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IN'IRAMOLLLULAR AROMATIC 5UBSTITUTION (bRN1) REACTIONS, USE OF 
ENTRAINMI'NT FOR TIIE PREPARATION OF BLNZOTHIAZOLFb 
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Department ok Lhemlstry, Unlvexslty of Technology, Loughborough, Lelcs LEll 3TU 

Summary The process of entrdlnment (catalytic chain inltiatlon) with the enolate-anlon of -- 

acetone has been used In intramolecular aromatlc _sRNl substltutlon for the preparation of 

2-phenyl- and 2-methyl-1,3-benzothlazole In high yield from o-lodothlobenzanlllde and 

o-lodothloacetanlllde 

The number of reports1,2 of aromatlc nucleophlllc substltutlons proceeding by the SRN~ 

mechanism 1s rapldly lncreaslng A number of these papers3 refer to the use of Sml reactlons 

for the preparation of heterocyclic compounds There are however only three repor%*> of 

intramolecular SRN~ substltutlons (Scheme 1) 

Scheme 1 X-Ar-Y- + e-d (X-Ar-Y-)- Inltlatlon (1) 

(X-Ar-Y-)- + Ar-Y- + X- Propagation (2) 

Ar-Y- 4 (As)- ,, 
(3) 

(As)- + X-Ar-Y- m-4 As + (X-Ar-Y-)- II 
w 

(4) 

This paper reports our application of intramolecular SPJJ~ substitution to the preparation of 

1,3-benzothlazoles (Equat 5) Our results are presented In the Table 

\ N"$R 

0: 

1 
‘X 

s yg c a;rRg, v o-_>>R + X- (5) 

When we attempted to carry out this reaction with various solvents and bases, and with light 

catalysis, only starting-material was recovered The reaction 1s apparently not lnltlated by 

intermolecular electron-transfer from the thloamide-anion to the aryl-halide Intramolecular 

electron-transfer would not be predicted to lead to a SRNl chain reaction 

We therefore sought a process for catalytic lnltiatlon of the chain reactlon Although 

entralnment7,8 with an anion as the electron-donor had not been previously used In aromatic 

SRN~, we thought that It would be particularly applicable to an intramolecular reactlon The 

IntermedIate aryl-radical 1s likely to undergo intramolecular addltlon (Equat 3) to the 

thloamlde-anion faster than intermolecular addltlon to the entralnlng anion We chose the 

enolate-anion of acetone because Its behavlour In aromatlc SRN~ reactlons 1s well known *,9 

We used the condltlons previously reported for Sml substitution with the enolate-anlon of 

acetone (8 molar excess, 3ih) and obtalned excellent yields of 2-phenyl- and 2-methyl-1,3- 

benzothlazole from the corresponding o-lodoanllldes (Squat 5) When lower amounts of the 

enolate were used the yield dropped, lndlcatlng IneffIcient entrainment 

Although successful cntr~inment 15 In itself d good crlterlon fol .,\5lgnlng the SKNl 

mechanlsm*~* we also studied the phenyl reactlon In the presence of lnhlbltors The u5e of 

catalytic amounts of strong electron-acceptorsb-dlnltrobenzene and oxygen) and cfflclent 
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‘Iable Preparation of Ilenzothlazoles from o-Iodothloanllldes 

o-Haloanlllde 

\ NH$Ph a I s 
/ I 

\ NHCPh a I !i 
’ Br 

a I 
\ NH$Ph 

/ Cl s 

-_ 

p___- _ 

t-BuOK (8 equlv ), 6 h 

t-BuOK (3 equlv ), 5$h, acetone(0 2 equlv 

t-BuOK (20 equlv ), 3ih, acetone(8 equlv : 

02, dark 

10 molar % p-dlnltrobenzene or(t-Bu)2NO 

CuI (OZequlv),Smin rt or80°,2h 

O2 
10 molar % p-dlnltrobenzene or (t-Bu)2N0 

t-BuOK (2 5 equiv ), 5ih 

t-BuOK (20 equlv ), 6h, acetone(8 equiv ) 

CuBr (0 2 equiv ), 5 min, 80’ or 6h, r t 

O2’ 
20 molar % p-dlnltrobenzene 

30 molar % (t-Bu)2N0 

t-BuOK (3 equlv ), 7h, acetone (0 2 equiv. 

t-BuOK (22 equlv ), Sh, acetone(l0 equlv : 

t-BuOK (22 equlv ), 6sh 

t-BuOK (22 equlv ), 4h, acetone (8 equlv ; 

SaH (20 equiv ), 6ih, acetone (8 equiv ) 

CuI (0 2 equlv.), 4ah 

k Benzothldzole 

0 

13 

100 

090 

0,O 

100 

100 

100) 100 

.--_I 
b Starting Material 
___-__-___ 

100 

42 

0 

100,100 

100,100 

0 

0 

0,O 

0 100 

22 62 

93,100 0,O 

98,88 090 

100 0 

0 

5 

98 

63 

2ob 

0 

0 

0 

gb 

58 

100 

70 

Typical Procedures 1) Acetone was added to t-BuOK m DMSO under an atmosphere of nitrogen 

and dry condltlons The haloanilide was added and the irradiation started (12 x 25W at 

350nm) 2) CuI or CuBr was added to DMF under an atmosphere of nitrogen and dry condltlons 

This was followedby the addltlon of t-BuOK and then the haloanlllde 

Low yields are due to extensive purification 

radical-scavengers (dl-tert-butylnltroxide and oxygen) completely inhibited the reaction, with 

almost quantitative recovery of starting material In the oxygen lnhibltlon traces of a phenol 

resulting from reaction of the aryl-radical with oxygen and subsequent dlsproportlonatlon were 

observed Similarly when the reaction was carried out in the dark, complete lnhlbitlon occurred, 

clearly lndlcatlng the requirement for light catalysis Substitution with different halogens In 

the ortho-posltlon showed I>Br>Cl as the order of nucleofugallty (100, 22, and 5% resp ) which 

is in contrast to the roughly equivalent nucleofugallty observed In SNAr reactions These four 

experimental methods are established ways*,* of asslgning the Sml mechanism We therefore 

propose that this intramolecular substltutlon proceeds by the Swl mechanism as shown in Scheme2 

Benzothlazoles have been preparedg~ lo under slmllar condltlons from the same starting 

materials via benzyne intermediates If the reaction is proceeding via a benzyne IntermedIate 

then the miodothiobenzanlllde should also yield 2-phenyl-1,3-benzothlazole as reportedg*10 

When m-iodothlobenzanlllde was reacted under the same condltlons as the ortho-analogue no ring 

closure was observed after 511 However a quantitative amount of thlobenzanlllde was isolated 
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Scheme 2 -___ 

Interestingly the lntermedlate aryl-radical does not add to the entralnlng anion A possible 

explanation IS that electron-donatlon by the side chain into the ring slows addltlon by anions 

The intramolecular addition of the thlo-amide anion is fast enough to overcome this effect, but 

reduction of the aryl-radical 1s faster than the intermolecular addition of the enolate-anion of 

acetone Reduction of the aryl-radical instead of addition to anions in slow Sml reactions has 

been observed” previously 

Attempts to prepare Z-phenyl-1,3-benzoxazoles under the same condltlons from 

ohlodobenzanillde failed, and a small yield (21%) of benzanlllde and unreacted starting material 

(64%) were isolated A similar result was obtained for the methyl analogue The InabilIty of 

oxygen centred anions to participate In Sml reactions has been reportedI, l2 Bunnettl has 

suggested that the energy barrier to the intermediate radical-anion 1s too high to allow 

reaction (the extra electron in the radical-anion would initially be sited In the high-energy 

C-O u* orbital) Therefore, as with the m-lodothlobenzanlllde reaction, reduction takes place 

preferentially to substltutlon (Scheme 3 with kl << k2) 

Attempts to Initiate the Z-phenyl-1,3-benzothiazole reactlon with potassium (20 molar %) In 

liquid-ammonia gave a low yield of product, but larger amounts of potassium led to intractable 

products 

Copper(I) salts have been reported >I3914 to act as useful catalysts in aromatic 

nucleophlllc substltutlons The mechanism of these reactions 1s unknown but It has been 

suggested15 that the Intermediate 1s a copper complex More recently14 Sml has been proposed a‘ 

a possible mechanism Reaction of the anlons of the o-lodothloanllldes In DMF with catalytic 

amounts of CuI at room temperature gave excellent yields of the corresponding benzothlazoles 

after 5 mln We failed to lnhlblt the phenyl reaction with oxygen, p-dlnlfrobenzene, or 

dl-tert-butylnltroxlde This lack of lnhlbltlon could be explained by the fast rate of 

reactlon, but when repeated on the slower o-bromothlobenzanlllde and CuBr reactlon (5h) still no 



lnhlbltlon of benzothlazole formation was observed These results lndlcate that ri SRNl 

mechanism 1s unlikely, but It is possible that the lnhlbltors fall to compete In copper(I) 

catalysed intramolecular substltutlons 

The corresponding reactlon with 0-iodobenzanlllde with 20 molar % of CuI at room tempera- 

ture gave almost no yield of 2-phenyl-1,3-benzoxazole, but on heating with one equivalent of Cul 

for 3ih a quantitative yield of the benzoxazole was isolated This much faster substltutlon by 

a sulphur-anion relative to the corresponding oxygen-anion has been previously reported15 

Further studies are required to elucidate whether copper(I) catalysed reactions by thlanions 

proceed by the SRN~ mechanism. 

We conclude that our results show that intramolecular Sml reactions can be greatly 

accelerated by the process of entrainment and that it could prove to be an Invaluable synthetic 

ald to the preparation of heterocycles We have shown that sulphur-anions are much better 

nucleophiles than oxy-anlons in SRNl substitutions It 1s also the first example of thioamlde 

anions participating in the SRN~ mechanism The intramolecular SRN~ and copper(I) catalysed 

reactions provide simple high yield syntheses of 1,3-benzothlazoles We gratefully acknowledge 

the support of The Boots Company and the S E R C for a CASE studentship (P H G S ) 
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