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ABSTRACT 

Substi tuted phenyl boronate e s t e r s  of chloramphenicol have 

s igni f icant  antimicrobial  potency against  common pathogens. The 

i a o s t e r i c  1,3-dioxanes i n  which the boron atom has been replaced 

by a methine group are  inact ive under the conditions of t e s t .  

The boronate e s t e r s  a re  regarded as having the same conformation 

as  the parent an t ib io t ic .  Photochemical degradation of these 

e s t e r s  by simulated sunl ight  proceeds much f a s t e r  than i t  does 

with c hlor amphenic ol . 
INTRODUCTION 

There a re  many reports  i n  the l i t e r a t u r e  which indicate  

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

reduced antimicrobial  potency 

replacement of the s ide  chain C H C 1  

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

Substi tuted phenyl boronic acids  have m i l d  antimicrobial  

the exceptions being the 

l o  and changing 

. 3 by CF 2 
11 

1131 
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1132 MUBARAK, STANFORD, AND SUGDEN 

R1 = 4N02C6H4- 
R2 = H 

R3 = ME 
R2 = R3 = ME 

R - NHCOCHC12 

(a) X1 = X2 = H 

(b) XI = H1X2 = NO2 

3 
X 

(a) XI = X2 = X3 - H 
(b) X1 = B.r X2 = Xg - H 
( c )  XI = X2 = H Xj = NO2 

(d) X1 = H X2 - X3 - CF 3 

x '  ox, X 

1 
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ANTIMICROBIAL AND CHEMICAL PROPERTIES 1133 

(4) 

0 

Ch lorampheni co 1 

a c t i v i t y  against  StaDh. a w e a s  

chemotherapeutic properties of phenyl boronate e s t e r s  of 

medicinal d i o l s  ' , I 4 ,  including the phenyl, 4-toly1, 4-anisyl, 

and I-naphthyl boronate e s t e r s  o f  chloramphenicol 

2and patents granted f o r  enhanced 

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 phenyl boronate 

group c a r r i e s  an  electron 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 i s  

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 e s t e r s  a r e  less s t a b l e  t o  l i g h t  than is the parent drug. 

MATERIALS AND PETHODS 

Synthesis of Subst i tuted Phenvl Boronate Esters  of Chloramphnicol 

Method 4 

Equimolar amounts of chloramphenicol (2.0 g., 0.0061 9 mol.) and 

each of the f ol1owing:- phenyl, 4-bromophenyl, 3-nitrophenylbo~onic 

acids  were reacted by the method of Irwin e t .  al. 

2-( Phenyl)-4-( 4 ' -n i t ro~henyl )  - 5 4  dichloroacetamido) -1.3-dioxa 

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

172-3'. Found. C ,  49.48: H, 3.73; N, 6.87; C1, 17.44. C17H15BN2C1205 
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1134 MUBARAK, STANFORD, AND SUGDEN 

r e q u i r e s ,  C ,  49.92; H, 3.69; N, 6.84; C 1 ,  17.33 $. Ir. (KBr d i s c )  

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

P.m.r. (CDCIJ  from TMS) 6 4.42 (2H, dd, J= 4 He), 4.65 ( I H ,  d ,  J= 

4Hz), 4.85 ( I H ,  d ,  J* ~ H z ) ,  5.66 ( 1 H , s ) ,  6.55 (IH,s*), 7.40-8.40(9H, 

m) .  Uv. (EtOH) max 274 nm Shoulder a t  218 nm, (= 12000. MS 7O/eu, 

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

2- ( 4 -Br omophe npl)  - 4 4  4 I -ni tr ophenpl) -5- ( d i c h l  oroace tamido) -1 .3- 

dioxa-2-boracpclohexane (3 b)  Pa le  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; C1, 14.49, C17H,4B B r  C 1 2  

N 0 r equ i r e s ,  C ,  41.85; H, 2.87; N, 5.74; C1, 14.53 k. 
) major peaks a t  3240, 1665, 1600, 845, 820, 800, 750 cm-'. 

(CDC1 from TMS) 

( I H ,  d ,  J= 4Hz), 5.65 ( 1 %  s), 6.62 ( I H ,  s ),  7.40-8.40 (8H,m). Uv. 

(buf fer  a t  pH 7.8) A 274 nm, f 13950. 

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

Ir. (KBr d i s c  

P.m.r. 
2 5  

4.40 (2H, dd, J= ~ H z ) ,  4.66 ( I H ,  d, J= ~ H z ) ,  4.84 
* 3 

IGS 70/ev, M+ 487.6, 360, 334, 

2-( 3 -Nitrophenyl)-4-(4 I -ni t rophenpl)  -5-(dichloroacetamido) -1 .3- 

dioxa-2-boroacpclohexane (3c) 

204-5'. Found. C ,  44.71; H, 3.16; N, 9.04; C1, 15.68, C 

r e q u i r e s ,  C ,  44.97; H, 3.06; N, 9.25; C 1 ,  15.62 %. 
major peaks a t  3220, 1660, 1605, 860, 845, 830, 820, 800, 765 cm-'. 

P.m.rt (d6DGOfrom Tm)S4.10 (2H, dd, J=12Hz), 5.18 (IH,d, J=12 Hz), 

Pa le  yellow c r y s t a l l i n e  solid, m.p. 

H B C1 N 0 
17 14 2 3 7 

Ir. (KBr d i s c )  

* 
9.12 ( 1 H , s  ), 6.22 ( lH,s ) ,  6.52 ( I H , s ) ,  7.52-9.12 (8H,m).  Uv. (H20) 

hmax 274 nm, (16900. Ms 70/ev M+ 453, 326, 268, 191, 153, 121 ,  70, 44. 

Yield 0.41 g. 

Method B 

Equimolar amounts of  chloramphenicol and 3 ,5-d i t r i f luoromethyl  

phenyl boronic ac id  i n  e t h y l  a c e t a t e  (100 cm3) were t r e a t e d  wi th  
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ANTIMICROBIAL AND CHEMICAL PROPERTIES 1135 

phosphorus pentoxide (1 g.) and the mixtwe shaken f o r  0.5 hr before 

being heated a t  50-60' f o r  2 hrs. After cooling 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 with water s eve ra l  times and d r i ed  under vacuum. 

2-(3'.5'-Ditrifluoromethvl~hensl)-4-(4 '-nitro~henyl)-5-(dichloro) 

7 (3d) White microcyrstals 

m. p. 130-3' (dec.). Found. C, 41.82; H, 2.59; N, 4.95; C1, 12.72 

C 

Ir. (KBr d i s c )  major  peaks a t  3400, 3320, 1710, 1685, 1620, 840, 

800, 740 ern-'. P.m.r. (CDC1 

4.90 (1H,d, J= 4 Hz), 4.75 (IR, d ,  J= ~Hz), 5.73 (1H,s ) ,  6.72 

H BC1 F N 0 1913 2 6 2 5  r equ i r e s  C, 41.87; H, 2.40; N, 5.13; C1, 13.00 6. 

from TMS) 4.50 (2H, dd, J= ~Hz), 3 

* 
(IH,s >, 7.52-8.40 (7H,m). Uv. (H20)xmax 274 mu.{ 9200. I% 

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

Synthesis of 4-( 4'ni trophenvl)-5-( dichloroacetamido) -2-( arvl)-l .3- 

dioxanes 

Chloramphenicol (2.0g., 0.0061 9' mol.), subs t i t u t ed  benzaldehyde 

(0.00619 mol.) and 4-toluene sulphonic acid (0.3 g . )  were dissolved 

i n  e t h y l  ace t a t e  (100 cm ) and the mixture heated under reflux i n  &' 

Dean & Stake apparatus 

remained i n  the f l a s k .  The last traces of solvent  were removed 

under vacuum and the reqi4ue t r ea t ed  with water (100 cm ) and 

r e c r y s t a l l i s e d  from methanol. 

4 - ( 4 - N i  tr 0 phenyl ) -5- ( d i c h l  o r  oac e tamid 0 )  -2- ( phew1 ) - 1 ,3-di oxane 

White microcrystals,  m.p. 82-3 . Found. C, 52.15; H, 4.11; N, 6.69; 

C1, 16.73. C H C1 N 0 r equ i r e s ,  C, 52.57; H, 3.92; N, 6.81; C1, 

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

840, 820, 800, 785 cm". P.m.r (CDC13 from TMS) 3.50 ( 1 H , s  >, 4.4 

3 

until approximately 10 cm3 of l i q u i d  

3 

a) 

0 

18 16 2 2 5 

* 
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1136 MUBARAK, STANFORD, AND SUGDEN 

(2H, s ) ,  4.56 (IH,d, J= ~ H z ) ,  5.40 ( I H , s ) ,  5-74 ( I H t S ) ,  5-90 ( I H , s ) ,  

7.26-8.34 (gH,m). Uv. (Me0H)A max 268 nm. ( 10,240. 

411, W”412, T1 410, 259, 241, 221, 177, 153, 105, 91, 70, 51. 

Yield. 1.1 g. 

4-( 4 -Nitrophenyl) -5-(dichloroacetamido) -2-( 3’ ’ -nitrophenvl) -1.3- 

dioxane (2 b) . 
Pale yellow microcrystals m.p. 195-6’. Found. C ,  47.30; H, 3.39; N, 

9.25; C 1 ,  15.53. CI8Hl5Cl2N3O7 requires C ,  47.42; H, 3.31; N, 9.21; 

C 1 ,  15.55 %. Ir (KBr disc) major peaks a t  3390, 1710, 1600, 875, 

850, 820, 810, 760 CIU-’ P.m.r. (cDc13 from TMS) 

4.43 (2H,s) ,  4.60 (1H,d, J= ~ H z ) ,  5.45 ( 1 H , s ) ,  5.73 ( I H , s ) ,  5.98 

( I H , s ) ,  7.08-8.48 ( 8 H , m ) .  Uv. (MeOH) A m x  266 nm. $ 7500. MS 70 e/v 

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

MS 70 e/v I’4? 

3.80 ( I H , s * ) ,  

Photochemical Bemadation of Substituted Phenvl qoronate Esters  of 

ChloramDhenicol 

The following substi tuted 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:- 

phenyl, 0.1 $, 0.08 %, 4-bromophenyl, 0.066 % and 0.04 % respectively 

These solutions were i r radiated by the method of Evans et .  al. 

samples were taken a t  time intervals  and evaluated:- T.1.c method 

h.p.1.c method 19. 

Compound (3 a) : Flow r a t e ,  1.6 cm3/minute, absorbance 

phase, acetoni t r i le /  water (1:4). 

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

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

(3  b) 2.5 minutes. 

17 

18 , 
The H.p.1.c method had the f o l l o w i n g  modification 

0.5, Mobile 

Compound (3  b) Flow r a t e ,  2.0 
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ANTIMICROBIAL AND CHEMICAL PROPERTIES 1137 

Microbiological &valuation of the Test Compounds 

This was car r ied  out f o r  i n i t i a l  screening by the B.P. method . 20 

Subsequent assessment of compounds which showed s i g n i f i c a n t  a c t i v i t y  

was car r ied  out by the B.P. method *' at three concentrations 

(25,50, and 100 udcm ) using the cup p la te  assay, randomisation of 

experiments was achieved by means of a Latin Square t e s t .  M i n i m u m  
22 inh ib i tory  concentrations ( M I C )  were measured by Jones' method 

and screening was carr ied out against:- Escherichig coll, (NCTC5933) 

Proteus vulaar i s  (NCTC 4636), Bacil lus s u b s t i l i s  (NCTC 8236), 

Candida albicans (NCYC 537) and StaDhylococcus aureas (NCTC 7447). 

M I C  determinations were car r ied  out against  E.col& and Staph. aureas 

i n  deionised water. 

5-1 0 ug / cm 

-ments, Chloramphenicol showed MIC values of 5-10 ug/ cm against  

StaDh. aureas and 2.5-5 ug/cm 

3 

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

3 3 and (3 d )  showed 20-40 ug / cm i n  the MIC measure- 

3 

3 against  E. u. 
Attempted ?ydrolysis of Qompounds of 'ItyDes 2 and 2 
The hydrolysis was carr ied by the method of Guven and Topaloghu 23 , 
with the modifiaction of the pepsin being ommited from the present 

work. T.1.c examination l 8  of the reac t ion  mixture showed a s ing le  

spot ,  R f  0.36, corresponding t o  the s t a r t i n g  material. Supportive 

evidence was obtained by t e s t i n g  a sample of the reac t ion  mixture 

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

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

Acute Toxicity Studies on comDounds of Tme 3 

Male Swiss mice (body weight 20-25 g.) were in jec ted  i.p.with 0.1 cm 

of solut ions containing 60, 30, 15 and 60 mg / cm 

3 

of compounds ( 3  a- 3 
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1138 MTBARAK, STANFORD, AND SUGDEN 

d )  respct iveikg i n  ethanol. Control experiments were ca r r i ed  out 

using chloramphenicol a t  0.1 cm3 dose (60 mg / cm3>. 

- ro l  group of mice were in j ec t ed  with the same dose of ethanol.  

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

con t ro l  group t r ea t ed  with chloramphenicol died a f t e r  two days. 

A second cont- 

The 

DISCUSS I ON 

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

boronate e s t e r s  of chloramphenicol have s i g n i f i c a n t  i n  v i t r o  

ant imicrobial  a c t i v i t y  against the organisms tes ted.  The r e s u l t s  

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

r e s u l t s  of the control  experiments on chloramphenicol. 

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

f o r  differences 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 c o l  have between 57.4 t o  72.8 of  the potency of the parent drug, 

when assessed against  Staph. aureas a t  100 ug/ cm . These boronate 

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

albicana 

Previous work 24 has shown tha t  compounds of type ( 1 )  a re  inac t ive  

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

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

bornn 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-tbeo form 

of chloramphenicol. some supportive information is obtained from 

examination of molecular models. 

Direct  

Molecular a c t i v i t y  ca l cu la t ions  

3 

These observations agree, wi th  
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ANTIMICROBIAL AND CHEMICAL PROPERTIES 1139 

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

have a r i g i d  s t r u c t u r e  due t o  bonding between the amide ni t rogen 

atom and the boron atom - . Additional experimental work i n  t h i s  75 

laboratory has shown t h a t  subs t i tu ted  phenyl boronic acids  w i l l  

not c ondens e with 2 -amino-3- ( 4 ' -ni tr o pheny 1 ) -propane - 1 ,3-d i 01. 

Recent w o d 5  has shown t h a t  under c e r t a i n  conditions a r y l  

boronate der ivat ives  a c t  a s  e lec t ron  donors. I n  the reac t ion  with 

chloramphenicol, the amide nitrogen atom would a c t  as  an e l e c t r o n  

acceptor with respect  t o  the boron atom. 

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

However, the amino group 

manner. It was of i n t e r e s t  t o  note t h a t  the nature and posi 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). 

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 s o  the  

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

fur ther  study. 

Photochemical s tudies  on (3  a & b) showed a decomposition 

pa t te rn  s imi la r  t o  t h a t  reported f o r  chloramphenicol under the 

same conditions of i r r a d i a t i o n  l7-I9. 

- i tuted phenyl boronic acid f r o m  which the compound was made was 

l iberated.  The acids  released then reacted with the sodium 

hydroxide i n  the Clark Lubs borate buffer ,  forming s a l t s  which 

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

I n  both cases the subst- 

The pH of the reac t ion  

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-nitrobensaldehyde and 
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Table 1: - Antimicrobial  a c t i v i t y  of phenyl boronate  ester of chloramphenicol i n  

Clark Lubs bo ra t e  b u f f e r  (pH 7.8) as assessed by t h e  method of &e 
2 1  B r i t i s h  P h a r m a c o p o e i .  

Concen- D i a m e t e r  of zone of I n h i b i t i o n  (m) 
t r a t i o  
( u g / m  

I- -cI_ 

E. c o l i  S. abony Staph. aureas  B. s u b t i l i s  3. 
(spores)  ----- 

100 19; 19,19,20,23 19,20,20,19,21 23,23,23 p 23,23 :. 22,229 22922s22 

50 14,15,15,15,15 16,18,17,16,16 20,20,21,20,19 16,16,17,17,16 

25 11,11,10,11,13 12,14,15,12,12 17,17,17,17,17 10*11,10, 9, 9 
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rrj 

"E 
50 17,18,17,17,17 16,17,17,16,17 2O92O,2Q,2O,2O 17,18,18,18,18 

25 10911,12,13,15 12,14,13,13,13 18,18,19,19,19 15,15,16,16,14 !2 
U 

Clark Lubs bo ra t e  b u f f e r  ph 7.8 assessed under the same condi t iuns  gave no zone of i n h i b i t i o n .  
The ho le  diameter  i n  t h e  p l a t e  w a s  9 mm. 
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Table 5:- Assay of res idua l  chloramphenicol a f t e r  i r r a d i a t i o n  i n  
var ious salventd. 
Mubarak e t  al . ,  (1982b) 

Values obtairied by h.p.1.c. analysi's 

- 
-2.11 
-2.138 

-2.165 

-2.204 
-2.230 

-2.250 
-2.414 - 
-2.463 

-2.485 
-2.559 

-2.621 
-2.709 

-2.720 
-2.851 
-3.232 

I n  deionized water 

I r r a d i a t i o n  Residual Drug Residual Drug loglo of Residual 
T ime  (hours) (2 of o r i g i n a l )  (Gramme moles/ Drug (Graarme 

l i t r e )  moles / l i t r e )  

0.0 

1.0 

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 

100.0 

94.0 
88.3 

80.7 
76.0 

72.5 

49.8 
44.4 

42.2 

35.6 

30.9 
25.2 
24.6 

18.2 
7.25 

0.00773 
0.00727 

0.00683 

0.00624 
0.00588 

0.00561 

0.00385 
0.00343 

0.00326 
0.00275 

0.00239 

0.00195 
0.00190 
0.00140 
0.00056 

ka 

kb 

-- - 
Linear l i n e  regression analysis  f i r s t  order  r e a c t i o n  

Log C/T ka + kb ka kb Regression C/T Log C/ 
analysis  log T a+b a b --- 
alope(m) -642.8 -391.39 -7.45 -12.41 -6.729 17.15 28.58 15.47 
In te rcept (c )  78.48 -1.997 -2.17 -2.133 -2.239 

Corr.coeff. 
( r )  -0.903 -0.893 -0.991 -0.989 -0.993 

standard 
deviat ion 12.90 0.142 0.0412 0.0143 0.0291 

C I 

T e 

log c - 
d I 

k I 

t50 
ka 

% =  
ka+% 

I 

Reeidual chloramphenicol percent  of o r i g i n a l  
I r r a d i a t i o n  time i n  hours 

Log percent of res idua l  chloramphenicol (gremrmoles/ 

A l l  values  must be mul t ip l ied  by 

2.303 x -slope (hr-') 
Time f o r  50% degradation of chloramphenicol 

The primary reac t ion  ra te  

The secondary reac t ion  rate 

The o v e r a l l  reac t ion  rate 

l i t r e )  
-1 uni t s :hr  
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Table 5 (continued) 

In  Clark Lube borate buffer (pH 7.8) 

Irradiation Reridual Drug Reridual Drug loglo of Residual 
Time (hourr) ( X  of original)  (Graurne moles/ Drug Gramme 

l i t r e  moles / li tre) - 
0.0 100 0.00773 -2.111 

-2.165 
-2.211 
-2.329 
-2.345 ! ka 

2.0 88.4 0.00684 
3.5 79.5 0.00615 

12.5 60.5 0.00468 
18.0 58.4 0.00452 
22.0 41.3 0.00319 
37.0 38.0 0.00294 
45.0 32.6 0.00252 
54.0 27.8 0.00215 
69.0 24.7 0.00191 
93 .O 16.8 0.00130 -2.88 

 ino oar l i ne  regresrion aaalyrir  f i r s t  order reaction 
rate k 

b 'a+% 'a Lb Ragresrion CIT LO&/ Lop CfT 
.n.lyrir logT a+b 8 

~ ~~ 

rlopo(m) -024.76 -361.0 -7.97 -14.94 -5.63 18.35 34.40 12.96 
Intor cop t 

Corr.cooff. 
( c )  78.32 -2.014 -2.20 -2.131 -2.348 

(1) -0.897-0.929 -0.971 -0.971 -0.990 
standard 
deviation 12.287 0.0941 0.0584 0.033 0.0191 
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4-nitrosobenzoic acid t o  give the brown p rec ip i t a t e  of 4,4'-azoxy 

benzoic acid.  The p rec ip i t a t e  is  the usual v i s i b l e  ind ica t ion  of 
1 8  photolysis of chloramphenicol . Cognate experiments i n  de- 

-ionized water r e su l t ed  i n  the formation of the brown 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. It was a l s o  found t h a t  the 

l i be ra t ed  subst i tuted phenyl boronic acids  as shown by t.1.c. 

( R f  0.60) a c t  as 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.  

There was no evidence t o  i nd ica t e  t h a t  chloramphenicol 

Examination of t ab l e s  5- 9 shows that 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 tud ie s  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-diols. It is  

probable tha t  ( 5 )  would a c t  as 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 rate of photolysis 

i n  Clark Lubs borate buffer was much faster 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 a d i c a l s ,  which may be 

regarded as the primary photochemical reagent. The difference i n  

photolysis r a t e s  between 3 a and 3 b could be a t t r i b u t e d  t o  the 

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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