.46 

(1H, s), 4.16 (2H, s) 

13
CNMR  δC (100 MHz, DMSO-d6) 169.6, 54.2, 153.9, 151.5, 145.0, 116.2, 40.0  

MS   EI (m/z) 210 (M
+
, 24%), 208 (14), 202 (25), 193 (16), 179 (15),  168 

 (18), 166 (100)  

Anal: C7H6N4O2S: (210.21): calculated: C, 40.00; H, 2.88; N, 26.65; O, 15.22; 

S, 15.25% 

Found;  C, 39.97; H, 2.85; N, 26.63% 

 

3.3.8 ETHYL (9H-PURIN-6-YLSULFANYL)ACETATE (162) 

 

N

N
N

N
H

S

O O CH3

 

 

a. Conventional Method:  

 

6-Sulfanylpurine monohydrate (0.170g, 1mmol), triethylamine (0.14 mL, 1mmol) 

and ethyl chloroacetate (0.18mL, 1.1mmol) in ethanol (10mL) was refluxed for six hours. 

Ethanol was removed under reduced pressure and the product was recrystallized from 

ethanol.      
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b. Microwave Assisted Synthesis: 

 

6-Sulfanylpurine monohydrate (0.170g, 1mmol), triethylamine (0.14 mL, 1mmol) 

and ethyl chloroacetate (0.18 mL, 1.1mmol) in ethanol (10mL) were irradiated in 

modified household microwave oven (900 watt) equipped with water condenser for five 

minutes. The reaction was worked up as mentioned above. 

MP   110°C  

Yield   conventional 63%; microwave 91% 

1
HNMR  δH (300 MHz, DMSO-d6) 13.51(1H, s), 8.60 (1H, s), 8.47 (1H, s), 4.16 

(2H, quat, J=7.20), 3.90 (1H, s), 1.20 (3H, t, J=7.2) 

13
CNMR  δC (75 MHz, DMSO-d6) 169.8, 154.6, 151.3, 151.2, 143.4, 131.4, 61.0, 

30.7, 13.9  

MS  EI (m/z) 238 (M
+
, 50%), 194 (12), 193.1 (46), 192 (49), 167 (33), 165 

(100)  

Anal:   calculated for C9H10N4O2S (238.267)   C, 44.99; H, 5.03, N, 23.32 %    

Found;  C, 44.86; H, 4.99; N, 23.35% 

 

3.3.9 2-(9H-PURIN-6-YLSULFANYL)ACETOHYDRAZIDE (163) 

 

N

N
N

N

H

S

O NH

NH2

 

       

a. Conventional Method:  

 

 Ethyl (9H-purin-6-ylsulfanyl)acetate (0.256g, 1mmol) and hydrazine hydrate 

(0.12 mL, 2.5mmol) in ethanol (10mL) were refluxed for five hours. Reaction was 

monitored by TLC. After the completion of reaction, solution was concentrated and 
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refrigerated overnight. White ppts obtained on cooling, were dried and recrystallized in 

ethanol. 

 

b. Microwave Assisted Synthesis: 

 

Ethyl (9H-purin-6-ylsulfanyl)acetate (0.256g, 1mmol) and hydrazine hydrate 

(0.12 mL, 2.5mmol) were dissolved in ethanol (10mL) .The reaction flask was irradiated 

in microwave oven for three minutes. Reaction was monitored by TLC, white ppts 

obtained were dried and recrystallized in ethanol.  

MP   176°C (dec.) 

Yield  convential 78%; microwave 92% 

1
HNMR  δH (300 MHz, DMSO-d6) 9.35 (1H, s), 8.65 (1H, s), 7.09 (1H, s), 6.26 

(1H, s), 5.98 (1H, s) 

13
CNMR δC (100 MHz, DMSO-d6) 166.7, 156.9, 151.9, 150.4, 143.6, 129.0, 30.4  

MS   EI (m/z)   224 (M
+
, 29%), 193 (35), 182 (27), 177 (12), 165 (30), 160 

 (28), 150 (100)  

Anal:  calculated for C7H8N6OS (224.244)   C, 37.16; H, 4.45; N, 37.14%    

Found;  C, 37.09; H, 4.42; N, 37.12% 

 

3.3.10. N'-[Substituted Phenylmethylidene]-2-(9H-purin-6-

Ylsulfanyl)acetohydrazide (164-172) 

 

N

N

NNH

S

O

NH N

R

 

        

General Procedure:  

 

 A mixture of 2-(8,9-dihydro-7H-purin-6-ylsulfanyl)acetohydrazide (1mmol) and 

substituted benzaldehydes (1.1mmol) in ethanol (20mL) with few drops of acetic acid 



Chapter –3          Materials & Method 

 76 

were refluxed for 4-6 hours. The progress of the reaction was monitored by TLC. The 

product obtained as precipitate was filtered hot and recrystallized from ethanol. 

 

3.3.10.1  N'-[(E)-(4-Nitrophenyl)Methylidene]-2-(9H-purin-6-

Ylsulfanyl)acetohydrazide (164) 

 

 

N N

N

NH
S

O

NH

N

NO 2

 

 

 N'-[(E)-(4-nitrophenyl)methylidene]-2-(9H-purin-6-ylsulfanyl)acetohydrazide 

was prepared from 2-(9H-purin-6-ylsulfanyl)acetohydrazide (163) (0.226g, 1mmol) and 

4-nitrobenzaldehyde (0.166g, 1.1mmol) in ethanol (20mL) with a few drops of acetic 

acid. Immediate reaction took place and yellow precipitates of the product were obtained.  

Physical state:  yellow solid 

MP    263°C  

Yield    98% 

1
HNMR  δH (400 MHz, DMSO-d6) 12.08 (1H, s), 11.91(1H, s), 8.67 (1H, s), 

8.66 (1H, s), 8.47-8.13 (4H, m), 7.96 (1H, s), 4.69 (2H, s) 

13
CNMR  δC (100 MHz, DMSO-d6) 169.4 , 164.4 , 151.3 , 147.8 , 144.3 , 

143.7 , 141.0 , 140.5 , 140.3 , 128.0 , 127.7 , 124.0 , 31.2  

MS  EI (m/z) 357 (M
+
, 36%), 284 (15), 283 (7), 236 (8), 194 (14), 193 

(89), 192 (25), 179 (6), 165 (100)  

Anal:   calculated for C14H11N7O3S (357.349) C, 47.06; H, 3.10;   

 N, 27.44    

Found: C, 47.06; H, 3.09; N, 27.46 % 
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3.3.10.2 N'-[(E)-(3-Nitrophenyl) Methylidene]-2-(9H-Purin-6-

Ylsulfanyl)acetohydrazide (165) 

 

 

N N

N

NH
S

O

NH

N

NO 2

 

 

 N'-[(E)-(3-nitrophenyl)methylidene]-2-(7H-purin-6-ylsulfanyl)acetohydrazide 

was prepared from 2-(9H-purin-6-ylsulfanyl)acetohydrazide (163) ( (0.226g, 1mmol) and 

3-nitrobenzaldehyde (0.166g, 1.1mmol) in ethanol (20mL) with a few drops of acetic 

acid.   

Physical state:  pale yellow solid 

MP    260°C  

Yield   79% 

1
HNMR   δH (400 MHz, DMSO-d6) 13.53 (1H, s), 12.01 (1H, s), 11.84 (1H, 

s), 8.68 (1H, s), 8.66 (1H, s), 8.51-7.70 (4H, m), 4.70 (2H, s) 

13
CNMR  δC (100 MHz, DMSO-d6) 169.2 , 154.4 , 153.2 , 144.4 , 141.1 , 

133.2 , 132.9 , 130.4 , 124.2 , 124.1 , 121.1 , 121.0 , 31.3  

MS    EI (m/z) 357 (M
+
, 23%), 284 (25), 195 (6), 194 (10), 193  (100)  

Anal: calculated for C14H11N7O3S (357.349) C, 47.06; H, 3.10;  N, 27.44 %  

Found:  C, 47.05; H, 3.10; N, 27.45 %  
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3.3.10.3 N'-[(E)-(2-Nitrophenyl)methylidene]-2-(9H-Purin-6ylsulfanyl) 

acetohydrazide (166) 

 

 

N N

N

NH S

O

NH

N

O2N

 

 

 N'-[(E)-(2-nitrophenyl)methylidene]-2-(7H-purin-6ylsulfanyl)acetohydrazide was 

prepared from 2-(9H-purin-6-ylsulfanyl)acetohydrazide (163)  (0.226g, 1mmol) and 2-

nitrobenzaldehyde (0.166g, 1.1mmol) in ethanol (20 mL) with a few drops of acetic acid. 

Physical state: light yellow solid 

MP   248°C  

Yield    85% 

1
HNMR δH (400 MHz, DMSO-d6) 13.54 (1H, s), 12.11 (1H, s), 8.95 (1H, s), 

8.76 (1H, s), 8.65-7.64 (5H, m), 4.25 (2H, s) 

13
CNMR  δC (100 MHz, DMSO-d6) 169.3, 154.2, 153.3, 151.3,  148.9, 143.7, 

133.6, 130.6, 130.5, 128.5, 128.0, 128.0,  124.6, 31.1  

MS   EI (m/z) 357 (M
+
, 15%) 284 (28), 209 (5), 194 (12), 193 (100) 

Anal:    calculated for C14H11N7O3S (357.349) C, 47.06; H, 3.10; N,  

  27.44%    

Found;  C, 47.03; H, 3.06; N, 27.36 % 
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3.3.10.4 N'-[(E)-(4-Chlorophenyl)methylidene]-2-(6,9-Dihydro-5H-Purin-6-

Ylsulfanyl)acetohydrazide (167) 

 

N

N

NH

N

S

O

NH
N

Cl

 

 

 N'-[(E)-(4-chlorophenyl)methylidene]-2-(6,7-dihydro-5H-purin-6-ylsulfanyl) 

acetohydrazide was prepared from 2-(9H-purin-6-ylsulfanyl)acetohydrazide (163) 

(0.226g, 1mmol) and 4-chlorobenzaldehyde (0.154g, 1.1mmol) in ethanol (20mL) with a 

few drops of acetic acid. The product was filtered, washed and recrystallized with 

ethanol. 

Physical state:  pale yellow solid 

MP   210°C  

Yield   68% 

1
HNMR δH (400MHz, DMSO-d6) 13.52 (1H, s), 13.49 (1H, s), 11.84 (1H, 

s), 11.66 (1H, s), 8.70 (1H, s), 8.40-7.48 (4H, m), 4.63 (2H, s) 

13
CNMR δC (100 MHz, DMSO-d6) 169.5 , 151.3 , 151.2 , 142.0 , 136.0 , 

133.0 , 132.6 , 130.0 , 129.0 , 128.8 , 128.7 , 128.4 , 30.1  

MS  EI (m/z)  346 (M
+
, 51%), 280 (6) 279 (9), 278(34), 277 (27), 276 

(52) 167 (36), 165 (100)  

Anal: calculated for C14H11ClN6OS (346.796)   C, 48.21; H, 3.76; N, 

24.09%  

Found;  C, 48.19; H, 3.72; N, 24.10 % 
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3.3.10.5 2-(6,9-dihydro-5H-purin-6-ylsulfanyl)-N'-

[(Ephenylmethylidene]acetohydrazide (168) 

 

N N

N

NH S

O

NH
N

 

 

 2-(6,7-dihydro-5H-purin-6-ylsulfanyl)-N'-[(E)-phenylmethylidene]acetohydrazide 

was prepared from 2-(9H-purin-6-ylsulfanyl)acetohydrazide (163) (0.226g, 1mmol) and 

benzaldehyde (0.116g, 1.1mmol) in ethanol (20mL). 

 

Physical state: yellow solid 

MP    266°C  

Yield    66% 

1
HNMR  δH (400MHz, DMSO-d6) 12.68 (1H, s),  11.91 (1H, s), 8.67 (1H, 

s), 8.47 (1H, s), 8.33 (1H, s), 8.25-7.90 (5H, m), 4.26 (2H, s) 

13
CNMR  δC (100 MHz, DMSO-d6) 169.4, 153.4, 151.3, 146.8, 143.3, 131.3, 

130.0, 129.8, 128.9, 128.3, 127.0, 126.9,  126.8, 31.2  

MS   EI (m/z) 313(M
+
, 26%), 281 (6), 280 (19), 239 (6), 238 (8), 

 208 (13), 207 (13), 194 (17), 193 (100)  

Anal:  calculated for C14H12N6OS (312.351) C, 53.49; H, 4.49; N,  

 26.73%   

Found;  C, 53.48; H, 4.41; N, 26.71 % 
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3.3.10.6 2-(6,9-Dihydro-5H-purin-6-ylsulfanyl)-N'-[(E)-(2-

methoxyphenyl)methylidene]acetohydrazide (169) 

 

N

N

N

NH

S

O

NH

N

O

CH3

 

 

 

 2-(6,7-dihydro-5H-purin-6-ylsulfanyl)-N'-

[(methoxyphenyl)methylidene]acetohydrazide was prepared from 2-(9H-purin-6-

ylsulfanyl)acetohydrazide (163) (0.226g, 1mmol) and 3-methoxybenzaldehyde (0.149g, 

1.1mmol) in ethanol (20mL).  

Physical state:  yellow solid  

MP    180°C  

Yield    61 % 

1
HNMR   δH (400MHz, DMSO-d6) 13.54 (1H, s), 11.76 (1H, s), 8.92 (1H, s), 

8.67 (1H, s), 8.65 (1H, s),  8.36-7.16 (4H, m), 4.22 (2H, s), 3.91 

(3H, s) 

13
CNMR  δC (100 MHz, DMSO-d6) 168.9, 158.7, 157.6, 156.5, 151.3, 142.9, 

142.3, 131.5, 131.3, 126.5, 122.1, 120.7,  111.8, 55.8, 31.1  

MS  EI (m/z) 342 (M
+
, 26%), 310 (6), 268 (7), 237(20), 195 (6), 194 

(10), 193 (100)  

Anal:  calculated for C15H14N6O2S (342.377) C, 52.31; H, 4.68; N, 

24.40%  

Found;  C, 52.33; H, 4.67; N, 24.41% 
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3.3.10.7 2-(6,9 -Dihydro-5H-Purin-6-ylsulfanyl)-N'-[(E)-(2-

hydroxyphenyl)methylidene]acetohydrazide (170) 

 

N

N

N

NH

S

O

NH

N

OH

 

 

 2-(6,7-dihydro-5H-purin-6-ylsulfanyl)-N'-[(E)-(2-hydroxyphenyl)methylidene] 

acetohydrazide was prepared from 2-(9H-purin-6-ylsulfanyl)acetohydrazide (163) 

(0.226g, 1mmol) and salicyaldehyde (0.134g, 1.1mmol) in ethanol (20mL)  

Physical state:  Brown needles  

MP    224°C  

1
HNMR δH (400 MHz, DMSO-d6) 12.98(1H, s), 11.13 (1H, s), 8.99 (1H, s) 

8.42 (1H, s), 8.36 (1H, s), 8.17 (1H, s), 7.69-7.94 (5H, m), 3.33 

(2H, s) 

13
CNMR δC (100 MHz, DMSO-d6) 169.4, 153.4, 158.5, 145.9, 144.4, 133.2, 

130.7, 129.7, 128.8, 128.7, 127.2, 126.8, 126.8, 32.0  

MS  EI (m/z) 328(M
+
, 15%), 297 (5), 296 (13), 268 (12), 254 (14), 240 

(68), 223 (40), 194 (15), 193 (100)  

Anal: calculated for C14H12N6O2S (328.350) C, 50.90; H, 4.27; N, 

25.44%  

Found;   C, 50.91; H, 4.26; N, 25.43 % 
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3.3.10.8 N'-{(1z)-[4-(Dimethylamino)phenyl]Methylidene}-2-(9H-purin-6-

ylsulfanyl)acetohydrazide (171) 

 

N N

N

NH S

O

NH

N

N

CH3

CH3

 

 

 N'-{(1Z)-[4-(Dimethylamino)phenyl]methylidene}-2-(9H-purin-6-ylsulfanyl) 

acetohydrazide was prepared from 2-(9H-purin-6-ylsulfanyl)acetohydrazide (163) 

(0.226g, 1mmol) and 4-(dimethylamino)benzaldehyde 

 (0.152g, 1.1mmol) in ethanol (20mL)  

Physical state:  yellow solid 

MP    259 °C  

Yield    76% 

1
HNMR  δH (300MHz, DMSO-d6) 13.52(1H, s), 11.54 (1H, s), 8.69 (1H, s), 

8.49 (1H, s), 8.09-7.47 (5H, m), 4.15 (2H, s), 3.18 (6H, s) 

13
CNMR  δC (75 MHz, DMSO-d6) 169.4, 151.3, 151.3, 147.0, 145.3, 144.2, 

142.9, 141.7, 129.4, 128.3, 128.2, 128.0, 127.6,  111.7, 44.3, 

31.1  

MS EI (m/z) 355(M
+
, 28%), 323 (14), 294 (17), 239 (6), 251 (16), 208 

(15), 193 (100)  

Anal:   calculated for C16H17N7OS (355.419) C, 54.07; H, 4.82; N, 

 27.59% 

Found;  C, 54.07; H, 4.81; N, 27.58 % 
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N

N

N

NH

S

O

NH

N

N

CH3

CH3

3.3.10.9 N'-{(1z)-[4-(Diethylamino)phenyl]Methylidene}-2-(9H-purin-6-

ylsulfanyl)acetohydrazide (172) 

 

 

 

 N'-{(1Z)-[4-(Diethylamino)phenyl]methylidene}-2-(9H-purin-6-ylsulfanyl) 

acetohydrazide was synthesized from 2-(9H-purin-6-ylsulfanyl)acetohydrazide (163) 

(0.226g, 1mmol) and 4-(diethylamino)benzaldehyde (0.190g, 1.1mmol) in ethanol 

(20mL).  

Physical state:  yellow solid 

MP    246 °C  

Yield    78% 

1
HNMR  δH (300 MHz, DMSO-d6) 13.36 (1H, s), 1.69(1H, s), 8.44 (1H, s), 

8.23 (1H, s), 8.12-7.57 (5H, m), 4.21(2H, s), 3.62 (4H, quat, J 

=7.20), 1.08 (6H, t, J=7.20) 

13
CNMR  δC (75 MHz, DMSO-d6) 168.3, 151.6, 151.3, 149.2,  145.3, 44.3, 

142.8, 141.6, 129.7, 128.2, 128.3, 128.9, 127.7, 110.9, 43.7, 32.8, 

12.4  

MS  EI (m/z)   383 (M
+
, 17%), 350 (57), 349 (10), 335 (21), 307 (8), 

291 (14), 263 (13), 175 (11), 160 (30), 147 (17), 133 (100)  

Anal:  calculated for C18H21N7OS (383.47) C, 56.38; H, 5.52; N, 25.57% 

Found;  C, 56.39; H, 5.51; N, 25.56 % 
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3.3.11  2-(9H-Purin-6-ylsulfanyl)aniline (173) 

 

N

N

N

NH

S

NH2

 

 

 6-Chloropurine (0.154g, 1mmol) in 2N aq. NaOH (10mL) was stirred at room 

temperature with 2-aminothiophenol (0.12 mL, 1mmol) for three hours. Dark green 

precipitates were obtained, washed with water and dried in oven at 110C. 

Physical state:  Dark green solid 

MP    191°C  

Yield   69% 

1
HNMR  δH (400 MHz, DMSO-d6) 12.93 (1H, s), 8.72 (1H, s), 8.69 (1H, s), 

7.72-7.01 (4H, m), 6.38 (2H, s) 

13
CNMR  δC (100 MHz, DMSO-d6) 152.4, 151.7, 136, 135.3, 134.6, 131.1, 

130.9, 126.4, 124.2, 121.5, 114.7  

MS    EI (m/z) 244 (M
+
, 77%), 243 (7), 218 (14), 217 (33), 216 (100) 

Anal:   calculated for C11H9N5S (243.289) C, 53.86; H, 4.52; N, 28.55%   

Found;  C, 53.86; H, 4.51; N, 28.55 % 
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4. RESULTS AND DISCUSSIONS (SYNTHESIS) 

 

4.1 RESEARCH PROGRAMME 

 

 Hyperthyroidism is a common endocrinal disorder associated with the over 

production of thyroid hormones, observed in almost 1.3 percent of the population. The 

major antithyroid drugs namely propylthiouracil (6-propyl-2-thioxo-3,4-

dihydropyrimidin-2-(1H)-one PTU, 1) and methimazole (1-methyl-1H-imidazole-2-thiol; 

MMI, 2) are thionamide derivatives. These drugs interfere with the incorporation of 

iodine into the tyrosine residues of thyroglobulin and therefore cease the biosynthesis of 

thyroid hormones namely thyroxine (T4) and triiodothyronine (T3). Unfortunately, the 

thionamides have been reported to cause many side effects including agranulocytosis 

(severe decrease in the production of white blood cells), liver damage (more common 

with PTU), aplastic anemia (failure of the bone marrow to produce blood cells) and 

vasculitis (inflammation of blood vessels). Up to 15 percent of the patients observe minor 

side effects like; itching, rash, hives, joint pain and swelling, fever, change in taste, 

nausea, and vomiting. The scarcity of medicines and the problems related to the existing 

drugs provoked many researchers to synthesize the new antithyroid agents with lesser 

side effects. 

 

 Purines have shown different activities including antitubercular, fungicidal, 

antiallergic, antimicrobial, antitumor and antihistamic activities depending upon the 

nature of groups or ring system attached. However, no studies were found in the recent 

years regarding the antithyroid effects of purine derivatives in spite of the fact that in late 

forties some low level antithyroid activities have been reported in adenine, guanine and 

some alkyl xanthines. Taking the idea we started to work on the antithyroid activity of 

purine derivatives and synthesized series of compounds as potential antithyroid agents. 

 

For the synthesis of target compounds basic hetrocycles were prepared using 

reported methods and these compounds were further derivatized as shown in the 

schemes. 
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4.2 SYNTHESIS OF 8-(ALKYLSULFANYL)-3,9-DIHYDRO-1H-

PURINE-2,6-DIONES  (143-148) 

N

H

NH

NH2O

O

N

H

NH

NH2O

O

N

O

N

H

NH

NH2O

O

NH2

N

H

NH
N

H

N

H

O

O

S

N

H

NH
N

H

N

O

O

S OH

O

N

H

NH
N

N

H

O

O

S

R

(vi)

(144 - 148): R = CnH2n+1

(143)

(141) (142) (80)

(84)

(i) (ii)

(iii)

(iv)

(n = 1,...,5)

 

SCHEME- 31 

 

Reagents and conditions:  

(i) NaNO2, H2O, CH3COOH, r.t.; 

(ii)  NaS2O3, conc.H2SO4, H2O ∆, 

(iii) EtOH/H2O, KOH, CS2, ∆ ;   

(iv) ClCH2COOH, NaOH, CH3COOH, H2O, 2hour, r.t.,  

(v) R-I, NaOH, CH3COOH, H2O, r.t.; 
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4.3 SYNTHESIS OF 6-(ALKYLSULFANYL)-9H-PURINES (149-

159) 

 

N

N
N

N

H

SH

N

N
N

N

H

S
R

(i)(ii)

N

N
N

N

H

S

OHO

(161)
(149 - 159): R = CnH2n+1

(n = 1,.....,10)
 

 Reagents and conditions: (i) R-I, NaOH, CH3COOH, H2O, r.t.; (ii) ClCH2COOH, 

NaOH, CH3COOH, H2O, 2hour, r.t.  

 

SCHEME- 32 
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4.4 SYNTHESIS OF N'-[SUBSTITUTED 

PHENYLMETHYLIDENE]-2-(9H-PURIN-6-

YLSULFANYL)ACETOHYDRAZIDE (164-172) 

 

N

N
N

N

H

SH

N

N

N

NH

S

O

O CH3(i)

(ii)

N

N
N

N

H

S

NHO
NH2

 (iii)
N

N

NNH

S NH

O

N

R

(162)

(163)

R = H,NO2, Cl, OCH 3, OH

 N,N' dimethyl, N,N' diethyl

(164- 172)  

 

 Reagents and conditions: (i) Et3N, ClCH2COOCH2CH3, EtOH, 6 hour reflux.; (ii) NH2NH2.H2O, 

EtOH, 5hour reflux. (iii) aryl aldehyde, EtOH, reflux 4-6 hours.  

 

SCHEME- 33 
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Sodium ethylxanthate (NaSCSOC2H5)
 
(140) 

 

 Sodium ethylxanthate was synthesized by the reaction of sodium hydroxide and 

carbondisulfide in absolute ethanol according to literature method
181 

in 99% yield. 

Formation of the product was confirmed by its absorption maximum which was found to 

be 300 nm and melting point. Further confirmation came from  
1
HNMR data. The signal 

at δ 4.44 could be assigned to the carbon attached with sulfur and quartet at δ 4.12 

indicated the methylene protons adjacent to the methyl while the three methyl protons 

might appear at δ 1.28 as a triplet. 

 

 In 
13

CNMR,  peaks at δ13.6 is characteristic for –CH3, while signal for –CH2 

appeared at δ 70.3 and signals at δ232.8 are indicative of (C=S). Mass spectrum also 

supported the product.  

 

6-Aminopyrimidine-2,4(1H,3H)-dione
 
(141) 

 

 6-Aminopyrimidine-2,4(1H,3H)-dione (141) was prepared by refluxing ethyl 

cyanoacetate and urea in the presence of sodium ethoxide. The identity of the product 

was confirmed by its melting point, absorption maximum, mass spectrum and NMR data. 

A distinct molecular ion peak appeared at m/z 127 which supported the molecular weight 

of the compound. UV λmax was found to be 300 nm which agreed with the literature 

values. In 
1
HNMR signal appearing at δ 10.05 and 10.03 could be assigned to the two NH 

groups in the pyrimidine ring. Amino group may appear at δ 6.15 and the signal 

appearing at δ 4.40 could be assigned to the CH proton.  

 

 In 
13

CNMR the peaks appearing at δ164.2 and 150.9 may be attributed to 

carbonyl carbons and the signals at δ 155.1 and δ 74.1 assigned to the C5 and C6 also 

supported the structure.  
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6-Amino-5-nitrosopyrimidine-2,4 (1H, 3H)-dione (142) 

 

 6-Amino-5-nitrosopyrimidine-2,4(1H,3H)-dione (142) was synthesized by 

nitrosation of 6-aminopyrimidine-2,4(1H,3H)-dione (141) using sodium nitrate in glacial 

acetic acid. Formation of the product was confirmed by comparing the melting point with 

that reported in literature (>300°C), mass spectrometry, 
1
HNMR and 

13
CNMR data was 

used to elucidate the structure. 

 

 In
 1

HNMR, a singlet integrating two protons appeared at δ 11.27 which could be 

assigned to two protons of the amino group. The protons attached with two secondary 

nitrogens might appear at δ10.48 and δ 7.98 as singlets. Two carbonyl carbons appeared 

at δ 162.7 and 152.0 in 
13

CNMR. Other prominent signals were at δ 149.5 and δ 140.1.  

 

5, 6-Diaminopyrimidine-2,4(1H, 3H)-dione  (80) 

 

 5,6-Diaminopyrimidine-2,4(1H,3H)dione was synthesized by the reduction of 6-

amino-5-nitrosopyrimidine-2,4(1H,3H)-dione (142) with sodium dithionite on water bath. 

Melting point of the product was found to be in accordance with the literature values. For 

further confirmation, NMR was used. In 
1
HNMR two amino groups attached to the C-5 

and C-6 appeared at δ 5.92 and δ 4.37 respectively. While the protons attached with 

secondary nitrogens at N-1 and N-3 were observed at δ 10.53 and δ 8.53. In 
13

CNMR 

signals at δ 160.8 and δ 149.0 could be attributed to carbonyl carbons. The signals at δ 

145.5 and δ 90.4 could be assigned to C-5 and C-6 rspectively. 

 

8-Sulfanyl-3,9-dihydro-1H-purine-2,6-dione  (84) 

 

 8-Sulfanyl-3,9-dihydro-1H-purine-2,6-dione (84) was prepared from 5,6-

diaminopyrimidine-2,4 (1H,3H)-dione (80) and carbon disulfide. Conformation of the 

product was established by 
1
HNMR, 

13
CNMR, Mass and CHN analysis. In 

1
HNMR a 

singlet at δ 13.25 integrating one proton was observed. The signal most probably 

corresponded to the N-9 proton, and the singlet appearing at δ 13.05 could be assigned to 



Chapter –4           Results & Discussion (Synthesis) 

 92 

the SH at C-8. Signals at δ 11.10, δ 11.25 and δ 10.92 might represent the protons 

attached with nitrogens in the purine ring skeleton. 

 

In 
13

CNMR spectrum, signals appearing at δ 152.5 and δ 150.2 may be attributed 

to carbonyl carbons whereas the signals at δ 163.8, δ 139.2 and δ 103.6 may represent C-

4, C-5 and C-8 respectively. Mass and CHN analysis were found in close agreement with 

the calculated ones. 

 

2, 8-Disulfanyl-5, 9-dihydro-6H-purin-6-one (86) 

  

2,8-Disulfanyl-5,9-dihydro-6H-purin-6-one (86) was prepared by heating together 

sodium ethylxanthate (140) and 5,6-diamino-2-sulfanyl-2,3-dihydropyrimidin-4(1H)-one 

in DMF. 

  

N

H

NH
N

H

N

O

SH

SH

N

H

NH
NH2

NH2

O

S

Sod.ethoxide

DMF

reflux, 2hr

 

 

 

 Product was characterized by comparing its melting point and λmax with the 

literature values. Electron impact mass spectrometry supported the product formation 

CHN was found in agreement with the calculated values. 
1
HNMR proved to be helpful in 

structure elucidation.
 
The signals at δ 13.21 and δ 11.72 could ba assigned to the NH 

while δ 12.7 could be attributed to the SH at C8. Signals appearing in
 13

CNMR spectrum 

at δ163.8 and δ 152.5 may be assigned to carbons attached with sulfur. Signal at δ 150.2 

could be attributed to carbonyl carbon. 
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[(2,6-Dioxo-2,3,6, 9-tetrahydro-1H-purin-8-yl)sulfanyl]acetic acid (143) 

 [(2,6-Dioxo-2,3,6,9-tetrahydro-1H-purin-8-yl)sulfanyl]acetic acid was prepared 

by reacting  8-sulfanyl-5,9-dihydro-1H-purine-2,6-dione (84) with chloroacetic acid in 

aqueous sodium hydroxide at room temperature. Mass, 
1
HNMR, 

13
CNMR and CHN were 

used for structure elucidation. 

 

 1
HNMR showed the peak at δ10.31 integrating to single proton which might be 

attributed the OH of carboxylic group. A signal integrating to two proton appeared at δ 

4.65 which may be assigned to the the methylene protons.The downfield shift may be the 

result of adjacent carboxylic group. Other prominent singlets at δ13.25, 11.39 and 10.60 

can be attributed to NH in the pyrimidine and imidazole rings. In 
13

CNMR, signals 

appearing at δ 154.6 was assigned to the carboxylic carbon whereas, δ 149.9 and δ 149.3 

may be attributed to carbonyl carbons and the signal at δ 151.1 can be referred to 

thiocarbonyl carbon. Mass and CHN were found in close agreement with the calculated 

value 

 

4.5. 8-(ALKYLSULFANYL)-3,9-DIHYDRO-1H-PURINE-2,6-

DIONES (144-148) 

 

 8-(Alkylsulfanyl)-3,9-dihydro-1H-purine-2,6-diones (144-148) were synthesized 

using 8-sulfanyl-5,9-dihydro-1H-purine-2,6-dione (84) and respective alkyl halides in 

aqueous sodium hydroxide solution. Reaction proceeded at room temperature with 

vigourous stirring. Alkyl halides made an insoluble organic phase with water and being 

heavier settled at the base.Vigourous stirring was continued until the disappearance of 

insoluble phase. Progress of the reaction was also monitored via TLC throughout the 

reaction. Melting points determinations, Mass, λmax, CHN and NMR data were used for 

structure elucidation. 
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8-(Methylsulfanyl)-3,9-dihydro-1H-purine-2,6-dione (144) 

 

 8-(Methylsulfanyl)-3,9-dihydro-1H-purine-2,6-dione (144) was synthesized by 

the reaction of 8-(methylsulfanyl)-3,9-dihydro-1H-purine-2,6-dione (84) with 

iodomethane in aqueous sodium hydroxide solution. Product was confirmed by 

comparing its melting point with the literature value. Mass, 
1
HNMR, 

13
CNMR and CHN 

analysis were used for further confirmation of the structure. In addition to the peaks 

observed for NH in the purine ring system, a signal integrating to three protons was 

observed at δ1.22 representing the methyl protons as a singlet attached as a side chain to 

the sulfur at C-8 position. It was an important proof for the alkylated product. 

 

 In 
13

CNMR signals appearing at δ151.1 and δ 149.4 were assigned to carbonyl 

carbons and δ 154.3, δ 148.9 and δ 65.9 indicated the carbons of the purine skeleton, 

while the signal at δ 15.0 could be attributed to the methyl group. Molecular ion peak was 

observed and fragmentation pattern also supported the product. Elemental analysis was in 

close agreement with the calculated ones. 

 

8-(Ethylsulfanyl)-3,9-dihydro-1H-purine-2,6-dione (145) 

 

 8-(Ethylsulfanyl)-3,9-dihydro-1H-purine-2,6-dione (145) was synthesized 

employing the method adopted for 8-(methylsulfanyl)-3,9-dihydro-1H-purine-2,6-dione 

(144). 

 

 8-sulfanyl-5,9-dihydro-1H-purine-2,6-dione and iodoethane were stirred at room 

temperature in aqueous medium in the presence of strong base. Molecular ion peak was 

observed at m/z 212 and fragmentation pattern also supported the product formation. The 

identitity of the product was established on the basis of 
1
HNMR, 

13
CNMR and elemental 

analysis. In 
1
HNMR, quatret integrating to two protons at δ 3.18 (J=7.20) might be 

attributed to the methylene protons attached to the sulfur at C-8. Similarly, a triplet at δ 

1.30 integrating to three protons corresponds to methyl attached with methylene. These 

and other representative signals of purine moiety helped in the structure elucidation. 
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 In 
13

CNMR signals appearing at δ 151.1 and δ 149.4 were assigned to the 

carbonyl carbons and at δ 25.2 and δ 15.0 for aliphatic carbons i.e. methylene and methyl 

carbons respectively. Other prominent signals were observed at δ 154.3, δ 148.8 and 

107.9 respectively. CHN was found in close agreement with the estimated values. 

 

8-(Propylsulfanyl)-3,9-dihydro-1H-purine-2,6-dione (146) 

 

 8-(Propylsulfanyl)-3,9-dihydro-1H-purine-2,6-dione (146) was prepared by 

reacting 8-sulfanyl-5,9-dihydro-1H-purine-2,6-dione (84) with 1-iodopropane. 
1
HNMR, 

13
CNMR, mass spectrometry and elemental analysis were used for determination of the 

structure. Molecular ion peak appeared at m/z 226, fragmentation pattern also helped 

structure elucidation.CHN analysis was in close agreement with the calculated values. In 

1
HNMR, in addition to the three singlets characteristic of the NH in the purine ring 

system, some new peaks were also observed indicating the formation of the product. A 

triplet appeared at δ 3.13 integrating to two protons having coupling constant J=7.20. 

This peak might represent the methylene attached to sulfur (SCH2). A septet appeared at 

δ 1.67 probably due to methylene protons adjacent to the methyl. Methyl protons 

appeared as triplet at δ 0.96 integrating to three protons. Coupling constant was found to 

be (J=7.20). 

 

 In 
13

CNMR signals at δ 151.0 and δ 149.3 were characteristic for carbonyl 

carbons and three signals at δ 33.3, δ 22.6 and δ 12.9 appeared for the alkyl chain 

attached. Other prominent peaks were observed at δ 148.9, δ 107.9 and δ 154.3. 

 

8-(Butylsulfanyl)-3,9-dihydro-1H-purine-2,6-dione (147) 

 

 8-(Butylsulfanyl)-3,9-dihydro-1H-purine-2,6-dione (147) was synthesized using 

8-sulfanyl-5,9-dihydro-1H-purine-2,6-dione (84) and 1-iodobutane in aqueous sodium 

hydroxide solution.. 
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 1
HNMR gave valuable clues about the structure elucidation of the compound. 

Protons in the -SCH2 appeared as triplet at the δ3.16 integrating to two protons. A quintet 

integrating to two protons was observed at δ 1.94 which was assigned to SCH2CH2.  The 

CH2 attached with methyl protons was indicated by the emergence of a septet at δ 1.65 

having coupling constant value to be 7.20. Methyl protons were indicated by the presence 

of a triplet integrating to three protons at δ 1.42. Other characteristic signals for NH 

protons in the purine ring system were also observed. 

 

 In 
13

CNMR characteristic signals appeared at δ 151.0 and δ 149.4 corresponded to 

carbonyl carbons and peaks at δ 31.2, δ 31.1, δ 21.1 and δ 13.4 were assigned to 

methylene and methyl carbons. Other prominent peaks were found to be at δ 156.3, δ 

148.9 and δ 108.0.  

 

8-(Pentylsulfanyl)-3,9-dihydro-1H-purine-2,6-dione (148) 

 

 8-(Pentylsulfanyl)-3,9-dihydro-1H-purine-2,6-dione  (148) was prepared by the 

reaction of 8-sulfanyl-5,9-dihydro-1H-purine-2,6-dione (84) with 1-iodopentane. 

1
HNMR, 

13
CNMR, Mass and elemental analysis were the tools employed for the 

structure elucidation. Molecular ion peak was observed at m/z 254 and second prominent 

peak was at m/z 226 which appeared probably due to the elimination of –C2H5 and base 

peak appeared at m/z 184 as a result of pentyl elimination. 

 

 Valuable information was gathered from 
1
HNMR regarding the structure 

elucidation of the compound. Methylene protons attached to sulfur were observed at δ 

3.15 as a triplet being in the vicinity of another methylene group, integrating  to two 

protons with coupling constant value to be (J=7.20). A pentet appeared at δ 2.49 which 

might indicate the presence of -SCH2CH2 and another pentet at δ 1.63 might be the result 

of the third methylene (SCH2CH2CH2). Methylene protons adjacent to the methyl were 

observed at δ 1.29 as a heptet, and methyl protons were thought to appear at δ 0.85 as a 

triplet integrating to three protons. Characteristic signals for NH in purine moiety were 

also observed at δ13.25, δ 11.51 and δ 10.76. In 
13

CNMR signals for carbonyl carbons 
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appeared at δ 151.0 and δ 149.3. Signals at δ 31.3, δ 30.0, δ 28.8, δ 21.5 and δ 13.7 

represented the alky chain (methylene and methyl carbons). Other prominent signals were 

at δ 148.9 and δ 107.8. 

 

4.6 6-(ALKYLSULFANYL)-9H-PURINES (149-159) 

 6-(alkylsulfanyl)-9H-purines (149-159) were synthesized using 6-sulfanylpurine 

monohydrate and respective alkyl halides in aqueous sodium hydroxide solution at room 

temperature. Products were identified by comparing their melting points with literature 

and further support came from spectral data i.e. 
1
HNMR, 

13
CNMR, Mass and elemental 

analysis (CHN).  Purity of the compounds was achieved by thin layer chromatography on 

silica gel plates using etyhyl acetate as eluent. The compounds were synthesized using 

literature method in lieu of their biological activities. However, no spectroscopic data was 

available for their characterization and the confirmation was being done on the basis of 

their Mp and CHN values. During our study, complete spectroscopic analyses were 

carried out for their characterization.   

 

6-(Methylsulfanyl)-9H-purine (149) 

 

 6-(Methylsulfanyl)-9H-purine (149) was prepared using 6-sulfanylpurine 

monohydrate and methyl iodide and stirring for two hours at room temperature. Product 

was confirmed by comparing its melting point with the literature value.  Molecular ion 

peak was observed at m/z 166 as expected. CHN analysis was also found to be close to 

the calculated values.
 1

HNMR showed a singlet integrating to three protons at δ 2.64. The 

down field shift of the methyl protons might be the result of S attached with the methyl 

group. Other characteristic peaks were observed δ 13.48, a singlet integrating one proton 

representing the NH of imidazole ring. CH proton of the imidazole was observed at δ 

8.68 as a singlet again integrating one proton. A signal integrating one proton at δ 8.42 

was assigned to the CH in pyrimidine ring. In 
13

CNMR  signal at δ 11.15 was assigned to 

the methyl carbon and other prominent were found purine skeleton at δ 153.9, δ 153.4, δ 

151.4, δ 143.1 and δ 129.3 were assigned for the carbons at C-6, C-4, C-2, C-9 and C-7 

respectively. 
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6-(Ethylsulfanyl)-9H-purine (150) 

 6-(Ethylsulfanyl)-9H-purine (150) was prepared using 6-sulfanylpurine 

monohydrate and ethyl iodide.The compopund was purified by crystallization with water. 

Structure confirmation was done by comparing its melting point with the literature 

(lit.196°C). Molcular ion peak was observed at m/z 180 which aided in the confirmation 

of the product. Elemental analysis was found in agreement with the calculated values.
 
In 

1
HNMR, a quartet appeared at δ 3.27 integrating to two protons was assigned to 

methylene protons and methyl carbons were designated to the signal observed at δ 1.35 as 

a triplet integrating to three protons. Down field shift of the signals in both cases may be 

thr result of sulfur attached to the alkyl chain. Other characteristic signals for purine ring 

system were also observed as well. 

 

 13
CNMR was found to be a helpful tool in structure elucidation. In addition to the 

signals appearing for the purine skeleton, alkyl side chain showed characteristic signal at 

δ 22.4 for methylene and at δ 14.9 for methyl carbon. 

 

6-(Propylsulfanyl)-9H-purine (151) 

 

 6-(Propylsulfanyl)-9H-purine (151) was prepared using 6-sulfanylpurine 

monohydrate and 1-iodopropane while stirring at room temperature. Melting point of the 

product was found accordance with the literature value and CHN and mass were also 

found close to the calculated values. In 
1
HNMR, a triplet indicated the methylene protons 

splitted by adjacent methylene group at δ3.31 (SCH2). Down field shift was considered to 

be the result of adjacent sulfur. Signal at δ 1.71 was assigned to the methylene attached 

with methyl group integrating to two protons as a septet. Signal at δ 0.99 was considered 

to be the result of methyl protons. 

 

 In 
13

CNMR, the signals appearing at δ 29.6, δ 22.6 and δ 13.2 were the 

informative signals representing two methylene carbons and one methyl carbon 

respectively. 
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6-(Butylsulfanyl)-9H-purine (152) 

 

 6-(Butylsulfanyl)-9H-purine (152) was synthesized by the reaction of 6-

sulfanylpurine monohydrate with 1-iodobutane. Confirmation of the product was 

established by comparing its melting point with the literature. Methanol/water mixture 

was used as a solvent for recrystallization. Further establishment was achieved by 

1
HNMR, 

13
CNMR, CHN and Mass spectral data.  

 
 1

HNMR gave characteristic signals which were helpful in structure elucidation of 

the compound. A triplet was observed at δ 3.33 integrating to two protons which could be 

assigned to SCH2. A quinntet again integrating to two protons was attributed to -

SCH2CH2 at δ 1.67 coupling constant being δ 7.20. A septet was observed at δ 1.43 

which may be attributed to the methylene protons adjacent to the methyl protons. A 

triplet appearing at δ 0.99 was assigned to the methyl protons. Other characteristic signals 

for purine ring system were also observed. 

 

 In 
13

CNMR, signals appearing at δ 31.2, δ 27.4 and δ 21.3 may be assigned to the 

methylene groups in the alkyl side chain and the signal at δ 13.1 could be attributed to the 

methyl carbon. Signals appearing at δ158.0 (C), 151.4(C), δ 150.3(CH), δ143.1 (CH), δ 

129.3(C), assigned to the carbons present in the ring system. Molecular ion peak 

appeared at m/z 208 and fragmentation pattern also resolved the structure. CHN was 

found in agreement with the calculated values. 

 

6-(Pentylsulfanyl)-9H-purine (153) 

 

 6-(Pentylsulfanyl)-9H-purine (153) was synthesized using 6-sulfanylpurine 

monohydrate and iodopentane. Product was confirmed by its melting point and structure 

was elucidated using mass,
 13

CNMR, 
1
HNMR and CHN analysis. 

1
HNMR showed a 

triplet at δ 3.32 integrating to two protons which was assigned to SCH2 and downfield 

shift of the peak was attributed to the presence of sulfur. Two pentets at δ 1.69 and δ 1.40 

were observed which were assigned to SCH2CH2 and SCH2CH2CH2 respectively both 
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integrating to two protons. A heptet emerged at δ 1.32 was thought to be the result of 

methylene attached to the methyl group in the alkyl chain. Methyl was thought to appear 

as a triplet integrating to three protons at δ 0.863. Other characteristic peaks for purine 

ring structure also appeared at δ13.51, δ 8.66 and δ 8.41. In 
13

CNMR, methylene signals 

were observed at δ 30.3, δ 28.8, δ 27.7 and δ 21.6 and the signal emerged at δ 13.8 was 

assigned to the methyl carbon. Other prominent signals were observed at δ 157.9, δ 

151.4, δ 144.4, δ 143.1 and δ 129.3. Mass spectrum showed the molecular ion peak at 

m/z 222 and fragmentation pattern depicted the remolval of methylenes successively 

from the alkyl side chain. Base peak was observed at m/z 166. CHN analysis was found 

in agreement with the calculated value. 

 

6-(Hexylsulfanyl)-9H-purine (154) 

 

 6-(Hexylsulfanyl)-9H-purine (154) was synthesized using 6-sulfanylpurine 

monohydrate and 1-iodohexane in aqueous sodium hydroxide solution. Product was 

verified by comparing its meling point with the literature. Mass was found to be 

according to the calculated value and CHN analysis was also in agreement with the 

calculated ones. Further confirmation of the structure came from 
13

CNMR, 
1
HNMR. 

 

 In 
1
HNMR, Signal for SCH2 appeared as a triplet integrating for two protons at δ 

3.32 and three pentets at δ 1.68, δ 1.39 and δ 1.26 integrating for two protons were 

assigned to three methylene groups having same environment, while the methylene 

attached to methyl was assigned the signal appearing at δ 1.23 as heptet integrating for 

two protons. Triplet appearing at δ 0.835 was attributed to three protons of the methyl 

group. Other signals characteristic for purine ring system were also observed. 

 

 In 
13

CNMR, Signals at δ 30.7, δ 29.1, δ 27.8, δ 27.7, δ 21.9 were assigned to 

methylene carbons whereas, the signal at δ 13.8 demonstrated the methyl carbon. The 

other signals appearing at δ 158.0, δ 151.4, δ 150.4, δ 143.1, and δ 129 were assigned to 

the basic skeleton of purine ring system. Molecular ion peak was observed at m/z 236 and 
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the fragmentation pattern showed the successive removal of methylenes from the alkyl 

side chain. Base peak was observed at m/z 152 representing 6-sulfanylpurine. 

 

6-(Heptylsulfanyl)-9H-purine (155) 

 

 6-(Heptylsulfanyl)-9H-purine (155) was prepared using 6-sulfanylpurine 

monohydrate and 1-iodoheptane while stirring at room temperature. Mass, 
1
HNMR, 

13
CNMR and CHN were used as the tools for structure elucidation. 

 

 In 
1
HNMR, like other alkyl derivatives the signal observed at δ 3.32 integrating 

for two protons was thought to be the representative signal of methylene attached with S. 

A pentet appeared at δ 1.69 integrating for two protons representing SCH2CH2. A 

multiplet appeared at δ 1.64-1.24 which was assigned to the four methylene groups. 

Triplet at δ 0.842 was thought to be the representative of methyl protons. Characteristic 

signals for purine ring system were also observed. 

 

 Characteracteristic signals for six methylene carbons in alky side chain appeared 

at  δ 31.1, δ 29.1, δ 28.2, δ 28.1, δ 27.8, δ 22.0 and peak characteristic for methyl carbon 

was observed at δ 13.9. Signals appearing at δ 157.9, δ 151.3, δ 150.9, and δ 143.5 were 

indicatives of purine skeleton. 

 

6-(Octylsulfanyl)-9H-purine (156) 

 

 6-(Octylsulfanyl)-9H-purine (156) was prepared using 6-sulfanylpurine 

monohydrate and 1-bromooctane and stirring at room temperature. Melting point of the 

product was compared with literature and Mass, 
1
HNMR, 

13
CNMR and CHN analysis 

were used for the confirmation of the product. 
1
HNMR had been a useful tool structure 

elucidation of the compound like other compounds of the series. Signals for NH in the 

purine ring system was observed at δ13.46, and CH protons were characterized as a 

singlet integrating for one proton each at δ 8.66 and 8.41. The triplet δ 3.26 integrating 

for two protons was assigned to SCH2 and the peaks for six methylenes were merged as a 
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multiplet observed at δ 1.72-1.65. The triplet at δ 0.85 was assigned to the three methyl 

protons. In 
13

CNMR, the signals at δ 31.1, δ 29.1, δ 28.5, δ 28.4, δ 28.1, δ 27.7 and δ 

22.0. The signal at δ 13.9 was thought to be the representative of methyl carbon. Mass 

spectrometry showed the molecular ion peak at m/z 264and other prominent peaks at m/z 

231, 217, 179 and 166. The base peak was observed at m/z 152 indicating the peak for 6-

sulfanylpurine. 

 

6-(Nonylsulfanyl)-9H-purine (157) 

 

 The compound was prepared using 6-sulfanylpurine monohydrate and 1-

iodononane and stirring at room temperature. As no data could be obtained regarding this 

compound. So the melting point was noted and found to be 97°C. Product was obtained 

in fairly good yield (93%). Molecular ion peak in mass spectral analysis was observed at 

m/z 278. Fragmentation pattern helped in the establishment of the structure.  

 

 A triplet integrating for two protons appeared at δ3.23 representing the SCH2 and 

a multiplet observed at δ 1.70-1.22 was attributed to seven methylenes. The multiplet 

might originate because of the mergance of the signals appearing for individual 

methylene protons. Moreover, the signal at δ 0.83 as a triplet integrating for three protons 

was assigned to the methyl protons. In 
13

CNMR, Prominent signals for methylene 

carbons were obtained at δ 31.2, 29.1, 28.8, 28.5, 28.5, 28.1, 27.7 and 22.0 while the 

signal at δ 13.91 was considered to be for methyl carbon. CHN was found in agreement 

with the calculated values. 

 

6-(Decylsulfanyl)-9H-purine (158) 

 

 6-(Decylsulfanyl)-9H-purine (158) was prepared using 6-sulfanylpurine 

monohydrate and 1-iododecane. Confirmation of the structure was established using 

CHN, 
13

CNMR, 
1
HNMR and Mass spectral data.  
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 1
HNMR showed the signals which helped in the confirmation of the structure of 

the target compound. A triplet was observed at δ3.33 which could be assigned to the 

SCH2 and a pentet at δ 1.72 may be attributed to SCH2CH2. A multiplet appeared at 

δ1.41-1.23 assigned to the seven methylene groups. The signal at δ0.84 was thought to be 

the representative of methyl protons integrating for three protons (J=7.20). Other 

characreristic signals for purine moiety were observed at δ13.48 as a singlet integrating 

for one proton designated to NH in the imidazole ring. Two singlets appearing at δ 8.67 

and 8.42 were attributed to the two CH in the pyrimidine and imidazole rings 

respectively. Mass spectral data depicted the molecular ion peak at m/z 292. 

Fragmentation pattern showed the successive removal of methylenes from the alkyl side 

chain until the base peak appeared at m/z 152 representing the 6-sulfanylpurine (parent 

compound). 
13

CNMR showed nine signals for methylenes at δ 31.2, δ 29.0, δ 28.8, δ 

28.6, 28.5, 28.3, δ 28.1, δ 27.7 and δ 22.0 while the signal at δ 13.9 was assigned to the 

methyl carbon. Other prominent signals representing the purine moiety were also 

observed at δ 157.6, 151.3, 150.5, 143.1 and δ 129.3. 

 

6-(Benzylsulfanyl)-9H-purine (159) 

 

 The compound was prepared using 6-sulfanylpurine monohydrate (159) and 

benzyl bromide while stirring for 30minutes at room temperature. Structure elucidation 

was achieved using 
13

CNMR, 
1
HNMR, CHN, Mass and XRD. The crystal structure was 

found to be orthorhombic.
189

 Mass and CHN were in agreement with the calculated 

values. 
1
HNMR provided the informative signals in the confirmation of the structure of 

the compound. In addition to the signals obtained for the alkyl derivatives, a multiplet at 

δ 7.45-7.21 was observed which was assigned to the aryl protons. Singlet at δ 4.61 was 

attributed to the methylene integrating for two protons. The down field shift was 

attributed to the presence of carboxylic group in the vicinity. Singlet at δ 13.12 could be 

assigned to the secondary proton in NH while two singlets at δ 8.72 and δ 8.40 were 

assigned to the two CH in purine moiety.
13

CNMR also provided the helpful information. 

Methylene carbon was observed at δ31.5 the aryl protons were found to be at δ129.4, δ 
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128.9, δ 128.4 and δ 127.1. Mass spectrometry depicted the molecular ion peak m/z 243 

which also helped in the confirmation of the structure. 

 

4.7 SYNTHESIS OF 6,6’-(METHANEDIYLDISULFANEDIYL) 

BIS(9H-PURINE)  (160) 

 

 The compound6, 6‟-(Methanediyl disulfanediyl) bis (9H-purine) (160) was 

synthesized from diiodomethane and 6-sulfanylpurine atroom temperature. 

 

N

N
N

N

H

SH

aq. NaOH

r.t.
+

N

N

NNH

S

N

N

N

NH

SCH2I2
2

 

 

 Mass spectrometry, Elemental analyses were found in accordance with the 

calculated values. Proton and 
13

CNMR were used for further validation of results. 

 

(9-H purin-6ylsulfanyl)acetic acid (161) 

 

 (9-H Purin-6ylsulfanyl)acetic acid (161) was synthesized by reacting 6-sulfanyl 

purine monohydrate with chloroacetic acid at room temperature. Mass, CHN, 
13

CNMR,
 

1
HNMR and λmax were used for structure elucidation. Mass and CHN were found in close 

agreement with the calculated values. 

 

 Informative signals were obtained in 
1
HNMR, the singlet appearing at δ 12.40 

integrating for one proton was assigned to the OH. The singlet integrating for two protons 

was observed at δ 4.16 which could be assigned to the methylene protons. Downfield 

shift of the signal was explained as the presence of neighbouring carboxylic group. 
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  In 
13

CNMR informative signals were obtained. Signal appearing at δ169.6 was 

assigned to the carbonyl carbon of the carboxylic group. While the signals at δ 154.2, δ 

153.9, δ 151.5, δ 145.0, and δ 116.2 were attributed to the carbons C-6, C-2, C-4, C-9 and 

C-7. Signal appearing at δ 40.0 corresponded to the methylene group. 

 

 Mass spectrometry showed the molecular ion peak at m/z 210. CHN was found in 

agreement with the calculated values. 

 

Ethyl (9H-purin-6-ylsulfanyl)acetate (162) 

 

 Ethyl (9H-purin-6-ylsulfanyl)acetate (162) was synthesized by using both 

conventional and microwave assisted reaction. The use of microwave oven not only 

reduced the reaction time but higher yields and pure product was obtained using the 

technique. Reaction time was reduced to five minutes and fairly good yield of the product 

was obtained. Conventional heating produced 63% while microwave assisted heating 

surprisingly increased the yield upto 91% in considerably less time. Melting point was 

found to be 110°C. CHN and Mass of the compounds were found in agreement with the 

calculated values. More informative signals were found from 
1
HNMR spectrum. The NH 

might appear at δ 13.51 and two methine carbons of purine ring structure might appear at 

δ8.60 and δ8.47. Signal observed at δ 4.23 could be  assigned to SCH2 and down field 

shift because of S attached to methylene, the quartet appeared at δ4.16 which was 

assigned to the OCH2. A triplet integrating for three protons was observed at δ 1.20. 

 

 In 
13

CNMR, the signal at δ 169.8 was assigned to the carbonyl carbon while the 

signals at δ 154.6, δ 151.3, δ 151.2, δ 143.4, δ 131.4 were assigned to C-6, C-2, C-4, C-9 

and C-7 respectively. Similarly, the signals for methylenes were found to be at δ 61.0 and 

δ 30.7 and for methyl carbon was at the δ 13.9. Mass spectrometry and elemental analysis 

further assisted in structure elucidation. 
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2-(9H-Purin-6-ylsulfanyl)acetohydrazide (163) 

 

 2-(9H-Purin-6-ylsulfanyl)acetohydrazide (163) was synthesized by using 

conventional and microwave assisted heating method. Ethyl (9H-purin-6-ylsulfanyl) 

acetate (162) and hydrazine hydrate were refluxed in ethanol. Melting point, 
13

CNMR, 

1
HNMR, CHN and mass spectrometry were used for structure elucidation. The 

compound was decomposed at 176°C. Mass and CHN were found to be in agreement 

with the calculated values. 

 

More structural information was obtained by 
1
HNMR. In addition to the 

characteristic signals for the purine moiety, the singlet integrating for one proton was 

observed at δ6.26 which could be assigned to NH and another singlet integrating for two 

protons was observed at δ5.98 which was assigned to the NH2. 

 

In 
13

CNMR, the signal appearing at δ 166.7 was assigned to carbonyl carbon and 

at δ 30.4 was attributed to the methylene while othr prominent peaks were at δ 156.9, δ 

151.9, δ 150.4, δ 143.6 and δ 129.0. These informations along with the mass spectral data 

and CHN analysis confirmed the formation of the desired product.  

 

N'-[substituted phenylmethylidene]-2-(9H-purin-6-ylsulfanyl) 

acetohydrazides  (164-172) 

 

 2-(8,9-dihydro-7H-purin-6-ylsulfanyl)acetohydrazide (163) and substituted 

benzaldehydes in ethanol with few drops of acetic acid were refluxed for 4-6 hours. The 

progress of the reaction was monitored by TLC. The products obtained as precipitates 

were filtered hot and recrystallized from ethanol. 
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N'-[(E)-(4-Nitrophenyl)methylidene]-2-(9H-purin-

6ylsulfanyl)acetohydrazide (164) 

 

 N'-[(E)-(4-Nitrophenyl)methylidene]-2-(9H-purin-6-ylsulfanyl)acetohydrazide 

(164) was synthesized by the reaction of 2-(8,9-dihydro-9H-purin-6-

ylsulfanyl)acetohydrazide (163) with 4-nitrobenzaldehyde in ethanol. Formation of the 

product as yellow precipitates was observed immeditely after the addition of the reactants 

in hot ethanol. Confirmation of the product was established using 
1
HNMR, 

13
CNMR, 

CHN and Mass spectrometry. Product was obtained in almost quantitative yield (98 %). 

Mass and CHN were found in agreement with the calculated values. The aid in the 

confirmation of the structure was established using 
1
HNMR. In addition to the 

characteristic signals for purine moiety, the new signals appeared at δ 7.96 representing 

the azomethine proton (N=CH). The emergence of this new signal indicated the 

formation of the desired product and additional multiplet of aryl protons at δ8.47-8.13 

further supported the structure. The signal at δ 4.69 was thought to be the down field 

signal for CH2 integrating for two protons.
 13

CNMR has been proved to be a helpful tool 

in the structure elucidation of the compound. Prominent and distinguishing signals were 

obtained to differenciate between aryl and alkyl carbons and for different substituents 

attached. Carbonyl carbon was obtained at δ169.4. The signals obtained at δ 164.4, δ 

151.3, δ 147.8 could be assigned to the C-6, C-2 and C-4 in the purine ring system. The 

signal at δ 144.3 may be  attributed to the carbon attached to the nitro group in the phenyl 

ring while the signal observed at δ 143.7 could be  assigned to the carbon(N=CH).  

 

N'-[(E)-(3-Nitrophenyl)methylidene]-2-(9H-purin-6-

ylsulfanyl)acetohydrazide (165) 

 

 N'-[(E)-(3-Nitrophenyl)methylidene]-2-(9H-purin-6-ylsulfanyl)acetohydrazide 

(165) obtained as pale yellow solid in 78% yield by the same general procedure. Melting 

point was found to be 260°C. Structure was confirmed using Mass spectrometry, 

13
CNMR, 

1
HNMR and CHN analysis. Mass and CHN were found in agreement with the 
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calculated values. In 
1
HNMR, the signals were informative enough to predict the 

structure of the compound. Multiplet appeared at δ 8.51-7.70 which could be  assigned to 

the aryl protons and at δ 4.70 a signal appeared integrating for two protons which may be  

attributed to the methylene protons. Other characteristic signals also appeared for purine 

ring system.
 13

CNMR also helped in the elucidation of the structure. Mass spectrometry 

and CHN were found in close agreement with the calculated values. 

 

N'-[(E)-(2-Nitrophenyl)methylidene]-2-(9H-purin-

6ylsulfanyl)acetohydrazide (166) 

 

 N'-[(E)-(2-Nitrophenyl)methylidene]-2-(9H-purin-6ylsulfanyl)acetohydrazide 

(166) was synthesized by the reaction of 2-(8,9-dihydro-9H-purin-6-

ylsulfanyl)acetohydrazide (163) with 2-nitrobenzaldehyde in ethanol. Light yellow solid 

was obtained in 85 % yield. Confirmation of the structure was established using Mass, 

1
HNMR, 

13
CNMR and CHN analysis. In 

1
HNMR, a multiplet at δ 8.65-7.64 was 

observed which could be assigned to aryl protons and azomethine (N=CH). Singlet 

integrating for two protons was observed at δ 4.25 which was attributed to -SCH2. In 

13
CNMR, carbonyl carbon was obtained at δ169.3. The signals obtained at δ 154.2, δ 

153.3, δ 151.3 were assigned to the C-6, C-2, C-4 in the purine ring system. The signal at 

δ 148.9 was attributed to the carbon attached to the nitro group in the phenyl ring while 

the signal observed at δ 143.7 was assigned to the carbon (N=CH). Methylene carbon 

was thought to appear at δ 31.1. The mass spectrometry showed the molecular ion peak at 

m/z 357 and important fragment peaks were observed at 284.1, 209.0, 194.1 and 193.0. 

CHN analysis was found to be in accordance with calculated values. 

 

N'-[(E)-(4-Chlorophenyl)methylidene]-2-(6,9-dihydro-5H-purin-6-

ylsulfanyl)acetohydrazide (167) 

 

 N'-[(E)-(4-Chlorophenyl)methylidene]-2-(6,7-dihydro-5H-purin-6-

ylsulfanyl)acetohydrazide (167) was prepared using 2-(9H-purin-6-
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ylsulfanyl)acetohydrazide (163) and 4-chlorobenzaldehyde in ethanol. Structure was 

confirmed using 
1
HNMR, 

13
CNMR and mass spectrometry and CHN analysis. 

 

 Signals appearing at 
13

CNMR were indicative of the proposed structure. Mass and 

CHN were in agreement with the calculated values. The aid in the confirmation of the 

structure was established using 
1
HNMR. In addition to the characteristic signals for 

purine moiety, the new signals appeared at δ 8.70 representing the azomethine proton 

(N=CH). The emergence of this new signal indicated the formation of the desired product 

and additional multiplet of aryl protons at δ 8.40-7.48 further supported the structure. The 

signal at δ 4.63 was thought to be the down field signal for CH2 integrating for two 

protons.  
13

CNMR has been proved to be a helpful tool in the structure elucidation of the 

compound. Prominent and distinguishing signals were obtained to differenciate between 

aryl and alkyl carbons and for different substituents attached. Carbonyl carbon was 

obtained at δ169.5. Other prominent signals were obtained at δ151.3, δ 151.2, δ 142.0, δ 

136.0 and δ 133.0 aryl carbons were obtained at δ132.6-128.4. The signal appearing at δ 

30.1 may be attributed to the methylene carbon. CHN and mass was found in agreement 

with the calculated values. 

 

2-(6,9-Dihydro-5H-purin-6-ylsulfanyl)-N'-[(E)-

phenylmethylidene]acetohydrazide (168) 

 

 2-(6,7-Dihydro-5H-purin-6-ylsulfanyl)-N'-[(E)-

phenylmethylidene]acetohydrazide (168) was synthesized by heating benaldehyde with 

2-(9H-purin-6-ylsulfanyl)acetohydrazide (163) under reflux. Product obtained as yellow 

solid was subjected to 
1
HNMR, 

13
CNMR, Mass and CHN analysis for structure 

determination. Molecular ion peak was observed at m/z 313 and fragments at m/z 281, 

280 and 239. Base peak was observed at m/z 193. In 
1
HNMR, the distinguishing signal at 

δ8.25-7.90 was appeared as multiplet which could be assigned to the aryl carbon of the 

benzaldehyde, which supported the structure of the desired product. Methylene protons 

were observed again at δ 4.26 integrating for two protons.
 13

CNMR also helped in the 
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establishment of the structure of the compound. CHN was in close agreement with the 

calculated values. 

 

2-(6,7-Dihydro-5H-purin-6-ylsulfanyl)-N'-[(E)-(2-

methoxyphenyl)methylidene]acetohydrazide (169) 

 

 2-(6,7-Dihydro-5H-purin-6-ylsulfanyl)-N'-[(E)-(2-

methoxyphenyl)methylidene]acetohydrazide (169) was prepared from 2-(9H-purin-6-

ylsulfanyl)acetohydrazide (163) and 2-methoxybenzaldehyde. Structure was elucidated 

using 
13

CNMR, 
1
HNMR, mass spectrometry and CHN analysis. Mass and CHN were 

found according to the calculated values. Molecular ion peak was observed at m/z 342 

which was in accordance with the calculated value. The signals for 
13

CNMR and 
1
HNMR 

were also supportive in the structure elucidation. The additional signals for methoxy 

group in 
1
HNMR were observed to be at δ 3.91 as a singlet integrating for two protons 

and in 
13

CNMR, at δ55.8. The methylene carbon was thought to be present at δ 31.1 and 

methylene protons were observed to be at δ4.22 a singlet again integrating for two 

protons. Elemental analysis was in agreement with the calculated values. 

 

2-(6,7-Dihydro-5H-purin-6-ylsulfanyl)-N'-[(E)-(2-

hydroxyphenyl)methylidene]acetohydrazide (170) 

 

 2-(6,7-Dihydro-5H-purin-6-ylsulfanyl)-N'-[(E)-(2-hydroxyphenyl)methylidene] 

acetohydrazide (170) was synthesized from 2-(9H-purin-6-ylsulfanyl)acetohydrazide 

(163) and salicyaldehyde. Confirmation of the structure was established using melting 

point determination, Mass, 
1
HNMR, 

13
CNMR and CHN. Molecular ion peak was 

obtained at m/z 327 which was in accordance with the calculated mass of the desired 

product. Further confirmation of the structure was established using 
1
HNMR. In addition 

to the characteristic signals for purine moiety at δ12.98 representing the NH of imidazole, 

a signal appeared at δ8.99 as a singlet integrating for one proton which could be assigned 

to the hydroxyl proton of the salicyaldehyde. Multiplet representing the aryl protons was 

observed to be at δ7.94-7.69 and methylene protons might appear as a singlet at δ3.33. In 
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13
CNMR, signals confirming the desired product were also observed. The product 

obtained as brown needles was also subjected to elemental analysis to establish its purity. 

The CHN was found in agreement with the calculated values establishing its structure 

and confirming the purity. 

 

N'-{(1Z)-[4-(Dimethylamino)phenyl]methylidene}-2-(9H-purin-6-

ylsulfanyl)acetohydrazide (171) 

 

 N'-{(1Z)-[4-(Dimethylamino)phenyl]methylidene}-2-(9H-purin-6-

ylsulfanyl)acetohydrazide (171) was prepared from 2-(9H-purin-6-

ylsulfanyl)acetohydrazide (163) and 4-(dimethylamino)benzaldehyde. Confirmation of 

the product was established using 
1
HNMR, 

13
CNMR, CHN and mass spectrometry. Mass 

and CHN were found in agreement with the calculated values. 

 

 1
HNMR also proved to be helpful in the determination of the structure. In addition 

to the characteristic signals for purine moiety, a multiplet appeared at δ 8.09-7.47 which 

could be assigned to the azomethine and aryl protons. A singlet integrating for two 

protons was observed at δ 4.15 which may be assigned to the methylene group. A singlet 

integrating for six protons was observed at δ3.18 which might attribute the two methyls 

attached with nitrogen. Down field shift of the signal was also because of the presence of 

nitrogen in the neighbourhood. 
13

CNMR has been helpful in the structure elucidation of 

the compound. Prominent and distinguishing signals were obtained to differenciate 

between aryl and alkyl carbons and for different substituents attached. Carbonyl carbon 

was obtained at δ169.4. The signals obtained at δ 151.3, 151.3, 147.0 were assigned to 

the C-6, C-2, C-4 in the purine ring system. Two methines of the aryl ring appeared at 

δ127.6 and two other methines were observed at δ 111.7. Methylene carbon appeared at δ 

44.3 and methyl at δ 31.1.  
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N'-{(1Z)-[4-(Diethylamino) phenyl] methylidene}-2-(9H-purin-6-

ylsulfanyl) acetohydrazide (172) 

 

 N'-{(1Z)-[4-(diethylamino)phenyl]methylidene}-2-(9H-purin-6-ylsulfanyl) 

acetohydrazide (172) was synthesized from 2-(9H-purin-6-ylsulfanyl) acetohydrazide 

(163) and 4-(diethylamino)benzaldehyde. Confirmation of the product was established 

using 
1
HNMR, 

13
CNMR, CHN and Mass spectrometry. Mass and CHN were found in 

agreement with the calculated values. 

 

 1
HNMR also proved to be helpful in the determination of the structure.  In 

addition to the characteristic signals for purine moiety, a multiplet appeared at δ8.12-7.57 

which was assigned to the azomethine and aryl protons. A singlet integrating for two 

protons was observed at δ 4.21which was assigned to the methylene group. A quatret 

integrating for four protons was observed at δ3.62 which was attributed the two 

methylenes attached with nitrogen. Down field shift of the signal was also because of the 

presence of nitrogen in the neighbourhood. A triplet integrating for six protons was 

observed at δ1.08 which was assigned to the two methyls of the ethyl moieties. 

 

 13
CNMR has been helpful in the structure elucidation of the compound. 

Prominent and distinguishing signals were obtained to differenciate between aryl and 

alkyl carbons and and for different substituents attached. Carbonyl carbon was obtained 

at δ168.3. The signals obtained at δ151.6, δ151.3, δ 149.2 were assigned to the C-6, C-2, 

C-4 in the purine ring system. Signals observed at δ 44.3 were attributed to the two 

methylenes. Signal for SCH2 was found to be present at δ32.8 and two methyls were 

observed at δ12.4. Molecular ion peak was observed at 383.20 which was in accordance 

with the theoretical value. Other prominwent peaks were observed at 350.2, 349.2, 335.0 

and 307.2. CHN was in agreement with the calculated values. 

 



Chapter –4           Results & Discussion (Synthesis) 

 113 

4.8. 2-(6, 7-DIHYDRO-5H-PURIN-6-YLSULFANYL)ANILINE (173) 

 

 2-(6,7-Dihydro-5H-purin-6-ylsulfanyl)aniline  (173) was synthesized using 6-

chloropurine and 2-aminothiophenol.  

N

N
N

N

H

Cl

aq. NaOH
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N

N
N

N

H

S

NH2

+

SH

NH2

 

 Progress of the reaction was monitored by thin layer chromatography using ethyl 

acetate as eluent. Dark green precipitates of the product upon acidication of the basic 

solution. Confirmation of the structure was established using melting point, Mass 

spectrometry, 
1
HNMR,

1 3
CNMR and CHN. 

 

 In 
1
HNMR, signal at δ12.93 was assigned to NH of the purine moiety while the 

signal at δ8.72 was attributed to the CH of imidazole ring and the δ8.69 was thought to be 

for CH of pyrimidine ring. Four aryl protons appeared at δ7.72-7.01 as a multiplet. A 

singlet at δ6.38 integrating for two protons was assigned to the two protons of the amino 

group. 

 

 In 
13

CNMR, informative signals were obtained regarding the structure of the 

compound. Important signals were observed at δ152.4 (C), 151.7(CH), 136.0 (C), 135.3 

(C), 134.6 (CH), 131.1 (CH), 130.9 (C), 126.4 (CH), 124.2 (C), 121.5 (CH), 114.77 

(CH). Molecular ion peak was observed at m/z 243. The elemental analysis was also in 

accordance with the calculated values. 
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5. ASSESSMENT OF ANTITHYROID ACTIVITY 

 

5.1 MATERIALS, INSTRUMENTS AND METHODS 

 

Two mechanisms have been proposed for the action of SATs. One is through 

inhibition of TPO enzyme and the other is by complexation with iodine. As a result of 

first action, the oxidation of iodides is retarded because TPO acts as catalyst for this 

process. It creates iodine deficiency and consequently decreases biosynthesis of thyroid 

hormones. On the other hand SATs, which are strong n-donors, can make stable CT 

complexes with iodine resulting in the same final effect.  The SATs may act through one 

or both of these mechanisms.
190 

 These two mechanisms also entail the means for in vitro 

testing of antithyroid activity of different compounds.   

 

5.1.1 IN VITRO  

  

 The antithyroid activity in vitro was evaluated by studying complex formation 

between the compounds and iodine spectrophotometrically. The reactions were carried 

out directly in the spectrophotometric cell by mixing 1.5 ml solutions each of purine 

(donor) and iodine (acceptor). Spectra were recorded immediately on double beam UV 

visible spectrophotometer. The compound and iodine conectrations were adjusted by trial 

and error method because for higher concentrations of both, the spectra crossed the scale 

of the instrument. Iodine has λmax in visible regiond near 510 nm, while all the 

compounds have the absorption maxima in UV region near 300 nm. This helped in 

devising a strategy to identify the complexes by placing the solution of pure compounds 

in the reference cell of the instrument when taking spectra in UV region and that of 

iodine solution while doing the same in visible region. In this way the effect (absorbance) 

due to iodine and the comounds in the respective regions were nullified. The Beer-

Lambert law is fundamental to all spectrophotometric studies. This law and its corollaries 

were frequently used during in vitro (complexation) study. The compounds made 

complexes of different stiochiometric compositions depending upon the available number 

of electron lone pairs. The stiochiometry was ascertained by “method of continuous 
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variations”. The compounds having single lone pair exhibited 1:1 complexation with 

iodine. Lang's method was used to determine the formation constants of such 

complexes.
191

 For other stiochiometries the situation, the absorption spectra though help 

in determining different complexes present in the reaction mixture yet it is too difficult to 

predict the exact situation. There remain chances of forming more than one complex and 

in some situations one iodine molecule can complex with more than one donor sites. That 

is why; no easy method is available for determining Kc of such complexes. However, 

complexation can be confirmed by Beer-Lambert law. A brief account of Beer-Lambert 

Law, Method of Continuous Variations and Lang‟s Mehtod is given herein. 

 

5.1.1.1. Beer-Lambert Law 

Let, 

I0: Intensity of the incident light 

I:  Intensity of light after it has traveled disntace L in the absorbing medium in which 

concentration of absorbing molecule or ion is cA, then 

ln I/I0 = -kcAL    Eq. 1 

 Equation 1 is the mathematical definition of Beer-Lambert Law, where k is the 

absorption coefficient. Rewriting Eq.1, we have 

I = I0 e
-kcAL

      Eq. 2 

or 

I = I010
-εcAL

     Eq. 3 

 Where, ε is extinction coefficient or molar absorptivity. Comparing Eq. 2 and 3,  

k = 2.303 ε 

 The absolute value of exponent is called absorbance or optical density (D) 

D = εcAL     Eq. 4 

  Also, D = -log I/I0, where, the ratio I/I0 is called transmittance. 

 Equation 4 is of our frequent use and in our case L = 1cm (spectrophtotmetric cell 

depth). 
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5.1.1.2. Method of Continuous Variations
192

 

 

 This method is quite useful for determining the stiochiometric composition of a 

molecular complex spectrophotometrically. We consider three components of a system 

A, B and ABn such that: 

A + B ABn  

 

 Let the initial concentrations of A and B be a and b before mixing them, so the 

initial concentration of ABn will be zero. Therefore, at equilibrium 

[A] = a –[ABn]       Eq. 5 

[b] = b –n[ABn]       Eq. 6 

 

 As overall absorbance is the sum of the absorbances of all absorbing substances. 

Therefore, at equilibrium: 

D = LεA[A] + LεB[B] + LεABn[ABn]     Eq.7 

Putting values of [A] and [B] in the above equation 

D = LεA.a - LεA[ABn] + LεB.b- LεBn[ABn] + LεABn[ABn]  Eq. 8 

But absorbance of the mixture if no reaction had taken place will be 

D' = LεA.a + LεB.b       Eq.9 

Increase in absorbance caused by reaction will be 

∆D = D-D' = L (εABn - εA - nεB) [ABn]     Eq.10 

 

Now, as long as εABn > εA +  nεB , that is, the complex is the only highly absorbing 

substance at a chosen wavelength, the coefficient of [ABn] will be positive and ∆D will 

be greatest when [ABn] is maximum. In practice a/b ratio, which gives maximum ∆D is 

found with trial and then n is calculated with a detailed mathematical calculation 

resulting in the following final expression: 

n = x/(1-x)        Eq.11  

Where,  x = b/(a+b)       Eq. 12 
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Therefore, by plotting ∆D, the increase in absorbance due to reaction against x, the 

ratio of initial concentration of B to the sum of the intial concentrations of A and B, when 

this sum is kept constant. The maximum is located and from corresponding x, n is 

obtained by Eq. 11. 

 

5.1.1.3. Lang's Method to Determine Formation Constant of 1:1 Complexes 

 

Lang developed a simple method to determine Kc of 1:1 stoichiometric complexes. 

The method is briefly described as under: 

Let initial concentration of iodine  =  [I0] 

Initial conc of compound (purine)  =  [P0] 

Concentration of complex   = [C] 

Considering 1:1 stoichiometry 

Final conc. of iodine = [I]   = [I0]-[C] 

Final conc. of compound = [P]  =  [P0]-[C] 

Kc = [C] / ([I0]-[C]).([P0]-[C])     Eq.13 

The extinction coefficient εc is defined as: 

εc = dc / [C]        Eq. 14 

Where, dc is the absorbance of the complex. Equation 13 can be re-written in the form: 

Y= (1/ εc).X + 1/Kc.εc       Eq. 15 

Where, 

Y= [I0].[P0]/dc and  X= [I0] + [P0] – dc/ εc 

  

 Eq.15 is an equation of a straight line with slope 1/εc and Y-intercept 1/ 

(Kc.εc).With fixed iodine concentration and different compound concentrations, different 

absorbance dc and thus Y is obtained. Equation 3 contains unknown values of Kc and εc. 

One solution to solve this problem is to use iteration and linear regression in which an 

initial value of εc is assigned and value of X is calculated. From the slope of the line, Kc 

and new value of εc is determined and used in the same process until the εc as well as Kc 

converge to particular values. Iterations were carried out by developing a simple 

computer program in the laboratory, which is described as under:   
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 Figure 5.1  Using M.S. Excel to solve Lang’s equation for Kc and εc of CT 

complexes In the above figure: 

 

[I]: Concentration of I2 

[P]: Concentrations of purine (compounds) 

A(P): Absorbance at the charge transfer band (pure compound being in reference cell) 

A(I): Absorbance of I2 solution at the same wavelength determined from I2 spectrum 

A© (dc): Absorbance of the complex, A(P)-A(I) 

 Y was calculated by putting Y=[I].[P]/dc but to calculate X an arbitrary value of εc 

was assigned e.g. 10000 at R3 (Fig. 5.1.). All X, Y values were calculated on the basis of 

this arbitrary εc and the slope and intercept of the line resulting from these values were 

determined by using “functions window” and selecting slope and intercept options. As 

discussed above, slope represents (1/εc) and intercept, 1/(Kc.εc). Kc was determined by 

taking inverse of intercept value and multiplying it with slope and at the same time a new 

value of εc was determined by taking inverse of slope as shown at R6 of the figure. This 

new value considerably differs from the old arbitrary value. Here we need iterations to 

run, so that, those values of εc and Kc can be calculated that may satisfy the equation of 

straight line. This was done by making a circular reference between old and new values 
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of εc and using options window from the “Tools” menu of M.S.Excel (Fig.5.2.). The 

software will iterate to calculate values of both εc and Kc, which will converge and satisfy 

the equation (Fig.5.3.). Determining εc and Kc only is not sufficient, a linear regression 

curve should give a perfect fit to the X,Y scatter plotted on the basis of above 

experimental and iterative excercie. The curve fiting can be done on M.S. Excel as well 

on other graph softwares. Multiple regression lines with different X coordinates cannot 

be plotted on M.S.Excel. Nevertheless, for a good fit of linear curve, the coefficient of 

determination R
2
 ccalculated by the option itself should be more than equal to 0.9 (Fig. 

5.3.). 

 

 

Figure 5.2  Method of iterations on M.S. Excel 
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Figure 5.3  Calculation of Kc with MS EXCEL using Lang’s equations  

 

5.1.2 IN VIVO  

 

The in vivo study was performed on young male albino Wistar rats of 125 to 200 

g weight except f0r 6-chloropurine for which rabbits were used because the rats were not 

available. The animals (rats) were divided into control, vehicle control, treated groups. 

The treated groups were administered with solutions of respective compounds (including 

MMI) in DMSO, while the control and vehicle control groups obtained equivalent doses 

of normal saline and the solvent respectively. Five animals were allocated to each group 

and were fed with chick feed with water ad libitum. Daily dose of 20 mg/kg/animal was 

administered via i.p. injection to respective groups daily in the morning for 15 days (21 

days only for 86). The animals were weighed before sampling and blood samples were 

collected from all animals by puncturing abdominal aorta under light diethyl ether 

anesthesia. Standard animal protocols were adopted for the experimentation.
193

 Free T3 

and T4 levels were determined using radioimmunoassay technique, while that of TSH 

with ELISA method. The animals were sacrificed afterwards on the same day under deep 
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diethyl ether anesthesia and thyroid was removed for histological studies. The weight of 

thyroid was determined to calculate “thyroid body index”, whih is defined as weight of 

thyroid per 100 gram of body weight.    

 

5.1.2.1.  Determining Serum Hormonal Levels (Radioimmunoassay) 

 

Serum free T3 and T4 levels were determined using RIA technique. The 

radioimmunoassay is a competition assay which is based upon the principle of labeled 

antibody. Samples and calibrators are incubated with 
125

I-labelled monoclonal antibody 

specific for either T3 or T4. 
125

I is used as a tracer. It is coated in the tubes with an analog 

(ligand) specific for T3 or T4.  There is a competition between the ligand and free antigen 

in serum for binding with the antibody. After incubation the contents of the tubes are 

aspirated and bound radioactivity is measured. A callibration curve is established and 

unknown values are calculated by interplotation from the curve. 

 

Blood taken from the animals i.e. rats and rabbits was collected in gel tubes. The 

blood samples were then centrifuged at 3000 rpm for 10 minutes and serum was stored at 

-20°C.  Free T3 levels were measured by taking 100μL and T4 by taking 25 μL of the 

serum. The incubation tima was two hours and one hour respectively. Assays were 

performed in duplicate using immunotech kits. 

 

5.1.2.2. Determining TSH levels using ELISA method 

 

Enzyme linked immunosorbent assay (ELISA) was used for the determination of 

TSH. It is a chemiluminisicient technique based on the principle of colorimeter. The 

value of TSH was determined on the basis of color developed in the samples. The 

samples were measured in duplicate and having controls also in duplicate. A calibration 

curve was plotted and the values were determined by comparing with the standards used 

as per requirement of the kit protocol. 
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5.1.2.3. Thyroid Histology Study  

 

Tissue Preparation: Thyroid was dissected out from each animal and placed in Petri 

dishes containing saline solution to clear organ from fats and blood. The tissues were 

then weighed with the help of sartorius digital balance and were fixed in 4 % PFA for 4-6 

hours. 

 

 Preparation Of 4 % PFA: 4 grams of PFA solid was dissolved in prewarmed 

100ml distilled water at 60 C. NaOH pellets were added to the solution until it became 

clear then, 10 ml of PBS buffer was added to the solution and PH was adjusted to 7.2 to 

7.4. Finally, the volume of the solution was adjusted to 100 ml. 

 

 Dehydration: After fixation dehydration is done in the following ascending 

grades of ethanol 

 70 %Ethanol    Overnight at room temperature 

 80%Ethanol    2 hours at room temperature 

90%Ethanol    2 hours at room temperature 

 100%Ethanol    2 hours at room temperature 

  

 Clearing: The dehydrated tissues were cleared using xylene in the following way 

 Xylene 1    10 min 

 Xylene 2    10 min 

 

Embedding: The tissues were embedded in the wax for the following time 

 Wax I     12 hours  

 Wax II     12 hours 

 Wax III     12 hours 

 

Microtomy: Paraffin embedded tissues were mounted on wooden blocks and 5µm 

thin sections were sliced using microtome. The ribbons of tissues were stretched and 



Chapter –5         Assessment of Antithyroid Activity 

 123 

fixed to aluminized glass slides on Fisher slide warmer at 60 C .These glass slides were 

then placed in incubator overnight for stretching and removal of bubbles. 

 

 Staining: Hematoxylin and Eosin stains were used for staining and were prepared 

by following method. 

 

 Hematoxylin Stain Preparation: Following chemicals were used in 

Hematoxylin stain preparation  

 Hematoxylin      2g 

Ethanol absolute     100mL 

Ammonium alum     3g 

Distilled water      100mL 

Glycerol      100mL 

Sodium iodate      0.24g 

Acetic acid      10mL 

 

 2gm of Hematoxylin is dissolved in 100ml of ethanol. Ammonium alum solution 

was prepared by dissolving 3gm of alum in distilled water and then it was boiled. 

Hematoxylin solution was added to ammonium alum solution and carefully added 

glycerol and sodium iodate and at the end acetic acid was poured and mixed thoroughly. 

 

 Eosin Stain Preparation: It is prepared by dissolving 1gm of eosin in 100ml of 

70% ethanol. 

 

 Hydration: The slides were deparaffinized in xylene overnight. Paraplast 

removed   tissues were hydrated in graded solutions of alcohol in descending order 

100%Alcohol    2-5 min at room temperature 

90%Alcohol    2-5 min at room temperature 

70%Alcohol    2-5 min at room temperature 

50%Alcohol    2-5 min at room temperature 

30%Alcohol    2-5 min at room temperature 
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Hematoxylin    2-3 dips 

50%Alcohol    2-5 min at room temperature 

30%Alcohol    2-5 min at room temperature 

Hematoxylin    2-3 dips 

Wash in tap water   5-10 min until the tissue were blue in color 

  

 Dehydration: Sections of tissues were dehydrated in ascending grades of alcohol  

30%Alcohol     2-5 minutes at room temperature 

50%Alcohol     2-5 minutes at room temperature 

90%Alcohol     2-5 minutes at room temperature 

Eosin      1 dip 

90%Alcohol     1 dip 

100% alcohol     2-5 minutes at room temperature 

Xylene      5-10 minutes 

  

 After staining the slides were mounted with Canada balsam. Cover slips were 

applied and were placed in incubator overnight. Extra Canada balsam was removed by 

xylene. 

 

 Light Microscopic Study: Five µm thin sections of thyroid were studied under 

Olympus BX51microscope fitted with Olympus DP12 digital camera. at 20 μm and 60 

μm magnifications. Slides of all groups were photographed and processed with Adobe 

Photoshop software for picture clarity. 

 

5.1.3 STATISTICAL TREATMENT OF HORMONAL DATA 

 

The statistical techniques provide a useful and objective means of comparison 

between two or more sets of data. Statistical testing of data is more logical approach 

than relying on the visual observations. Therefore, the data is further authenticated 

testing null hypothesis, which is usually based on an assumption that there is no real 

difference between two sets of data and is denoted by H0. The statistical tests are 
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applied to reject the null hypothesis, which will result in acceptance of the alternative or 

research hypothesis (H1). Null hypothesis itself, may be either right or wrong, which 

give rise to four possible outcomes: 

 

Decision Hypothesis is Right Hypothesis is Wrong 

Hypothesis is accepted Correct Decision Type II Error 

Hypothesis is rejected Type I Error Correct Decision 

 

 Type I error is rejecting a null hypothesis which is right, while Type II error is 

failing to reject a null hypothesis which is wrong. Type II error is minimized by writing 

the null hypothesis with the intention to reject it. A certain significance level is specified 

(usually 0.05) for accepting or rejecting the null hypothesis because in statistics we do 

not make absolute acceptance or rejection. The level of significance (α) is the probability 

of citing hypothesis being in error. It is sometimes used interchangeably with confidence 

level. Here, 95% confidence level is equivalent to 0.05 significance level. Hence, if the 

null hypothesis is rejected there is no chance of Type II error and the possibility of Type I 

error is already specified by the analyst. Two-tailed or one-tailed statistic can be used as 

per the null hypothesis. One tailed for unidirectional and two-tailed statistic for 

bidirectional null hypothesis.   

 

5.1.3.1 STUDENT’S “t” TEST
194

 

 

 This test was devised by William S. Gosset in 1908 who published his work under 

the name of „student” because of restriction from his employer to publish any research 

work. The test became famous as student‟s t test. The peculiarities of student t test 

statistic is that it is suitable for small samples (less than 30) and it does not depend on the 

population variance but contains only one parameter called degree of freedom (d.f.). 

Briefly, degree of freedom is sample size less one. 

 

 We are in this research generally concerned with comparison between control and 

treated class of animals. We can proceed as under: 
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 Null Hypothesis (H0): μC – μt = 0; where, μ stands for population mean, while 'c' 

& 't' for control and treated groups respectively. 

Alternative or Research Hypothesis (HA): μc – μt > 0 or μc > μt  

 

 

 

 Where, Xc and Xt are the mean of control and treated values respectively and n is 

the total number of samples and Sx (standard error of the means) is given by: 

Sx = √ [{Σ (Xci – Xc) + Σ(Xti-Xt)}/(nc+nt-2)],  nc and nt are number of samples in control 

and treated classes respectively, which in this case are equal (5 each). 

d.f. = 5+5-1-1 = 8 

 

 We have to fix level of significance (α) minimum as 0.05 (95% probability), now 

the "t" values calculated from the assay results using the above formula should be more 

than critical or table values of t'.05(8) (significance level = 0.05, degree of freedom = 8) to 

reject the null hypothesis, thus accepting the research hypothesis. The data was 

authenticated with the same method. As in our case the sample size was five (n =5), 

which gave a degree of freedom of eight (d.f. = n+n-2). Table values of „t‟ (in case one 

tailed test) for d.f. = 8 and at α = 0.05, 0.025,0.005, 0.0025 and 0.001 are 1.86, 2.306, 

2.896, 3.355, 3.833 and 4.501 respectively. 

 

5.2 APPRAIRASAL OF ANTITHYROID ACTIVITY OF 

POTENTIAL COMPOUNDS 

  

 Antithyroid activity of thirty two compounds was evaluated through in vitro and 

in vivo studies. Some of these compounds exhibited 1:1 complexation with iodine, while 

the others demonstrated complexation of different stiochiometries. Formation constants 

of the former were determined by Lang‟s method but for the latter no easy method was 

available for this purpose. However, the location of charge transfer band (CTB) and 

pertaining spectrophotometric data for such compounds has been recorded. The 

stiochiometry of the complex was primarily ascertained by the method of continuous 

 

t = (Xc-Xt)√n/2 

 Sx 
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variations. However, in case of 1:1 stiochiometric complexes, best fit of the linear 

regression curve to the (X, Y) scatter points calculated from the experimental data using 

Lang‟s method, provided additional clue to 1:1 stiochiometry. Different solvents and 

their combinations were tried but the compounds could be dissolved only in DMSO.  It 

was not possible to isolate and purify the complexes for subsequent structural elucidation 

to identify the attachment of iodine at different probable locations. The complexation 

with iodine, however, was quite visible in most of the cases and was verified using Beer-

Lambert Law. Kc value is a good indicator of antithyroid activity as mentioned in 

literature and also supported by our own findings. There exists a positive correlation 

between Kc value in vitro and antithyroid activity in vivo. 

 

5.2.1 6-CHLORO-9H-PURINE  

 

 6-Chloropurine absorbed in UV region unlike iodine. However, the formation of 

complex led to the appearance of a CTB, which is characteristic of the complex 

formation. It was quantified by placing a solution of pure donor at the same concentration 

in the reference beam, and then by subtraction of absorption due to iodine. Complex 

formation was observed between 215 and 225 nm with λmax at 225 nm. The absorbance 

values at 215 nm, 220 nm and 225 nm wavelengths were recorded (Table 5-1) for 

different concentrations of 6-chloropurine and constant concentration of iodine. The 

formation constant (Kc) was determined using Lang‟s method. X and Y values were 

calculated by the iterative method run on the computer as described earlier (Table 5-2). 

The XY scatter was plotted to which linear regression curve gave the best fit (Fig. 5-4), 

with coefficients of determination (R
2
>0.99). Kc was calculated for 215, 220 and 225 nm 

(Table 5-3) and mean value was found to be 7652 L mol
-1

, which indicated its good 

antithyroid potential. 6-Chloropurine (donor) did not absorb in visible region. When a 

solution of iodine was added to the donor solution, the characteristic band of the halogen 

shifted towards shorter wavelength (∆λ = 15 nm). Spectra were recorded with different 

concentrations of 6-chloropurine and a fixed concentration of iodine (I2 = 3×10
-5

 mol L
-1

) 

between 300-800 nm at 20°C. 
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Table 5.1 UV spectral data for charge transfer complex between iodine and 6-

chloropurine  

 

[I2] 

mol L
-1

 

[6-CP] 

mol L
-1

 

Absorbance 

215 nm 220 nm 225 nm 

0.00003 0.0001 0.019 - 0.024 

0.00003 0.0002 - 0.019 0.034 

0.00003 0.0003 - 0.02 0.038 

0.00003 0.0004 - - 0.043 

0.00003 0.0005 0.031 - - 

0.00003 0.0006 - 0.025 - 

0.00003 0.0007 - 0.025 - 

0.0003 0.0008 0.035 - - 

0.00003 0.0009 0.037 0.027 - 

0.00003 0.001 0.038 - 0.051 

 (DMSO, 20°C, 6 Chloropurine in reference cell) 

 

Table 5.2 X,Y values calculated using lang’s equation to fit the linear regression 

curves 

 

  

215 nm 220 nm 225 nm 

X.10
3
 Y.10

7
 X.10

3
 Y.10

7
 X.10

3
 Y.10

7
 

0.116 1.58 0.211 3.16 0.118 1.25 

0.508 4.84 0.31 4.5 0.212 1.76 

0.805 6.86 0.605 7.2 0.31 2.37 

0.904 7.3 0.705 8.4 0.408 2.79 

1.003 7.89 0.903 10 1.003 5.88 
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Table 5.3 Formation constant and molar extinction coefficients for 6-

chloropurine- iodine complex calculated at different wavelengths 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

Figure 5.4 Linear regression fit to (X,Y) points determined from 

spectrophotometric data for 6-chloropurine-iodine complex at 20°C  

(DMSO, 1 cm quartz cells  )■ 215 nm (R
2 

= 0.9928); ● 220 nm (R
2 

= 0.9959); ▲ 225 nm (R
2 

= 0.9993) 

 

Albino Wistar rats were not available; therefore, this study was carried out on 

young male rabbits. Fifteen animals were divided in three equal classes namely, control, 

vehicle control and treated animals. The control animals were kept in tact, while that of 

treated class was administered with a dose of 20mg/kg/day of 6-chloropurine solution in 

dimethyl sulfoxide (DMSO) to each animal. The dose was injected through 

λ 

(nm) 

εc 

(L mol
-1 

cm
-1

) 

Kc 

(L mol
-1

) 

Mean Kc 

(L mol
-1

) 

Standard 

Deviation 

215 1403 7610  

7652 

 

39 220 1018 7688 

225 1923 7658 
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interaperitoneal (i.p.) injections daily in the morning for fourteen days. The vehicle 

control was injected the equivalent dose of DMSO. The animals were provided with 

green fudder with water ad ibitum. The blood samples were collected by dilating and 

puncturing the ear veins under mild diethyl ether anesthesia. The dose administration and 

sample collection were carried out under sterilized conditions using standard animal 

handling procedures. Circulating hormone levels i.e., free T3 and T4 of all three animal 

groups were determined using RIA technique (Table 5-4). Decrease in free T3 and T4 

levels in the blood serum of the treated animals with respect to control indicated 

antithyroid effects of the injected compound (6-chloropurine).  The treated animals 

showed 8% and 20% decrease in average levels of FT3 and FT4 as compared to the 

control group and 31% and 26 % respectively with respect to vehicle control (Fig. 5-2).  

The statistical anaylsis of hormonal data using Student‟s “t” showed significant decrease 

(α = 0.001, d.f. = 8) with respect to vehicle control categories which confirmed the 

antithyroid effects of 6-chloropurine.   

 

Table 5.4 Radioimmunoassay results for mean free thyroid hormone levels in 

the rabbits (control, vehicle control and 6-chloropurine treated 

groups)  
  (Time duration = 14 days; n = 5; daily dose = 20 mg/kg via i.p injection) 

 

Hormone Levels 
Mean Free         

T3 (pmol L
-1

) 

Standard 

Deviation 

Mean Free 

T4 (pmol L
-1

) 

Standard 

Deviation 
Animal Groups 

Control 3.64 0.11 20.57 0.16 

Vehicle Control 4.87 0.04 22.27 0.18 

Treated 3.34 0.01 16.37 0.15 
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Figure 5.5 Percentage decrease in hormone levels of animals treated with 6-

chloropurine with respect to vehicle control after 14 days treatment 

 

 

5.2.2 8-SULFANYL-5,9-DIHYDRO-1H-PURINE-2,6-DIONE AND 

DERIVATIVES (84, 143-148) 

 

The compounds (84 and 143 to 148) showed complexation with iodine but not of 

1:1 stiochiometry. There is no easy method available to determine formation constants of 

such complexes yet the complexation was ascertained by Beer-Lambert Law. The 

compounds (143 to 148) exhibited absorption maxima at 285-90 nm, while (84) at 315 

nm in UV region. Two new bands were also appeared in UV region at 265-70 nm and 

330-35 nm respectively on mixing the solutions of iodine and the compounds (84, 144-

148). However, 143 did not show any complexation with iodine. The complexation of the 

compounds with iodine provided a clue to the possible antithyroid effects of the 

compounds. 

 

In vivo studies were carried out on albino male wistar rats of 200 ± 25 g weight. 

The weights of animals were recorded on the start and also at the end just before taking 

the samples. The dose was administered via i.p. injection at a daily dose rate of 20 mg/kg 

in the morning for 15 days. Radioimmunoassay results showed a relative decrease of free 

T3 and T4 levels in the serum of the animals treated with the compounds (84, 143-148) 

and MMI as compared to control and vehicle control groups, while TSH with ELISA 
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method showed a relative increase for the treated groups (Table 5-5). The data was 

further analyzed statistically (using Student‟s„t‟ test) to validate the hormonal variations, 

which demonstrated the hormonal changes to be fairly significant to significant 

(0.05>α<0.01) for most of the compounds. Hormonal changes i.e. decrease in FT3 and 

FT4 as well as increase in TSH levels were also observed for vehicle control group as 

compared to the control. However, these changes were only of suggestive nature at this 

stage (α>0.05) even then a mild antithyroid effect of the solvent is suspected. That is 

why; the hormonal changes of the treated groups were compared with vehicle control 

category to get a more real picture of the compound activity which revealed that all the 

compounds possess recognizable antithyroid activity in the descending order of 

84>146>147>148>144>145>143 (Fig. 5.6). On the basis of changes in FT3, FT4 and 

TSH values 84 was found almost 80% as active as MMI, while antithyroid activity 

demonstrated by 146 and 147 was 50-60% of that of MMI.  

 

This exposition implied that 84 owing to a free SH group it showed more 

antithyroid potential because presence of free SH group in MMI has been described to be 

the reason for its antithyroid activity. However, free SH group is suspected to be a cause 

of toxic side effects in many drugs, it was blocked by alkyl substituents in the derivatives 

(143-148). This substitution though decreased the activity but the derivatives still 

exhibited notable antithyroid effects. Iodine complexation might occur at nitrogen atoms 

in the purine ring. Complexation with iodine as well as antithyroid activity of 6-

chloropurine has already been demonstrated. The presence of carboxylic group rather 

diminished the activity. Nevertheless, less potent but these derivatives, especially (144-

148) may serve as less toxic alternatives.  
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Table 5.5 Mean hormonal levels as observed for control, vehicle control and 

animals treated with MMI, 84 and derivatives (143-148) 

 

Animal Groups 

FT3 FT4 TSH 

pmol/L pmol/L μi.u./mL 

Mean S.D Mean S.D Mean S.D 

Control 9.74 0.86 37.56 4.16 1.86 0.63 

Vehicle Control 8.41 1.12 33.51 3.94 2.04 0.35 

84 6.96 0.86 27.76 6.12 2.82 0.43 

143 8.32 0.72 32.52 2.92 2.13 0.27 

144 6.9 1.49 25.75 2.71 3.05 0.53 

145 7.23 0.33 29.36 5.21 2.97 0.45 

146 6.67 0.7 28.01 7.23 2.85 0.47 

147 6.49 2.04 26.36 6.61 2.99 0.53 

148 7.33 0.47 29.46 4.48 3.07 0.96 

MMI 4.34 1.18 16.64 5.93 4.11 1.07 
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Figure 5.6 Mean percentage hormonal variations in the animals (rats) treated 

with (MMI, 84 and 143-148) with respect to vehicle control 

demonstrates fairly good antithyroid effects of the compounds 
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Table 5.6 “t” values calculated on the basis of experimental data obtained from 

the blood assays of control, vehicle control and animals treated with 

MMI, 84 and derivatives 

 

Treated 

Groups 

"tcal" 

 with respect to control  with respect to vehicle control 

FT3 FT4 TSH FT3 FT4 TSH 

84 4.2 2.56 2.95 2.32 2.4 2.21 

143 2.36 2.46 1.07 0.85 2.39 0.32 

144 2.77 5.52 3.13 1.82 6.24 2.51 

145 6.04 2.5 3.32 2.45 2.33 2.58 

146 5.34 2.16 2.85 2.83 1.99 2.18 

147 2.38 2.71 2.98 1.73 2.56 2.37 

148 5.11 2.79 1.89 2.22 2.66 1.59 

MMI 6.48 5.38 3.2 4.56 5.4 2.9 

     Critical vaue of t at 0.05 significance level is 1.86 

 

 

The weight and size of thyroid gland in hyperactive conditions, like in Grave‟s 

disease is increased. However, it also depends upon the size of the animal.Therefore, an 

index termed as thyroid body index (TBI) was proposed to account for the weight of 

animal on the size and weight of its thyroid gland. TBI may be defined as weight of 

thyroid tissues (mg) per 100 g of final body weight of the animal. Thyroid body indices 

(TBIs) were calculated using final body weights of the animals and the weight of thyroid 

gland after washing. Higher values of TBIs of the treated animals as compared to the 

control groups also depicted the antithyroid effects of the compounds (Table 5.7). 

 



Chapter –5         Assessment of Antithyroid Activity 

 135 

Table 5.7 Thyroid body indices of control, vehicle control and animals treated 

with MMI, 84 and derivatives 

 

Animal 

Groups/Description 

Initial Body 

Weight (g) 

Final Body 

Weight (g) 

Thyroid 

Weight (mg) 

Thyroid Index 

(mg/100g) 

Control  175 ± 7 223 ± 11  12.11 5.43 

Vehicle Control 171 ± 6   221 ± 20 13.06  5.91 

T
re

at
ed

 

84  165 ± 12  235 ± 14 20.12 8.56 

 143  175 ± 9  215 ± 20 13.24 6.16 

 144  181 ± 16  247 ± 22 23.79 9.63 

 145  187 ± 23  213 ± 14 19.7 9.25 

 146  198 ± 12  237 ± 10  24.91 10.51 

 147  192 ± 19  232 ±  11 18.4 7.93 

 148  185 ± 22  227 ± 12 10.05 10.05 

MMI  177 ± 16  219 ± 8 35.54 16.23 

n = 5; thyroid indices are calculated on the basis of final body weights 

 

Histology of the thyroid from control group showed cuboidal shape of follicular 

epithelium with sufficient quantity of colloid (Fig. 5.7a). The thyroid tissues of the 

vehicle control group were also observed to be cuboidal to semi-cuboidal but with mild 

symptoms of hyperactivity, which is evident from the enlarged cell size (Fig. 5.7b). In 

hyperactive gland the the consumption of colloid increases and the glandular cells show 

less colloid. The follicular epithelium also becomes cylindrical. Moreover, the number as 

well as size of follicular cells are increased, the conditions termed as follicular 

hyperplasia and hypertrophy respectively. These modifications are brought upon to meet 

the increased demand of hormones and are natural response of the body (gland) in 

hyperactive situation. Thyroid from the treated animals showed moderate to severe 

colloid depletion and cylindrical shape of epithelium (Fig. 5.7-5.9). The microscopic 
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study of the thyroid tissues also revealed mild to moderate follicular hyperplasia and 

hypertrophy for the treated animals, the conditions were found to be severe for the 

animals treated with MMI (Table 5.8). 

 

The increase in number and size of follicular cells resulted in the increase of 

overall weight of the thyroid and thus the TBIs of the treated animals. No major 

deformation of cells (atrophy) was observed. Similarly, no causality was observed among 

the animals during the study period, which though not establishes but indicates low 

toxicity of the compounds. In the light of in vivo findings, which are quite encouraging, 

8-sulfanyl-5,9-dihydro-1H-purine-2,6-dione (84) and its alkyl derivatives (144-148) can 

be considered a new class of antithyroid agents. It is also noteworthy that these 

derivatives along with 143 are novel compounds. 

 

Table 5.8 Histological observations of the thyroid tissues of control, vehicle 

control and animals treated with 84 and derivatives 

 

Animal 

Group/Description 

Follicular Cell 

Hypertrophy/Hyperplasia 

Colloid 

Depletion 
Shape of epithelium 

Control Nil Nil Cuboidal 

Vehicle Control Nil  ± Cuboidal 

T
re

at
ed

 

 84  ++  ++ Cylindrical 

 143  ±  + Semi-cuboidal 

144  ++ + + Cylindrical 

 145  +   ++ Semi-cylindrical 

 146  +  ++ Semi-cylindrical 

 147   + +  Semi-cylindrical 

 148 ++ ++  Cylindrical 

MMI  +++ +++  Cylindrical 

 

Treatment duration = 15 days; n = 5; dose rate = 20 mg/kg daily via i.p. injection 

± Slight; + mild; ++ moderate; +++ severe  
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Figure 5.7. Thrydoid sections (a) control shows normal cuboidal epithelium with 

sufficient colloid material, (b) 84 treated shows follicular hypertrophy 

with enlarged cells and active gland condition, (c) treated with 144 

shows cylinderical epithelium as well as hypertrophy of the glandular 

cells 

(a) 

(b) 

(c) 
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Figure 5.8 Microscopic view thyroid sections of animals treated with (a) 145, (b) 

146 and (c) with 147 show increased hormonal secretions with a mild 

to moderate transition of epithelium from normal to cylindrical shape 

as well as prominent follicular nuclei exhibiting enhanced activity 

(a) 

(b) 

(c) 
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Figure 5.9 Thyroid follicular hyperplasia in animals treated with (a) 148, (b) 

MMI; the nuclei of MMI treated animals are quite big which indicate 

presence of tumor cells 

 

(a) 

(b) 
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5.2.3 2,8-DISULFANYL-3,9-DIHYDRO-6H-PURIN-6-ONE (86) 

 

The complexation of (86) with iodine was investigated by mixing the solutions of 

(86) and iodine solutions in DMSO in spectrophotometer cell.  The solution of (86) in 

DMSO showed no absorption in the visible region, while in UV region it exhibited a 

single peak at 305 nm (εmax: 3.57×10
4
 L mol

-1
 cm

-1
) with wide shoulders.  The peaks of 

iodine on mixing with DMSO were modified and new peaks at 295 nm and 365 nm 

appeared which are characteristic of I
-
3 ion.

195
 The compound was found to be soluble 

only in DMSO; so its use as solvent was inevitable apart from its interaction with iodine 

like many other aromatic and alkyl halide solvents.
196

 However, its interaction with 

iodine is slow and results in relatively weaker complex.
197 

Moreover, it is observed that in 

the presence of strong electron donors, its interaction further subsides and only disturbs 

the complex peaks a little bit.  In UV region (86) solution was kept in the reference cell 

of the spectrophotometer to nullify its absorbance in the resulting spectra.  The iodine 

concentration was kept constant (2×10
-5 

M), while that of the compound were varied 

between 1×10
-4

 and 7×10
-4

 M.  Had there been no complex formation between the (86) 

and iodine, the remaining absorbance at any wavelength would have been equal to that of 

the iodine solution.  On the other hand, the reaction mixture showed two distinct peaks at 

320 nm and 270 nm (Fig. 5.10), the latter being characteristic of the complex as neither 

(86) nor iodine absorb in this region.  Some intermingling of the spectra in 205 - 250 nm 

range was also observed, which indicates presence of more than one species of 

complexes at a time. 

 

The same concentrations of iodine and the compound were employed in visible 

region as well but unlike UV region, iodine solution was kept in the reference cell 

because it absorbs in visible region near 510 nm.
  
Hence, the resultant spectra were free 

from iodine absorbance, while the compound shows negligible absorption in this region.  

Virtually, the reaction mixture should not absorb much in this region in case of no 

complexation. Below 3 ×10
-4

 M compound concentration, reaction mixture exhibited 

negligible absorption.  However, on increasing the concentration, two peaks at 385 nm 

and 415 nm were appeared (Fig. 5.11).  It shows complex formation in early visible 



Chapter –5         Assessment of Antithyroid Activity 

 141 

region.  On further increasing the concentration, another peak at 315 nm also appeared 

which may be a modified peak of free compound in equilibrium with the complex.  

Stiochiometry of (107)-I2 complex was not illustrated in a clear cut manner by 

spectrophotometric analysis using method of continuous variations yet it showed a higher 

order complexation.  Any easy method for determining formation constant of such 

complexes is not at hand.  However, the formation of charge transfer complex can be 

demonstrated using Beer-Lambert Law.   
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Figure 5.10 UV absorption spectrum of (86) and I2 solutions in DMSO at 20°C 

with (86) solution in reference cell 
(1. I2: 4×10

-5
 M, 2. Compound: 6×10

-4 
M, I2: 4×10

-5
 M, 3. Compound: 7×10

-4 
M, I2: 4×10

-5
 M) 
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Figure 5.11 Visible absorption spectrum of (86) and I2 solutions in DMSO at 20°C 

with I2 solution in reference cell 

(I2: 4×10
-5

 M mixed with various compound concentrations in 1:1 v/v ratio, compound 

concentrations: 1. 4×10
-4 

M 2. 5×10
-4 

M 3. 6×10
-4 

M 4.  7×10
-4 

M, I2: 4×10
-5

 M) 

 

1-4 

1 

2 
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 Radioimmunoassay (RIA) results showed a relative decrease of free T3 and T4 

levels in the blood serum of the animal group treated with (107) as compared to control 

and vehicle control groups (Table 5-9).The average percentage decrease in the hormonal 

concentrations of treated category with respect to control and vehicle control categories 

was found to be 31% and 23% for FT3 and 33%, 24% for FT4 respectively. (107) also 

exhibited significant hormonal changes even when compared with respect to MMI (Fig. 

5.12) Statistical testing of the data (using student's „t‟ test) demonstrated highly 

significant (α<.001)  decrease in FT3 and FT4 levels in treated category as compared to 

control and vehicle control groups. The assay results also showed drop of FT3 and FT4 

levels in the vehicle control category as compared to control group (α≤.05), which 

indicates mild antithyroid effect of the solvent as well.  

 

Table 5.9 Assay results of serum hormone levels of control, vehicle and    

animals treated with 86 and MMI after 21 days 

 

Animal 

Groups 

FT3 FT4 TSH 

pmol/L pmol/L μi.u./mL 

Mean S.D Mean S.D Mean S.D 

Control 8.41 0.89 35.86 2.73 1.44 0.52 

Vehicle 

Control 
8.01 1.33 33.17 2.57 1.83 0.61 

(86) 5.16 1.20 20.09 2.61 4.13 0.77 

MMI 4.32 1.11 25.10 3.21 3.04 0.44 

 

 



Chapter –5         Assessment of Antithyroid Activity 

 143 

0

10

20

30

40

(86) vs MMI

%

 Decrease (FT3)

Decrease (FT4)

 Increase (TSH)

 

Figure 5.11 Comparison of hormonal concentratios of the animals treated with 86 

and MMI shows higher potency of 86 as compared to MMI in the rats 

administered with similar dose of 20 mg/kg of both compounds for 21 

days. 

 

Tthyroid body indices of the treated animals were found to be quite higher than 

that of the control groups (Table 5-10), which indicated the hyperactivity of the glands 

under the influence the compounds administered to them. The histology of thyroid gland 

showed marked modification in the glandular cells of the treated animals as compared to 

the control and vehicle control groups. The cylindrical shape of cells in highly 

hyperactive condition (Fig. 5.13) as well as profound depletion of the colloid material, 

cellular hypertrophy and hyperplasia were observed (Table 5-11) for the animals treated 

with (86) and MMI. The microscopic study of the gland tissues revealed that count of 

cylindrical cells with respect to total number of cells in treated animals increased by 75-

100%. 

 

The in vitro and in vivo studies showed that 2,8-disulfanyl-3,9-dihydro-6H-purin-

6-one (86) possesses extraordinary antithyroid potential due to dual SH groups as well as 

because of more than one binding sites. Highly significant (0.005>α<0.01) change in the 

hormone levels was recorded, which when compared with MMI revealed that 86 is more 

potent antithyroid agent than MMI.  
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Table 5.10 Body wieghts and thyroid body indices of control, vehicle control and 

animals treated with 86 and MMI 

 

Animal 

Groups/Description 

Initial Body 

Weight (g) 

Final Body 

Weight (g) 

Thyroid 

Weight (mg) 

Thyroid 

Index 

(mg/100g) 

Control 165 ± 5 195 ± 7  11.33 5.81 

Vehicle Control  170 ± 7  203 ± 11 14.47  7.13 

T
re

at
ed

  86  169 ± 6  211 ± 14 36.25 17.81 

MMI  173 ± 9  206 ± 8 30.55 14.83 

 

 

Table 5.11 Histological observations of thyroid tissues of animals treated with 86 

and MMI under microscope 

 

Animal 

Group/Description 

Follicular cell 

hypertrophy/yperplasia 

Colloid 

Depletion 

Shape of 

Epithelium 

Control Nil Nil Cuboidal 

Vehicle Control  ± ± Semi-cuboidal 

T
re

at
ed

  86  +++  +++ Cylinerical 

MMI  +++  +++ Do 

 

Treatment duration = 21 days; n = 5; dose rate = 20 mg/kg daily via i.p. injection 

± Slight; + mild; ++ moderate; +++ severe 
 

 

 

 



Chapter –5         Assessment of Antithyroid Activity 

 145 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Figure 5.12 Different sections of thyroid from animals treated with (86) shows 

highly increased activity (a, b) and hyperplasia of follicular cells (c) 

 

(a) 

(b) 

(c) 
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5.2.4 6-(ALKYLSULFANYL)-9H-RPURINES (149 to 159) 

 

The spectrophotometric study showed that 6-sulfanylpurine (6SP) and its alkyl 

derivatives absorb in the UV region unlike iodine. The λmax and corresponding molar 

absorptivities (εmax) as observed during study (Table 5-12) showed that the compounds 

possess almost similar photochemical properties. Spectrophotometric analysis using 

method of continuous variations revealed a 1:1 complexation between iodine and the 

compounds (149-159). Kc values of these complexes were determined using Lang‟s 

method and that of 6-(phenylsulfanyl)-9H-purine (159) was found to be the highest 

among this series (23353 L mol
-1

), while 6-(methylsulfanyl)-9H-purine (149) and 6-

(decylsulfanyl)-9H-purine (158) also exhibited reasonably high Kc (Table 5-12). Iodine 

absorbs in visible region while those of the compounds in UV region. Therefore, as a 

strategy, solutions of the compounds and iodine were kept as reference in UV and visible 

regions respectively to nullify the absorbance due to pure compounds and iodine in 

pertaining regions. The iodine concentration was kept constant at 2×10
-5

M, while the 

concentrations of compounds were between 1×10
-4

M and 1×10
-3

M. A strong complex 

formation at 265-70 nm was observed (Fig. 5.14), which is the characteristic charge 

transfer band (CTB) in UV region. The experimental data points when calculated using 

Lang‟s equation gave best fit to the linear regression curves (Figs. 5.15 to 5.18) with R
2 ≥

 

0.99, which also indicated a 1:1 complexation between iodine and the compounds (149-

159). The compounds showed a mixed trend regarding Kc values (Table 5-12) and any 

correlation between the formation constant and the substituents cannot be established. 

However, the benzyl substituent exhibited highest value of Kc which can be attributed to 

resonance. All the compounds showed absorption maxima at 280-85 nm and CTB at 265-

70 nm except 151 and 153, which showed λmax at 330-35 nm and CTB at 315nm.  
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Figure 5.13 UV spectra of (159) -I2 complex in DMSO at 20°C with the compound 

solution in reference cell 
(159): 6×10

-4
 to 1×10

-3
; I2: 2×10

-5 
M (constant) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.14 Linear regression plot for XY scatter of 1:1 complexes between ∆ I2-

(149) complex (265 nm, R
2
= 0.9962) ; ● I2-(159) complex (265 nm, R

2
= 

0.9952) 
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Figure 5.15 Linear regression plot for XY scatter of 1:1 complexes between ∆ I2-

(155) complex (265 nm, R
2
= 0.9965); × I2-(157) complex (265 nm, R

2
= 

0.9869); ■ I2-(158) complex (265 nm, R
2
= 0.9927) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.16 Linear regression plot for XY scatter of 1:1 complexes between ∆ I2-

(150) complex (270 nm, R
2
= 0.992); ● I2-(156) complex (270 nm, R

2
= 

0.993) 
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Figure 5.17 Linear regression plot for XY scatter of 1:1 complexes between ▲ I2-

(151) complex (315 nm, R
2
= 0.999); □ I2-(152) complex (265 nm, R

2
= 

0.992); × I2-(153) complex (315 nm, R
2
= 0.994); ● I2-(154) complex 

(265 nm, R
2
= 0.998) 

 

 

Table 5.12 Spectrophotometric data of 6SP and derivatives (149-159) and 

respective CT complexes with iodine 

 

Compound 
λmax/ 

Nm 

εmax/ 

L mol
-1

 cm
-1

 

CTB / 

nm 

Kc/ 

L mol
-1

 

εc/ 

L mol
-1

 cm
-1

 

6SP 335 4.636×10
4
 315 - - 

149 280 3.929×10
4
 265 1.031×10

4
 0.552×10

5
 

150 300 2.167×10
4
 270 0.250×10

4
 1.52×10

5
 

151 330 2.091×10
4
 315 0.458×10

4
 1.301×10

5
 

152 285 2.959×10
4
 265 0.562×10

4
 1.129×10

5
 

153 335 4.688×10
4
 315 0.628×10

4
 1.079×10

5
 

154 280 3.458×10
4
 265 0.279×10

4
 1.121×10

5
 

155 285 2.924×10
4
 265 0.479×10

4
 0.876×10

5
 

156 285 3.241×10
4
 270 0.256×10

4
 1.255×10

5
 

157 280 3.481×10
4
 265 0.536×10

4
 1.0452×10

5
 

158 280 3.434×10
4
 265 0.962×10

4
 0.635×10

5
 

159 285 2.927×10
4
 265 2.335×10

4
 0.794×10

5
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The in vivo study was carried out on male wistar rats. Sample size was kept the 

same (n=5) for control and vehicle control categories as well as for every compound 

under study including MMI, which served as a positive control. The same dose rate, i.e. 

20 mg/kg was used for every compound and administered through i.p. injections for 15 

days. The assay results for free T3, T4 and TSH using RIA and ELISA techniques 

respectively were recorded (Table 5-13), which showed decrease of FT3 and FT4 levels 

and a corresponding increase of TSH levels in the treated categories with respect to 

control and vehicle control groups. The hormonal variations were further analyzed 

statistically using Student's ‘t’, which is a popular and useful hypothesis testing method 

for small sample size (> 30). The ‘t’ values were calculated using experimental data 

(Table 5-14) and were compared with the table values against different levels of 

significance. It demonstrated highly significant (0.01 ≥  ≤0.005) changes for (159) and 

MMI treated animals and fairly significant to significant (0.05 ≥  ≤0.01) for rest of the 

cases. The percentage decrease in FT3 and FT4 and increase in TSH with respect to 

vehicle control; when plotted against Kc values on “Line-Column Plot”, displayed fairly 

good correlation between the formation constants and the antithyroid activity in vivo (Fig. 

5.19).  

 

Thyroid body indices were calculated on the basis of clean thyroid and final body 

weight and it was observed that the treated animals have significanty high TBIs (75% to 

150% higher) as compared to the control and vehicle control (Table 5-15) 

 

The histological studies exhibited cubiodal epithelium of control groups (Fig. 

5.20), while the treated categories revealed moderate to marked follicular cell hyperplasia 

and hypertrophy (Fig. 5.21 to 5.24). A 50-75% increase in cylindrical to total cell ratio 

was observed for these groups.  Very slight atrophy was noted in the follicular cells. 

However, tumor cells were observed in the animals treated with MMI (Fig. 5.25). 

Histological changes in thyroid from (149) and (159) were quite marked and for the rest 

of compounds were mild to moderate at this stage. However, moderate to severe colloid 

depletion was observed for almost all the compounds (Table 5-16). Obesity in the treated 

animals was also observed in the second week of treatment without any sign of 
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intoxication because eating and drinking habits were normal and no casuality was 

observed during this period. 

 

Table 5.13 mean hormonal levels for control, vehicle control and animals treated 

with 6SP and derivatives 

 

Animal 

Group 

FT3 FT4 TSH 

pmol/L pmol/L μi.u./mL 

Mean S.D. Mean S.D. Mean S.D. 

Control 8.41 1.21 36.06 3.64 1.56 0.44 

Vehicle 

Control 
8.15 1.36 34.09 4.09 1.7 0.39 

6SP 5.86 1.57 24.49 4.97 3.19 0.42 

149 5.01 1.57 24.32 6.08 2.93 0.45 

150 6.78 0.9 26.66 4.8 2.54 0.44 

151 6.01 0.55 25.92 5.32 2.71 0.69 

152 5.82 0.92 26.67 5.24 2.62 0.34 

153 5.88 0.71 25.16 6.5 2.68 0.39 

154 6.69 0.81 26.96 4.13 2.42 0.55 

155 5.9 0.93 27.17 4.98 2.56 0.38 

156 6.79 0.85 27.5 4.21 2.44 0.38 

157 5.89 1.09 26.99 6.77 2.4 0.49 

158 5.37 1.62 29 4.52 2.88 0.53 

159 3.33 1.89 16.08 7.1 3.58 0.58 

MMI 3.36 1.4 17.28 6.38 3.43 0.53 
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Table 5.14 “t” Values calculated on the basis of experimental data of the 

hormonal concentrations of animals treated with 6SP and derivatives 

 

Animal 

Groups 

"tcal" 

 with respect to control with respect to vehicle control 

FT3 FT4 TSH FT3 FT4 TSH 

6SP 2.04 2.71 2.77 1.74 2.36 2.77 

149 2.71 2.40 3.25 2.38 2.11 3.25 

150 1.71 2.20 2.28 1.31 1.86 2.28 

151 2.86 2.24 2.03 2.30 1.93 2.03 

152 2.69 2.08 2.81 2.23 1.76 2.81 

153 2.84 2.10 2.81 2.32 1.84 2.81 

154 1.87 2.33 1.70 1.45 1.94 1.70 

155 2.60 2.02 2.51 2.15 1.70 2.51 

156 1.73 2.15 2.17 1.33 1.77 2.17 

157 2.44 1.66 1.93 2.03 1.42 1.93 

158 2.38 1.65 2.83 2.07 1.32 2.83 

159 3.57 3.76 2.81 3.26 3.47 2.81 

MMI 4.31 3.83 3.56 3.87 3.51 3.56 
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Figure 5.18 Mean percentage hormonal variations in (MMI, 6SP and 149-159) 

treated animals as compared to vehicle control group plotted against 

Kc values  

 

Primary Y-Axis: % hormonal variations (FT3, FT4, TSH) 

Secondary Y-Axis: 1000 × Kc (L/mol)
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Table 5.15 Body weights and thyroid body indices of control, vehicle control and 

animals treated with 6SP and derivatives 

 

Animal 

Groups/Description 

Initial Body 

Weight (g) 

Final Body 

Weight (g) 

Thyroid 

Weight (mg) 

Thyroid Index 

(mg/100g) 

Control 150 ± 6  207 ± 12 10.79  5.21 

Vehicle Control  153 ± 5  201± 9  12.08 6.01 

T
re

at
ed

 

6SP  165 ± 9  210 ± 11 21.74 10.35 

 149  173 ± 10   227 ± 16 25.49 11.23 

 150  171± 8  219 ± 12 16.23 7.41 

 151  183 ± 7   222 ± 8 17.38 7.83 

 152  169 ± 8  199 ± 9 18.43 9.26 

 153  178 ± 6  208 ± 10 17.91 8.61 

 154  185 ± 10  207 ± 11 15.26 7.37 

 155  192 ± 11  225 ± 13 19.78 8.79 

 156  178 ± 6  212 ± 10 14.90 7.03 

 157  174 ± 10  226 ± 13 17.13 7.58 

 158  188 ± 10  231 ± 17 26.01 11.26 

 159  180 ± 12  213 ± 16 30.40 14.27 

MMI  192 ± 18  223 ± 14 35.92 16.11 
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Table 5.16 Histological observations of control, vehicle control and animals 

treated with 6SP and derivatives under microscope  

 

Animal 

Group/Description 

Follicular Cell 

Hypertrophy/Hyperplasia 

Colloid 

Depletion 

Shape of 

epithelium 

Control Nil Nil Cuboidal 

Vehicle Control Nil  ± Semi-cuboidal 

T
re

at
ed

 

6SP  ++ +++  Cylinderical 

 149 +++   +++ Cylinderical 

 150  +  ++ Semi-cylinderical 

 151  ++  +++ Cylinderical 

 152  ++  +++ Cylinderical 

 153  ++  ++ Cylinderical 

 154  +  ++ Semi-cylinderical 

 155  ++  ++ Cylinderical 

 156  +  + Semi-cylinderical 

 157  ++  ++ Cylinderical 

 158  ++  +++ Cylinderical 

 159  ++  +++ Cylinderical 

MMI  +++  +++ Cylinderical 

 

Treatment duration = 15 days; n = 5; dose rate = 20 mg/kg daily via i.p. injection 

± Slight; + mild; ++ moderate; +++ severe 
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Figure 5.19 Thyroid sections of (a) control, (b) vehicle control 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.20 Microscopic view of thyroid of 6SP treated rat 

(a) 

(b) 
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Figure 5.21. Colloid depletion and thyroid hyperplasia in the animals treated with 

(a) 149 and (b) 159  

 

 

 

 

 

 

 

 

 

 

 

Figure 5.22 Microscopic view of thyroid section from animal treated with (158) 

 

(a) 

(b) 
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Figure 5.23 Thyroid hypertrophy observed for animals treated with 153 (a), 155 

(b) and 157 (c) 

 

(a) 

(b) 

(c) 
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Figure 5.24 Tumor cells (a) and thyroid carcinoma (b) observed is animals treated 

with MMI 

 

 

 

 

 

 

(a) 
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5.2.5 ETHYL (9H-PURIN-6-YLSULFANYL)ACETATE AND 

DERIVATIVES (162 TO 172) 

 The solutions of pure compounds in DMSO have absorption maxima in UV 

region and spectral data indicated the complex formation mostly at 265-75 nm but 

occasionally at 305-320 nm (Table 5-17). Out of eleven compounds ten made 1:1 CT 

complex with iodine, while (163) did not show a 1:1 stiochiometry. However, it also 

exhibited complex formation near 315 nm. The experimental data when plotted gave best 

fit to the linear regression curve (Fig. 5.26) with good coefficient of determination, which 

also showed a 1:1 complexation between iodine and these compounds. Kc values were 

calculated using Lang‟s method as described earlier. However, only two compounds 

(165) and (169) showed Kc above 10000 L mol
-1

. 

  

Table 5.17 Spectrophotometric data of compounds (162-172) and respective 

complexes with I2 

 

Compound No. 
λmax/ 

nm 

εmax/ 

L mol
-1

 cm
-1

 

CTB / 

nm 

Kc/ 

L mol
-1

 

εc/ 

L mol
-1

 cm
-1

 

162 280 3.929×10
4
 270 0.390×10

4
 1.144×10

5
 

163 330 2.642×10
4
 265 - - 

164 280 4.237×10
4
 265 0.706×10

4
 0.569×10

5
 

165 285 2.597×10
4
 265 1.989×10

4
 0.497×10

4
 

166 280 4.035×10
4
 275 0.542×10

4
 3.474×10

4
 

167 330 1.612×10
4
 310 0.671×10

4
 5.769×10

4
 

168 320 1.284×10
4
 305 0.443×10

4
 7.032×10

4
 

169 320 1.597×10
4
 270 1.304×10

4
 4.504×10

4
 

170 320 1.291×10
4
 270 0.685×10

4
 3.454×10

4
 

171 355 2.160×10
4
 310 0.970×10

4
 6.134×10

4
 

172 345 3.007×10
4
 320 0.989×10

4
 0.3504×10

4
 

 



Chapter –5         Assessment of Antithyroid Activity 

 161 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.25 Linear regression curve drawn on the basis of spectrophotometric 

data of complexes between ▲ I2-(168) complex (305 nm, R
2
= 0.997); □ 

I2-(162) complex (270 nm, R
2
= 0.996); ● I2-(166) complex (275 nm, 

R
2
= 0.999) 

 

 The compounds, in vivo, were tested on rats as before. The hormonal assays 

using RIA and ELISA methods showed corresponding decrease of varying degree in FT3 

and FT4 levels while an increase in TSH concentrations was observed (Table 5-18). The 

difference between the hormonal levels of treated groups and controls were also analyzed 

statistically to authenticate the changes (Table 5-19). Significant to highly significant 

(0.05 ≥  ≤0.01) changes were recorded. The percentage variations in the hormonal 

levels with respect to vehicle control group showed fair to good antithyroid activity of the 

compounds. These changes were found to be in good correlation with respective Kc 

values when plotted against each other (Fig. 5.27).  

 

 Thyroid indices of the treated animals were calculated, which were much 

higher (50-100%) than that of the control groups (Table 5-20). It clearly indicates the 

antithyroid effects of the compounds administered to the animals. The histological studies 

also revealed the antithyroid effects of the compounds as the follicular epithelia in the 

treated animals were found to be cylindrical with larger nuclei rather than of normal 

cuboidal shape. Cellular hypertrophy was quite visible (Fig. 5.28) as well as hyperplasia 
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in the animals treated with (164), (165), (172) as well as MMI (Fig. 5.29). Almost all the 

compounds showed notable antithyroid activity. However, (165), (169) and (172) 

compounds proved their worth both in vitro and in vivo. Similarly, the colloid depletion 

and cellular changes as observed during microscopic study were also tabulated (Table 5-

21) which are indicative of fair to high antithyroid effects of all the compounds. 

 

Table 5.18 Average hormonal concentrations of control, vehicle control and 

animals treated with (162-172) and MMI 

 

Animal 

Groups 

FT3 FT4 TSH 

pmol/L pmol/L μi.u./mL 

Mean S.D Mean S.D Mean S.D 

Control 9.68 1.2 38.42 2.39 1.88 0.26 

Vehicle 

Control 
9.07 1.29 37.19 2.8 1.96 0.23 

162 7.83 0.97 32.46 4.49 3 0.89 

163 6.72 1.4 31.66 3.38 2.9 0.32 

164 7.02 1.41 32.69 3.29 3.35 0.96 

165 5.72 2.04 25.3 3.54 3.73 0.73 

166 7.24 1.25 32.76 4.07 2.86 0.79 

167 7.12 0.96 31.28 3.54 2.98 0.56 

168 7.47 1.64 31.1 4.35 2.95 0.49 

169 6.27 0.96 27.88 3.75 3.26 0.93 

170 7.18 0.85 32.16 4.19 2.96 0.47 

171 6.72 1.33 30.33 3.59 3.05 0.64 

172 6.7 1.77 28.66 5.74 3.08 0.8 

MMI 5.12 1.1 24.86 5.97 4.26 1.18 
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Table 5.19 “t” values calculated on the basis of experimental data for the 

compounds (162-172)   

 

Treated 

Groups 

with respect to control with respect to vehicle control 

"tcal" 

FT3 FT4 TSH FT3 FT4 TSH 

162 1.90 1.85 1.91 1.22 1.41 1.79 

163 2.55 2.58 3.89 1.96 1.99 3.74 

164 2.28 2.23 2.34 1.70 1.65 2.24 

165 2.65 4.86 3.76 2.19 4.17 3.64 

166 2.23 1.89 1.86 1.61 1.42 1.73 

167 2.65 2.64 2.83 1.93 2.07 2.68 

168 1.73 2.33 3.05 1.22 1.86 2.89 

169 3.52 3.75 2.25 2.76 3.15 2.14 

170 2.70 2.05 3.17 1.94 1.58 3.01 

171 2.62 2.97 2.67 2.01 2.38 2.53 

172 2.20 2.48 2.25 1.71 2.11 2.13 

MMI 4.44 3.34 3.12 3.69 2.96 3.03 

Critical value of t(0.05,8) = 1.86
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Figure 5.26 Average percentage hormonal variations in the animals treated with 

(MMI, 162-172) with respect to vehicle control plotted against the Kc 

values for the respective compounds on a line column plot on two 

axes.  

Primary Y-Axis: % hormonal variations (FT3, FT4, TSH) 

Secondary Y-Axis: 1000 × Kc (L/mol)
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Table 5.20 Body weights and thyroid body indices of control, vehicle control and 

animals treated with (162-172) 

 

 Animal 

Groups/Description 

Initial Body 

Weight (g) 

Final Body 

Weight (g) 

Thyroid 

Weight (mg) 

Thyroid Index 

(mg/100g) 

Control  125 ± 6 164 ± 8 8.72  5.41 

Vehicle Control  123 ± 4  167 ± 9 10.14  6.07 

T
re

at
ed

 

162  131 ± 7  171 ± 7 16.13 9.43 

163   136 ± 6  175 ± 12 16.82 9.61 

 164  129 ± 5  169 ± 8 17.53 10.37 

 165  142 ± 9  172 ± 9 21.72 12.63 

 166  134 ± 8  169 ± 6 14.21 8.41 

 167  151 ± 11  179 ± 13 16.24 9.07 

 168  147 ± 8  169 ± 11 15.46 9.15 

 169  135 ± 6  176 ± 10 20.15 11.45 

 170  126 ± 6  169 ± 6 14.47 8.56 

 171  145 ± 7  183 ± 16 18.90 10.33 

 172  133 ± 8  179 ± 13 18.87 10.54 

MMI  141 ± 9  186 ± 10 27.73 14.91 
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Table 5.21 Histological observations of thyroid from control, vehicle control and 

animals treated with (162-172) 

 

Animal 

Group/Description 

Follicular Cell 

Hypertrophy/Hyperplasia 

Colloid 

Depletion 

Shape of 

Follicular 

Epithelium  

Control Nil Nil Cuboidal 

Vehicle Control  + ± Semi-cuboidal 

T
re

at
ed

 

162 ++  +  Semi-cylinderical  

163   ++   ++  Cylinderical 

 164  ++  +  Semi-cylinderical 

 165 +++  +++   Cylinderical 

 166  ++  ++ Cylinderical 

 167 ++   + Semi-cylinderical 

 168  ++  + Semi-cylinderical 

 169  +++ ++  Cylinderical 

 170  ++  ++ Semi-cylinderical 

 171  ++ +++  Cylinderical 

 172  ++ +++  Cylinderical 

MMI +++  +++   Cylinderical 

Treatment duration = 15 days; n = 5; dose rate = 20 mg/kg daily via i.p. injection 

± Slight; + mild; ++ moderate; +++ severe 
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Figure 5.27 Thyroid of animals treated with (a) 162 (b) 164 (c) 166 shows cellular 

modification and overactive gland 

 
 

(b) 

(a) 

(c) 
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Figure 5.28 Thyroid sections from animals treated with (a) 165, (b) 172 and  (c) 

MMI; clearly depicting colloid depletion, thyroid hyperplasia and 

cylindrical epithelium  

(a) 

(b) 

(c) 



Chapter –5         Assessment of Antithyroid Activity 

 169 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.29 Microscopic view at larger scale of (a) control, (b) treated with 164 

and (c) with 165 

(c) 

(b) 

(a) 
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Figure 5.30 Thyroid sections from animals treated with (a) 167, (b) 168 

 

 The in vitro and in vivo findings indicate that ethyl (9H-purin-6-ylsulfanyl) 

acetate and derivatives (162-172) represent a new but novel class of synthetic antithyroid 

agents as these compounds are not reported previously.   

 

 

 

 

 

(b) 

(a) 
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5.3 COMPARISON OF COMPOUNDS 

 Comparison of compounds showed mixed trend regarding activity. More 

promising compounds were identified on the basis of in vivo hormonal variations. For 

this sake decrease in free T4 and increase in TSH levels with respect to vehicle control 

group used in the respective study, were plotted on a single “line-plot”(Fig. 5.32), which 

showed the compounds 86>159>165>6SP>149>165>158>169>146>147>151 to be 

more promising antithyroid agents in the descending order of activity. 
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Figure 5.31 Comparison between compounds on the basis of percentage variations 

in TSH and FT4 levels in the treated animals as compared to vehicle 

control group 

 

 Similarly, a comparison was made on the basis of Kc values and compounds 

having Kc values in the range of 10000 L mol
-1 

were identified (Fig. 5.33). This 

comparison showed that the compounds 159>165>169>149>172>171>158 have Kc 

values in this range.  
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Figure 5.32 Comparison between compounds on the basis of Kc values 

 

 

 It is observed that compounds having higher Kc values also proved their 

efficacy in vivo. It also shows a positive correlation between Kc and in vivo antithyroid 

activity.  
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5.4 CONCLUSIONS 

 The results of the study supported the research hypothesis, that is, owing to 

certain positive features like complexation with iodine and structural similarities with the 

existing drugs, purine derivatives may possess antithyroid activity. Most of the 

compounds selected/synthesized for this purpose showed significant antithyroid potential 

with some being exceptionally active in this regard like 86 and 159. This successful 

exposition of the compounds indicates that purine derivatives can serve as a new class of 

antithyroid drugs. Furhter research on these compounds to ascertain their cytotoxicity and 

metabolism in the body, may lead to the development of a new drug.  
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Key indicators: single-crystal X-ray study; T = 296 K; mean �(C–C) = 0.003 Å;

R factor = 0.040; wR factor = 0.088; data-to-parameter ratio = 18.7.

The phenyl ring of the title compound, C12H10N4S, a purine

derivative, is oriented at a dihedral angle of 76.65 (6)� with

respect to the purine ring system. An intermolecular N—

H� � �N hydrogen bonds stabilizes the crystal structure.

Related literature

For the biological activity of purine derivatives, see: Lepage et

al. (1964); Mitsuya & Border (1986); Ragazzi et al. (1989).

Experimental

Crystal data

C12H10N4S
Mr = 242.30
Orthorhombic, P212121

a = 5.5717 (3) Å

b = 9.4733 (4) Å
c = 22.4656 (14) Å
V = 1185.79 (11) Å3

Z = 4

Mo K� radiation
� = 0.26 mm�1

T = 296 K
0.29 � 0.12 � 0.09 mm

Data collection

Bruker Kappa APEXII CCD
diffractometer

Absorption correction: multi-scan
(SADABS; Bruker, 2007)
Tmin = 0.930, Tmax = 0.978

7941 measured reflections
2941 independent reflections
2102 reflections with I > 2�(I)
Rint = 0.032

Refinement

R[F 2 > 2�(F 2)] = 0.040
wR(F 2) = 0.088
S = 0.98
2941 reflections
157 parameters
H atoms treated by a mixture of

independent and constrained
refinement

��max = 0.17 e Å�3

��min = �0.17 e Å�3

Absolute structure: Flack (1983),
1207 Friedel pairs

Flack parameter: �0.09 (8)

Table 1
Hydrogen-bond geometry (Å, �).

D—H� � �A D—H H� � �A D� � �A D—H� � �A

N3—H3N� � �N4i 0.894 (19) 1.892 (19) 2.773 (2) 167.9 (18)

Symmetry code: (i) �x þ 2; y� 1
2;�zþ 1

2.

Data collection: APEX2 (Bruker, 2007); cell refinement: SAINT

(Bruker, 2007); data reduction: SAINT; program(s) used to solve

structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine

structure: SHELXL97 (Sheldrick, 2008); molecular graphics:

ORTEP-3 for Windows (Farrugia, 1997) and PLATON (Spek, 2009);

software used to prepare material for publication: WinGX (Farrugia,

1999) and PLATON.

IF acknowledges the Higher Education Commission, Paki-

stan for providing funding for this research.

Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: BT5117).
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6-Benzylsulfanyl-9H-purine

I. Fatima, M. A. Munawar, M. A. Khan, S. Nadeem and R. Amjad

Comment

The synthesis of purine derivatives has received considerable attention on account of their biological activity especially as
antitumor (Lepage et al., 1964), anti HTVL (Mitsuya & Border, 1986) and anti asthmatic (Ragazzi et al., 1989) agents. Dur-
ing our search to find new synthetic antithyroid agents, certain purine derivatives were prepared. 6-(benzylthio)-7H-purine
was synthesized during such an effort. The compound is now under study for possible antithyroid activity.

The phenyl ring is oriented at adihedral angle of 76.65 (6) ° with respect to purine ring system. An intermolecular N–H···N
hydrogen bonds stabilizes the crystal structure.

Experimental

To a solution of 6-mercaptopurine (0.171 g) 1 mmol in 2 N NaOH (10 ml), benzyl bromide 1 mmol (0.171 g) was added
and stirred at room temperature for 30 minutes. The pH of the mixture was adjusted at 5 with glacial acetic acid and the
precipitates were collected, washed with water and diethyl ether. The crystals suitable for X-ray diffraction were grown in
dichloromethane by slow evaporation at room temperature.

Refinement

The H-atoms bonded to C were refined geometrically and treated as riding atoms with Caromatic—H = 0.93Å and

Cmethylene—H = 0.97Å and Uiso(H) = 1.2Ueq(C). The N–H atom was refined at calculated position with N–H=0.894 (19)

Uiso(H) = 1.2Ueq (parent N-atom)

Figures

Fig. 1. The crystal structure diagram of the title compound duly labeled with 50% probability
level of drawn thermal ellipsoids.

Fig. 2. Unit cell diagram showing the intermolecular hydrogen bonding using dashed lines.
The hydrogen atoms not involved in hydrogen bonding have been omitted for clarity.
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6-Benzylsulfanyl-9H-purine

Crystal data

C12H10N4S F000 = 504

Mr = 242.30 Dx = 1.357 Mg m−3

Orthorhombic, P212121 Mo Kα radiation, λ = 0.71073 Å
Hall symbol: P 2ac 2ab Cell parameters from 2230 reflections
a = 5.5717 (3) Å θ = 2.3–24.8º
b = 9.4733 (4) Å µ = 0.26 mm−1

c = 22.4656 (14) Å T = 296 K

V = 1185.79 (11) Å3 Needle, red
Z = 4 0.29 × 0.12 × 0.09 mm

Data collection

Bruker Kappa APEXII CCD
diffractometer 2941 independent reflections

Radiation source: fine-focus sealed tube 2102 reflections with I > 2σ(I)
Monochromator: graphite Rint = 0.032

T = 296 K θmax = 28.3º

φ and ω scans θmin = 2.3º
Absorption correction: multi-scan
(SADABS; Bruker, 2007) h = −7→6

Tmin = 0.930, Tmax = 0.978 k = −12→12
7941 measured reflections l = −28→29

Refinement

Refinement on F2 Hydrogen site location: inferred from neighbouring
sites

Least-squares matrix: full H atoms treated by a mixture of
independent and constrained refinement

R[F2 > 2σ(F2)] = 0.040
  w = 1/[σ2(Fo

2) + (0.0419P)2]
where P = (Fo

2 + 2Fc
2)/3

wR(F2) = 0.088 (Δ/σ)max < 0.001

S = 0.98 Δρmax = 0.17 e Å−3

2941 reflections Δρmin = −0.16 e Å−3

157 parameters Extinction correction: none
Primary atom site location: structure-invariant direct
methods Absolute structure: Flack (1983), 1207 Friedel pairs

Secondary atom site location: difference Fourier map Flack parameter: −0.09 (8)
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Special details

Geometry. All s.u.'s (except the s.u. in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The
cell s.u.'s are taken into account individually in the estimation of s.u.'s in distances, angles and torsion angles; correlations between
s.u.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell s.u.'s is
used for estimating s.u.'s involving l.s. planes.

Refinement. Refinement of F2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F2, conventional

R-factors R are based on F, with F set to zero for negative F2. The threshold expression of F2 > 2σ(F2) is used only for calculating R-

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F2 are statistically about twice as large
as those based on F, and R- factors based on ALL data will be even larger.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å2)

x y z Uiso*/Ueq

S1 0.47086 (11) 0.20744 (5) 0.15044 (2) 0.05534 (18)
N1 0.3943 (4) −0.07206 (16) 0.13660 (7) 0.0553 (5)
N2 0.6348 (4) −0.25776 (16) 0.18001 (8) 0.0577 (5)
N3 0.9619 (4) −0.16476 (15) 0.23955 (8) 0.0519 (5)
H3N 1.020 (4) −0.2456 (19) 0.2541 (8) 0.062*
N4 0.8929 (3) 0.06585 (15) 0.22833 (7) 0.0488 (4)
C1 0.7639 (4) −0.15403 (16) 0.20432 (9) 0.0454 (5)
C2 0.7219 (4) −0.01004 (17) 0.19749 (8) 0.0432 (5)
C3 0.5298 (4) 0.02806 (17) 0.16181 (8) 0.0447 (5)
C4 0.4558 (4) −0.2074 (2) 0.14777 (10) 0.0618 (6)
H4 0.3578 −0.2750 0.1302 0.074*
C5 1.0294 (4) −0.03046 (17) 0.25248 (10) 0.0530 (5)
H5 1.1608 −0.0090 0.2764 0.064*
C6 0.2345 (4) 0.2002 (2) 0.09542 (10) 0.0662 (6)
H6A 0.2763 0.1328 0.0646 0.079*
H6B 0.0862 0.1694 0.1140 0.079*
C7 0.2003 (4) 0.3442 (2) 0.06836 (9) 0.0500 (5)
C8 0.3547 (5) 0.3944 (2) 0.02616 (10) 0.0646 (6)
H8 0.4883 0.3409 0.0158 0.077*
C9 0.3174 (5) 0.5222 (2) −0.00144 (11) 0.0741 (8)
H9 0.4228 0.5532 −0.0307 0.089*
C10 0.1270 (6) 0.6027 (2) 0.01415 (12) 0.0708 (7)
H10 0.1011 0.6889 −0.0046 0.085*
C11 −0.0261 (5) 0.5576 (3) 0.05709 (12) 0.0780 (7)
H11 −0.1550 0.6139 0.0684 0.094*
C12 0.0092 (5) 0.4280 (3) 0.08406 (10) 0.0690 (6)
H12 −0.0976 0.3972 0.1131 0.083*

Atomic displacement parameters (Å2)

U11 U22 U33 U12 U13 U23

S1 0.0640 (4) 0.0405 (3) 0.0616 (3) −0.0021 (3) −0.0128 (3) 0.0078 (2)
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N1 0.0659 (12) 0.0470 (9) 0.0530 (11) −0.0109 (9) −0.0074 (9) 0.0019 (8)
N2 0.0708 (12) 0.0373 (8) 0.0650 (12) −0.0098 (9) −0.0048 (11) −0.0040 (8)
N3 0.0602 (12) 0.0309 (7) 0.0647 (11) 0.0005 (8) −0.0058 (10) 0.0064 (7)
N4 0.0571 (11) 0.0330 (7) 0.0562 (11) −0.0034 (8) −0.0085 (9) 0.0020 (7)
C1 0.0582 (14) 0.0303 (9) 0.0478 (11) −0.0028 (9) 0.0053 (10) 0.0011 (8)
C2 0.0525 (13) 0.0308 (9) 0.0464 (11) −0.0040 (9) 0.0029 (9) 0.0022 (8)
C3 0.0526 (12) 0.0386 (9) 0.0431 (11) −0.0025 (9) 0.0044 (10) 0.0049 (8)
C4 0.0758 (16) 0.0467 (11) 0.0627 (13) −0.0193 (12) −0.0046 (14) −0.0087 (11)
C5 0.0587 (14) 0.0378 (9) 0.0625 (13) −0.0042 (10) −0.0083 (12) 0.0024 (9)
C6 0.0704 (15) 0.0566 (12) 0.0715 (15) −0.0128 (12) −0.0217 (12) 0.0201 (11)
C7 0.0496 (13) 0.0480 (11) 0.0525 (13) −0.0036 (10) −0.0095 (10) 0.0048 (10)
C8 0.0681 (16) 0.0550 (12) 0.0705 (15) 0.0111 (11) 0.0186 (13) 0.0048 (12)
C9 0.094 (2) 0.0577 (13) 0.0710 (17) −0.0028 (15) 0.0181 (15) 0.0168 (12)
C10 0.0819 (19) 0.0491 (12) 0.0814 (18) 0.0038 (13) −0.0133 (16) 0.0103 (13)
C11 0.0651 (17) 0.0740 (15) 0.0948 (19) 0.0241 (15) 0.0010 (17) −0.0048 (14)
C12 0.0568 (15) 0.0833 (15) 0.0668 (15) −0.0018 (15) 0.0091 (13) 0.0148 (12)

Geometric parameters (Å, °)

S1—C3 1.7495 (17) C6—C7 1.506 (3)
S1—C6 1.808 (2) C6—H6A 0.9700
N1—C3 1.338 (2) C6—H6B 0.9700
N1—C4 1.350 (3) C7—C8 1.366 (3)
N2—C4 1.322 (3) C7—C12 1.374 (3)
N2—C1 1.334 (2) C8—C9 1.376 (3)
N3—C5 1.358 (2) C8—H8 0.9300
N3—C1 1.362 (3) C9—C10 1.352 (4)
N3—H3N 0.894 (19) C9—H9 0.9300
N4—C5 1.306 (2) C10—C11 1.357 (4)
N4—C2 1.380 (2) C10—H10 0.9300
C1—C2 1.392 (2) C11—C12 1.383 (3)
C2—C3 1.385 (3) C11—H11 0.9300
C4—H4 0.9300 C12—H12 0.9300
C5—H5 0.9300

C3—S1—C6 101.51 (10) C7—C6—H6A 109.8
C3—N1—C4 116.80 (18) S1—C6—H6A 109.8
C4—N2—C1 111.39 (16) C7—C6—H6B 109.8
C5—N3—C1 106.18 (16) S1—C6—H6B 109.8
C5—N3—H3N 128.6 (13) H6A—C6—H6B 108.2
C1—N3—H3N 124.8 (14) C8—C7—C12 117.73 (19)
C5—N4—C2 104.28 (15) C8—C7—C6 121.1 (2)
N2—C1—N3 128.28 (17) C12—C7—C6 121.2 (2)
N2—C1—C2 125.9 (2) C7—C8—C9 121.6 (2)
N3—C1—C2 105.86 (16) C7—C8—H8 119.2
N4—C2—C3 133.49 (16) C9—C8—H8 119.2
N4—C2—C1 109.82 (18) C10—C9—C8 119.9 (2)
C3—C2—C1 116.67 (18) C10—C9—H9 120.1
N1—C3—C2 119.75 (16) C8—C9—H9 120.1
N1—C3—S1 121.40 (16) C9—C10—C11 120.0 (2)
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C2—C3—S1 118.85 (14) C9—C10—H10 120.0
N2—C4—N1 129.52 (19) C11—C10—H10 120.0
N2—C4—H4 115.2 C10—C11—C12 120.1 (2)
N1—C4—H4 115.2 C10—C11—H11 120.0
N4—C5—N3 113.9 (2) C12—C11—H11 120.0
N4—C5—H5 123.1 C7—C12—C11 120.7 (2)
N3—C5—H5 123.1 C7—C12—H12 119.7
C7—C6—S1 109.51 (15) C11—C12—H12 119.7

C4—N2—C1—N3 −179.25 (19) C6—S1—C3—C2 173.43 (16)
C4—N2—C1—C2 −0.2 (3) C1—N2—C4—N1 1.0 (3)
C5—N3—C1—N2 179.4 (2) C3—N1—C4—N2 −0.8 (3)
C5—N3—C1—C2 0.2 (2) C2—N4—C5—N3 0.4 (2)
C5—N4—C2—C3 −178.5 (2) C1—N3—C5—N4 −0.4 (2)
C5—N4—C2—C1 −0.2 (2) C3—S1—C6—C7 −165.98 (17)
N2—C1—C2—N4 −179.20 (19) S1—C6—C7—C8 77.9 (2)
N3—C1—C2—N4 0.0 (2) S1—C6—C7—C12 −103.9 (2)
N2—C1—C2—C3 −0.6 (3) C12—C7—C8—C9 −2.2 (4)
N3—C1—C2—C3 178.62 (17) C6—C7—C8—C9 176.1 (2)
C4—N1—C3—C2 −0.2 (3) C7—C8—C9—C10 1.6 (4)
C4—N1—C3—S1 179.49 (15) C8—C9—C10—C11 0.3 (4)
N4—C2—C3—N1 179.0 (2) C9—C10—C11—C12 −1.4 (4)
C1—C2—C3—N1 0.8 (3) C8—C7—C12—C11 1.0 (4)
N4—C2—C3—S1 −0.7 (3) C6—C7—C12—C11 −177.3 (2)
C1—C2—C3—S1 −178.90 (15) C10—C11—C12—C7 0.8 (4)
C6—S1—C3—N1 −6.23 (19)

Hydrogen-bond geometry (Å, °)

D—H···A D—H H···A D···A D—H···A

N3—H3N···N4i 0.894 (19) 1.892 (19) 2.773 (2) 167.9 (18)
Symmetry codes: (i) −x+2, y−1/2, −z+1/2.
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Fig. 1
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A atividade antitireóidea do 6-cloropurina, in vitro, foi determinada espectrofotometricamente 
por estudos de formação de seu complexo com iodo. O complexo mostrou estequiometria de 1:1. 
A constante de formação do complexo encontrada foi 7,652 × 103 L mol-1, o que indicou um bom 
potencial de 6-cloropurina, como agente antitireóideo. Posteriores verificações mostraram mudanças 
nos níveis hormonais tireóideos em coelhos machos, in vivo, após administração da dose via 
intraperitoneal (i.p.) durante 14 dias e medindo os níveis de triiodotironina (T

3
) e tetraiodotironina 

(T
4
) livres, na circulação sanguínea, usando-se a técnica de radioimunoensaio. As análises de 

sangue mostraram decréscimo nos níveis de T
3
 e T

4
 livres em animais tratados, quando comparados 

com os controles. Desta maneira, confirmou-se uma boa atividade antitireóidea do 6-cloropurina.

Antithyroid activity of 6-chloropurine was determined, in vitro, by studying its complex 
formation with iodine spectrophotometrically. The complex exhibited a 1:1 stoichiometry. 
Formation constant (K

c
) of the complex was found to be 7.652 × 103 L mol-1, which indicated 

good antithyroid potential of 6-chloropurine. For further verification, changes in the thyroid 
hormone levels of the male rabbits were observed, in vivo, after administering the dose through 
intra peritoneal (i.p.) injections for 14 days and measuring free triiodothyronine (T

3
) and 

tetraiodothyronine (T
4
)

 
levels in the blood serum using radioimmunoassay technique. The blood 

assays showed decrease in free T
3 
and T

4
 levels in the treated animals as compared to the control 

ones thus confirming fairly good antithyroid activity of 6-choloropurine. 

Keywords: 6-chloro-9H-purine, iodine, antithyroid activity, charge transfer complex, thyroid 
hormones

Introduction

Propylthiouracil and methimazole are the only two 
widely used antithyroid drugs.1 Undesirable side effects 
associated with these drugs have been observed for the 
past years.2 This scarcity of antithyroid drugs motivated 
the search for new antithyroid agents. Consequently, 
antithyroid activity of a number of synthetic and natural 
compounds was studied.3 Synthetic antithyroid agents 
may either act by making stable complexes with iodine 
or by interfering with thyroid peroxidase (TPO) enzyme. 
In the first mechanism they make stable electron donor-
acceptor complexes with molecular iodine produced by 
the oxidation of iodides, diverting the oxidized iodides 
away from thyroglobulin and ceasing the biosynthesis 
of thyroid hormones (T

3
 and T

4
). The formation constant 

(K
c
) is indicative of the strength of complex. Higher the K

c
 

stronger will be the complex. While in a second proposed 
mechanism, TPO is inactivated by the action of antithyroid 
agents, which block its active Fe3+. The ability of TPO, to 
oxidize the iodides and coupling monoiodotyrosine and 
diiodotyrosine residues of thyroglobulin to produce thyroid 
hormones, is greatly reduced. Lacto peroxidase (LPO), 
an analog of TPO is used to study the enzyme inhibition 
ability of the antithyroid compounds, in vitro. However, it 
has been observed that a number of drugs like levamisole, 
tetramethylthiourea, tetrahydrozoline and phenothiazines 
etc, which did not inhibit peroxidase activity showed high 
complexing tendency with iodine (obvious from high 
K

c
 values) and also exhibited strong antithyroid activity 

in vivo.4 Electron donor properties of purines have been 
reported by Pullman and Pullman.5 The formation of charge 
transfer band on mixing chloranil and 1,3,5-trinitrobenzene 
with adenine and caffeine in dimethylsulfoxide (DMSO) 
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was studied by Beukers and Szent-Gyorgyi,6 while 
Machmer and Duchesne7 described the formation of a 
donor-acceptor complex between chloranil (acceptor) and 
adenine and guanine (donors). Helm and co-workers,8 were 
the first to report the structural and spectral information 
about a charge transfer (CT) complex of purine, stabilized 
primarily, by donation of n electrons from ring nitrogen. 
Single crystals of iodine complex of 9-cyclohexyladenine 
were obtained by allowing iodine to diffuse into a CCl

4 

solution of 9-cyclohexyladenine. The complex nature 
was stated to be 1:1. Likewise, 1,7-dialkylxanthines and 
some dimethylxanthines were reported to have antithyroid 
activity,9 whilst adenine and guanine also exhibited 
low level antithyroid activity. Similarly, charge transfer 
complexes of purines with bromanil and p-benzoquinone 
have also been reported.10 There exists a good correlation 
between antithyroid activity, in vivo, and formation constant 
(K

c
) of complexes of different organic compounds with 

iodine. K
c
 ≥ 100 L mol-1 indicates presence of considerable 

antithyroid activity.11

The above mentioned and many other similar facts 
demonstrated the need to check purines for potential 
antithyroid activity and 6-chloro-9H-purine (Figure 1) 
was the first choice in this regard because in an initial 
spectrophotometric analysis in the laboratory using method 
of continuous variations”,12 6-chloropurine-iodine complex 
showed 1:1 stoichiometry. Lang13 described a simple 
method to determine K

c
 of such complexes. Though K

c 

can be used as an indicator of antithyroid activity yet 
the decisive factor is in vivo testing of the compound. 
Nevertheless, K

c
 can help in predicting and selecting 

compounds for in vivo studies, which are conducted 
on animals (mice, rats and rabbits) thus reducing the 
investigation cost. The hormone levels are determined 
after administering the compound to the animals, in vivo, 
for a certain period of time. Variation in hormonal levels 
indicates antithyroid effect of the compound. 

Experimental

Iodine was obtained from Merck (suprapur) bisublimed 
and was kept in dark in a dessicator containing P

2
O

5
. DMSO 

of spectroscopic grade was obtained from Merck, was dried 
over calcium hydride, distilled under reduced pressure and 

stored over type 4A molecular sieves. 6-Chloropurine was 
obtained from Sigma Aldrich. Spectra were recorded on 
a double beam UVD-3500 spectrophotometer (Labomed 
Inc.). Radioimmunoassay (RIA) kits for free T

3
 and T

4 

were obtained from Immunotech (France) and blood assay 
was carried out at Centre for Nuclear Medicine Lahore 
(Pakistan).

In vitro 

Complex formation with iodine is an indication of 
antithyroid activity of a compound. K

c
 proved to be a 

useful parameter in this regard. In vitro antithyroid activity 
of 6-chloropurine was assessed spectrophotometrically by 
studying its complex formation with iodine. Solutions of 
iodine and 6-chloropurine were prepared just before the 
start of experiment by diluting gravimetrically prepared 
stock solutions in DMSO. Iodine concentration was kept 
constant (3×10-5 mol L-1), while the concentration of 
6-chloropurine was varied between 1×10-4 mol L-1 and 
1×10-3 mol L-1. The reaction was carried out directly in the 
spectrophotometric cell by mixing 1.5 mL solutions each 
of 6-chloropurine (donor) and iodine (acceptor). Spectra 
were recorded immediately on double beam UV Visible 
spectrophotometer, which showed formation of a charge 
transfer (CT) complex at a different λ

max
 than the reactants. 

In vivo

Male rabbits weighing 1.35-1.40 kg were kept in animal 
house (Department of Zoology, University of the Punjab, 
Lahore) for in vivo study of variation in thyroid hormone 
(T

3
,T

4
) levels on treatment with 6-chloropurine. They were 

divided into three groups of five animals each and were 
provided with green fodder with water ad libitum. The 
animals were kept under standard laboratory conditions. 
First group (treated) of five rabbits received daily dose of 
20 mg kg-1 of 6-chloropurine solution in DMSO via i.p. 
injection for 14 days. Second group (vehicle control) received 
the equivalent dose of DMSO daily while the third (control) 
was kept untreated for the same period of time. Blood 
samples were collected from all three groups by dilating 
and puncturing veins of ears. The dose application and 
sample collection were performed under standard sterilized 
conditions.14 The levels of free T

3
 and T

4
 from the samples 

were determined using radioimmunoassay technique. 

Results and Discussion

Both iodine and 6-chloropurine absorbed in UV 
region. However, the formation of complex led to the 

N

N N
H

N

Cl

Figure 1. Chemical structure of 6-chloro-9H-purine.
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appearance of a CT band. This band is characteristic of 
the complex formation. It was quantified by placing a 
solution of pure donor at the same concentration in the 
reference beam, and then by subtraction of absorption due 
to iodine. Complex formation was observed between 215 
and 225 nm with λ

max
 at 225 nm. The absorbance values at 

215 nm, 220 nm and 225 nm wavelengths were recorded 
for different concentrations of 6-chloropurine and constant 
concentration of iodine (Table 1). 

K
c
 was determined using Lang’s method,15 which has 

been successfully used to determine the formation constants 
of 1:1 stoichiometric complexes, 

K
c
 = [C] / ([I

0
]-[C]) ([P

0
]-[C]) (1)

where [I
0
] is the initial concentration of iodine and [P

0
] is 

the initial concentration of 6-choloropurine and [C] is the 
concentration of complex: 

[c] = ε
c
d

c 
(2)

where d
c
 is the absorbance of the complex and ε

c 
is 

extinction coefficient. Equation 1 can be re-written in the 
form:

Y= (1/ ε
c
)X + 1/K

c
ε

c 
(3)

where Y= [I
0
][P

0
]/d

c
 and X= [I

0
] + [P

0
] – d

c
/ε

c
.

Equation 3 is an equation of a straight line with slope 
1/ε

c 
and Y-intercept 1/(K

c
ε

c
).

With fixed iodine concentration and different compound 
concentrations, different values of d

c
 and hence Y were 

obtained. X contained unknown values of K
c
 and ε

c. 
Iteration 

and linear regression were used to solve this equation. An 
initial value of ε

c 
was assigned and value of X was calculated. 

From the slope of the line, new value of ε
c 
was determined 

and used in the same process until the ε
c
 as well as K

c
 

converged to particular values. Iterations were carried out 
by developing a simple computer program in the laboratory. 
The final values of X and Y calculated, by the same iterative 
method were recorded (Table 2). The XY scatter was 
plotted to which linear regression curve gave the best fit 
(Figure 2), with coefficients of determination (R2 > 0.99)K

c
 

was calculated for all three wavelengths (Table 3) and mean 
value was found to be 7.652 × 103 L mol-1, which indicated 
fairly good antithyroid activity of 6-chloropurine. 

Table 1. UV spectral data for charge transfer complex between iodine 
and 6-chloropurine in DMSO at 20 °C with 6-chloropurine solution of 
the same concentration in the reference cell

[I
2
] / 

(mol L-1)
[6-CP] / 
(mol L-1)

Absorbance

215 nm 220 nm 225 nm

0.00003 0.0001 0.019 - 0.024

0.00003 0.0002  - 0.019 0.034

0.00003 0.0003  - 0.02 0.038

0.00003 0.0004  -  - 0.043

0.00003 0.0005 0.031  -  -

0.00003 0.0006  - 0.025  -

0.00003 0.0007  - 0.025  -

0.00003 0.0008 0.035  -  -

0.00003 0.0009 0.037 0.027  -

0.00003 0.001 0.038  - 0.051

Table 2. X, Y values calculated using Lang’s equation to plot regression 
lines

215 nm 220 nm 225 nm

X×103 Y×107 X×103 Y×107 X×103 Y×107

0.116 1.58 0.211 3.16 0.118 1.25

0.508 4.84 0.310 4.50 0.212 1.76

0.805 6.86 0.605 7.20 0.310 2.37

0.904 7.30 0.705 8.40 0.408 2.79

1.003 7.89 0.903 10.00 1.003 5.88

Figure 2. Relationship between [I
2
][P]/d

c
 and [I

2
] + [P] - d

c
/ε

c 
for 

6-chloropurine-iodine complex at 20 °C (DMSO, quartz cells with 1 cm 
path length). The regression lines are drawn on the basis of X, Y data 
for the following:  215 nm: (R2 = 0.9928);  220 nm: (R2 = 0.9959); 
 225 nm: (R2 = 0.9993).

Table 3. Formation constant and molar extinction coefficient for 
6-chloropurine-iodine complex calculated at different wavelengths

λ / 
nm

ε
c
 / 

(L mol-1 cm-1)
K

c
 / 

(L mol-1)
Mean K

c
 / 

(L mol-1)
Standard 
Deviation

215 1.40 × 103 7.61 × 103

220 1.01 × 103 7.68 × 103 7.652 × 103 39

225 1.92 × 103 7.65 × 103
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6-chloropurine (donor) did not absorb in visible region. 
When a solution of iodine was added to the donor solution, 
the characteristic band of the halogen shifted towards 
shorter wavelength (∆ = 15 nm). Spectra were recorded 
with different concentrations of 6-chloropurine and a 
fixed concentration of iodine (I

2 
= 3×10-5 mol L-1) between 

300-800 nm at 20 °C. The absorbance peak of the complex 
was determined by placing a solution of iodine of the same 
concentration in the reference beam.

Circulating hormone levels i.e., free T
3
 and T

4 
of all three 

animal groups were determined after 14 days using RIA 
technique (Table 4). In hyperthyroidism, i.e. over active 
thyroid gland, thyroid hormones (T

3
 and T

4
) concentrations 

are increased in the blood and vice-versa. Therefore, a 
corresponding decrease in free T

3
 and T

4
 levels in the 

blood serum of the treated animals with respect to control 
will indicate antithyroid effects of the injected compound 
(6-chloropurine). The blood assays of the animals showed 
8% and 20% decrease in average levels of free T

3 
and T

4
 

in the treated animals as compared to the control ones, 
while the pertaining decrease with respect to the vehicle 
control was 31% and 26% respectively (Figure 3). The 
blood assay data was also checked statistically using the 
famous Student’s t test; to further confirm the decrease in 
hormonal levels of the treated category with respect to the 
control and vehicle control categories. In this regard, the 
proposed null and alternative hypotheses were:

Null hypothesis (H
0
): μ

c
 – μ

t
 = 0; 

where, μ stands for population mean, while ‘c’ and‘t’ for 
control and treated groups respectively.

Alternative or research hypothesis (H
A
): μ

c
 – μ

t
 > 0 or 

μ
c
 > μ

t
 

where 
—
X

c
 and 

—
X

t
 are the mean of control and treated values 

respectively and n is the total number of samples and S
x
 

(standard error of the means) is given by:
S

x
 = √ [{Σ (X

ci
 – 

—
X

c
) + Σ (X

ti 
- 

—
X

t
)}/ (n

c 
+ n

t 
- 2)]; n

c
 and n

t 

are total number of samples in control and treated classes 
respectively, which in this case are equal.

“t” values were calculated from the assay results 
and were compared with the critical values of t’

0.001(8) 

(significance level = 0.001, degree of freedom = 8)
 

from the table, which rejected the null hypothesis, thus 
accepting the research hypothesis. Therefore, significant 
decrease in the T

3
 and T

4 
levels of the treated animals, 

as compared to the control and vehicle control groups 
was recorded, which confirmed the antithyroid effects 
of 6-chloropurine. However, the vehicle control group 
showed a rise in the hormonal levels as compared to the 
control group. 

Conclusions

Antithyroid activity of 6-choloropurine was proved 
both in vitro and in vivo. The blood assay of treated 
animals compared to the vehicle control animals showed 
a marked decrease in hormonal levels. K

c
 proved to be a 

good indicator of antithryoid activity for1:1 stoichiometric 
complex of 6-chloropurine with iodine. 
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Abstract. Some novel as well as known derivatives of 8-sulfanyl-3,9-
dihydro-1H-purine-2,6-dione  were  synthesized  and  their  antithyroid 
activity was measured  in  rats after administration of a daily dose of 
20mg/kg via i.p. injection for 15 days. Free thyroxine and triiodothy-
ronine concentrations were determined using radioimmunoassay tech-
nique. The assay results showed decrease in the hormonal concentra-
tions  for  the  animals  treated  with  these  compounds  as  compared  to 
the control animals. Similarly, thyroid stimulating hormone level was 
measured with ELISA method and the results demonstrated a compar-
ative increase of this hormone for the treated animals. The hormonal 
variations indicated significant (α≤0.05) activity of the compounds. 
Histological  study  of  thyroid  tissues  from  the  test  animals  showed 
cellular  modifications  in  the  treated  animals  like  cylindrical  shape 
of  follicular epithelium, depletion of colloid and high values of  thy-
roid body indices. All these factors further confirmed the antithyroid 
effects of the compounds under study.
Keywords:  8-sulfanyl-3,9-dihydro-1H-purine-2,6-dione,  derivatives, 
antithyroid activity, thyroid hormones, histology.

Resumen. Se sintetizaron algunos derivados nuevos y ya conocidos 
de  la  8-sulfanil-3,9-dihidro-1H-purin-2,6-diona,  y  se  determinó  su 
actividad  antitiroidea  en  ratas,  tras  la  administración  de  una  dosis 
diaria  de  20  mg/kg  a  través  de  inyección  intraperitoneal  durante  15 
días. Las concentraciones de tiroxina y triyodotironina libres se deter-
minaron utilizando  la  técnica de  radioinmunoensayo. Los  resultados 
de  los  ensayos  mostraron  una  disminución  en  las  concentraciones 
hormonales de los animales tratados con estos compuestos en compa-
ración con los animales control. Del mismo modo, el nivel de la hor-
mona estimulante de la tiroides se midió con el método ELISA y los 
resultados demostraron un aumento comparativo de esta hormona en 
los animales tratados. Las variaciones hormonales indicaron actividad 
significativa (α ≤ 0.05) de los compuestos. El estudio histológico de 
los  tejidos de  la  tiroides de  los animales de  laboratorio mostró cam-
bios celulares en los animales tratados, tales como la forma cilíndrica 
del epitelio folicular,  la reducción en los valores de coloide y eleva-
ción de  los  índices del  cuerpo  tiroideo. Todos  estos  factores  confir-
man también los efectos antitiroideos de los compuestos en estudio.
Palabras clave: 8-Sulfanil-3,9-dihidro-1H-purin-2,6-dione,  deriva-
dos, actividad antitiroidea, hormonas tiroideas, histología.

Introduction

Hyperthyroidism  is  a  common endocrinal disorder  associated 
with  the  over  production  of  thyroid  hormones,  observed  in 
almost 1.3 percent of  the population [1]. Surgery, radioiodine 
therapy  and  antithyroid  drugs  are  the  options  available  for 
the  treatment of  an overactive  thyroid. The major antithyroid 
drugs  namely  propylthiouracil  (6-propyl-2-thioxo-3,4-dihy-
dropyrimidin-2-(1H)-one; PTU) and methimazole (1-methyl-
1H-imidazole-2-thiol; MMI) are thionamide derivatives [2]. 
These drugs interfere with the incorporation of iodine into the 
tyrosine residues of thyroglobulin and therefore ceases the bio-
synthesis of  thyroid hormones namely  thyroxine  (T4) and tri-
iodothyronine (T3) [3, 4]. Unfortunately, the thionamides have 
been reported to cause many side effects including agranulocy-
tosis (severe decrease in the production of white blood cells), 
liver damage (more common with PTU), aplastic anemia 
(failure of the bone marrow to produce blood cells) and vascu-
litis (inflammation of blood vessels). Up to 15 percent of the 
patients  observe  minor  side  effects  like;  itching,  rash,  hives, 
joint  pain  and  swelling,  fever,  change  in  taste,  nausea,  and 
vomiting [5]. The scarcity of medicines in this particular area 
and the problems related to the existing drugs provoked many 
researchers to synthesize the new antithyroid agents with lesser 
side effects [6, 7]. Purine derivatives are reported to have anti-
tubercular,  fungicidal,  antiallergic,  antimicrobial,  antitumor 

and  antihistamic  activities  [8-10].  However,  no  studies  were 
found  in  the  recent  years  regarding  the  antithyroid  effects  of 
purine derivatives in spite of the fact that in late forties some 
low level antithyroid activities have been reported in adenine, 
guanine  and  some  alkyl  xanthines  [11]. Taking  the  idea  we 
started  work  on  the  antithyroid  activity  of  purine  derivatives 
and  synthesized  series  of  compounds  as  potential  antithyroid 
agents [12]. The present study deals with the synthesis of some 
8-substituted  purine  derivatives  including  some  novel  com-
pounds  and  the  measurement  of  their  antithyroid  activity  in 
male Wistar rats. The complexation of  these compounds with 
iodine is also studied using spectrophotometric analysis.

Results and Discussion

The  intermediates;  6-aminopyrimidine-2,4(1H,3H)-dione (1), 
6-amino-5-nitrosopyrimidine-2,4-(1H,3H)-dione (2)  and  5,6-
diaminopyrimidine-2,4(1H,3H)-dione sulfate (3) were synthe-
sized by known methods starting from commercially available 
ethyl cynoacetate and sodium ethoxide prepared from sodium 
metal  in  absolute  ethanol  [13].  8-Sulfanyl-5,9-dihydro-1H-
purine-2,6-dione  (4)  and  6-10 were  also  synthesized  using 
well  established  procedures  already  described  in  literature 
[14]. 8-(Methylsulfanyl)-3,9-dihydro-1H-purine-2,6-dione  (6) 
was  already  reported.  However, compounds  7-10  are  novel 
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(Scheme 1). Compound 5 was synthesized by  the  reaction of 
chloroacetic  acid  with  8-sulfanyl-5,9-dihydro-1H-purine-2,6-
dione in aqueous sodium hydroxide solution and is also novel. 
Structures of all new compounds are established on  the basis 
of  spectral  data  and  elemental  analysis.  Compounds  1-4  and 
6  have  been  reported  earlier  but  were  characterized  by  the 
elemental  analysis  and mass  spectrometry only,  the complete 
spectral analysis of these compounds is being reported for the 
first time.

Antithyroid Activity

All  the compounds showed complexation with  iodine but not 
of  1:1  stiochiometry.  There  is  no  easy  method  available  to 
determine formation constants of such complexes yet the com-

plexation was verified using Beer-Lambert Law. Compounds 
5-10  exhibited  absorption  maxima  at  285-90  nm,  while 4 at 
315 nm in UV region. Two new bands, one at 265-70 nm and 
the other at 330-35 nm were appeared on mixing the solutions 
of iodine and the compounds 4 and 6-10. The former is a char-
acteristic  charge  transfer  band  of  the  complex  in  UV  region. 
However, 5 did not show complexation with iodine. The com-
plexation of the compounds with iodine provided a clue to the 
possible antithyroid effects of the compounds.

Radioimmunoassay  results  showed a  relative decrease of 
free T3 and T4 levels in the serum of the animal groups treated 
with  the  compounds  and  MMI  as  compared  to  control  and 
vehicle  control  groups.  On  the  other  hand,  TSH  levels  were 
measured  with  ELISA  method  and  notable  increase  in  the 
TSH levels was recorded for  the  treated animals with respect 
to control and vehicle control groups (Table 1). The hormonal 
variations indicate that the compounds diminished the biosyn-
thesis of T3  and T4 hormones, which decreased  their  concen-
tration in the serum. In response, the TSH secretion increased 
than the normal to send a more powerful signal to the thyroid 
to  increase  its  activity. Though  the hormonal variations were 
quite  explicit  yet  the  data  was  further  analyzed  statistically 
(using Student’s ‘t’ test) to validate the inferences from the 
assay results. The statistical analysis of the data demonstrated 
the  hormonal  changes  to  be  significant  to  highly  significant 
(0.05 ≥ α ≤ 0.01). The hormone levels of vehicle control 
group also showed a mild decrease in FT3 and FT4 levels and 
increase  in  TSH  level  as  compared  to  the  control.  Although 
these  changes  were  of  only  suggestive  nature  at  this  stage 
(α>0.05) even then a mild antithyroid effect of the solvent 
is  suspected.  Therefore,  the  hormonal  changes  of  the  treated 
groups were compared with vehicle control to get a more real 
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Scheme 1. Synthesis of 8-(alkylsulfanyl)-3,9-dihydro-1H-purine-2,6-
diones.
Reagents and conditions: (i) Na, EtOH, 3 hours reflux, CH3COOH; 
(ii) NaNO2,  H2O,  CH3COOH, r.t.; (iii) NaS2O3,  conc.  H2SO4, 
H2O ∆, (iv) EtOH/H2O,  KOH,  CS2, ∆ in boiling water bath, 1 h; 
(v) ClCH2COOH, NaOH, CH3COOH, H2O, 2 h, r.t., (vi) R-I, NaOH, 
CH3COOH, H2O, r.t.; R = Methyl, ethyl, n-propyl, n-butyl, n-pentyl.

Table 1. Mean hormonal levels and thyroid histology as observed in 
treated and control animals.

Animal 
Groups

FT3 FT4 TSH
pmol/L pmol/L μi.u./mL
Mean S.D Mean S.D Mean S.D

Control 9.74 0.86 37.56 4.16 1.86 0.63
Vehicle 
Control

8.41 1.12 33.51 3.94 2.04 0.35

4 5.32 2.37 19.8 8.74 3.37 0.71
5 6.96 0.86 27.76 6.12 2.82 0.43
6 6.9 1.49 27.75 5.99 2.99 0.63
7 7.23 0.33 29.36 5.21 2.97 0.45
8 6.67 0.7 28.01 7.23 3.25 0.35
9 6.49 2.04 26.36 6.61 3.19 0.93
10 7.33 0.47 29.46 4.48 3.07 0.96
MMI 4.34 1.18 16.64 5.93 4.11 1.07

Treatment time = 15 days, n = 5, FT3 and FT4 with RIA technique, 
TSH with ELISA.
Assays run in doublet.
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picture, which revealed that all the compounds possess appre-
ciable antithyroid activity  in  the descending order of MMI > 
4 > 8 > 9 > 10 > 6 > 7 > 5 (Fig. 1). On the basis of changes 
in FT3, FT4  and TSH values  for 4 was  found almost 80% as 
active  as  MMI,  while  antithyroid  activity  demonstrated  by  8 
and 9 was 50-60% of that of MMI.

This exposition implies that 4 has a free SH group owing 
to  which  it  showed  more  antithyroid  potential.  Presence  of 

free  SH  group  in  MMI  has  been  described  to  be  the  reason 
for  its  antithyroid  activity  [15].  Moreover,  it  is  also  known 
that iodine makes more stable complex with n-donating sulfur 
atoms [16]. However, free SH group is suspected to be a cause 
of  toxic  side  effects  in  many  drugs,  it  was  blocked  by  alkyl 
substituents  in  the  derivatives 5-10.  This  substitution  though 
decreased  the  activity  but  the  derivatives  5-10  still  exhibited 
notable  antithyroid  effects  and  toxic  side  effects  of  free  SH 
are supposed to decrease. Iodine complexation might occur at 
nitrogen atoms in the purine ring. Complexation with iodine as 
well as antithyroid activity of 6-chloropurine has already been 
demonstrated and the compound exhibited antithyroid activity 
without  having  a  sulfur  atom  [17].  Nevertheless,  less  potent 
but  these derivatives,  especially 6-10 may  serve as  less  toxic 
alternatives. The presence of carboxylic group however dimin-
ished the activity.

Histology  of  the  thyroid  from  control  group  showed 
cuboidal shape of follicular epithelium with sufficient quantity 
of colloid (Fig. 2a). In hyperactive gland colloid is consumed 
and  the  follicular  epithelium  becomes  cylindrical.  Moreover, 
the number as well as size of follicular cells are increased, the 
conditions  termed  as  follicular  hyperplasia  and  hypertrophy 
respectively.  These  modifications  are  brought  upon  to  meet 

(a) (d)

(b) (e)

(c) (f)

Figure 2. Thyroid sections (a) control shows normal cuboidal epithelium with sufficient colloid material, (b) vehicle control, depletion of colloid 
material is started  (c) treated with 4, cylindrical epithelium is visible as well as lining in the epithelium depicts hyperactivity of gland. Quantity 
of colloid is less as compared to control (d) treated with 6 also indicates the hyperactivity and a transition towards cylindrical epithelium, (e) 
treated with 7 also indicates cylindrical epithelium, (f) treated with MMI shows severe depletion of colloid and some of follicular nuclei are 
quite thick, which indicates generation of tumor.

Figure 1. Mean percentage hormonal variations in the treated groups 
with respect to vehicle control showing fairly good antithyroid effects 
of the compounds.
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the increased demand of hormones and are natural response of 
the body (gland) in hyperactive situation. The thyroid tissues 
of the vehicle control group were also observed to be cuboidal 
but with mild symptoms of hyperactivity. On  the other hand, 
thyroid  from  the  treated  animals  showed  moderate  to  severe 
colloid  depletion  and  cylindrical  shape  of  epithelium  (Fig. 
2c, d, e). The microscopic study of the thyroid tissues also 
revealed  mild  to  moderate  follicular  hyperplasia  and  hyper-
trophy  for  the  treated  animals,  the  conditions  were  found  to 
be severe for the animals treated with MMI (Table 2). Thyroid 
body indices (TBIs) were calculated using final body weights 
of the animals and the weight of thyroid gland after washing. 
TBI may be defined as weight of thyroid tissues (mg) per 100 
g  of  final  body  weight  of  the  animal.  Higher  values  of  TBIs 
of  the treated animals as compared to  the control groups also 
depicted the antithyroid effects of the compounds (Table 2). 
In  fact  increase  in  the  number  of  tissue  cells  as  well  as  cell 
enlargement  increase overall weight of  the  thyroid. No major 
deformation of cells (atrophy) was observed. Similarly, no 
causality  was  observed  among  the  animals  during  the  study 
period, which though not establishes but indicates low toxicity 
of the compounds.

Conclusions

8-Sulfanyl-5,9-dihydro-1H-purine-2,6-dione  (4)  and  its  alkyl 
derivatives represent a new class of compounds, which possess 
significant antithyroid activity. The  in vivo findings are quite 
encouraging and warrant further research to synthesize differ-
ent new derivatives of this class as well as to assess the cyto-
toxic effects of these compounds for use as alternate drug.

Experimental Section

Melting  points  were  determined  using  a  Gallenkamp  melting 
point  apparatus  and  are  uncorrected.  1H  NMR  spectra  were 
taken  in  DMSO-d6  and  recorded  at  400  MHz on  a  Brucker/
XWIN-NMR  instrument.  Chemical  shifts  are  given  in  ppm 
relative to (Me)4Si  as  internal  standard  (abbreviations:  s, 
singlet;  d,  doublet;  t,  triplet;  m,  multiplet;  chemical  shifts 
in ppm). Mass spectra were recorded from Jeol MS Route. 
Elemental analyses were carried out in HEJ Research Institute 
of  Chemistry  Karachi  University.  Reagent  grade  materials 
were  purchased  from Aldrich  Chemical  Co.  and  were  used 
without  further  purification.  Intermediates  were  synthesized 
using  reported  methods  and  were  characterized  using  NMR 
and mass spectrometry.

6-AMINOPYRIMIDINE-2, 4(1H, 3H)-DIONE(1)
The title compound was synthesized using already report-

ed method [13]. The product was purified and subjected to the 
analysis.

Amorphous  powder:  mp  >  300°C;  1H  NMR  (DMSO-d6, 
300Mz) δ 10.05 (1H, s, NH), 10.03 (1H, s, NH), 6.15 (2H, 
s, NH2), 4.40 (1H, s, CH); 13C NMR (DMSO-d6, 75 MHz) δ 

164.2 (C=O), 155.1 (C),150.9 (C=O),74.1 (CH); EIMS m/z 
(rel. int.): 128 [M+1] (10), 127 [M]+ (100).

6-AMINO-5-NITROSOPYRIMIDINE-2,4  (1H,  3H)-
DIONE(2)

Red powder: mp > 300°C; 1H NMR (DMSO-d6, 300MHz,) 
δ 11.27 (2H, s, NH2), 10.48 (1H, s, NH), 7.98 (1H, s, NH); 13C 
NMR (DMSO-d6, 75 MHz,) δ 162.7 (C=O), 152.8 (C=O), 
149.5 (C), 140.1 (C); EIMS m/z (rel. int.): 151 [M-2] (14), 149 
(71), 147 (14), 57 (100).

5, 6-DIAMINOPYRIMIDINE-2, 4 (1H, 3H)-DIONE 
SULPHATE(3)

White  powder:  mp > 300°C; 1H  NMR  (DMSO-d6, 
300MHz) δ 10.53 (1H, s, NH), 8.53 (1H, s, NH), 5.92(2H, s, 
NH2), 4.37 (2H, s, NH2); 13C  NMR (DMSO-d6, 75 MHz,) δ 
160.8 (C=O), 149.0 (C=O), 145.5 (C), 90.4 (C); EIMS m/z 
(rel.int.): 143.15 [M+1] (4), 142 [M]+(86), 127 (7), 97(25), 64 
(100).

8-SULFANYL-3,  9-DIHYDRO-1H-PURINE-2,  6-
DIONE(4)

The  title  compound  was  synthesized  using  already 
reported method [14]. Brown needles: mp> 300°C; 1H NMR 
(DMSO-d6, 400 MHz) δ 12.75 (1H, s, SH), 11.25 (1H, s, NH), 
11.10 (1H, s, NH), 10.92 (1H, s, NH); 13C NMR (DMSO-d6, 
100 MHZ) δ 163.8 (C), 152.5 (C=O), 150.2 (C=O), 139.2 
(C), 103.6 (C); EIMS m/z (rel.int.) 183 [M-1] (21), 182 [M-2] 
(100.0)

Anal.  C  32.62%,  H  2.14%,  N  30.42%, Calculated  for 
(C5H4N4O2S) C 32.61%, H 2.173%, N 30.43%.

[(2,  6-DIOXO-2,  3,  6,  9-TETRAHYDRO-1H-PURIN-8- 
YL) SULFANYL] ACETIC ACID(5)

Chloroacetic acid (0.188 g, 2 mmol) was added to a solu-
tion  of  8-sulfanyl-5,9-dihydro-1H-purine-2,6-dione  (0.368  g, 
2 mmol) in aqueous NaOH solution (10 mL, 2N) and stirred 
for 2 hours at room temperature. Progress of the reaction was 
monitored by TLC using silica gel plates. Clear  solution was 

Table 2. Histological observations of the thyroid tissues from control, 
vehicle control and treated rats.

Description Follicular 
Hypertrophy/
Hyperplasia

Colloid 
Depletion

TBI 
(mg/100g)

Control Nil Nil 5.43
Vehicle Control Nil ± 5.91

Tr
ea

te
d

4 ++ ++ 11.56
5 + + 8.56
6 + ++ 9.63
7 + ++ 9.25
8 ++ ++ 10.51
9 ++ ++ 9.93
10 + ++ 10.05
MMI +++ +++ 16.23

Treatment duration = 15 days, n = 5, dose rate = 20 mg/kg daily via 
i.p. injection ± Slight; + mild; ++ moderate; +++ severe.
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acidified with glacial acetic acid ( pH 5.0) and the white pre-
cipitates  obtained  were  filtered  off,  washed  with  water  and 
dried in oven at 110°C. Product was recrystallized with water. 
TLC solvent system was isopropyl alcohol: water (80:20 v/v).

White  amorphous:  mp 258-262°C (dec.); 1H  NMR 
(DMSO-d6,  400MHz) δ 13.25 (1H, s, NH), 11.39 (1H, s, 
NH), 10.60(1H, s, NH), 8.31(1H, s, OH),4.65 (2H, s, CH2); 
13C  NMR δ (75  MHz,  DMSO-d6) 170.0 (COOH),154.6 (C), 
151.11 (C), 149.9 (C=O), 149.3 (C=O), 108.8 (CH), 35.1 
(CH2); MSEI m/z (rel.int.) 238 [M-4] (30), 225 (6), 225 (10), 
223 (100); Anal. C 34.42%, H 2.442%, N 23.124%, Calculated 
for C7H6N4O4S C 34.71%, H 2.50%, N 23.13%.

8-(ALKYLSULFANYL)-3,9-DIHYDRO-1H-PURINE-
2,6-DIONES(6 - 10)

General Procedure: 8-sulfanyl-5,9-dihydro-1H-purine-
2,6-dione (0.184 g ,1 mmol) in aqueous NaOH (20 mL, 1N) 
was stirred at room temperature with 1mmol of alkyl iodide (1 
mmol) and the reaction was monitored by TLC. The pH of the 
reaction mixture was adjusted (5.0) by adding glacial acetic 
acid; white precipitates were  filtered, washed with water  and 
dried in oven at 110 °C. The product was recrystallized in dis-
tilled water.

8-(METHYLSULFANYL)-3,9-DIHYDRO-1H-PURINE-
2,6-DIONE(6)

The title compound was synthesized from 8-sulfanyl-5,9-
dihydro-1H-purine-2,6-dione (0.184 g, 1 mmol) and methyl 
iodide (0.062 mL, 1 mmol) [18].

White amorphous: mp >300°C; 1H  NMR (DMSO-d6, 
300MHz) δ 13.22 (1H, s, NH),11.54 (1H, s, NH), 10.75 
(1H, s, NH), 1.22 (3H, s, CH3); 13C  NMR (DMSO-d6,  75 
MHz) δ 154.3 (C), 151.1 (C=O),149.4 (C=O),148.9 (C), 65.9 
(CH),15.0 (CH3); EI MS m/z (rel.int.) 198 [M]+  (53), 197 
(3), 183 (7), 85 (100);Anal. C 36.32%, H 2.99%, N 28.25%, 
Calculated for C6H8N4O2S, C 36.36%, H 3.05%, N28.27%.

8-(ETHYLSULFANYL)-3,9-DIHYDRO-1H-PURINE-
2,6-DIONE(7)

The  title  compound  was  prepared  from  8-sulfanyl-5,9-
dihydro-1H-purine-2,6-dione (0.184 g, 1 mmol) and ethyl 
iodide (1 mmol, 0.794 mL, 0.155 g) while stirring at room 
temperature.

White powder: mp 290 °C, 1H NMR (DMSO-d6, 300MHz) 
δ 11.49 (1H, s, NH),10.72 (1H, s, NH), 3.18 (2H, q, J = 7.20, 
CH2), 1.30 (3H, t, J = 7.20, CH3); 13C  NMR  (DMSO-d6, 75 
MHz) δ 154.33 (C), 151.0 (C=O), 149.41 (C=O), 148.89 
(C), 107.9 (CH), 25.2 (CH2), 15.0 (CH3); EIMS m/z (rel.int.) 
212  [M]+ (23), 197 (15), 184 (10), 179 (15), 44 (100); Anal. 
C  39.62%,  H  3.78%,  N  26.43  %,  Calcd  for  C7H8N4O2S,  C 
39.61%, H 3.80 %, N 26.40 %, O 15.08%, S 15.11%.

8-(PROPYLSULFANYL)-3,9-DIHYDRO-1H-PURINE-
2,6-DIONE(8)

The  title  compound  was  prepared  using  8-sulfanyl-5,9-
dihydro-1H-purine-2,6-dione (0.184 g, 1 mmol) and 1-iodo-
propane (0.0969 mL, 1 mmol) by the same general procedure.

White  amorphous:  mp  288°C;  1H  NMR (DMSO-d6, 400 
MHz) δ 13.23 (1H, s, NH), 11.49 (1H, s, NH), 10.71 (1H, 
s, NH), 3.13 (2H, t, J = 7.20, SCH2), 1.67 (2H, q, J = 7.20 

CH2CH3), 0.96 (3H, t, J = 7.2, CH3); 13C  NMR  (DMSO-d6, 
100 MHz) δ 154.3 (C), 151.0 (C=O), 149.3 (C=O), 148.9 (C), 
107.9 (CH), 33.3 (CH2), 22.6 (CH2), 12.9 (CH3); EI MS m/z 
(rel.int.) 226 [M]+ (69), 198 (8), 184 (100); Anal. C 42.46%, H 
4.39%, N 24.73%

Calculated  for,  C8H10N4O2S,  C  42.47  %,  H  4.45  %,  N 
24.76 %, O 14.14 %, S 14.17%.

8-(BUTYLSULFANYL)-3,9-DIHYDRO-1H-PURINE-
2,6-DIONE(9)

The  title  compound  was  prepared  using  8-sulfanyl-5,9-
dihydro-1H-purine-2,6-dione (0.184 g, 1 mmol) and 1-iodobu-
tane (0.113 mL, 1 mmol) by the same general procedure.

White  amorphous:  mp  281  °C; 1H  NMR (DMSO-d6, 
300MHz) δ 13.25 (1H, s, NH), 11.49 (1H, s, NH), 10.71 (1H, 
s, NH), 3.16 (2H, t, J = 7.20, SCH2), 1.94 (2H, t, J = 7.20 
SCH2CH2), 1.65 (2H, qu, J = 7.20, SCH2CH2CH2), 1.42 (3H, 
t, J = 7.20, CH3,); 13C  NMR  (DMSO-d6, 75 MHz) δ 154.36 
(C), 151.0 (C=O), 149.4 (C=O), 148.9 (CS), 108.0 (CH), 31.2 
(CH2), 31.1 (CH2), 21.1 (CH2), 13.4 (CH3);

EIMS m/z (rel.int.) 240 [M]+  (68), 193 (34), 184 
(100) Anal. C 44.96%,H 5.01%, N 23.36%, Calculated for 
C9H12N4O2S,  C  44.99%,  H  5.03%,  N  23.32%,  O  13.32%,  S 
13.35%.

8-(PENTYLSULFANYL)-3,9-DIHYDRO-1H-PURINE-
2,6-DIONE(10)

The  title  compound  was  prepared  using  8-sulfanyl-5,9-
dihydro-1H-purine-2,6-dione (0.184 g, 1 mmol) and 1-iodop-
antane (0.130 mL, 1 mmol) by the same general procedure.

White amorphous: mp 277 °C, 1H NMR (DMSO-d6, 400 
MHz) δ 13.25 (1H, s, NH), 11.51(1H, s, NH), 10.76 (1H, 
s, NH), 3.15 (2H, t, J = 7.20, CH2,), 2.49 (2H, p, J = 7.20 
SCH2CH2), 1.63 (2H, p, J = 7.20, SCH2CH2CH2), 1.29 (2H, 
q, J = 7.20, CH2CH3,), 0.85 (3H, t, J = 7.20, CH3); 13C NMR 
(DMSO-d6, 100 MHz) δ 154.2 (C), 151.0 (C=O), 149.3 (C=O), 
148.9 (CS), 107.8 (CH), 31.3 (CH2), 30.0 (CH2), 28.8 (CH2), 
21.5  (CH2), 13.7 (CH3); EI MS  m/z (rel.int.) 254 [M]+ (69), 
226  (11 ), 184 (100); Anal. C 46.99%, H 5.52%, N 22.04%, 
Calculated for C10H14N4O2S, C 47.23%, H 5.55%, N 22.03% .

In vitro study

Charge  transfer complexation with molecular  iodine  is a clue 
to  the potential antithyroid activity of compounds. Therefore, 
compounds  were  evaluated  for  their  antithyroid  potential  in 
vitro  by  studying  complexation  of  iodine  with  compounds 
spectrophotometrically. The reactions were carried out directly 
in  the  spectrophotometric  cell  by  mixing  1.5  ml  of  purine 
(donor) with 1.5 ml of iodine (acceptor) solutions. The respec-
tive  solutions  were  prepared  in  DMSO  as  the  purine  deriva-
tives  showed  solubility  only  in  this  solvent.  Spectra  were 
recorded immediately on double beam UV visible spectropho-
tometer. The compound and iodine concentrations were adjust-
ed  by  trial  and  error  method.  The  iodine  concentration  was 
fixed at 2 × 10-5 M, while those of the compounds were varied 
between  10-4  and  10-3  M.  For  higher  concentrations  spectra 
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crossed the scale of the instrument. Iodine has λmax in visible 
region near 510 nm unlike the purine derivatives, which exhib-
ited the absorption maxima in UV region. Therefore, as a strat-
egy  the  solutions of pure compounds and  iodine were placed 
in  the reference cell of  the  instrument while  taking spectra  in 
UV and visible regions respectively. This helped in nullifying 
the effect (absorbance) due to iodine and the compounds in the 
respective regions.

In vivo study

The in vivo study was performed on young male albino Wistar 
rats  of  125  to  200  g  weight.  The  animals  were  divided  into 
control,  vehicle  control,  treated  groups.  The  treated  groups 
were administered with the solutions of respective compounds 
(including MMI) in DMSO, while the control and vehicle 
control groups obtained equivalent doses of normal saline and 
the  solvent  respectively.  Five  animals  were  allocated  to  each 
group  and  were  fed  with  chick  feed  with  water  ad libitum. 
Daily  dose  of  20  mg/kg  was  administered  via i.p.  injection 
to  respective  groups  daily  in  the  morning  for  15  days.  The 
animals  were  weighed  before  sampling  and  blood  samples 
were collected from all animals by puncturing abdominal aorta 
under light diethyl ether anesthesia. Standard animal protocols 
were  adopted  for  the  experimentation. Free  T3  and  T4  levels 
were  determined  using  radioimmunoassay  technique,  while 
that of TSH with ELISA method.

The  animals  were  sacrificed  afterwards  on  the  same  day 
under  deep  diethyl  ether  anesthesia  and  thyroid  glands  were 
removed  for  histological  studies.  The  dissected  thyroid  from 
each animal was placed in Petri dishes containing saline solu-
tion to clear organ from fats and blood. The weight of thyroid 
was  determined  with  sartorius  balance  to  calculate  “thyroid 
body  index”, which may be defined as weight of  thyroid per 
100 gram of final body weight. The tissues were then fixed in 
4  %  PFA  for  4-6  hours.  Hematoxylin  and  Eosin  stains  were 
used for staining. Five µm thin sections of thyroid were stud-
ied  under  Olympus  BX51  microscope  fitted  with  Olympus 
DP12 digital  camera  at  20  and 60 µm magnifications. Slides 
of all groups were photographed and changes at cellular level 
were noted.
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