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velops-7 contribute significantly to destabilization of the BS
and RI transition states, That the steric impact of three-CHj3
groups is seemingly more effective in this regard than the
contiguous tetrasubstitution arrangement in 9 is intriguing and
may mean that geometric arrangements other than the ac-
cepted planar alternate form can lead to mechanical tub-to-tub
inversion. Work is in progress to gain further insight into this
question,

From the finding that 6 experiences ready reduction to 10
with K in ND3, we see that the aromaticity of this dianion is
adequate to offset the prevailing steric destabilization. The
symmetry of 10 as revealed by its '"H NMR spectrum (Figure
1) is consistent with a planar formulation. The polarographic
half-wave potential for 2¢ transfer to 6 (E;,2 = —2.20 V vs.
SCE, anhydrous HMPA solution) can be related to the values
obtained for the 1,2-me; (—1.95 V), 1,2,3,8-Me4 (—2.43 V),
and 1,2,3,4-Me, (—2.54 V ) homologues.! In this instance, a
direct quantitative correlation between the facility of reduction
and anticipated ease of ring flattening is evident.
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The Structure of the Fluorescent Adduct Formed in
the Reaction of o-Phthalaldehyde and Thiols with
Amines

Sir:

Several reagents are currently available for the fluorogenic
detection of amino acids and proteins.!-> The reaction of these
substances with o-phthalaldehyde (OPTA) and $-mercapto-
ethanol (MERC) is particularly attractive since the strongly
fluorescent product allows smaller amounts of amino acids to
be detected than is possible by other methods.? The full po-
tential of the OPTA reaction has not yet been realized, how-
ever, nor can it be realized without a knowledge of the chemical
structure of the adducts. In this communication we present
evidence that the fluorescent OPTA reaction products are
1-alkylthio-2-alkyl-substituted isoindoles (e.g., I).

i1

SCH.CH,X

9 10

8
= NCH,CH,CH,
——
3
la, X = OH
Th, X = H

Primary amines in general, in addition to amino acids and
proteins,? react with OPTA and MERC to yield the same type
of fluorescent products as indicated by thin layer chromato-
graphic and uv and fluorescence spectral analysis.?> Further-
more, the hydroxyl group of MERC is not essential for the
reaction.> We thus chose n-propylamine and ethanethiol (ET),
in addition to MERC, for our studies since they should present
fewer chemical problems and simplify the task of structural
elucidation. While the fluorescent adducts could not be iso-
lated, solutions of the desired material could be readily pre-
pared in at least 90% purity, when analyzed by NMR and thin
layer chromatography. Mass spectral analysis of a solution
containing the OPTA/MERC/n-propylamine product im-
plicated a compound constructed from 1 equiv of each reactant
minus 2 equiv of water. An exact mass determination gave
C;3H7NOS as the only possible composition of the parent ion
(obsd = 235.1033; caled = 235,1031). Furthermore, the ob-
served and calculated ions of the four major fragmentation
peaks agreed to within 0.5 mmu,

The structure Ia was deduced from the infrared spectrum,
which exhibited a broad OH band but no carbonyl or SH band,
and from the proton NMR spectrum of the total reaction
mixture (Figure 1). The large downfield shift of the N-CH,;
group and the integration of the signals at 6.8-7.8 ppm indi-
cated that nitrogen had become part of a five proton aromatic
ring system. A consideration of the structure of the starting
materials and the negligible shift of the S-CH, group sug-
gested attachment of the sulfur atom to what was most likely
an isoindole ring system. Finally 2 equiv of water, predicted
by the mass spectral analysis as being a side product of the
reaction, were observed at 2.9 ppm (Figure 1). The NMR
spectrum of the fluorescent ET adduct Ib yielded similar re-
sults and allowed a definitive assignment of the nonaromatic
protons of Ia (Cs at 4.30, C;; at 2.68, C;; at 3.50 ppm), Ex-
amination of the aromatic region in both spectra revealed a
2:1:2 proton pattern. The low field, two proton multiplet was
assigned to the C4 and C7 protons, The signal at 7.31 ppm (1
H) is observed as a barely detectable doublet (J ~ 0.75 Hz),
as expected for the C; proton. No detailed proton NMR study
of isoindoles has been reported but theoretical considerations
predict a chemical shift pattern and assignment identical with
that of Figure 1.4

The isoindole structure of I explains why secondary amines
do not yield fluorescent products in the reaction with OPTA.2
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Figure 1, The 100-MHz proton NMR spectrum of Ia in CD3;CN.

However, no 1-alkylthio-substituted isoindoles have been re-
ported, even though many isoindoles have been prepared.® For
this reason, and to obtain further proof of structure I, two de-
rivatives were prepared.

The MERC adduct Ia undergoes a spontaneous, albeit slow,
apparently intramolecular sulfur to oxygen rearrangement to
give an ethylene sulfide polymer and the 2,3-dihydro-1H-
isoindol-1-one, II, The polymer was identified by infrared
spectrum, mass spectral analysis, sulfur analysis (calcd for
(CH,CH,S), = 53.34%, obsd = 52.41%), and comparison
with authentic polymer. II was isolated in 78% yield as a low
melting solid (mp 33.1-34.7 °C¥¢ after four recrystallizations).
The structure was assigned on the basis of the exact mass (obsd
= 175.0995, caled for C Hi3NO = 175.0996), infrared
spectrum (vc—o (film) 1670 cm~1),” and proton NMR spec-
trum in CDCl; (6 7.8-7.3 (m, 4 H), 4.33 (s, 2 H),3.49 (t,J =
7 Hz, 2 H), 1.65 (t of quart, J = J’= 7 Hz, 2 H),0.88 (t,J' =
7 Hz, 3 H)). The proposed mechanism for the formation of II
is supported by the fact that the ET adduct Ib does not give II
under the same conditions.

0 OH
—=a
@ﬁEN—mPr -~ N—n-Pr
S
I
SCH,CH,X
X =0H DMAC =
N—n-Pr
—-(CH,CH,S), S
Me0OC” S CHCOOMe
Illa, X = OH
b, X =H

Diels-Alder adducts have been formed from isoindoles, but,
in most cases, a 1:1 substitution adduct (« to nitrogen) is
formed before a 2:1 Diels-Alder-like product is obtained.5-8
With Ia or Ib dimethyl acetylenedicarboxylate gives a red-
black 1:1 adduct, suggesting a substitution product with ex-
tended conjugation. The ET adduct Ib yielded a crystalline
product (34% yield; analytical sample (C, H, N, S) mp
73.0-73.5 °C®) which was assigned the structure IIIb on the
basis of the proton NMR spectrum ((CDCl;) 6 7.7-6.8 (m, 5
H) 4.26 (broad, 2 H), 3.73 (s, 3H), 3.47 (5, 3H) 2.72 (q, J =
7Hz, 2 H),1.73 (tofq,J = J' =7 Hz, 2 H), 1.12 and 0,82
(twot,J =7 Hz, 6 H)). As expected, the vinyl proton appears
as a singlet (7,18 ppm). The N-CH3 signal is severely broad-
ened due to restricted rotation caused by the two bulky a-
substituents,® The spatial relationship of the two carbomethoxy
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groups is not known but stereochemical considerations indicate
that the Z configuration should be preferentially formed.

In conclusion the structure of the fluorescent product in the
reaction of OPTA and a thiol with primary amines has been
determined. It should now be possible to utilize the special
structural features of this adduct (I) in future fluorescence
studies, Of additional interest is that these thio-substituted
isoindoles appear to be among the smallest compounds yet
described for the fluorescent detection of amino acids.'d Fi-
nally, this reaction provides an easy entry into the isoindole ring
system. Details of these results, and studies on the mechanism
of formation of I, will appear elsewhere.?
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Emission Spectroscopy and State Ordering of Retinals!
Sir:

There has been considerable concern over the past several
years regarding the fluorescence and state order in polyenes,
including the visual pigment models, retinals, and their Schiff
bases,2-® Fluorescence has been observed for the retinals and
a dependence of ¢F on the excitation wavelength noted.?¢
Reasons for the latter have been offered.>© It has been pro-
posed that the A, (,*) state is lowest in polyenes in general,
including the retinals.>6® Other recent works have indicated
the possibility of a !(n,7*) state being lowest*7-? or essentially
degenerate® with a lowest ! (,7*).

In this communication we wish to report what we believe is
firm evidence that a state principally of !(n,7*) character is
generally the lowest excited singlet state in non-hydrogen-
bonding solvents, at least for the all-trans and 13-cis isomers.
This is supported by spectral data on homologues and analo-
gues of retinals such as I and II.
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