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Various derivatives of 2-methyl-1-isoquinolone have been synthesized and their fluorescence examined to de- 
termine how the nature and position of the substituent affect the fluorescence maximum and quantum efficiency. 
An amino or dimethylamino group in the 4 position red-shifts the fluorescence maxima from 383 nm (methanol) 
to 530 or 505 nm, respectively, with some decrease in the quantum efficiency (5.4, 2.6, and 4.7%, respectively). An 
amino group in the 5 position improves the quantum efficiency (15%) but only red-shifts the fluorescence maxi- 
mum about 23 nm. 2-Methyl-1-isoquinolone and the 4-amino compound undergo oxidation and/or oxidation-con- 
densation reactions, some of which have been investigated. 

The chemiluminescence, which results from the air oxi- 
dation of certain 1,l’-biisoquinolinium salts such as 1 in 
basic alcoholic or aqueous alcoholic systems, has been in- 
vestigated re~ent ly . l -~  The luminescing species are excited, 
fluorescent oxidation products, 2, where X = H, OH, or 

1 2 
OR. These compounds fluoresce in the region 385-390 nm 
with fluorescent quantum efficiencies in the range 4-7%. 
Both of these factors are undesirable, however, if one wants 
to develop a practical chemiluminescent system. From the 
photopic standpoint, the fluorescence maximum should be 
in the region around 555 nm. Furthermore, since the over- 
all chemiluminescence efficiency is a product of the chemi- 
cal excitation efficiency and the fluorescence efficiency, the 
higher the latter, the easier it is to get bright systems with 
high light output. Finally, the chemical excitation efficien- 
cy should be larger for products with lower excitation ener- 
gies if the Eyring-Rauhut effect holds in this case.4 A study 
was undertaken, therefore, to determine whether and how 
the fluorescence maximum and quantum efficiency were 
affected by kind and position of substituents on either the 
hetero or benzo rings of the isoquinolone. The synthesis as- 
pects were greatly simplified by making this study with de- 
rivatives of 2-methyl-l-isoquinolone (3). The fluorescence 
of the latter is essentially the same as that noted for the ox- 
idation products from the 1,l’-biisoquinolinium salts, 
which are not easily accessible. 

Synthesis and Chemistry. Most of the compounds were 
made by conventional procedures which are outlined in the 
Experimental Section. Several observations, however, are 
worthy of note and discussion. 

(a) The preparation of 3 by the classical method of Deck- 
er,5 namely, oxidation of 2-methylisoquinolinium iodide 
with potassium ferricyanide in basic medium, consistently 
gave a by-product (4) in low yield. Coupling at the 4,4’ po- 
sitions is assigned on the basis of lH NMR evidence. 

3 
CH, 

4 
(b) Solid 3 is air oxidized at room temperature to the 

triketo compound 5. The same compound has been pre- 

0 

0 
5 

viously reported as being formed by air oxidation of 2- 
methyl-3-i~oquinolone~ as well as by dichromate-sulfuric 
acid oxidation of 1,2,3,4-tetrahydro-2-methyl-4-isoquino- 

(c) 2-Methyl-1-isoquinolone undergoes electrophilic at- 
tack in the 4 position with great ease, as previously ob- 
served by Homing, Lacasse, and Muchowski.8 For example, 
it  has been found that nitration can be effected rapidly and 
exothermically at 25’ with 8 N nitric acid to yield 4-nitro- 
2-methyl-1-isoquinolone (6). On the other hand, nitration 
in 96% sulfuric acid at 5’ with potassium nitrate yields ap- 
proximately equal amounts of 5-  and 7-nitro-2-methyl-l- 
isoquinolone (7 and 8) together with some of the 4 isomer 
(6) and a minor amount of 4,7-dinitro-2-methyl-l-isoquino- 
lone (9). The species being nitrated in this case is probably 
the protonated amide rather than the neutral species as in 
the aqueous nitric acid systems. These results are consis- 
tent with those reported by Kawazoe and YoshiokaD for the 
nitration of isocarbostyril in sulfuric acid with potassium 
nitrate. Nitration at the 4 position is also rapid with 5- 
nitro-2-methyl-1-isoquinolone (7) in 16 N nitric acid a t  
30-35’. 

(d) 2-Methyl-1-isoquinolone shows enamine character in 
that it can be alkylated in the 4 position (heating with ben- 
zyl bromide). 

(e) Like other 1,2-dihydroisoquinoline derivatives,lO 2- 
methyl-1-isoquinolone and benzaldehyde condense in the 
presence of concentrated hydrochloric acid; attack is again 
in the 4 position. 

(f) Although both 5- and 7-nitro-2-methyl-1-isoquinol- 
one (7 and 8) are catalytically hydrogenated (Adams’ cata- 
lyst) in alcoholic hydrochloric acid to the corresponding 
amines without difficulty, the reduction of the 4 isomer (6) 
under similar conditions is more complicated, because of 
the reactivity of 4-amino-2-methyl-1-isoquinolone (10). 
The triketo compound (5) was consistently formed in 15- 
20% yield. Other evidence of the instability is the observa- 
tion that 4-amino-2-methyl-1-isoquinolone hydrochloride 
(11) is no longer completely water soluble after being 
stored for a month in a desiccator. Samples in tightly stop- 
pered bottles slowly lose their water solubility. The triketo 
compound ( 5 )  precipitates from aqueous solutions of the 
amine hydrochloride after several days a t  25’. 

In addition to 5, which is an oxidation-hydrolysis prod- 
uct, intermolecular condensation products such as the 
poorly soluble, high-melting pyridazine derivative (12) are 

10ne.7 
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Table I 
Substituted 2-Methyl-1-isoquinolones 

Compd Position and substituent(s) Empirical formula MP, OC Recrystn solvent 

3 Unsubstituted C 1 OH sNOg 56.5-57.5' 3:l cyclohexane- 
benzene 

18 4-C1 c ,,H,c~No~ 132-1 34 Cyclohexane 
17 4-Br C 1 ,H,BrNOi 129-1 30b Cyclohexane 
19 4-1 C ,H,INO~ 1 2  6.5-12 7.5 I Ethanol 
20 4-CN 1 IHBNZoh 197 5-198.5' Ethanol 
21 4-COzH I IHSNo3' 270.5-271.5 dec Ethanol 

6 4-NO2 1 0H8N203h 161.5-162.5' 7:3 cyclohexane- 

7 5-NO2 c loH*Nz03h 116-11 7 Water 
8 7-NO2 C10H8N203h 214-2 16 Ethanol 

25 4,5-Di-N02 H,O C10HSN306h 220.5-221.5 Ethanol 
9 4,7-Di-NOZ C10H7N305h 294-296 DMF-ethanol 

15 4 -Br - 7-N02 C10H,BrN203' 254-256 dec Ethanol 
10 4-"2 CloHloN20g 117-1 19 Benzene 
11 4-NH2 *HC1 c  lo^, ,c~N,o~ 235-237e Ethanol-ether 

benzene 

155-156 Cyclohexane 
3:2 benzene- 

4 hSalicylamino 1 7H16N20Z Ir 
23 5-"2 CloH10N20g 138-140 

cyclohexane 

Ether 
5-C GHSNHCSNH 17H15N30Sg 208-209 Ethanol 

7-NHz picrate C16H13N508g 254-255 dec Ethanol 

22 5-"2 * HC1 c i o ~ , , ~ i ~ z ~ i  261-263 2-Propanol-Hz0 

265-270 dec Absolute Ethanol 16 7-"z HC1 H2O 1 0H13C1N202g 

26 4,5-Di-NH2 *2HC1* I OH, 6%N303i  260-270 Ethanol-Ether 

27 4- (CH3)ZN HI 12H151N20h 209-211 dec 
28 3-C H3-4-NO2 11H10N203g 151 Ethanol 
29 3-CH3-4-NH2-HCl ( c ~ ~ H ~ ~ c ~ N ~ o ) ~ o ~  250-260 dec Ethanol 

2HZ0 
Absolute Ethanol 

0.5HzO 
99.5-100.5 Cyclohexane 

Cyclohexane 
30 4-CgH5CH2 C17H15NOh 
31 4-C6H$ECf C18H13N0h 129 3-1 30.5 
a Reported mp 57": A. Albert and J. N. Phillips, J.  Chem. SOC., 1294 (1956). E. Bamberger and W. Frew, Ber., 27, 198 (1894), reported 

mp 132" for the product obtained when 2-methyl-1-isoquinolone was brominated in chloroform; the position of substitution was not estab- 
lished. Also see ref 8. CReported mp 198": G .  Thuillier, B. Marcot, J. Cruanes, and P. Rumpf, Bull. SOC. Chim. Fr., 4770 (1967); also 
reported in ref 8, 197-199". Reported (ref 8) 163-165". e Resolidifies, then decomposes at 270-290". f Both parent and base peak in the mass 
spectra were at m / e  259; calcd mol wt, 259. g Satisfactory analytical data (t0.4%) were reported for N. Satisfactory analytical data 
(&0.4%) were reported for C, H, N, and Hal (if present). Satisfactory analyticai data (EtO.470) were reported for N and Hal. 

recovered from reactions involving the free 4-amino-2- 
methyl-1-isoquinolone. One possible route to 12 involves an 
intermediate oxidation stage, analogous to 5, which then 
condenses with another molecule of 10, followed by oxida- 
tion to yield 12. 

I 
"* 

0 
10 

0 

12 
The structure of 12 is based on the elemental analysis, 

molecular weight determination, and lH NMR data. An- 
other closely related product, 13, which appears to have the 

following structure, was also isolated from reactions involv- 
ing the free base. This structural assignment is made rather 
than the isomeric 14 (which is dihydro-12) largely because 

0 

II 
H3 

11 
0 0 

13 14 
the lH NMR spectrum (two more protons than in 12) 
shows (1) two kinds of methyl groups, one of which is a 
doublet that  coalesces to a singlet when DzO is added, rath- 
er than one type of methyl group as should be expected in 
14; (2) one exchangeable NH group rather than two; and 
(3) a singlet (one proton) at 6 8.77 which is similar to the 
chemical shift seen for the protons in the hetero ring of 
quinoxaline (6 8.86). The infrared spectrum of 13 also 
shows two types of carbonyl absorption (12 has only a sin- 
gle carbonyl stretch and one would expect 14 to behave 
similarly). In addition, the mass spectral fragmentation 
pattern for 13 is very complex when compared with that for 
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Table I1 
IH NMR Spectral Data for Substituted 2-Methyl-1-isoquinolones 

Fre - 
6 lPPm 

quency, 

Compd Solvent MHz NCH3 H3 H4 HS H6 H7 H8 Other data 
- ___ 

3 
17 
20 

6 

7 

8 

25 

9 

15 

a 

23 
16 

27 

28 

30 

31 

CDC1, 100 3.62 (s) 6.40 (d) 6.95 (d) 
CDC1, 60 3.58 (s) 7.37 (s) 
CDCl, 60 3.67 (s) 7.78 (s) 
CDC1, 60 3.62 (s) 8.77 (s) 

CDC1, 60 3.64 (s) 7.25 (s)  

Polys01 60 3.57 (s) 6.62 (d) 
(CDC1, + 
DMSO-d6 

DMSO-d6 100 3.64 (S) 9.10 (SI 

CF3COCF,. 60 3.89 (S )  9.08 (SI 

CDC13 100 3.65 (s) 7.57 (s) 

CDC1, 100 3.53 (s)  7.30 (s)  

CDC1, 60 3.65 (s )  6.42 (d) 
CD3COCD, 100 3.56 (S )  6.40 (d) 

1.6DZO 

DZO 100 3.67 (s) 7.98 (s) 

CDC13 60 3.68 (s) 

CDC1, 60 3.55 (s) 6.77 (s )  

CDC13 60 3.60 (s) 

7.55 (d) 

7.07 (d) 
7.02 (d) 

8.40 (m) 

7.75 (d) 

9.15 (d) 

7.97 (d) 

7.60 (d) 

7.34 (d) 

7.2-7.6 (m) 
7.5-7.9 (m) 
7.4-7.9 (m) 
7.54 (dd) 7.80 (dd) 

8.70 (dd) 7.52 (t) 

8.33 (dd) 

8.61 (dd) 7.85 (t) 

8.87 (m) 

8.50 (dd) 

7.76 (dd) 

6.7-7.5 (m) 
7.08 (dd) 

7.6-8.0 (m) 

7.3-7.9 (m) 

7.4-7.6 (m) 

7.3-8.2 (m) 

8.34 (m) 
8.58 (m) 
8.49 (m) 
8.77 (m) 

8.47 (dd) 

8.98 (d) 

8.47 (dd) 

9.53 (dd) 

9.28 (dd) 

8.51 (d) 

7.93 (d) 
7.55 (d) 

8.38 (dd) 

8.45 (dd) 

8.44 (m) 

8.45 (dd) 

J 3 4  = 7.0 HZ 

a Unpurified 4,7-dibromo-2-methyl-l-isoquinolone. 

12. It is not readily evident how one of the isoquinoline 
rings is reductively cleaved fo furnish 13 unless a ring in an 
intermediate product is opened by a sequence analogous to  
that postulated by Genslerll to explain the products 
formed in the oxidation of substituted tetrahydroisoquinol- 
ines. 

methyl-1-isoquinolone (15) is catalytically hydrogenated, 
the product being 7-amino-2-methyl-1-isoquinolone (as its 
hydrochloride), 16. 

Experimental Section 
properties and analytical data for many of the compounds are 

summarized in Table I; *H NMR spectral data are given in Table 
(g) Debromination occurs when 4-bromo-7-nitro-2- 11. Electronic spectral data are given in Table 111. 
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Table I11 
Electronic Spectra of Compounds 

Excitation Emission 

Absorptiona peaks peaks, nm peaks, nm 
Quantum K 

2nd y i e l d b  10-3/Torr Compd Substituent Solvent A ,  nm 6 x X ,  n m  E X l f 3  1st 2nd 1st 

3 
17 

11 
11 
11 
11 
11 
22 
16 
26 
27 
27 
27 
27 
27 
31 

Isocarbostyril 
Isocarbostyril 

5 
3 2 N- Me thylnaph - 

thostyril 
32 N- Methylnaph- 

thostyril 
33 N-Methylphe- 

nanthridone 

A. 2-Methyl- 1 -isoquinolones 
CH,OH 325 3.2 288 6.2 
CH,OH 326 5.4 294 9.8 
CH3OH 313 2.1 254 9.2 

CHSOH 318 6.3 290.5 8.1 
HZO 305 3.9 
H,O + NaOH 305 295 
CH3CN 322 295 

CH3OH 346 8.7 300 12.2 
CH,OH 332 2.5 292 8 .O 
CH30H 326 4.0 255 

CH30H + NaOH 

CH3CN + 2%CH30H 

CH30H 309 18.2 257 16.2 

CHSOH 

C6H6 

CH,OH 305 11.8 265 5.5 

CH3CN 

C6H6 

B. Related Compounds 
CH3OH 
0.01 ill NaOCH, 318 268 

CH,OH 1.3 
CH3OH 367 337 1.7 

in CH,OH 

HZO 367 

CH3OH 

325 288 
322 291 

310 
310 
310 

317 
345 304 
344 298 
325 255 
310 

3 14 
314 
316 
310 257 

318 
320 281 

340 

325 

368 
395 

3 59 
513 
530 
529 
410 
500 
406 
4 56 
427 
505 
502 
525 
525 
490 
420 

367d 

(3 55)" 

417 
506 

506 

362 

383 0.054 0.07 

415 
403 Low 
530 0.027 0.26 

0.026 

428 

0.15 0.27 
0.076 
0.068 

0.047 

382 

525 0.086 

525 

378 

a Molar absorbance, c ,  in 1. mol-1 cm-l.  Under air (700 Torr) vs. quinine as 0.55. It seems likely that this emission is due to an im- 
purity. Reportedz1 369 mm (95% ethanol). 

Table IV 
Phosphorescence Relative to Fluorescence of Certain Isoquinolones 

In methanol In benzene 

Compd 2 5 O  Fluor -196' Fluor -196' Phos 25' Fluor -196' Fluor -196' Phos 

3 Violet Violet Yellow-green Violet Blue-green 
11 Blue-violet Blue Yellow-green Yellow Yellow-green 
22 Blue-violet Blue-violet Yellow-green 
27 Yellow-green Yellow-green Yellow-green 

Discussion The molar absorbance is generally increased by the addi- 
Fluorescence Theories. The enhancement of molecular 

fluorescence has mainly been a pragmatic procedure. A few 
general ideas have been developed and are presented in a 
recent book on laser dyes.20 Certainly the amino group is 
the major substituent for enhancing fluorescence. SchPfer2O 
discusses molecular fluorescence in terms of the length L of 
a T electron cloud associated with a chain of conjugated 
double bonds. The absorption maximum wavelength is 
given by 

where N is the number of T electrons. Adding amino 
groups a t  the ends of the chain increases L without increas- 
ing N, thus increasing X substantially. 

I 

tion of amino group auxochromes. This is often paralleled 
by an increase in the fluorescence quantum yield. In long- 
chain compounds the direction of L is simple to determine. 
In polycyclics, there seem to be more than one axis, each 
with its own L and A. Furthermore, linear polycyclics like 
anthracene act longer than phenanthrene where the rings 
are angular. 

In heterocyclics and compounds with carbonyl groups 
the a electron clouds are skewed in relation to the geomet- 
ric axes. One way to find the ends of the axes might be to 
place amino groups in various positions and note the effect. 

However, with heterocyclic compounds there is another 
effect having to do with n , r*  and T,T* transitions in the 
singlet manifold. The former is much more likely to give in- 
tersystem crossing to the triplet. Any molecular change 
which lowers the relative energy of the (T,T*) SI* state will 
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therefore enhance the fluorescence while decreasing the 
phosphorescence. 

Although our results can be explained by the “theories” 
stated, there io really not enough data and too much leeway 
in the theories to make a real test. The pertinent possibili- 
ties will be pointed out below. 

Phosphorescence and Fluorescence. Visual examina- 
tion of the phosphorescence in a few of the isoquinolones 
was made by freezing methanolic solutions in liquid nitro- 
gen. Table IV shows the results. The phosphorescence was 
quite long lived and could generally be distinguished from 
fluorescence by moving a solution away from the exciting 
uv lamp. 

Compound 3 shows the expected red shift of phosphores- 
cence from fluorescence. The shift was larger in benzene 
than in methanol. 

Compound 11 acts much like 3 in benzene, showing a red 
shift of phosphorescence. However, in methanol it fluo- 
resces in the yellow. The phosphorescence is then to the 
blue side of the fluorescence. This surely means that the 
excited singlet either forms some sort of exciplex or is pro- 
tonated before emitting. The triplet in solid methanol pre- 
sumably cannot form a similar exciplex. The fluorescence 
from the solid could not be seen since the phosphorescence 
competed with it in brightness. 

Compound 22 was much like 3, while 27 was much like 
11. Both 22 and 27 decomposed before the measurements 
were completed. 

The large phosphorescence of all these compounds indi- 
cated that the fluorescence quantum efficiency was not 
very high. 

Impurities and Decomposition. The fluorescence stud- 
ies showed the presence of fluorescent impurities in some 
of the isoquinolones and of instability (oxidation or decom- 
position) in their solutions. For the important compounds 
it was necessary to repurify and to resynthesize samples 
just prior to use in order to repeat results. Impurities which 
show up in fluorescence spectra can be maximized or mini- 
mized by shifting the excitation wavelength. The size of an 
impurity peak depends not only upon its concentration, 
but upon its quantum yield and absorbance relative to the 
major compound. 

Compound 3 was pure and relatively stable as a solid and 
in alcohols or water for weeks. Eventually it air oxidizes to 
give 5. 

Compound 11 showed a small extraneous fluorescence at  
315 nm when excited at  290 nm. I t  decomposed as a solid 
within a few months and in alcoholic solution within sever- 
al days. In acetonitrile (AN) it seemed to react very rapid- 
ly. Upon dissolution in 02-free AN there were two fluo- 
rescent bands around 420 and 490 nm. These bands then 
disappeared within hours. Oxygenated AN caused a differ- 
ent pattern which was not further examined. 

Compound 22 showed a fluorescent impurity a t  493 nm 
when excited at  300 nm. This impurity peak did not show 
during excitation at  347 nm. Solutions were stable for a few 
days and the solid decomposed slowly. 

The 7-amino isomer, 16, was pure and stable in solution 
for short periods. The excitation peaks are inaccurate since 
they were measured in a concentrated solution. 

The 4,5-diamino compound, 26, had a very small fluo- 
rescent impurity peak at  350 nm. The 4-dimethylamino de- 
rivative, 27, was initially pure, but it decomposed before 
measurements were completed. 

Like the amino compound, 4-hydroxy-2-methyl-1-isoqui- 
nolone was unstable (and hence impure). The 4-benzoyl de- 
rivative also appeared to contain small amounts of fluo- 
rescent impurities. Hence the results for these are uncer- 
tain. 
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By way of contrast, derivatives such as the 4-bromo (17) 
or 4-phenylethynyl (31) were both pure and stable from a 
fluorescence standpoint. 

Fluorescence Results. Table I11 shows the data gath- 
ered on fluorescence. A spectrum of the parent compound 3 
has been published earlier.2 Here only the peaks of absorp- 
tion and emission are given. The molar absorbance, e, is 
given at  the peaks where 

A = EC = log Z,/I 

and A is the optical density read on the Turner used as a 
double beam spectrometer.l* 

The quantum yields were calculated using the formula 

The general procedure has been described before.lg With 
the unstable compounds all the measurements were made 
within a few hours of preparing the solutions. 

Quenching studies with 02 were done by deaerating the 
solutions in a N2 box and running a spectrum in cuvettes 
sealed with Teflon caps. Then spectra were run with the 
caps removed from the cuvettes and finally with oxygenat- 
ed solutions. This gave us points a t  0, 147, and 700 Torr of 
0 2 .  The Stern-Volmer equation 

F, F =  
1 + KP02 

was used to calculate the quenching constant K from the 
emission peak heights without oxygen, Fo, and with oxy- 
gen, F. 

Examination of the fluorescence results in Table I11 
shows that every substitution on the parent, 3, caused some 
red shift of the emission with the possible exception of ben- 
zoyl. However, the effect wae relatively small with the 
groups 4-bromo, &amino, 4-benzoyl, and 4-hydroxy. Other 
amino groups had a much more pronounced effect. For ex- 
ample, the 4-amino compound 11 had a Stokes shift of 203 
nm in methanol. Part of this may be due to a different 
mechanism in the excited state. That is, excited 11 proba- 
bly forms an exciplex, which may also account for the lower 
quantum yield. A similar Stokes shift is observed with the 
4-dimethylamino group in compound 27 but the quantum 
yields are not lowered as much with this methylated amine. 

Amino groups on the 5 or 7 position show much less ef- 
fect on the Stokes shift, but do increase the quantum yield 
of fluorescence. 3-Amino-2-methyl-1-isoquinolone was pre- 
viously reported21 to fluoresce at  456.5 nm in 95% ethanol. 

Compound 26, 4,5-diamino-2-methyl-l-isoquinolone, 
was prepared to see whether it would show both a large 
Stokes shift and a large quantum yield increase. The result 
was a moderate shift and a moderate increase. Clearly the 
groups on the 4 and 5 position interact and as a conse- 
quence the effects are not additive. 

Several compounds related to 3 were also examined. Iso- 
carbostyril or isoquinolone has the same emission peaks as 
3, showing that the N-methyl group has little effect. The 
main air oxidation product of 3, namely 1,2,3,4-tetrahydro- 
2-methyl-1,3,4-trioxoisoquinoline ( 5 ) ,  fluoresces at 417 nm; 
5 does not appear to be an impurity in the sample of 3 
while fluorescence was measured. N -  Methylphenanthri- 
done (33) can be viewed as 3 with a longer group fused onto 
the 3,4 position. As such it is the only substituted isoquino- 
lone examined which showed a blue shift of the emission 
peaks. On the other hand, N-methylnaphthostyril (32) 
fluoresced in about the same region as the 4-amino-2- 
methyl- 1-isoquinolone. 

One hope for increasing the fluorescence quantum yield 
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is to lower the energy of the a,a* transition below that of 
the n,a* transition. This would decrease singlet-triplet 
crossover and decrease phosphorescence. Since strong 
phosphorescence was always observed, none of the substi- 
tutions examined accomplished this energy inversion. 

Compounds 11 and 27 in particular show large red shifts, 
which suggest that the axis of L in eq 1 goes near the 4 po- 
sition. This axis must be for an n,a* transition based on the 
argument in the foregoing paragraph. There should be an- 
other axis for the a , ~ *  transition which presumably goes 
near the 6 position. It is unfortunate that a 6-amino com- 
pound was not available for testing this idea. 

These two amino compounds, 11 and 27, are much more 
strongly quenched by oxygen than is 3. The Stern-Volmer 
constant K = k q T ,  where k ,  is the quenching rate constant 
and T the excited-state lifetime. It is possible that the 
amino compounds have a longer lifetime, T ,  than 3. How- 
ever, it would be expected that they would form stronger 
charge transfer complexes with 0 2  and thus have a larger 
k, and no change of T .  

There are some differences between 11 and 27. For ex- 
ample, the dimethylamino group in 27 effects a smaller red 
shift in fluorescence than does the amino group in 11 (both 
compared with 3) but a t  the same time causes less of a de- 
crease in quantum yield. 
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Lithium aluminum hydride reduction of camphene sultone, 10-isobornyl sultone, and 6-bornyl sultone yield, 
depending on exact conditions, sulfinate esters, mercapto alcohols, or sulfur-free alcohols. Mercaptans are slowly, 
and sulfides even more slowly, converted to hydrocarbons by lithium aluminum hydride at 100'. 

During an investigation of the chemistry of camphene 
sultone (1)2 it  was discovered that desulfurization to cam- 
phene hydrate ( 5 )  took place on reduction with lithium alu- 
minum hydride. The desulfurization reaction not only pro- 
vided a powerful method for structural and stereochemical 
e1ucidatioq2 but also permitted the facile synthesis of bor- 
nane derivatives3 and the selective introduction of a deute- 
rium atom into the bornane and camphane ring systems.2 
We have now examined the lithium aluminum hydride re- 
duction of terpene sultones in greater detail and wish to re- 
port that in addition to the sulfur-free alcohol, cyclic sulfi- 
nate esters and mercapto alcohols are also produced. 

C~mphene Sultone. Treatment of camphene sultone (1) 
with an excess of lithium aluminum hydride in THF at  re- 
flux for 6 hr, followed by work-up with aqueous hydrochlo- 
ric acid, gave 33% of camphene sulfinate ester (2), 18% 9- 
mercaptocamphene hydrate (3), 45% of 9-mercaptocam- 
phene (4), 1% of camphene hydrate ( 5 ) ,  and 3% of cam- 
phene. Camphene and 9-mercaptocamphene (4) were not 
present to any appreciable extent in the crude product, but 
were formed in varying amounts by dehydration of 3 and 5 
during GLC isolation. 

The structure assigned camphene sulfinate 2 was based 
on elemental and mass spectral analysis, which confirmed a 


