
Terrohedron Vol. 42. No. 20. pp. 5627 lo 5636, 1986 004&4020/86 SS.CKI+ .oO 
Primed I” Great Briuun. Pergamon Journals Ltd. 

THE CHEMISTRY OF PENTAVALENT ORGANOBISMUTH REAGENTS. 

Part IX’. CLEAVAGE REACTIONS OF d-GLYCOLS+ 

Derek H.R. Barton, Jean-Pierre Finet, William B. Motherwell and Clotilde Pichon 

lnstitut de Chimie des Substances Naturelles, C.N.R.S. 

91190 Gif-sur-Yvette, France 

(Received in France 14 Augusf 1986) 

Abstract - A catalytic bismuth system (Ph3BI-NBS-K CO -CH3CN with 
1%) for the cleavaqe of a-glycols Is shown to2ha3e a differeq 
mechanism from the cyclic process observed with the stoichlometric Bi 
reagents previously studied. The catalytic system cleaves cis- and 
trons-decalin-9,10-diols at nearly the same rate, whereas the stoichio- 
metric system does not cleave the rrons-9,10-dlol. Evidence for the 
insertion of trlphenylblsmuth intg, a hypobromite bond followed by 
fragmentation of the thus formed Bi intermediate has been secured. 

The oxidation of alcohols by pentavalent derivatives of triarylbismuth 1 is a mild and 

efficient process, particularly for the selective oxidatlon of allylic type alcohols. 
1.2 The 

reaction proceeds through a covalent Bi-0 intermediate 2, which decomposes into the carbonyl 

derivative and triarylbismuth 3. The yield of triarylblsmuth Is always lower than the yield of 

carbonyl compound. The fragmentation of the BI-0 intermediate can follow two routes in the 

reductive elimination step, leading’ either to triarylbismuth or to diarylbismuth derivative 4 - 

with ArH acting as a leavlng group (Scheme 1). 

y )-0 + Ar3Bi + HX 

\ )=O + Ar2BiX + ArH 

Scheme 1 

Oxidation of 1 ,2-glycols with triphenylbismuth carbonate 2 is entirely different. 

1.2~Glycols are cleaved into the corresponding carbonyl derivatives and triphenylbismuth is 

recovered in quantitative yield, in all cases. In this reaction, a cyclic organobismuth 

intermediate 5 was postulated to breaks down with exclusive formation of trlphenylbismuth.’ 

I Part VIII. 1. Chem. Sot. Perkin Trans. I. in press. 

t This paper is dedicated with affection and admiration to Professor Gilbert Stork 

on the occasion of his 65th birthday. 
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A catalytic cycle was conceptually possible. Preliminary studies indicated that cleavage of 

hydrobenzoin by hydrogen peroxide in the presence of sodium hydrogencarbonate, or by 

t-butylhydroperoxlde, Is catalysed by triphenylbismuth. The use of this system was however 

restricted to hydrobenzoin. But the use of N-bromosuccinimide (or N-bromoacetamide) as the 

oxidant of triphenylbismuth (0.01 to 0.1 equiv.) in the presence of potassium carbonate in a 

mixture acetonitrile-water (99:l I gave consistently good yields of carbonyl derivatives for a 

range of 1,2-glycols. 
3 
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Although the described reactions were performed on a small scale (4 mmoles), the method 

can be applied efficiently on preparatively useful quantities of substrate. Meso-hydrobenzoin 1 

(25 mmol) gave benzaldehyde s (71%). 1 ,2:5,6-DI-0_lsopropylidene-D-mannltol 2 (20 mmol) 

gave 2.3~~_isopropylidene-D-glyceraldehyde E C52%, Cal0 +57.2”, (c 8.99, benzene). lit.4 

[aID +64.9O (c 1.28, benzene)]. When the aldehyde was reduced in situ, 2,3-O-isopropylidene- 

D-glycerol 11 was obtained [78% from 2, [aID +13.2’ (c 4.56, CHC13). lit.’ Ial +13.6’ - 

(benzene) I. These results compare favorably with the lead tetraacetate cleavage of 2. Q.6 

Ph- J-l- f f -Ph 
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The cyclic intermedlate 6 proposed for the stoichiometric oxidative cleavage of glycols with 

Ph3BiC03 s accounts for the smooth oxidation of cis-cyclohexane-1,2-diol to adipicaldehyde and 

for the slower cleavage of the trons-isomer.’ Comparable figures were obtained for lead tetra- 

acetate and phenyliodine(lll) diacetate with a cis:tmns relative rate of 22.9 for the lead 

tetraacetate cleavage. 
7 
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In contrast, the catalytic reaction with NBS-Ph3Bi cleaves the cis-decalin-9,10-diol 12 and - 
trons-isomer 13 at comparable rates. - Using 0.1 equiv. of Ph Bi, 12 was cleaved in 2.5 hours 

3 - 
to glve 14 (72%) whilst 12 gave fi (77%) in 3.7 hours. - In the case of diols 12 and 2, the 

relative rate cis:trons for lead tetraacetate cleavage was lOO,* and the tmns-diol 13 failed to - 
react at all with periodic acid.’ 

13 

We considered therefore that the reaction could possibly be explained by the mechanism 

depicted in Scheme 2: I) initial formation of a pentavalent organobismuth derivative, by 

oxidation of Ph3Bi to Ph3BiBrOH, followed by reactlon with K2C03. ii) formation of a second 

intermediate, an alcoxytriphenylbismuth carbonate salt and iii) reductive elimination to 

triphenylbismuth and the carbonyl derivatives. This mechanism, as originally proposed,3 

invokes an intermediate similar to the one involved in the lead tetraacetate cleavage of 

trons-decalin-9,10-diol 
10 

and in the base-induced cleavage of trons-cyclopentan-1,2-diol by 

lead tetraacetate. 
10.11 

We decided to study the influence of the components of the reaction to 

elucidate its mechanism. 

R3 

+ 0 

R4 

Ph3Bi 

NBS/HZ@ 
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/Br 
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\ 

+ KBr + CC2 

R4 R4 

R3 

Scheme 2 

Triphenylbismuth plays an essential role in the reaction. N-bromosuccinlmide alone does 

not cleave meso-hydrobenzoin 1 to benzaldehyde, but oxidises it to benzoin E [90% with 2 

equiv. of NBS]. Interestingly, N-iodosucclnimide. alone, effects the cleavage of 1. l2 When 

the reaction of NBS, 1 and K2C03 was performed in the absence of Ph3Bi and water, the 

oxidation did not go to completion, even after 18 hours, benzaldehyde (39%) and benzoin (7%) 

being obtained under these conditions. Addition of water did not improve the result : the 
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reaction was still incomplete after 18 hours, and gave benzaldehyde (25%), benzoin (17%) and 

unreacted 1 (30%). Similarly, reaction with trons-decalin-9,10-diol 13 gave only 16% of the 

dione VJ, after 18 hours. These results are in sharp contrast with the reaction times of the 

catalytic process (Table 1). and prove the necessity of Ph3Bi. As Ph3f3i can be expected to 

be oxidised to a pentavalent species, various pentavalent organobismuth compounds were 

reacted with 1,2-glycols (Table 2). Comparison of thelr efficiency towards meso-hydrobenzoin 

1, cis-decalin-9,10-diol 12 and benzopinacol 16 with the catalytic system did not show any - - 

significant differences, although triphenylbismuth carbonate was less efficient, because of its 

poor solubllity. Trons-decalin-9,10-diol 13 has played an important role in dlscussions on the 

mechanism of glycol fission. Kinetic comparisons of the reactlon of 13 with pentavalent - 

organobismuth compounds gave strikingly different results from the catalytic system. In the 

reaction of NBS on Ph3Bi under the catalytic system conditions, various orqanobismuth species 

could be expected, among them triphenylbismuth oxide 2 and bis-succinimidotriphenylbismuth 

19, which we synthesised. Whatever the conditions used (solvent, mode of additlon of the 

reagents, presence of succinimide, of water or base) all attempts to cleave the trons-dlol 13 - 

with pentavalent organobismuth reagents (2, lJl, 2, or Ph3BIC12 g and base) were negative. 

This result excluded the intermediacy of a pentavalent bismuth compound reacting with the 

glycol 12 to glve intermediates of type 2. Thls closely parallels the behaviour of periodic 

acid which also failed to cleave 13’ : the major pathway, if not the only one, for 1,2-glycol - 

cleavage with stoichiometric Ph3BiC03 therefore involves a cyclic intermediate, but the catalytic 

system is different. 
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Table 1. Catalytic a-Glycol Cleavage with Ph3Bi-NBS-K2C03 at Room Temperature. 

Glycol mMol 
Reaction 
Time (mns) 

Product 
Yield 

(%I 

7 

7 

7 - 

9 - 

9 

9 

12 - 

13 - 

13 - 

16 - 

0.5 0.1 10 

5 0.1 25 

25 0.01 135 

20 0.01 360 

2 0.1 75 

20 0.1 360 

0.5 0.1 180 

1.5 0.1 180 

1.5 0.01 465 

0.5 0.1 120 

8 

8 

8 - 

;b 

Ilb - 

!!! 
14 - 

14 - 

17 - 

76a 

80a 

71 

52 

80 

76 

68 

71 

61 

100 

a) Isolated as the 2,4-DNP derlvative. b) After in situ reduction of fi with NaBH4. 

I Table 2. Relative Reactivity of I, 20, and the Catalytic System towards 1 ,2-Glycols 

Clycol Bi reagenta Temperatureb Base 
Reaction Product 
Time (hr) Yield (%I 

7 

7 

7 

II 

‘Ir 

12 - 

13 - 

13 - 

13 - 

16 - 

16 - 

16 - 

16 - 

A 

B 

C 

A 

B 

C 

A 

B 

C 

A 

B 

C 

D 

400 

r.t. 

r.t. 

60° 

r.t. 

r.t. 

60° 

r.t. 

r.t. 

r.t. 

r.t. 

r.t. 

r.t. 

BTMC 

K2C03 
BTMC 

BTMG 

K2C03 
BTMG 

BTMC 

K2C03 

BTMG 

K2C03 

K2C03 

1.5 

0.2 

0.2 

48 

3 

2.7 

48 

3 

3.7 

100 

1.5 

2 

1.5 

b (971 
‘b 

(75) 
:b 

(76) 

G (SO) 

3 (71) 

14 (72) - 

14 (0) - 

14 (6) 

G (77) 

x (69) 

11 (77) 

x (100) 

17 (84) 

a) A: Ph3BiC03, R: Ph3BiC12, C: NBS + Ph3Bi (0.1 equiv. 1, D: NBS + Ph3Bi (0.01 equiv.) 

b) r.t.: rmrn temperature. c] Isolated as the 2,4-DNP derivative. 

An al,ternative mechanism, as depicted in Scheme 3, could then explain the catalytic 

reaction. Oxidation of alcohols with N-bromosuccinimide and N-bromoacetamide have been 

postulated to occur through a hypobromite.‘2”3’14. In the reactlon with glycols, such an 

intermediate 22 could act as the oxidant of triphenylbismuth to give the second intermediate - 

21 -. Reductive elimination would yield the reaction products. 
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Scheme 3 

In the first step, N-bromosuccinimide oxidises the glycol to a glycol monohypobromite and 

succinimide. Monitorinq of the reaction by ‘H-NMR clearly revealed the presence of two 

singlets (6 2.85 ppm for NBS and 2.65 ppm for succinimide). Reaction of NBS and K2C03 

with hydrobenzoin gave succinimide (90% after only 5 mins.). In the catalytic reaction with 

trons-decalin-9,10-diol z, succinimide was also isolated (EO%j. Moreover, in the reaction. of 

NBS with 7, when the precipitate of succinimide was filtered, and K2C03 and Ph3Bi added to 

the solution, benzaldehyde (45%) was obtained. - 

Isolation of the pure glycolhypobromite was not possible. Nevertheless, detection of its 

presence was attempted by spectroscopy. Addition of NBS to a CDC13 solution of 

hydrobenzoin induces a downfield shift for one of the two -CHOH- (6 5.9 instead of 4.7 ppm). 

Hydrogen bromide catalyses the reaction in CHC13. Formation of succinimide was complete 

in only 5 mins. after addition of 0.4 equiv. of HRr to a CDC13 solution of 7 and NBS. Under - 

these conditions, the oxidant is bromine. When the reaction is performed in acetonitrile. 

K2C03 also acts as a catalyst for the reaction of NBS and the glycol 1. When the evolution of 

a mixture of z and NRS in d3-acetonitrile was monitored by ‘H-NMR, only 30% of succinimide 

was formed after 5 mins. Addition of D20 did not change the ratio, but after addition of 

K2CD3, the NBS slgnal quickly disappeared. 

The course of the reaction between the glycol and NBS being completely modified by 

addition of Ph3Bi, we tried, but without success, to detect a covalent Bi-0 intermediate. 

However, triphenylarsenic and triphenylantimony are known to react with t-butylhypohalite to 

give isolable alcoxyhalo derivatives, 
15 

but such a reaction with triphenylbismuth is not known. 

The role of the base is also important. It can either act as a trap for any acid formed or 

catalyse the cleavage of the intermediate. When propylene oxide was used instead of K2C03 as 

a trap for HBr, no cleavage product was detected even after 1% hours. 

Another Important element of the catalytic reaction is water. It can either catalyse the 

formation of a hypobromite species or solubilise K2C03. The use of organic bases appeared to 

be detrimental to the reaction.3 Diethylamine, N. N-dimethylaniline and triethylamine prevented 

the catalytic reaction. Similarly pyridine was inefficient : hydrobenzoin, NBS and pyridine 

gave only benzoin after 20 hours, in a low yield (29%). 
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These mechanistic studies on the a-glycol cleavage with pentavalent organobismuth 

compounds have proven the occurence of two different pathways. The stoichiometric a-glycol 

cleavage with triphenylbismuth carbonate goes through a cyclic covalent intermediate and hence 

is closely related to the periodic acid a-glycol cleavage, known to involve only one pathway. 

In the catalytic a-glycol cleavage by the NBS-Ph3Bi-K2C03 system, no cyclic intermediate is 

formed. In the first step, the glycol reacts with NBS to form a hypobromite, which itself acts 

as an oxidant of Ph3Bi to form a pentavalent alcoxy intermediate such as 21. The last step is - 

the base-induced reductive elimination with cleavage of the [O)-C-C-(0) bond to the carbonyl 

derivatives and triphenylbismuth. When possible, the intermediacy of a cyclic bismuth 

dialcoxyde cannot be excluded as a minor pathway of the catalytic reaction. 

Experimental 

M.p.‘s were determined with a Kofler hot-stage apparatus and are uncorrected. N.m.t. 

spectra were determined for solutions in deutetiochlotoform with SiMe4 as an internal standard 

on Vatian T-60. Vatian E-M 360 or Bruket WP-80 instruments. 1.t. spectra were recorded on a 

Petkin-Elmer 297 apparatus. Optical rotations were measured on a Petkin-Elmer IGl-MC 

polarimetet. Mass spectra were recorded with an AEI MS-9 or MS-50 instrument. All solvents 

and reagents were purified and dried by standard techniques. Chtomatogtaphic separations 

were performed using Merck Kiesegel 60 CF 254 (preparative t.1.c.) and Merck Kieselgel 60-H 

(column chromatography). Aqueous acetonittile refers to a solution of H20 (1%) in 

acetonittile. and ether refers to diethylethet. BTMC is !J-t-butyl-N’,?J’,N”,!J”-tettamethyl- 

guanldine. 

Cleavage of 1,2-Clycols : General Method 

A solution of Lbtomosuccinimide (1.1 to 1.5 equiv.) in aqueous acetonittile (10 ml per 
mMole of NBS) was added dtopwise over a period of time indicated (tl) to a mixture of glycol (1 
equiv.) , ttiphenylbismuth (0.01 to 0.1 equiv.) and K2CD3 (10 equiv.) in aqueous acetonittile 
(10 ml pet mMole of glycol), in the dark at room temperature. The mixture was then stirred for 
a further period (t2). After filtration. the solvent was distilled under vacuum. The residue 
was extracted with a mixture water-ether. 
solvent distilled under vacuum, 

The organic phase was dried over Na2S04, the 
and the residue purified by preparative t.1.c. 

a) Hydtobenzoln 1 (0.5 mMo1) and Ph3Bi (0.1 equiv.).- 2 (0.107 8). NBS (0.096 g). 
Ph3Bi (0.022 g) and K2C03 (0.690 g) in tl 5 minutes and t2 5 minutes gave benzaldehyde 8 as 
the 2.4 DNP derivative (0.216 g. 76%). 

b) 1 (5 mXo1) and Ph Bi 
K2C03 i 

(0.1 equiv.).- 1 (1.07 g). NBS (0.98 g), Ph3Bi (0.22 g) and 
(6.9 g) in t1 10 minu es and t2 15 minutes gave the 2.4-DNP of E (2.28 g, 80%). 

c) I (25 mMole) and Ph3Bi (0.01 equiv.).- I (5.35 g), NBS (4.90 g). Ph3Bi (0.110 g) 
and K2C03 (38 g) in tl 1 hour and t2 1.25 hours gave g after distillation (3.76 g. 71%). 

g) * 

d) 1.2:5,6-Did-isoptopylidene-D-mannitol 2 (20 mMo1) and Ph3Bi (0.01 equiv.).- 2 (5.2 
NBS (3.8 g). Ph3Bi (0.086 g) and K2C03 (27.6 g) in 2, 4 hours and t 2 hours gave x 

(2.6 g, 52%). as an oil, Cal, +57.2’ (c 0.99, benzene). lit. +64.9’ (benzenes. 

e) 9 (2 mMol), Ph Bi (0.1 equiv.). followed by NaBH 
of 9 (0.72 g). NBS (0.336 g). Ph Bi (0.088 g) and K CO 

reduction to ll.- To the reaction 

was-added NaBH4 (0.076 g) in me&anal (10 ml). 
(2c.7 g) in t 0.5xut and t 

Th% n?ixtute was 1 
0.75 hour 

st tted at 40°C fc?t 4 hours. 
The solvents were distilled under vacuum at room temperature. The residue was dissolved in 
saturated aqueous ammonium chloride (60 ml) and brine (150 ml). The solution was extracted 
with ether (6x30 ml), then by continuous extraction overnight with ether (100 ml). The organic 
phases were distilled under vacuum and the residue purified by column chromatography [eluant: 
hexane-ether 4:l (200 ml) folloqd by ether (300 ml)1 to yield 11 (0.426 g, 80%). as an oil. 

e (c 2.46, CHCl 1. lit. +13.6 (benzene); v 

4.1-3.43(5H, m. CH2 and CH). 2.1 
(CH2C1 ): 3500. 2900, 1390, and 1210 

p”ak; m. O&. and 1.35 and 1.3 (6H. 2s. 

f) 9 (20 mMo1) and Ph3Bi (0.1 equiv.) folloved by NaBH reduction to ll.- The reaction 
of 2 (5.2 g). NBS (3.8 g). Ph Bi (0.88 g) and K CO (27 g) kn t 4 hours a% t 6 hours was 
treated with a solution of NaaH (0.76 g) in meghadol (100 ml). ’ Work-up as in ?zxpetiment e) 
gave 11 (3.96 g, 76%). [a?, + 13.2’ (c 4.56, CHC13), which on treatment with - 
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E-nitrobenxoylchloride in pyridine for 20 &ure 
derivative (83X). m.p. 43-45OC (ether), lit. 

at room temperature yielded a crystalliyg 
36.5-3?*; Cal +6.4" (c 2.34, pyridine). lit. 

+5.8' (pyridine) [Found: C, 55.59; A. 5.30: N. 5.27: 0. 34.A. Calf. for C...H._NO.: C. 55.52: 
H. 5.34; N. 4.98; 0, 34.16X1. I_l 15 0 - ~~ - 

g) & (0.5 mMole) and Ph3Bi (0.1 equiv.).- _ 12 (0.085 g). NBS (0.130 g). Ph3Bi (0.022 g) 
;:~h~;~031~L~qP ,"8' gf9nct;,m~3,01~~';~~; and t2 50 minutes gave fi (0.057 g, 68X). m.p. 96-98'C 

, . . 

h) 13 (1 mMole) and Ph Bi (0.1 equiv.).- 
K2C03 (1.38 g) in tl 160 midutes and t2 

13 (0.170 g). NBS (0.261 g). Ph3Bi (0.044 g) and 
20 minutes gave fi (0.120 g, 71X). 

I) 13 (1 mt4ole) and Ph3Bi (0.01 equiv.).- 
and K2COF(1.38 g) in tl 6 hours and t2 

13 (0.170 g). NBS (0.261 g). Ph3Bi (0.004 g) 
1.75 hourrgave 14 (0.102 g. 61X). - 

1) 16 (0.5 mWole) and Ph3Bi (0.1 equiv.).- 
and K2COF(0.690 g) in tl 1 hour and t2 

16 (0.183 g), NBS (0.098 g). Ph3Bi (0.022 g) 
1 hour gave 17 (0.182 g. 100X). - 

Oxidation of Hydrobeneoin 1 and tm8-Decalin-9,10-diol 13 - 

a) Reaction of NBS and I.- A solution of 7 (0.107 g) and NBS (0.178 g) in anhydroua 
acetonitrile (10 ml) was stirred at room temperature for 10 hours. After filtration, the 
solvent was distilled off under vacuum. The residue vas extracted vith a mixture water-ether. 
Preparative t.1.c. of the ether soluble residue afforded benzoin 15 (0.095 g.9OX). - 

b) In the presence of K CO .- 
(0.690 g) gave after 18 hours _ b (d.041 g. 39X). g (0.007 g. 7X). and 1 (0.015 g. 14X). 

A similar reaction performed in the presence of K2C03 

c) In the presence of K CO 
i i&d41 

and H O.- When experiment b) was performed in aqueous 
acetonitrile for 18 hours, g. AX), g (0.009 g, 8X), and L (0.032 g, 30X) were 
formed. 

d) With dropwise addition of NBS.- A solution of NBS (0.178 g) in aqueous acetonitrile (5 
ml) was added drowpise over 3 hours to a mixture of 1 (0.107 g) and K CO (0.690 g) in aqueous 
acetonitrile (5 ml), at room temperature in the dark. The mixture was 2 z st rred for a further 18 
hours. Work-up afforded i (0.026 g. 25X), 15 (0.018 g, 17X). and 1 (0.031 g, 29X). - 

e) Reaction of NBS and z.- A solution of NRS (0.430 g) in aqueous acetonitrile (5 ml) 
was added dropvise over 3 hours to a mixture of 2 (0.085 g) and K CO (0.690 p) in aqueous 
acetonitrile (3 ml). at room temperature in the dark. The mixture was a 2 z irred for a further 18 
hours. Work-up afforded 14 (0.013 g,lOX). and 12 (0.065 g. 76X). - 

Cleavage of 1,2-Glycols with Triphenylbinmuth Carbonate 2 

a) A mixture of Cis-decalin-9,10-dial 12 (0.085 g). 5 (0.375 g) and BTHG (0.19 ml) in THF 
(5 ml) was stirred under reflux for 2 daysTo give, after work-up, 14 (0.043 g, 50X). and 12 - - 
(0.025 g, 30X). 

b) A mixture of rtYlxS-decalin-9,lO-diol 13 (0.085 g). 5 (0.375 g) and BTMG (0.19 ml) in 
THF (5 ml) under reflux for 2 days gave 13 (0.x0 g. 94X) af% work-up. - 

c) A mixture of bensopinscol 16 (0.183 g) and 5 (0.375 g) in THF (5 ml) was stirred at 
room temperature for 4 days. After filtration an2 distillation under vacuum, preparative 
t.1.c. of the residue (eluant: ether-hexane 1:4) afforded 17 (0.125 g, 69X). - 

d) A mixture of 16 (0.183 g). 5 (0.375 g) and K CO (0.690 g) in aqueous acetonitrile (10 
ml) after 11 hours at-;bom tempera&e gave 17 (0.1382g.376X). - 

e) A mixture of 16 (0.183 R), 5 (0.375 g) and BTWG (0.14 ml) in THF (5 ml) after 9 hours 
at room temperature *a% 17 (0.144 g. 79X). _ - 

Cleavage of 1,2-Glycols with Triphenylbismuth Dichloride 20 - 

a) A solution of 1 (0.065 g). 20 (0.205 p) and BTHG (0.125 ml) in CH Cl 
stirred at room temuerature for IO<inutes. After addition of a solutior? 0% 
methanol. the 2,4-DNP'derivative of E was obtained (0.128 g. 75X). 

b) A 
stirred at 
71X). 

solution of 12 (0.085 g). 20 
room temperature for 3 hours. 

c) A solution of 13 (0.085 g). 20 
stirred at room temperature for 3 hours, 
6X) and fi (0.076 g. 88X). 

(0.335 R) and BRM: (0.22 ml) in CH,Cl, 

(3 ml) was 
2.4-DNP in 

(5 ml) was 
Work-up and preparative t.1.c. afforded-x (0.060 g. 

(0.335 g) and BRIG (0.22 ml) in CH Cl (5 ml) was 
Work-up and preparative t.1.c. affor ed 14 (0.005 g, 2 =_ 
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d) A solution of 16 (0.110 g). 20 (0.205 g) and Bl?iG (0.125 ml) in 
stirred at room temperature for 90 minutes. Work-up and preparative t.1.c. 
0, 77%). 

Formation of a Hypobromite Intermediate 

NM 8ti9 Of the Ch_Dagt? Of I.- A solution of NBS (0.018 g) in deutetated acetonitrile 
(0.5 ml) and D20 (0.005 ml) was added over 5 minutes to a mixture of 1 (0.021 R) and K2C03 
(0.138 g) in D20 (0.005 ml) and CD3CN (0.5 ml). The reaction evolution was monitored by 'H 
NMR. At t - 0, 6 (ppm) 7.05 (lOH, 6. At%). 4.7 (2H. s. cH_), 2.7 (48. 8. CH of NBS), and 2.25 
(28. a. OH). The NBS signal quickly disappeared. and a signal (succinimi e) -J appeared at 2.6 
ppm vith a similar intensity. Ttiphenylbismuth (0.004 g) was added. After 5 minutes, the NMR 
spectrum showed : 6 9.9 (1H. a. CEO). 7.85-7.25 (SH. m. AtlJ, and 2.6 (4H. 8, CH of 

The ratio of the integrations gave a 71% yield of benzaldehyde. -A tet s&cinimide). 
filtration of 
pressure. The 
2.4-DNP added. 

the mixture, the solvent was distilled at room temperature under reduced 
residue was dissolved in ether. vashcd with water and a methanolic solution of 
The DNP derivative of benxaldehyde was isolated (0.014 g. 50%). 

I8Ob_ZtiO?, 

NBS (0.098 g) 
temperature in 

of Succinimide during the Catalytic CZeavage of 7. A mixture of 7 (0.107 g). 

t”h”a’ d:g"t 
(0.690 g) in aqueous acetonittile -(5 ml) was stirred at room 

or 5 minutes. The solvent was then distilled under vacuum in the 
dark. After addition of CC1 the mixture was filtered. 
acetonitrile to yield succinimlie (0.045 g, 90%). 

The precipitate was washed with 
The solution was distilled under vacuum and 

the residue dissolved in aqueous acetonittile (5 ml). Ttiphenylbismuth (0.022 g) and K2C03 
(0.690 g) was added and the mixture stirred for 5 minutes at room temperature in the dark. 
Work-up and treatment with 2.4-DNP as above afforded the 2.4-DNP derivative of s (0.064 g. 
45%). 

Isolution of Succinimide during the Catalytic Cleavage of g.- A mixture of 12 (0.034 P), 
NBS (0.036 g) and K CO (0.276 g) in d3-acetonittile (1 ml) containin 

h 3the dark. 
D 0 (1%) was stirred at 

room temperature The reaction was monitored by 'H-h. After complete 
disappearance of the NBS signal (6 2.85 ppm). the mixture was added dtopwise over 2.5 hours to 
a mixture of Ph3Bi (0.009 g) and K2C03 (0.276 g) in aqueous acetonitrile (1 ml). The mixture 
was stirred for a further 5.3 hours. After filtration. the solvent was distilled off under 
reduced pressure. and preparative t.1.c. of the residue afforded 14 (0.016 g. 45X) and - 
succinimide (0.016 g. 80%). 

NM? Study of the Influence of Water and Potuesiwn Carbonate on the Fonatton of Succinimide. 
The evolution of a solution of 1 (0.011 g). NBS (0.010 g) in CD CN (1 ml) kept in the dark at 
room temperature was followed by NHR. After 5 minutes, the tat!io (6 2.85):(6 2.65) was 7:3. 
No modification occurred after addition of D 0 (10 ~1). The 6 2.85 signal completely 
disappeared after addition of K CO (0.069 g). he spectrum shoved 
5.9 (1H. m. CH-OBt). 4.7 (la, m? Cd-OH). and 2.35 (1H. m. OH). 

: 6 8-7.1 (lOH, m, At-z). 
Ttiphenylbismuth (0.022 g) was 

added. The sTgnals at 6 5.9 and 4:7 disappeared while a signal 6 10 appeared (1H. 8, CIO). In 
a blank experiment. NBS was stable in a solution of CD3CN-D20. but converted to succinimide 
upon addition of K2C03. 

Acid Catalysis.- 
g) and NBS (0.010 g) 

Hydtobromic acid (0.2 to 1 equiv.) was added to a solution of Ll(0.013 
in CDC13 (0.5 ml). The evolution of the reaction was followed by H-NMR. 

With 0.2 equiv. of HBt. the amount of succinimide was : t - 5 min.. 70%; t - 15 min., 92%; t - 
30 min., 100%. With 0.3 equiv. : t - 5 min., 80%; t - 15 min., 100%. With 0.4 equiv.: t - 5 
min., 100%. 

Reduction of the Rypobromite. - A solution of 1 (0.107 g) and NBS (0.089 g) in CHC13 (5 
ml) was stirred in the dark at room temperature , until the signal of NBS had disappeared in the 
NMR spectrum. A solution of sodium bisulphite in methanol-vatet (1:l) was added and the 
mixture stirred for 1 hour. Work-up afforded 1 (0.073 g, 68%) and 15 (0.032 g, 30%). 

Attempted Catalytic Cleavage with Pytidine as Base 

A solution of 1 (0.043 g), NBS (0.039 g) and HBt (6 ~1) in CDCl was stirred in the dark 
at room temperature for 5 minutes. Ph Bi (0.009 g) and pyridine (43 ul) in CHCl (1 ml) was 
added. The reaction was stirred overr?ight in the dark at room temperature. U&al work-up 
afforded 11 (0.012 g, 29%) and I(O.024 g. 57%). 

Reaction in the Presence of Propylene Oxide 

al In absence of base.- A solution of 1 (0.041 g) and NBS (0.039 g) In CDCl (2 ml) was 
stirred in the dark at room temperature. After disappearance of the NBS signa , propylene 9 
oxide (0.024 g) was added. No modification had occurred in the NMR apecttum after 30 minutes. 
Ph3Bi (0.009 g) was added and the mixture stirred for 18 hours. Benzaldehyde was not detected. 
Work-up afforded 1. (0.017 g. 41%) and 11 (0.023 g. 55%). 

b) With L?TMC.- A solution of 1 (0.041 g), NBS (0.039 g) and HBt (8 ~1) in CDCl (2 ml) 
was stirred in the dark at room temperature until NBS was consumed. Propylene oxide a.024 g) 
was added. No evolution was noted after 30 minutes. Ph3Bi (0.009 g) and BTMG (0.038 g) in 
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CDC13 (0.5 ml) were added. The signal at 6 4.8 ppm disappeared to give a ratio 8:15 equal to 
9:l as determined by the integration of the signals at 6 9.85 (PhCgO) and 5.9 (P?;-FEOll-C&Ph) 
onm. After distillation under vacuum, the residue wa8 extracted in a mixture ether-water. 
Addition of 2.4-DNP reagent to the ethereal phase, followed by column chromatography of the DNP 
derivatives afforded the DNP of1 (0.097 g, 85%) and the DNP of E (0.009 g. 12%). 
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