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SOME ASPECTS OF THE ANTIMICROBIAL AND CHEMICAL PROPERTIES OF PfIENYL 

BORONATE ESTERS OF CHLORAMPHENICOL 

S.I.N. Mubarak, J.B. Stanford & J.K. Sugden 

School of Pharmacy, Leiceater  Polytechnic,  P.O. Box 143, Leices te r ,  

APSTRAC T 

Subs t i tu ted  phenyl boronate e a t e r s  of chloramphe-nicol hr-ve 

s ign i f i can t  ant imicrobial  potency aga ins t  common pathogens. The 

i s o a t e r i c  1,J-dioxanes i n  which the boron atom has been replaced 

by a methine group a r e  inac t ive  under the  conditions of t ea t .  

The 'coronate e a t e r s  are regarded a s  having the same conformation 

a s  the parent a n t i b i o t i c .  

e a t e r s  by aimulated sunl ight  proceeds much f a s t e r  than it  does 

Photochemical degradation of these 

with chloramphenic 01. 

INTRODUCTION 

There a re  many repor t s  i n  the l i t e r a h r e  which ind ica te  

that modification of the chloramphenicol molecule r e s u l t s  i n  

reduced ant imicrobial  potency ' ' '5 the exceptions being the 

replacement of the s ide  chain C E 1 2  by CF l o  and changing 

the aromatic n i t r o  group f o r  a perchloryl  group 
3 

11 . 
Subs t i tu ted  phenyl boronic ac ids  have mild ant imicrobial  

a c t i v i t y  aga ins t  StaDh. aureas  '*and patents  granted f o r  enhanced 

chemotherapeutic proper t ies  of phenyl boronate e a t e r s  of 
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1618 MLJBARAK, STANFORD, AND SUGDEN 

medicinal d i o l s  

and I-naphthyl boronate esters of chloramphenicol 

*14 I including the phenyl, 4-toly1, 4-anisy1, 

15 

The objects  of the present work a re  t o  show that phenyl 

boronate e s t e r s  of chloramphenicol i n  which the phttnyl boroaate 

group c a r r i e s  an  e l ec t ron  withdrawing subs t i tuent  r e t a i n  the ant i -  

microbial potency of the parent drug and t h a t  the boron atom is 

e s s e n t i a l  t o  this ac t iv i ty .  It is a l s o  intended t o  demonstrate that 

these esters are less s t ab le  t o  l i g h t  than is the  parent drug. 

MATERIALS METHODS 

Synthesis of Subst i tuted Phenyl Boronate Es te rs  of Chloramahnicol 

Method A 

Equimolar amounts of chloramphenicol (2.0 g., 0.00619 mol.) and 

each of the f ol1owing:- phenyl, 4-bromophenyl, 3-nitrophenylboronic 

ac ids  were reacted by the method of Irwin e t .  a l .  

2-( Phenyl)-4-( 4 -nitroDhenyl) - 5 4  d ic  hloroace tamido) -1 .J-dioxa 

-2-boracyclohexane (3a) Pale yellow c r y s t a l l i n e  so l id ,  m.p. 

16 . 

172-3'. Found. C ,  49.48; H, 3.73; N, 6.87; C 1 ,  17.44. C17H15BN2C1205 

requi res ,  C ,  49.92; H, 3.69; N, 6.84; '21, 17.33 8. Ir. (KBr d i sc )  

major  peaks a t  3220, 1660, 1600, 860, 845, 825, 800, 745 cm-'. 

P.m.r. (CDCl:, from TMS)64.42 (2H,  dd, J= 4 Hz), 4.65 (lH, d ,  J= 

4Hz), 4.85 (lH, d ,  J* 4Hz), 5.66 ( lH,s ) ,  6.55 ( I H , s * ) ,  7.40-8.40(9H9 

m).  Up. (EtOH) max 274 nm Shoulder a t  218 nm, (= 12000. MS 70/er, 

M+ 409, 281, 258, 257, 222, 153, 146; 118,  105, 70, 43. Yield 0.45 g 

2-(~1-Br~m~~hen~l)-~-(~~~~nitr~~henyl)-5-(dichloroa~etamido~-l.3- 

dioxa-2-boracyclohexane (3 b) Pale yellow c r y s t a l l i n e  s o l i d ,  m.p. 

175-6'. Found. C ,  42.24; H, 3.02; N, 5.71; C 1 ,  14.49, C,?H14B B r  C 1 2  
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ANTIMICROBIAL AND CHEMICAL PROPERTIES 1619 

N 0 requi res ,  C ,  41.85; H, 2,87; N, 5.74; C 1 ,  14,53 %. 
) major peaks a t  3240, 1665, 1600, 845, 820, 800, 750 cm". 

(CDCL,, from TMS) b 4.40 (2H, dd, J= 4Hz), 4.66 (IH, d,  J= ~ H z ) ,  4.84 

(IH, d, J= 4H5), 5.65 (1% a) ,  6.62 (lH, 8 1, 7.40-8.40 (8H,m). uv. 

(buffer a t  pH 7,8)A 274 ma, f 13950. 

301, 225, 183, 153, 118, 70, 44. Yield 0.54 g. 

Ir. (Dr d i s c  

P.m.r. 
2 5  

* 

70/ev, Mi 487.6, 360, 334, 

2-(3f-Nitro~hen~l)-4-(~ff-ni t rophenvl)-5-(dichloroacetamido)- l .3-  

dioxa-2-boroacvclohexane (3c) 

204-5'. Found. C, 44.71; H, 3.16; N, 9.04; C 1 ,  15.68, C17H14B C12N307 

requi res ,  C ,  44.97; H, 3.06; N, 9.25; C 1 ,  15.62 k. 
major peaks a t  3220, 1660, 1605, 860, 845, 830, 820, 800, 765 cm-l. 

P.m.rl (a DmOfrom Tm)S4.10 (2H, dd, J=12Hz), 5.18 (lH,d, J=12 Hz), 

9.12 ( I H , s  1, 6.22 (lH,s), 6.52 (IH,s), 7.52-9.12 (8H,m). Uv. (Ii20) 

hmax 274 nm, t16900. MS 70/ev M+ 453, 326, 268, 191, 153, 121, 70, 44. 

Yield 0.41 g. 

Method B 

Pale yellow c r y s t a l l i n e  s o l i d ,  m.p. 

Ir. (KBr d i sc )  

6* * 

Equimolar amounts of chloraplphenicol and 3,5-di t r i f  luoromethyl 

phenyl boronic acid i n  e t h y l  ace t a t e  (100 cm3) were t rea ted  with 

phosphorus pentoxide (1 g.) and the mixture shaken for 0.5 h r  before 

being heated a t  50-60' f o r  2 hrs. After cool ing the  r eac t ion  mixture 

was f i l t e r e d  and the  f i l t r a t e  evaporated under vacuum t o  dryness. The 

residue was wahed wi th  water s eve ra l  times and dr ied under vacuum. 

2-( 3 .5 -Ditr i f  luoronethvl~henvl)-4-(4 ' - n i t r o ~ h e n v l )  -5-(dichloro) 

ace tamid 0) - 1 .3-di oxa-2-boracyc lohexane (3 d )  White micr ocyrs t a l a  

m. p. 130-3' (dec.). Found. C ,  41.82; H, 2.59; N, 4.95; C 1 ,  12.72 

ClgH13BC12F6N205 requi res  C ,  41.87; H, 2.40; N, 5.13; C1, 13.00 k. 
Ir. (KBr d i sc )  major peaks a t  3400, 3320, 1710, 1685, 1620, 840, 

800, 740 cm-'. P.m.r. (CDC13 from TMS) 4.50 (2H, dd, J= 4Hz), 
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1620 MUBARAK, STANFORD, AND SUGDEN 

4.90 (lH,d, J= 4 Hz),  4-75 (lH, d ,  J= ~ H z ) ,  5.73 (1E,s  1, 6-72 

( l H , s * ) ,  7.52-8.40 (7H,m). Uv. (H20)Xmax 274 nm.<9100. MI[I 

70 e/v 417, 394, 359, 282, 153, 70, 61, 43. Yield 0.83 g. 

Synthesis of 4- ( 4 n i  tr oahenyl) - 5 4  dichloroac e t amid 0) -2- ( ars l )  -1 ,3- 

dioxanes 

Chloramphenicol (2.0g., 0.0061 9' mol.), subs t i tu ted  benzaldehyde 

(0.00619 mol.) and &toluene sulphonic acid (0.3 g.) were dissolved 

i n  e thyl  ace ta te  (190 cm ) and the mixture heated under r e f l u r  i n  a 3 

Dean & Stake apparatus 

remined  i n  the f lask .  The l a s t  t r aces  of so lvent  were removed 

under vacuum and the residue t rea ted  with water (100 cm ) and 

r ec rys t a l l i s ed  from methanol. 

4-(4'-Nitroohenyl) -5-( dichloroacetamido) -2-( Dherwl) -1 .y-dioxane 

White microcrystals, m.p. 82-3 . Found. c ,  52.15; H, 4.11; N, 6-69: 

C 1 ,  16.73. C H C 1  N 0 requi res ,  c ,  52.57; H, 3.92; N ,  6.81; c1,  

17.24 $. Ir. (KBr d isc)  major peaks a t  3560, 3270, 1685, 1665, 1600, 

840, 820, 800, 785 cm-'. P.m.r ( C D C 1  from TMSIS) 3.50 (1H,s >, 4.4 

unt i l  approximately 10 cm' of l i q u i d  

3 

a )  
1 

0 

18 16 2 2 5 

* 
3 

(2H,s), 4.56 (1H,d, J= ~ H z ) ,  5.40 (1H,S), 5.74 (1H,s 

7.26-8.34 (9H,m). Uv. (MeOH)A max 268 nm. (10,240. 

411, Yir'412, bfl 410, 259, 241, 221, 177, 153, 105, 

Yield. 1.1 g. 

4-( 4 '-Ni trophenvl) - 5 4  dichloroacetamido) -2-(3 '-nitroDhenvl)-l .3- 

dioxane (2 b) 

Pale yellow microcrystals m.p. 195-6O. Found. C, 47.30; H, 3.39; N, 

9.25; C 1 ,  15.53. C18H15C12N307 requires  C, 47.42; H, 3.31: N ,  9.21; 

C1, 15.55 k. Ir (KBr d i sc )  major peaks a t  3390, 1710, 1600, 875, 

850, 820, 810, 760 en-' P.m.r. ( C D C l 3  from TMS) 

4.43 ( ~ H , s ) ,  4.60 (1H,d, J= 4&),  5.45 (IH,s), 5.73 ( lH,s) ,  5.93 

* 
3.80 (13,s  ) ,  
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ANTIMICROBIAL AND CHEMICAL PROPERTIES 1621 

pH (7.8) 

+ + 
amide radical 

I 
I 
N H  

.CH -CH20H 

Proceeding as the photochemical No proceedin as the photochemical 
degradation of chloramphenicol 

Mubarak et  at. (1982a) 
X = H, Br, NO2 

degradation o! chloramphenicol 

Figure - Proposed photochemical degredation of s u b s t i t u t e d  phenyl 

boronate esters of chloramphenicol i n  deionized water 

and i n  Clark Lubs bora te  bu f fe r  pH (7.8) 

(lH,s), 7.08-8.48 (8H,m) .  Uv. (MeOH) A max 266 nm. $ 7500. Ms 70 e/v 

305, 303, 220, 153, 150, 116, 105, 104, 70, 40, I Yield 1.1 g, 

Photochemical d e n a d a t i o n  of subs t i t u t ed  Phenvl @oronate Es t e r s  of 

ChlorsmDhenicol 

The following subs t i tu ted  phenyl boronate e s t e r s  of chloramphenicol 

were dissolved i n  and made up t o  200 cm i n  both Clark Lubs borate  

buffer  (pH 7.8) and i n  deionized water t o  give concentrations:- 

3 
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1622 MUBARAK, STANFORD, AND SUGDEN 

x3' 0 x 2  

X l  
(3) 

N 
H H-COCHC12 

2 

R2 = H; R3 = Me 

R2 = R3 = Me 
R3 = CH2N(CH3)2 

R = NHCOCHC12 

a: X1  = X2 = H 

b: X1 = H; X2 = NO2 

a: X 1  = x2 = x 3 = H  

b: X 1  = Br; x2 = X 3  = H 

C: X 1  = x 2 X 2  = H; x3 NO2 

d: x1 = H; X 2  = X 3  = CF3 

It 0 B e x  

(4) 

D (-)  Threo-l-(4-nitrophenyl) -2-dichloracetamide, 1.3 - propandiol 

phenyl, 0.1 %, 0.08 %, 4-bromophenyl, 0.066 k and 0.04 % respec t ive ly  

These so lu t ions  were i r r ad ia t ed  by the method of Evans e t .  al. 13 , 
samples were taken a t  time i n t e r v a l s  and evaluated:- 

h.p.1.c method ". 
Compound (3 a): Flow r a t e ,  1.6 cm3/minute, absorbance, 0.5, Mobile 

phase, ace ton i t r i l e /  water (1:4). 

T.1.c method 18 , 
The H.p.1.c method had the fol lowing modification 

Compound (3 b) Flow r a t e ,  2.0 
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ANTIMICROBIAL AND CHEMICAL PROPERTIES 1623 

cm3/ minute, absorbance 0.2, Mobile phase, acetonitrile/water ( 1  : I )  

The following retent ion times were recorded:- (3  a )  5.5 minutes, 

(3 b) 2.5 minutes. 

Microbiological &aluation of the Test Compounds 

T h i s  was carried out fo r  i n i t i a l  screening by the B.P. method 

Subsequent assessment of compounds which showed s ignif icant  ac t iv i ty  

was carried out by the B.P. method 21 a t  three concentrations 

(25,50, and 100 utzfcm ) using the cup plate  assay, randomisation of 

experiments was achieved by means of a Latin Square tes t .  . M i n i m u m  
22 inhibitory concentrations ( M I C )  were measured by Jones' method 

and screening was carried out against:- Escherichia 

Proteus vulgaris (NCTC 4636) , Bacillus s u b s t i l i s  (NCTC 8236), 

Candida albicans (NCYC 597) and Staphylococcus aureas (NCTC 7447). 

MIC determinations were carried out against E.coli. and StaDh. aureas 

i n  deionived water. 

3 3 5-10 ug / cm and (3 a )  showed 20-40 ug / cm i n  the M I C  measure- 

-ments. 

3 StaDh. aureas and 2.5-5 ug/cm against E, u. 

20 . 

3 

(NCTC5933) 

Compounds (3  a ) ,  (3 b) and (3 c)  all, showed 

Chloramphenicol showed MIC values of 5-10 ug/ om3 against 

Attempted %drolvsis of aompounds of T n e s  2 and 3 

The hydrolysis was carried by the method of Guven and Topaloghu , 
with the modifiaction of the pepsin being ommited f rom the present 

work. T.1.c examination of the reaction mixture showed a s ingle  

s p o t ,  R f  0.36, corresponding t o  the starting material. Supportive 

evidence was obtained by t e s t ing  a sample of the reaction mixture 

by the B.P. microbiological screening test2' compounds of type 2 

23 

were inactive w h i l s t  those of type 3 were active. 

Acute Toxicity Studies on ComDounds of Twe 3 

Male Swiss mice (body weight 20-25 g.) were injected i.p.with 0.1 cm 3 
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1624 MUBARAK, STANFORD, AND SUGDEN 

3 o f  so lu t ions  containing 60, 30, 15 and 60 m g  / cm 
d )  respect iveay i n  ethanol.  Control experiments were ca r r i ed  out 

of compounds ( 3  a- 

using chloramphenicol a t  0.1 cm 3 dose (60 mg / cm 3 1. A second cont- 

- ro l  group of mice were in jec ted  with the same dose of ethanol.  

t h e  animals were kept f o r  s eve ra l  days and a l l  survived. 

con t ro l  group t rea ted  wi th  chloramphenicol died a f t e r  two days. 

The 

DISCUSSION 

Examination of Tables 1-4 shows that the  subs t i t u t ed  phenyl 

boronate e s t e r s  of chloramphenicol have s ign i f i can t  i n  v i t r o  

ant imicrobial  a c t i v i t y  aga ins t  the organism tested.  The r e s u l t s  

were evaluated by the 'ex log' programme which incorporalmi the 

r e s u l t s  of the cont ro l  experiments on chloramphenicol. Di rec t  

comparisons of potency a r e  u n r e a l i s t i c  s ince  they do  not account 

f o r  d i f fe rences  i n  molecular weight. 

i nd ica t e  t h a t  the subs t i t u t ed  phenyl boronate e s t e r s  of chloramphen- 

- i co l  have between 57.4 t o  72.8 of the potency of t he  parent  drug, 

when assessed aga ins t  Staah. a w e a s  a t  100 ug/ cm . These boronate 

esters a r e  inac t ive  aga ins t  both Pseudomonas aeruginosa and Candida 

a lb icans  

Previous work 24 has shown that compounds of type ( 1 )  a re  i nac t ive  

as  a re  those of type (2) i n  con t r a s t  t o  those of (3)  which are 

act ive.  The s t r u c t u r a l  d i f fe rence  between ( 2 )  and (3 )  l i e  i n  the 

boron atom of ( 3 )  being replaced by a methine group i n  (2 ) .  

P.m.r spec t r a l  data  of these two groups of compounds suggests t h a t  

those of type (3)  have a similar conformation t o  the D-the0 form 

of chloramphenicol. some support ive information is obtained from 

examination of molecular models. 

those of previous workers who maintain t h a t  compounds of type ( 3 )  

Molecular a c t i v i t y  ca lcu la t ions  

3 

These observations agree, with 
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ANTIMICROBIAL AND CHEMICAL PROPERTIES 

Concen- 
t rat ion 
("3 / cm3 

100 

50 

1625 

~~ 

Diameter of zone of Inhibition Cum) 
E.coli S. abony Staph. areas B. subtilis 

(spores ) 

19,19,1%,20,23 19.20,20.19.21 23.23.23.23.23 22.22.22.22.22' 
14,15,15,15.15 16,18,17.16,16 20.20.21.20.19 16,16,17.17,36 

Tablet - Antimicrobial activity oi phenyl boronate ester oE chloram- 
phenicol in Clark Lubs borate buffer (pH 7.8) as  assessed by 

t::e m t h o d  of the British ?harnacopoeia*' 

17.18.17.17.17 

10,11,12.13.15 

30 

25 
16.17.17.16.17 20,20.20.20,20 17,18,18,18,18 

12.I4.13.13.13 18,18.19.19,19 15.15,16,16,14 I 

Chloram- 

E. coli 

a b 

Statistical - parameters 

Mean of log x, 1.69 1.69 

Mean of y 15.33 16.66 

Slope m 14.61 13.95 

0.952 0.936 Correlation 
coefficient r 

193.5 176.3 Sum of square 
regression 

Sun of square 
residual 19.73 24.9 

t-value comparing 0 . 5 4 4  
the slopes 

Variance r a t i o  1.263 

17.17.17.17.17 lO,ll,lO, 9, 9 i 25.24.25.22.25 20,20,2!,21,20 

S. abony Staph aureaa 

a b a b 

1.69 1.69 1.69 1.69 

16.46 17.00 20.00 21.1 
11.29 14.28 9.96 10.2 

0.940 0.980 0.900 0.940 

115.5 184.9 90 96 

14.1 6.03 1.99 11.63 

-3.61 -0.49 

2.34 5.81 

i 

a) Phenyl boronate es&er of chloramphenicol. b) Chlorampheaicol 

8 .  sublitis 

20.81 

20.81 D
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1626 

Ti  

E. c o l i  5. abony 

! O ,  19,18,21, I9 . 5 ,  19.18.5, 
19 19.18.5 

17.5 .17 .5 ,17 ,15 ,14 ,14 ,15 ,  
15.16 15 
1.8.8.8.8 8.8.8.8.8 

21.22,21.22. 23,23.23,22, 
22.5 23.5 
18.19.5.19, 16,17.16,15, 

13.5,15.10, 12.5,12.12, 
11.14 10.5.11.5 

19.5.20 16 

MUBARAK, STANFORD, AND SUGDEN 

! 2 -  Ant imicrobia l  a c t i v i t y  of 4-bromphenyl  boronate  e s t e r  of 

Staph aureus  B.  s u b t i l i s  P. v u l g a r i s  

21.20.21.23. 20.5.19.18, 121,20.5,22 .S, 
23 18.5.20 23.2 1 

19.18.5.18.5, 14.5,15.15. 18.5.17.5. 
19.20 16, 15 20.5.18,18.5 
12.5.14.12. 8.8.8.8.8 9.8.10.12.12 
14,14 I 

( spores)  , 

25.26.23.26, 21.5.20.5, 24.5.24.5.26 
26 21.21.22 25.26 
21.20.5,20.5. 18.18.5.18, 21.21.22.21, 

16,16,17.5, 12,10.8.8. 14.14.16.18, 
17 .5 .17  14 16 

22.5.22 18.5.18 21 

Concen- 
t r a c i o n  
(ug/cm3) 

too 

50 

2s 

E. coLi  

1.69 1.69 
14.6 17.86 
18.9 14.9G 

0.94 0.92 

3 2 4  202 

37.9 35.2 

2.55 
1.07 

Chloram- 
phen i c o l  
tug/cm3) 

100 

50 

25 

S. abony S t a p h a u r e a s  B. s u b l i t i s ’ P .  v u l g a r i s  

1.69 1.69 1.69 1.69 1.69 1.69 1.69 1.69 
13.8 16.86 17.96 20.96 14.10 16.60 16.80 20.66 

a b a b a b a b a b  

18.10 18.6G 13.78 13.28 18.60 17.93 18.93 15.94 

0.989 0.98 0.94 0.96 0.98 0.93 0.93 0.96 

297 313.6 172.2 160 313 291.6 324.9 230.4 

6.3 11.13 20.5 13.23 13.0 48.0 47.0 16.63 

2.056 
1.764 1 .54 3.69 2.860 

I 
-0 .653 0.470 0.466 

chloramphenicol i n  Clark  Lubs b o r a t e  b u f f e r  (pH 7.8) a s  

a s s e s s e d  by t h e  method of t h e  B r i t i s h  Pharmacopoeia” 

Clark Lubs b o r a t e  b u f f e r  assessed  under t h e  same c o n d i t i o n s  gave no zone 

of i n h i b i t i o n .  The h o l e  diameter  i n  t h e  p l a t e  vas 8 nun. 

Analys is  of r e s u l t s  by “Exlog“ p r o g r a m  

a )  Ir-Bromophenyl boronate  e s t e r  of chloramphefiicol, b. Chloramphenicol 
~~ 

S t a t i s t i c a l  
parameters  

Yean of log x 
nean of y 
Slope  rn 
C o r r e l a t i o n  
c o e f f i c i e n t  r 
Sum of square  
r e g r e s s i o n  
Sum of square  
r e s i d u a l  
: *mLu+ comparing 
v a r i  nce r a t i o  

‘ ? - g ? S  
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ANTIMICROBIAL AND CHEMICAL PROPERTIES 

Concen- 
tracion 
( u q / c m 3 )  

1627 

Diameter of zone of Inhibition (ou) 
E.coli S. abony Staph. aurcas 

Table 3 - Antimicrobial activity of Z-n!rrophenyl boronate ester of 
chloramphenicol in Clark Lubs borate buffer (pH 7.8) as assessed 

by the method of the British Pharmacopoeia 21  

100 

50 

25 

Chloram- 
phenicol 
(ug/cm3) 

100 
50 

25 

19,21.20.19,2l, 17,18,18.19,18.?1.21,23,22,21.28.26,27.30,27, 
20.21,21.20,20,17.20,18.18,17,23.24,22,23,25 30,29.29,26,28, 
20.20,20.21,21 19.19.18.19.18 22.22,22,22,21 29.27.28.26.27 
16.16,15.15,16, 14,13.13.14,14, 18.18.18.18,1& 24,23,23,26,24, 
17,14,16.17,14 14,16,14,14,16, 18,19,19,20,2Q Z.23,22.22.23,  
16,16,15,15,17 14,14,12,14,14 19.18,18.18,19 25.23,24,26,24 

9. 9, 9. 9.12, 9, 9, 9. 9,9,15,14,14.15,,15,22,20,20,21.21, 
9.11.11. 9. 9, 9, 9.11.11.9. 13.14,15.14,15.18.19,17,16,17, 
9. 9.11. 9.12 9. 9. 9, 9. 9 15.14,15.15.16 22.20.20,21,21 

21.21.22.22.22 19,22,22,20,20 24.24.23.23,24 29.29,28.25,25 
18.17,17.16.17 16.17,17.16,17 19,19.18.18,18 20.21,23,19,20 
13.16,13.14,14 9.13.13. 9. 9 17.16,15.15,15 17,19,17.16,17 

b 
1.69 
17.40 
12.95 

0.982 

152.0 

5.23 

)O 

The hole diameter in the plate was 9 mm. 

a b 
1.69 1.69 
13.82 15.93 
14.83 16.60 

0.97L ' 0.943 

598.5 250.0 

32.0 30.93 

-1.729 

Analysis of Results by "Exlog" programme 

a) 3-nitrouhenvl boronate ester of chloramhenicol. b) chloramhenicol 
Statistical 
parameters 

mean of log x 

mean of p 
slope m 
Correlation 
coefficient r 
Sum of square 
regression 
Sum Df square 
residual 

t value comparing 
slopes 

variance ratio 

E. coli S. abony 

a 

1.69 
15.28 
17.38 

0.974 

821.6 

43.61 

4 

8 . 3 3  1 1.035 

- 
SCJpf - 
a 

1.69 
18.42 
12.51 

0.971 

425.6 

25.3 

au rea 8 

b 
1.69 
19.20 
13.20 

0.969 

159.9 

10.4 

B. I 

a 
1.69 

23 4 2  
13.75 

0.9 10 

512.5 

105.77 

I -l 
-1 :oo 

blitio 
pores) 

b 
1.69 

21.66 
16.60 

0.929 

249.9 

39.33 

; 5 1  

2.436 I 2.689 
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1628 MUBARAK, STANFORD, AND SUGDEN 

Table 4 - Antimicrobial activity of 3,5-ditrifluoromnchylphenyl boronate 

ester of chloramphenicol in deionized vater as assessed by the 
method of the British Pharmacopoeia 2' 

Concen- 
t rat ion E. coli 

15,15.15,15, 

9.9.9.9.9 

Chloram- 
phenicol 
( ~ g / c m 3 )  

too 

50 

25 

20,20.20.22.  
20 

18.18.17.19. 
17 
12,15.12.15, 
16 

S. abony Staph aureas I 
20.19,17,15, 26 ,27 ,22 .25 .  
16 26 
16,12.16.14. 21.21.18,21, 
15 19 

22.20.22.19, 2 7 , 3 0 , 2 5 . 2 8 ,  
23 29 
21,14.17,16, 24,25,21,25. 
18 23 

14 

23.24.23.23 19,20,19,t8, 
23  19 
17,19,20,18, 19,13,14,16. 
19 14 
16,16,17,18, 12,11 ,11 ,101 
18 1 1  

18 

17 

Hole diameter in the plate vas 9 m. 

Analysis of results by "Exlog" prograrnme 

a) 3,5-ditrifluoromethyIphenyl boronate ester of chloramphenicol. 
b) Chlokamphenicol 

Statistical 
par ame t e r 

Xean of log x 
Xean of y 
Slope m 
Correlation 
coefficient r 

E. coli S. abony 

1.69 1.69 1.69 1.69 
13.86 17.26 13.86 17.4 
14.61 11.29 12.29 12.29 t 0.98 0.932 0.903 0.849 

04 of square 
re-rseion 1193.6 1 1 15.6 I 136.9 I 136.8 

Variance ratio I 2.131 I 1.709 

res) 
b 

1.69 
20.26 
13.61 

0.95 

168.0 
14.3: 

-3.199 

1.06 1 . 1 7 '  

P.vulgaris 

-2.79 
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ANTIMICROBIAL AND CHEMICAL PROPERTIES 1629 

have a r i g i d  s t ruc tu re  due t o  bonding between the amide ni t rogen 

atom and the boron atom - . Additional experimental work i n  t h i s  t5 

laboratory has shown that subs t i t u t ed  phenyl boronic ac ids  w i l l  

not condense with 2-amino-3-( 4t-nitrophenyl)-propane-l ,3-diol. 

Recent work? has shown tha t  under c e r t a i n  conditions a r y l  

boronate der iva t ives  a c t  a s  e l ec t ron  donors. I n  the r eac t ion  with 

chloramphenicol, the amide ni t rogen atom would a c t  a s  an e l ec t ron  

acceptor with respec t  t o  the boron atom. 

of 2-amino-J-(4 '-nitrophenyl)-propane-l,3-diol could not a c t  i n  this 

manner. It was of i n t e r e s t  t o  note t h a t  t he  nature and pos i t ions  

of the subs t i tuents  on the phenyl r i n g  had no e f f e c t  on the an t i -  

b a c t e r i a l  potency of (3). 

- 

However, the amino group 

Compounds of type ( 3 )  were found t o  be r e s i s t a n t  t o  acid 

hydrolysis and may be expected t o  be absorbed i n t a c t  and so the  

acute t o x i c i t y  s tud ie s  a re  the more i n t e r e s t i n g  and worthy of 

fu r the r  study. 

Photochemical s tud ies  on (3 a & b) showed a decomposition 

pa t t e rn  similar t o  that reported f o r  chloramphenicol under the 

same condi t ions of i r r a d i a t i o n  '7-'9. 

- i tu ted  -henyl boronic acid from which the  compound was made was 

l ibera ted .  The ac ids  re leased then reacted with the sodium 

hydroxide i n  the Clark Lubs borate  buffer ,  forming salts which 

a c t  a s  an addi t iona l  buffer  system. 

mixture f e l l  t o  7.2 which was too a lka l ine  t o  permit the 

condensation of the photolysis products, 4-nitrobenzaldehyde and 

4-nitrosobenzoic acid t o  give the brown p r e c i p i t a t e  of 4,4'-azoxy 

benzoic acid.  The p rec ip i t a t e  is the usua l  v i s i b l e  ind ica t ion  of 

10 photolysis  of chloramphenicol . Cognate experiments i n  de- 

I n  both casea the subst-  

The pH of the r eac t ion  
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1630 MUBARAK, STANFORD, AND SUGDEN 

I 
CIT Log Cf Log CIT 

log T a*b a b 
-c42.8 -JSl.:3 -7.45 -:2.41 -&.729 

78.43 -1,297 -2.17 -2.:33 -2.239 

-0.35 -0.393 -0.791 -0.989 -0.993 

12.40 , '3.ii2 0.0412 3.0145 0.0291 

I 

Tab le  5 - Assay 3 :  r e s i&ia l  :h lormnhenicol  a f t e r  irrsiiation in 

vwi3iis soi:-en:s Val-es o b t a i n e d  by h.K.1.c. analysis 
!4'r;baraX 5: a l . , ( '>$Zb)  

K 

' a+% 

17.15 

I n  d e i o n i  
Irradiation 
T i m e  (hours) 

2.3 . *  I ." 
2.0 
4.0 

7.0 
9.5 
23-15 
29.75 
33.5 
46.5 
57.0 
71.15 
79.15 
94.75 
144.5 

c ua re r  

Residual Drug 
( X  of original) 

l x J . 0  

34.0 
98.7 

80.7 
76.0 
72.5 
49.8 
44.4 
42.2 
55.6 
90.9 
25.2 
24.6 
15.2 
7.25 

Residual Drug 

litre) 

0.00773 
0.SC72? 
0.00683 
0.0062b 

0.00588 
0.00561 

( C r a w  mDles/ 

0.0095 
0.0093 
0.00326 

O.OOZ75 

0.00259 

0.00195 
0.00190 
0.00140 

0.00056 

loglo of Residual 
Drug (Gr- 
moles/litrc) 

-2.11 

-2.138 

-2.165 

-2.250 
-2.414 
-2.463 
-2.485 
-2-559 
-2.621 
-2.709 

-2.851 
-3.250 

I 
~~ 

Linear line regression analysis I first order reaction 
Regression 
anal sis 

slope (m) 

Intercept (c) 

Corr.Coeff. 

standard 
deviation 

28.58 

C : 'rsidual rhlormphenlcol percent of orig inal  

T = Irradiation time in hours 

log C 

i 3 .:I1 v d u e s  must ne multiplied by units:hr-' 
k 

tSO 

k i  

k .  = The 5econdsry reaction rate 

k - k b  = The overail r e a c t i o n  r a t e . .  

7 Log percent of residual chloramphenicol (grammoles/litre) 

= 2.30: x -slope (,tw-') 
- Time for  9% degradarlon of chlornmphenicol 

- Tho primary reactlon rate 

15.47 
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ANTIMICROBIAL AND CHEMICAL PROPERTIES 

Linear line regression analyais 

Regression C/T Log C/ Log CfT 
analysir log T a + b  a b 

slope (m) -824.70 -561.0 -7.97 -14.94 -5.63 
Intercept(c) 78.32 -2.014 -2.20 -2.131 -2.548 

Corr*Coeff. -3.897 -0.929 -0.971 -0.971 -0.990 

12.287 0.091 0.0584 0.053 0.0197 

(r) 

deviation 

1631 

first order reaction 

Ira+% ‘a ’6 
18.35 9.m 12-96 

rate k 

Table 5 (Continued) 

;n Clark Lubs torate buffer (pY 7.8) 

Irradiation 
Time (hours) 

0.0 

2.0 

3.5 
12.5 
18.0 

22.0 

f7.0 

“5.0 

54.0 

69.0 

97.0 

Residual Drug 
(% of originrl) 

1 0 0  

88.4 

79.5 
fzl. 5 
58.4 

41.3 
j8.0 
32.6 
27.a 
24.7 
16.8 

0.00773 -2.111 
0.00684 -2.165 

0.00615 -2.211 

0.00468 I -2.329 I ka 
0.00452 
0.00319 
0.00294 

0.00215 
0.00191 

0.oaljo 

0.00252 

- 2 . 3 5  J 
-2.495 
-2.531 
-2.598 

-2.718 
-2.886 

-2.667 

I 

-ionized water resu l ted  i n  the formation of thebrown p r e c i p i t a t e  

and the pH had f a l l e n  t o  2.7. 

l i be ra t ed  subs t i tu ted  phenyl boronic ac ids  a s  shown by t.1.c. 

(Rf  0.60) a c t  a s  c a t a l y s t s  f o r  the photochemical degradation of 

( 3  a & b) .  

was l i be ra t ed  i n  these photochemical react ions.  

It was a l s o  found t h a t  the 

- 
There was no evidence t o  ind ica t e  t h a t  chloramphenicol 
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1632 MUBARAK, STANFORD, AND SUGDEN 

Table  6 Assay of the residual phenylboronate ester of chloramphenicol 

(0.06% w/v) irradiated in deionized water 

Irradiation 
Tim (hours) 

c.0 

I .o 
4 . 0  

6 .O 
7 . 5  

21 .45  

25 .0  

29 .0  

45 .45  

Residual Drug 
(2 of original) 

too 
9 2 . 3  

74 .9  

54 .0  

50 .1  

23.6 

20 .3  

16 .9  

9 .0  

Residual Drug 

li'trr) 

0 .00195  

0,oo 180 

0.00 I46 

0.00106 

0 .0009  79 

0.004 62 

0.000397 

0 .000330 

0.0001 76 

( C r a m  mDlcs/ 
loglo of Residual 
Drug ( C t u  
motes/litre) 

-2.708 

-2.763 

-2 .836 

-2.976 

-3.008 

-3.335 

-3.401 

-3.480 

-3.754 
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ANTIMICROBIAL AND CHEMICAL PROPERTIES 1633 

Irradiation Residual Drug 
Tim (hours) ( x  of original) 

Tab 1 e 7 - Assay of the residual phenylboronate ester of chloramphenicol 
(0.1% v/v) irradiated in Clark Lubs borate b u f f e r  (pH 7.8) 

Residual Drug log10 of Rerid1181 

l itre) mDles/litre) 
( C r a m  ads/ Drug (Crasmm 

0.00244 

0.00163 

0.000863 

0.000506 
0.00039 1 

0 -0 

1 .o 
3.0 

5.0 

6.4 

-2.706 La 

-2.611 

-3.295 k,, 

-3.063 

-3.406 

i 
1 

100 

66.9 
35.3 

20.7 

16.0 

Linear l ine  regression analysis 

log 1 a t b  Log C/T 1 

Regression C/T Log C l  
analysis  a 

slope d -12517.9 -861.79 -124.5 -148.92 -1oi.91 

InCercept(e) 86.33 -2.69 -2.648 -2.62 -2.765 

Corr.Coeff' -0.9i6 -0.960 -0.994 -0.998 -0.995 (r) 
standard 
deviation 11.61 0.0590 0.0366 0.0137 0.0173 

f i r s t  order ructioo 
rate k 

'8+\ 'a 4 
286.72 342.96 234.69 

Examinatian of t ab les  5- 9 shows t h a t  the r a t e  of photolysis  

of ( 3  a & b) was much f a s t e r  than t h a t  of chloramphenicol. Mass 

s p e c t r a l  fragmentation s tudies  suggest t h a t  (5)  was produced, t h i s  

supports the f indings of Longstaff and Rose26 who examined 

subs t i t u t ed  phenyl boronate e s t e r s  of 1,2 and 1,3-diobs. It is 

probable tha t  (5)  would a c t  a s  a s e n s i t i z e r  f o r  the photochemical 

degradation of ( 3 ) .  The observation t h a t  the r a t e  of photolysis  
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16 34 MUBARAK, STANFORD, AND SUGDEN 

Irradiation 
Tim (hours) 

0 .o 
1 .o 
3.15 

5.15 

Residual Drug Residual Drug ' log10 of Residual 
(% of original) ( C r a m  moles/ DNg ( C r a m  

litrc) ,mh1/1icre) 

too 0 .OO 139 -2.869 
6 9 . 2  0.0006 7 -3.173 
17.8 0.00024 -3.619 
10.4 0 .OOO 14 -3.853 1 'b 

Linear l i n e  regression analymim I first order ructioo 

bgrer  sion 
anal air  

slope (0) d 
Intercept ( c )  

Corr .Cod f . 
standard 
dc.iation 

CIT 

160293 E 

81.61 

-0.903 

17.44 

- 

i n  Clark Lubs borate buffer  was much f a s t e r  than i n  deionized 

water may be explained by the proposal t h a t  the a lka l ine  buffer  

could f a c i l i t a t e  the formation of hydroxyl r ad ica l s ,  which may be 

regarded a s  the primary photochemical reagent. The di f fe rence  i n  

photolysis r a t e s  between 3 a and 3 b could be a t t r i bu ted  t o  the * - I  

poor s o l u b i l i t y  of the l a t t e r  i n  both Clark Lubs borate buffer and 

i n  deionized water. 
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Irradiation Reridual Drug ’ Residual Dms 
Tim (hours) (1 of or ig ina l )  ( G r a m  mold 

l i tre)  

Table 9 - Assay of the residual 4-bromophenyl boronate e s t e r  of chlora- 

phenicol (0.04% v/v) irradiated in deionized water 

log10 of Residual 
DmI ( G r a m  

- l e d 1  itro) 

0.0 

1 .o 
4 .O 
7 . 3  

2 1 . 4 5  

25 .0  

100 

89.6 
1 6 . 3  

41.4 

3 4 . 1  

2 5 . 5  

0.00082 1 

0.000735 

0.000626 
0.000389 
0.000280 
0.000209 

-3.085 

-3.133 
-3.202 

-3.609 
-3.552 
-3.678 
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