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We have previously reported on the competing [1,3] and 
[3,3] rearrangements of the unstable dimer 2 formed by the 
action of triethylamine on appropriately substituted ben- 
zothiazolium salts 1.2 A significant rate enhancement in the 
rearrangement of the p-nitrobenzyl derivative 2a relative to 
the benzyl derivative 2b was cited as being consistent with a 
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radical process. We now present evidence which demonstrates 
that a radical mechanism is responsible for the [1,3] rear- 
rangement pathway. 

If a concerted process were responsible for the [1,3] rear- 
rangement,3 then a rnixture of 2b and 2c would rearrange to 
give only 3b and 3c, respectively. In fact, when this experiment 
was performed, a significant amount of the dideuterio stable 
dimer 4 was formed. The product ratios were determined by 
analysis of the molecular ions. The crossover product repre- 
sented 28 f 2% of the total. Although a statistically random 
intermolecular migration would provide for a 50% yield of 
dimer 4, the lower yield is rationalized by a cage effect in a 
radical dissociation-recombination reaction. The observed 
product mixture is in accord with a dissociative mechanism 
having 57 f 4% rearrangement within the cage.4 A control 
experiment showed a mixture of 3b and 3c to be stable under 
the reaction conditions. 

One possibility remained. The intermolecular crossover 
might be occurring prior to the [1,3]-benzyl shift; Le., the 
formation of 2 might be reversible. Though there was much 
evidence against a dissociation to "nucleophilic carbenes",6 
the following experiment was devised t o  conclusively rule out 
this possibility. A mixture of 2b and 2d, allowed to rearrange 
under the standard conditions, gave a mixture of 3b and 3d. 
The monomethyl stable dimer 5 was undectable to the limits 
of the mass spectrometer. 

The radical character of the [1,3]-benzyl shift was further 
confirmed by the gas chromatographic identification of bi- 
benzyl in the crude product 3b. 

Knabe, Dyke, et al.7 have studied a similar [1,3]-benzyl shift 
occurring when a l-benzyl-1,2-dihydroisoquinoline is treated 
with aqueous acid. They have proposed a bimolecular dou- 
ble-exchange mechanism8 to account for the intermolecular 
component which they too have f~und.~cJO The conversion 
of the bis(benzothiazo1ium salt) 6 to the stable dimer 7, with 
no evidence for the formation of a tetramer, clearly rules out 
such a mechanism in the bibenzothiazoIine series. 
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In conclusion, we have presented evidence that argues for 

a radical mechanism in this rearrangement. While it is 
somewhat unusual that a dissociative process should occur 
under such mild conditions, it  is not without precedent. A 
number of [1,2] migrations are known to occur under mild 
conditions via a radical pathway.ll Resonance stabilization 
of the bibenzothiazoline radical is surely responsible for the 
facility of this [1,3]-benzyl migration. 

Experimental Section 
General Procedures. Melting points were taken on a Thomas- 

Hoover capillary melting point apparatus and are uncorrected. In- 
frared spectra were recorded on a Perkin-Elmer Model 700. Nuclear 
magnetic resonance spectra were recorded at  either 60 MHz on a 
Varian Associates T-60 or at 90 MHz on a Perkin-Elmer R-22. Low- 
resolution mass spectra were determined at  70 eV on a Hitachi Per- 
kin-Elmer RMU-6. 

Analytical gas chromatography was performed on a Varian Aero- 
graph Series 1200 with the appropriate column. Preparative TLC 
separations were carried out on Merck Silica Gel GF-254, No. 7730; 
column chromatography utilized Merck Silica Gel 60, No. 7734. 

The microanalysis was performed by Midwest Microlab, Inc., In- 
dianapolis, Indiana, and the high-resolution mass spectrum was ob- 
tained through the courtesy of Dr. Catherine E. Costello of this de- 
partment. 

3-Benzylbenzothiazolium Bromide [ l b  (i)]. Ten grams of ben- 
zothiazole (74.0 mmol) and 12.7 g of benzyl bromide (74.0 mmol) were 
heated in dry DMF (10 mL) for 6 h a t  95 "C. On cooling, ether (150 
mL) was added. The crude salt was collected by filtration and re- 
crystallized from ethanol as pale-yellow needles, 14.7 g (65%): mp 
184-186 "C (lit.12 mp 184-186 "C); NMR (Me2SO-d6) d 6.25 (s,2 H), 
7.3-8.0 (m, 7 H), 8.3-8.8 (m, 2 H), and 10.93 (s, 1 H). 

Benzyl-a,a-dz Alcohol. A solution of 7.00 g of methyl benzoate 
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(51.4 mmol) in anhydrous ether (100 mL) was added dropwise (1.5 
h) to a stirred suspension of 3.23 g of lithium aluminum deuteride 
(77.0 mmol) in anhydrous ether (200 mL). After stirring at  reflux for 
3 h, the reaction was carefully quenched with 5.60 mL of water (311 
mmol). Filtration removed the solid residue which was washed with 
ether (four 50-ml portions). Removal of the solvent from the combined 
ether layers was followed by distillation. The isolated yield was 4.15 
g (73%): bp 82-83 "C (3.2 mm) [lit.l3 86-86.5 "C (9 mm)]; NMR 
(CDC13) 6 1.77 (s, 1 H) and 7.33 (s,5 H); IR (film) 3350 cm-l (br). 

Benzyl Tosylate. Prepared by the method of Kochi and Ham- 
mond14 from the sodium alkoxide and tosyl chloride. Recrystallization 
from hexane gave white needles, but yields were low due to a variable 
amount of decomposition which occurred during heating. The crude 
white product, isolable in nearly quantitative yield by removal of ether 
from the final solution at  0 "C, was sufficiently pure for further re- 
action: NMR (CDC13) 6 2.43 (s, 3 H), 5.03 (s, 2 H), 7.27 (s, 5 H), and 
7.52 [(AB q)z, JAB = 8 Hz, AUAB = 0.482 ppm, 4 HI. 

Benzyl-a,cY-dS T0sy1ate.l~ Prepared as above from the sodium salt 
of benzyl-a,a-dz alcohol and tosyl chloride. 

3-Benzylbenzothiazolium Tosylate [ l b  (ii)]. Benzothiazole (4.67 
g, 34.5 mmol) and freshly prepared benzyl tosylak (8.67 g, 34.5 mmol) 
were heated in dry DMF (10 mL) for 2 h a t  55 "C. On cooling, acetone 
(75 mL) was added. The white powdery precipitate was collected by 
filtration and washed with acetone (50 mL). The crude product was 
sufficiently pure for further use, although recrystallyzation from 
chloroform was possible: mp (crude) 134.5-135.5 "C; NMR (CDC13) 
6 2.28 (s, 3 H), 6.20 (s, 2 H), 6.9-8.3 (m, 13 H), and 11.58 (s, 1 H). 

3-Benzyl-a,a-dz-benzothiazolium Tosylate (IC). Prepared as 
above from benzothiazole and benzyl-a,a-dz tosylate. 
2-Mercapto-6-methylbenzothiazole. Prepared by the method 

of Sebrell and Boord16 from p-toluidine, carbon disulfide, and sulfur. 
Recrystallized from benzene: mp 177-180 "C (lit.l6 181 "C, lit.17 
175.5-178.5 "C]; NMR (CDC13) 6 2.42 (s, 3 H) and 7.1-7.3 (m, 3 H). 

6-Methylbenzothiazole. Prepared by the method of Blomquist 
and Diuguid17 by reduction of 2-mercapto-6-methylbenzothiazole. 
Purification was accomplished by preparative TLC on silica gel with 
benzene/ether (1:l) as eluent: NMR (CDC13) 6 2.53 (s, 3 H), 7.27 (d 
Ofd,JAB 2 HZ,JBC = 8Hz, 1 H), 7.70 (d,JAB= 2 Hz, 1 H), 8.05 (d, 
JBC = 8 Hz, 1 H), and 8.92 (s, 1 H). 
3-Benzyl-6-methylbenzothiazolium Bromide (ld). Prepared 

from 6-methylbenzothiazole and benzyl bromide by the procedure 
used for lb(i). The light pink crude product was recrystallized from 
ethanol as colorless prisms (48%): mp 210-214 "C; NMR (MezSO-d6) 
6 6.23 (s, 2 H), 7.2-8.5 (m, 8 H), and 10.88 (s, 1 H). 
3,3'-(~,u'-o-Xylyl)bis(benzothiazolium bromide) (6). Five grams 

of benzothiazole (37.0 mmol) and 4.88 g of apt-dibromo-o-xylene (18.5 
mmol) were heated in dry DMF (5 mL) for 2 h a t  75 "C. The precipi- 
tate which formed was collected by filtration, washed with ether, and 
then dried in vacuo to give 6.94 g (70%). Recrystallization from ethanol 
gave a slightly yellow powder: charred -180-200 "C, mp 216-219 "C; 
NMR (MepSO-de) 6 6.53 (s, 4 H), 7.0-8.8 (m, 12 H), and 10.63 (s, 2 
HI. 
3,3'-Dibenzyl-Az2.2'-bibenzothiazoline (2b). To 1.00 g of lb(i) (3.28 

mmol) in DMF (15 mL) was added a t  0 "C under nitrogen 2.00 mL 
of triethylamine (14.3 mmol). After 30 min of stirring, the mixture 
was poured into ice-water (100 mL) and quickly extracted with ether 
(four 50-mL portions). The combined extracts were washed with cold 
water (three 50-mL portions), dried (MgS04), and concentrated in 
vacuo to give 0.66 g (90%) of a light-yellow solid: NMR (CDCl3) 6 4.68 
(s, 4 H), 6.4-7.2 (m, 8 H), and 7.23 (9, 10 H). 

This procedure for the preparation of 2b could also be carried out 
starting instead with lb(ii). 

3,3'-Di( benzy1-a,a-d~)-A2~*'-bibenzothiazoline (Zc). Prepared 
from IC as described above. 
3,3'-Dibenzyl-A2~'-bi(6-methylbenzothiazoline) (Zd). Prepared 

from Id as described above. 
2-(2-Benzothiazolyl)-2,3-dibenzylbenzothiazoline (3b). To 10.0 

g of lb(i) (32.8 mmol) in DMF (150 mL) was added with stirring under 
nitrogen 20.0 mL of triethylamine (143 mmol). The mixture was 
heated to 90 "C for 2 h, cooled to ambient temperature, and poured 
into water (800 mL). Extraction with ether (four 400-mL portions) 
followed by washing the combined extracts with water (four 400-mL 
portions) gave, after drying (MgSOd), and removal of the solvent in 
vacuo, 7.0-7.1 g of crude product. Recrystallization from ethanol-ethyl 
acetate gave 6.15 g (84%) of colorless prisms: mp 144-147 "C; NMR 
(CDC13) 6 4.05 (AB q, JAB = 13 Hz, AYAB = 0.595 ppm, 2 H),  4.70 (AB 
q, JAB = 17 Hz, AUAB = 0.548 ppm, 2 H), and 5.9-8.2 (m, 18 H); MS 
(70 eV) mle 450 (M+). 

This procedure for the preparation of 3b could also be carried out 
starting instead with lb(ii). 

. 

Anal. Calcd for Cz8HzzNzSz: C, 74.63; H, 4.92. Found: C, 74.63; H, 
5.06. 

2 4  2-Benzothiazolyl)-2,3-di( benzyl-a,a- dz) benzothiazoline 
(3c). Prepared from IC as described above: mp 144.5-146.0 "C; MS 
(70 EV) mle 454 (M+). 
2-[ 2-(6-Methylbenzothiazolyl)]-2,3-dibenzyl-6-methylbenzo- 

thiazoline (3d). Prepared from Id as described above. Recrystallized 
from ethanol-ethyl acetate as light-yellow prisms (78%): mp 151-152.5 
"C; NMR (CDC13) 6 2.18 (s, 3 H), 2.45 (s, 3 H), 4.04 (AB q, JAB = 13 
Hz, AUAB = 0.630 ppm, 2 H), 4.65 (AB q, JAB = 17 Hz, AUAB = 0.548 
ppm, 2 H), and 5.8-8.1 (m, 16 H); MS (70 eV) m/e 478 (M+). 
10a-(2-Benzothiazoly1)-lO,lOa-dihydro-5H-ll-thia-4b-aza- 

benzo[ blfluorene (7). Prepared from 6 described above. The product 
was isolated in 16% yield by column chromatography on silica gel with 
hexane-benzene gradient elution and then recrystallized from etha- 
nol-chloroform as white needles (12%): mp 171-174 "C; NMR (CDCl3) 
6 4.08 (AB q, JAB = 14.5 Hz, AUAB = 0.279 ppm, 2 H), 4.61 (AB q, JAB 
= 16 Hz, AUAB = 0.112 ppm, 2 H) and 6.6-8.0 (m, 12 H); MS (70 eV) 
rnle 372 (M+). 

Anal. Calcd for CzZHlsNZS2: mol wt, 372.07550. Found: mol wt 
372.07902. There was no peak at  rnle 744, indicating the absence of 
any tetramer. 

Gas Chromatographic Identification of Bibenzyl as a By- 
product in  the  Formation of Stable Dimer 3b. The crude dimer, 
prepared as described above, was dried and then triturated with 
pentane. The pentane-soluble fraction contained bibenzyl. Its identity 
was established by coinjection with an authentic sample on two dif- 
ferent columns (5% SE-30 on Chrom G and 5% Carbowax 20M on 
Chrom G). An upper limit of 0.1% can be placed on the yield of bi- 
benzyl.18 

Crossover Experiment Demonstrating Intermolecularity in 
the  [ 1,3]-Benzyl Shift. Twenty-eight milligrams of each of freshly 
prepared 2b (do) and 2c (d4), the unstable dimers, was dissolved in 
dry DMF (2.5 mL) under nitrogen and heated for 2 h a t  90 "C. 
Workup was as usual. After eliminating the contribution of P t 2 and 
P - 2 ions, the mass spectrum showed approximately 28% formation 
of 4 (either of two dz isomers) with mle 452 (M+). This corresponds 
to 57 f 4% rearrangement within a radical cage (and 43 f 4% inter- 
molecular rearrangement by escape from the radical cage). 

Control Experiment Demonstrating the  Stability of Dimers 
3 under the Reaction Conditions. A mixzure of 20 mg each of 3b and 
3c, the stable dimers, was dissolved in DMF and subjected to the 
standard reaction conditions necessary to effect rearrangement. No 
dideuterio dimer 4 was detectable by mass spectral analysis (upper 
limit = 5%). 

Control Experiment Demonstrating Irreversible Formation 
of Unstable Dimers. Forty-nine milligrams of 2b (0.109 mmol) and 
52 mg of 2d (0.109 mmol) were allowed to rearrange under the stan- 
dard conditions. Workup as usual.1Q The crossover product 5 (either 
of two monomethyl isomers) was undetectable by mass spectral 
analysis (upper limit = 3%). 

Registry No.-lb(i), 4614-22-6; lb(ii), 63703-01-5; lc, 63703-11-7; 

63703-04-8; 3d, 63703-05-9; 4 isomer 1, 63703-06-0; 4 isomer 2, 
63703-07-1; 6, 63703-08-2; 7, 63703-09-3; benzothiazole, 95-16-9; 
benzyl bromide, 100-39-0; benzyl-a,a-dz alcohol, 21175-64-4; methyl 
benzoate, 93-58-3; benzyl tosylate, 1024-41-5; 2-mercapto-6- 
methylbenzothiazole, 2268-79-3; 6-methylbenzothiazole, 2942-15-6; 
a,d-dibromo-o-xylene, 91-13-4. 

Id, 63703-02-6; 2b, 37128-00-0; 2 ~ 9  63703-03-7; 3b, 51479-81-3; 3c, 

(4) 
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Fluorene 1 (R = FL' = H) has been reported to undergo 
bis-electrophilic substitution in the 2 and 7 positions.1,2 While 
a great deal of synthetic effort has been concentrated on the 
preparation of symmetrically 2,7-disubstituted compounds, 
very little work has been done on derivatives of 1 in which R 
and R' comprise different functional  type^.^,^ 

In connection with the synthesis of certain bis-basic de- 
rivatives of fluorene having antiviral activity, we were inter- 
ested in devising synthetic routes to such disymmetric fluo- 
renes. In particular we were interested in synthetic methods 
to compounds such as 4,8, and 9. These compounds would be 
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valuable intermediates since simple chemical manipulations 
could lead to bis-basic fluorene and fluorenone derivatives 
having dissimilar substituents, e.g., 10. The preparation and 
characterization of 2,7 disubstituted 1 compounds in which 
R and R' comprise different functional types are described in 
this paper. 

Treatment of 2-acetylfluorene (2) with oxalyl chloride led 
to the corresponding acid derivative 3. Compound 3 was es- 
terified to ester 4 and then converted to the base 5 (Scheme 
I). The ether analogues were prepared as shown in Scheme 11. 
Baeyer-Villiger oxidation of 2 followed by hydrolysis of the 
intermediate acetate afforded 6. Alkylation of 6 with the ap- 
propriate w-halodialkylamine gave 7a and 7b. Although initial 
attempts to prepare compounds 8a-c with BF3.Et20 used as 
the catalyst were unsuccessful, they were successfully pre- 
pared in good yield by acylation of 7 in methylene chloride 
with aluminum chloride used as the catalyst. Compounds of 
formula 8 were isolated as their hydrochloride salts by treat- 
ment of the reaction mixture with an aqueous hydrochloric 
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