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Abstract: The bleaching behavior of Rme Bengal under reductng condtttons has been elucklated by determtn@J the 

products of chemical and photochemical reduction of Rose Bengal. 

RaseBengalia~~enedyethestructurrofwhichhasbeenwell~slncethe19thCenturyI. Namedforthe 

so-called “Indtan Happiness WarY2. this red dye related to fluorescetn has been important in photochemistry since 

Schenck and his co-workers popularlzd that one could use it convenientIy in the “dye sen&&d” photooxygenaUon3 of 

organic substrates. Rose Bengal ls only useful in polar. mast generally pmt.& solve.nts - a condition under which it 

bleaches tn just a few hours when used in synthettc appltcaUons for the formatton of stngkt mygen. 

As we have recently shown4. Rose Bengal bkachtng occurs etthcr under condltins tn whkzh the dye is oxMIxed by 

a partner ion (or by oxygen] or reduced. Whether axtdation or reduction occurs depends on the relative electrochemical 

potentlals of the partner molecule or ion. Iodonlum salts and dtazontum salts are oxtdizlng, for example, whereas 

tertiary amlnes are reducing. In the latter context, It has been well known since the work d Oster and coworkers5 that 
various amines accelerate this bleaching behatior. In their study Oster. Oster. and Kang suggested that the bleaching of 

Rose Bengal was accomptid by delodtnatlon and that the ulttmate product was (tetrachlom)fluorescetn. Eaton, ln an 

extensive revlea”. reports that many xanthene dye - reductng agent combinations can be use-d as phototnttiators for 

vinyl polymerization. Thus it seems ltkely to assume that bleaching is accompanied by free radtcal formation lf 

reduction of the dye occur. 

This is the first in a series of reports on the products from. and mechanisms by w&h. Rose Bengal undergoes 

photobleachtng. In this report we describe the products of chewal reductton of Bnse Bengal and identify the 

photoproduct of Rose Bengal and trlethanolamtne. Based on the earlter work of Davtdson and Tretheway7. as well as 

our own8, the photochemical reduction of Rose Bengal tn the presence d a terttazy amtne is a triplet process and dye 

reduction etther by oxygen or by the partner amtne competes with energy transfer to acceptor oxygen. In view of the 

electrochan&cal behavior of the related xanthene. Erythrwtn. the photochemtcal reduction of Rose Bengal must prcceed 

by single electron transrcr steps at the qulnomethine unit of the dye. g Oxklattve Uansferofanelectmnfmmthedyetoa 

partner reducing ion is orders of magnitude faster than reduction from the txlplet state aC the dye and must be a stnglet 

state proczss.9 The oxtdatfve products of~ose Bengal will be reported ln the subsequent publlcaUon.10 

Photoreduction of Rose Bengal: 

According to Oster. the photolrtductlon of Rose Bengal (1.8 x 10s5 hll tn water, under men wlth bM.harmlamtne 

and whlte l@ht ultlmately produces “fluorescetn”5. Irradtatton of Rose Bengal with green l!ght under the same 

conditions produces a compound which. from the speculum. must be 2.7~dltodo-t-flu orescemtt.Eq1. 

t Visiting Scholar from the Department of Chemistry and Chemical Engineering, Technical and Agricultural 
University, Bydgoszcz. Bydgoszcz, Poland 1986-87. 
l To Whom Inquiries Should be Addressed 

tt In the older literature. 3.9dihydrofluorescein is called “fluorescin”. On standing in air, fluorescin is 
known 10 oxidize 10 fluorescein. 
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Rnae Ben@. C-6, C-2’ dlsodlum 45dlhydro - 2.7-dttodo- 
salt: 2.4,5.7-tetratodotetmchlom- tetrachlorofluorescei 

fluoresceln 

Tetrachlorofluroesccin 

Engltah workers’1 recently reported that decarhoxylated Eosfn. when irradiated tn trlben@amine. We a 

redund v. Eq 2. 
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Chemtcal reducuon of decarboxylated Boain, wtth aodturn bomhydrtde. producea 3.9dthydroecatnt . Es 3. 
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Ihe electrochemtcal reduction in a standard polarq@aph at pH 4.7 of E@hmain occurstnstepstheftrstofwhlch 

ia a 2 electron reductton occur@ at a half wave potenttal of -53v. The product reportedly la 2.7~dtkxiotluoreacetnB. 

Though no products were reported, the electrochemtcal reduction of Rose Bengal under similar condtttona occura at a 

halfwave potential of-66 v. No producta were reported in this at~dy.~~. 

We have studied the chemical reductton of Bose Bengal. diaodlum salt 6a) of Rose Bengal, C-2’ methyl eater. C-6 

molecular form 51-a) and of Rose Bengal. C-6 methyl ether. C-2’ methyl eater Uff-alunder a vartety d reducing condittona. 

Reduction of F&se Bengal with zinc and acetic actd under a variety of experimental condtttona led to reductton of 

the quinomethtne. and the aceompanyfng deiodlnatlon. 6rat at carbons 4 and 5. and then at carhona 2 and 7. ‘Ihree 

f Eosin. like Rose Bengal and Erythrosia are trade nsmes. Bexxusc it is so much simpler to name derivatives 
of these compounds by referring to the structure of the parent, trade-named molecule rather than by their 
IUPAC name. we do this throughout our papers without apology. 
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reductton products could thus be obtatnti C-9 hydra; the paxU&y dekdlnated product C4.5.9 Mhydro: and the to+&& 

deiodlnated C-2.4.5.7.9 pentahydro. The products were isolated after acetylation. Equation 4. The accomw 

lactone dlacetate U-a) was obsenred as the product af no reduction. The condttins under whkh each were obtatned m 

gtven in Table Ii. As expected. the degree of detodtnation screw with the higher reaction temperature and lager 

quanuttes of zn used. For example, the total deiodinatton compound I-d was the only compound obtatned in Run 1 (IXP) 

while the half deiodlnation I-c was the sok product in Run 3 (6@‘). 

The resulta con&m the greater lability of the 4.5 lodines to chemtcal reduction and that total deiodinatton 

dertves under forcing condtttons (13CP. 24 h). It is ako ckar f?fxn the results that photochemkal reduction under neutral 

condiUons - which produces @bl exclush6y - likely proceeds through a dittemnt me&u&m. 

Cl 

la:R , =R ,=Ma + 

Ila: R ,=Me;R I=H 

11ta:R , .R 2’Me 

Eq. 4: Ia i; (1) Zn, HOAc. 24 h, reflux; (2) Ac~O. HOAC 
ii; (1) Zn, HOAc, 60’. 24 h; (2) Ac20, HOAc 
iii; (1) (HOCzH4)3N, DME, 4 h hv; (2) Ac20 

Eq. 5: I’Ia i; (1) Zn, HOAc, 24 h, reflux; (2) Ac~O, HOAC 
ii; (1) Zn, HOAc, 600, 2 h; (2) Ac20, HOAC 

iii; (1) (HOC!2H&N, DME, 4 h hv; (2) Ac20 

Eq. 6: IIl[a i; (1) Zn, HOAc, 24 h, r~fhuc; (2) AczO, HOAC 
ii: (1) Zn, HOAc, 60”. 30 m; (2) Ac20. HOAc 
iii: (1) (HOC#4)3N, DIME. 4 h hv; (2) Acfl 

Chemkal reduction urxkr less actdk condtUona pruduces stmilar resulta but with cvtn mom eXtaMve santhene 

ring detodtnation, Table III. ‘13~s under condtUons of reductton d rose ben@ d&odium salt with Zn/NIL$Jl virtually 

no qutnomethtne product (lb) is fozmed and the reduction fm~Mly pmceeds with the mmo9al ofthe 4.5 iodtaes. Il~ese 

are the only chemical conditions (Zn.HOAc and Zn/NH4Cll wbbzh - in our hands - reduce Roee Bengal cleanly to 

tractabk products. 



4510 A. ZAKRZEWSKI and D. C. NECKERS 

Chemkal reduction of the C-2’ methyl ester (II-a). and the C-2’ methyl ester. C-6 methyl ether (III-a) also led to 

detodtnatton at the po&tons 2.4.5. and 7 depending on condtttons; Equattons 5 and 6. 

The photochemlcsl red~ctto~~ af Rose EMgal. dt sodtum salt, In trIethanohmtne/DME when irrad&ted for four 

hours wtth bght MOO rut& produces an tntennedlate whkh, upon treatment with acetic anhydride, yields C-3.C-6 

dtacetyl. C-9 hydro. Rose Bengal C-2’ carboxytk a&i. Thus, whereas the chemkal reductton even under the mildest 

condittons always results in extenstve detodtnatton of the xsnthene rfng. Tables II and III. photochemkal reductfon 

leads exclustvely to the two electron quinomethtne product when the irradtatton is directly tnto the long wavelength 

absorptton bands of the dye.. ‘Ms suggests that Oster’s report5 of photochemical dehalcgenatlon is the result of the broad 

band poly&romaUc light same. me Ukcly explanatton is that %-a* dehalogenatton of the aromatk nucleus leads to 

iodtne atoms and eventuaity HI. There are many examples of such pronsse~ in the older literature13 but these 

reacttons virtually all dertve from radkal processe s and lnvotvtng carbon-halogen cleavage of the excited state. 

me C-9 Mucad product la susceptible to air. and care must be taken to prevent its moxidatlon tn the absem of 

reducmg agents. 

Mechantsm of Photoreductton of Rose Bengal tn the Presence of MethanolamIne 

The mddaUon potenttal of Rc8e Ben@ is +.65 v. the reduction potenttal - 1.20 v. Depending on soivent, the trlplet 

energy of Rose Bengal is about 39.5 kcsl/mol. With trkthanolamine. the only electron transfer process whkh ts 

exothermk l.9 that of reduction; 

*+R3N: -> Dje-’ + I&N++. 

In the next step. the Methanolamkle mdkal catton loses a proton; 

(HocH2CIQl3N+ ---> H+ + MCCH~CJ+J~~NCHCH~OH 

~~2~~2NCH~2OH + Dye-‘ ---> DihydroDye + [~~2~2)2N~~~ 

IfHOCH$H~)2NC=CHO~ ---> RIOCH2CH2I2NCH2CHO 

On the other hand, chemical reduction under acid conditions causes extensive deiodtnatlon ftrst at C-4.5 and 

subsequently at C-2.7. 

Experimental 

Rose bengal (Dye Tel) and all other reagents were used as recetved. Authentic samples of 3.6-O.O’-diacetyl rose 

bengal &aJ and rose bengal. C-2’ methyl ester. C-6 methyl ether (III-al were synthesized using the methods publIshed 

pmiou~@. 1% 15 Inf&ed spectra were recorded on a Nkokt 2iJDX FT infrared spectrometer and nmr spectra were taken 

ustng a vartan XL~OO nuclear magnetic resonance spectrometer. The photoreductions were carrkd out with > 500 nm 

mdtatton source in a merry-go-round apparatus equipped wtth a medium pressure mercury-vapor lsmp (Han-. 450 W) 

and aharp cut-off flJters (Corning 3466). All new compounds gave sattsfactory elemental analyxs. 

Synthesis of I-b 

A solutton of R~SZ Ekngal @ai [O. f gl and trtethanoiamine ( 1.49 gl fn DME ilOO ml) was trradtated for 4 hours wtth 

>~oO W. After trmdtatton 2ml of concentrated HCI was added to the solution and the solvent removed invacuo. The 

pr&ptate was washed wttb water, and subsequently rethued with 25 ml of acetic anhydrtde ovemJght. After cooling 

the solution was poured tnto 600 ml water and prectpttate w&9 filtered. 

T.L.C. on 20 x 20 cm siika gel PKSF plates (Whatman) (C6H6 : EtOAc : AcOH = 70 : 29 : 11 separated the mab 

compene&. Ykld O.O7g (67.2%). 

xR(KBljvcm-~:1771&ety&x735@xoHl 

NMR (CDQj ) 6 : 7.49 (S.2H.H1& 5.74 (S.lHHg ), 2.92 l3.6H.CH3Co) 
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synthesis d1-c 

AsampleofRoaeBmgal12g)wasnducsdwtth~~uetIn(2g)gladalaatlcadd(100ml)at60’Cfor24hour. 

After decantatton. to the solution was added 50 ml a&k anhydrrde and the solution waa mfhmed overmght. After 

~ltag,~esoiutlanwaspound~o8oomtafwataand the pndpitatewasRltaul. Ykld l.lSg(?lS%). 

IRtKEtij v an-l : 1771 tAccty2 1735 (c0oHl 

NMRKDCl3) 6 : 7.34 (S, 2H,Hl,& 6.63 tS.2H.H4,5). 5.64 (S,lH.Hg). 2.34 LWlH,CIQ~ 

Synthesis of I-d 

A sample of Rose Bengal (2 g ) was reduced wtth Z&dust (2 g 1 in glacial acctk add tlO6 ml) under refhm for 24 

hours. After decantatton, to the solution was added 50 ml acetic anhydride and the solutton was rcfhmed oremight. 

After coohng, the solution was poured Into 800 ml of water and the prcclpitate was tlltered. Y&M 0.8lg 179%). 

IR (REhj vcm-1 : 1771 lAcctyn 1795 tcooHl 

NMR(cDQ3) 6 : 6.96 td .2H,Hl,~ ,6.83 (s 3H.H4,5J,6.74 td .2H,H2,7). 5.62 ts .lH,H9L 2.26 ts. Sr.CH$W 

Synthesis of II-a 

RoseBengal(2.04gfwasdLnsolvtdLnTHF(20maaadiodomethane15.6gland tctrabutyl amnmmum chloride to. 1 

8, wem added. The msultlng solution was rekxed for 12 hours. Atk cooling. the solution wss poured into 166 ml of 

water and the pmclpitate was ffltemd. After drying the ~mngrxal powder was dlssolvcd m a mtxtum of DME-accUc 

acid (1: 1) and poured tnto 596 HCl. The rcsuhlng shiny was ftltcrcd and thoroughly washed wltb water to remove all the 

e3~ctss HCl. The m&due was dncd at 40’ in vacuum. Yield 9.02 fsZ.s%f. 

~~v~-I:~~o~. 1735tcoocIi3l 

NhIR (CDCQI 6 :7.41 ts. 2HHI,8). 3.66 ts.3H.COOCH3) 

SyntlxsIs of 11-b 

A solution of Rose Bengal, methyl ester mokcular form tlI-a..01 g) and trtf$hanolamme (1.40 g ) In DME (100 ml) 

was trradIated for 4 hours with ~609 urn. After lrradtstion. 2 ml concentrated HCl was added to the solution and the 

solvent removed ln vacua. The pncipitate was washed wtth water and subsequently was reflexed wfth 25 ml of acetic 

anhyuride overnight. After ccohng the solution was ~xmmd mto 600 ml of water and the predpitate was ffltcrcd. Yield 

0.079 (72.3%). 

‘KC on a 20 x 20 cm PRSF r&s gel WhatmanJ plate separated the product. 
IRtKElljvun-1: 1771 &etyB, 1736WocH3l 

NMRCDQ 6 : 7.37 Is. W.Hl& 5.41 ts. lH.H91.4.04 fs. 3WXOCH3f. 2.42 WH.CIi3COl 

Synthesis of II-c 

Rose Bengal. methyl ester molecular form IO.2 gl, and Zn-dust (0.2gl in glacial acctfc add (20 ml) thermostated at 

60’ C was mixed for two hours. After scparaUon, the pmcIpItatc was added to a solutcon of 20 ml a&k anhydrtde and 

rdhmed ovemlght. After coohng. the solutton was pound Into 246 ml of water and the prcclpltate was flltered. Yield 

0.72g (72.296). 

IR lKFhj v cm-l : 1771 vx3co) 1736 NxxxH3l 

NMRtCDCl3) 6 : 7.34 IS. PHRI& 6.66 (s. 2lI.Ii4.5L 5.39 1s lH.Hg). 4.94 (s, 3Ii.CDOCH3h 

234ts.=cH3ca 

Synthesis of 11-d 

Rose Bengal. methyl ester molecular form IO.2 g) and Zn-dust (0.2 8) tn glacial a&k acid (20 ml) was rc9uxcd for 

24 hours. Alter separatton of the precipitate ace& anhydrlde (20 mll was added to the solutton and 11 was refluxed 

ovcmfght. After coohng. the solutton was poured into 240 ml of water and the precipitate was t&red. Yield 0.095g 

632.696). 
wtKEtr)vun-1: 1771 tcH.ScQ 1736t(xxcHSJ 

NMRtCDCl3l~ : 7.92 fd 2H.HI,& 6.63 ts. 2H3QiL 6.74 td. 2HJi2.7). 639 b lHH9). 

4.04c43H,coocy3). 234caBt~ 
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Synthesis of I&b 

A solution of Rose Bengal methyl ester-methyl ether (0.1 B) and trtethanolsmlne (1.49 s) in DME (100 ml) was 

trradiated for four hours at >500 mn. After trradtatlon. 2 ml of concentrated HCl was added to the soh~tlon and the 

solvent removed tn vacua. The prectpttate was washed wItb wate-r and then refluxed with 25 ml cf acetic we 

wrntght. After cooling, the solutton was poured into 600 ml of water and the prectpttate was ftitercd. After TLC on a 20 

x 20 cm PKSF silica gel (Whabnan) pIate the folkxvtng products was separated. vkld 0.07g 169.2%). 

IR @Eq van-l : 1771 (CH3CG). 1735 &xoCH3I. 1130.1052 0CH3) 

NMR (CDCW 6 : 7.39 (s. lH.H& 7.32 (s. lH,Hl). 5.41 (s, lH.Hg,), 4.04 Is, 3H.-GCH3) 

3.86 In 3&C0DCH3I. 242 fs wCi-&CC# 

sylltbesls of III-C 

Rose Bengal methyl ester, methyl ether (0.2 g 1 and &-dust (0.2 8) in glacial acetk add &?U ml) was mfxed at 600 

for 30 minutes. After separatton of the precipitate 20 ml of acetic anhydrtde was added to the solution and it was 

reiluxed ovemfght. After cooltng. the solution was poured tnto 240 ml of water and the prectpltate was filtered. Yield 
0. ro2g (64.6%). 

IfqKBj v cm-l : InI K!&m. 1735 @zzowH$, 1190.1052 foCH3) 

NMR(CDQ316 : 7.38 [s,lH&& 7.29 (a 1HHlI. 6.63 (s. lH.H& 6.46 (s, IHsfq), 

5.34 Is,lH,HS). 4.04 cs. SHar.w. 3.66 [s. w(XXXX3l. 2.34 (s. 3H.w 

Synthesis of III-d 

l&xe Bengal methyl ester, methyl ether (0.2 g 1 and Zn-dust (0.2 g) fn glacial acetic acfd (20 mU at 60” was stirred for 

Sk hours. After separation of the preclpltate to the solution was added 20 ml of acetic anhydride and it was re6uxed 

ovemJght. After cooling. the solution was poured tnto 240 ml of water and the precipitate was filtered. Yield 0.08g 

(74.5%). 

lRncsrtvcm-1: 177l~CH3C03.17345I~ 1130*10520CHSj 

NMR @DC@ 6 : 7.00 kk IHB$). 6.95 ia. lHN1). 6.65 Is. 1H.H 51.6.63 Is. IH.H4L 6.71 fdlHB71. 

655 Id lH.HZ). 5.41&e lH&& 4.M Cs 3H&CH@. 3.79 & 3H.C0OCH$. 

226k3H.~ 
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