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Ab&act-The preparations of cis- and rrons-I-benzylisatylidene-3-acaaldehyde, cis- and rronr-l- 
bcnzylisatylidena3-otic acid and some derivatives are described. Structures are assigned on the 
basis of NMR and pK, mcasurcmcnts. 

THE synthesis and structure determination of cis-1 (1) and rrcurt-l-benzylisatylidene- 
acetaldehyde (2) and a number of their derivatives are reported. 

1 2 

These aldehydes and the dated carboxylic esters, of known stereochemistry, 
should prove useful in the synthesis of alkaloids having an oxindole nucleus, such as 

3 4 

l Support of this work by the National InsIiIu1cs of Health (Grant MH48439) is gratefully 
edtnowkdged. 

t To whom correspondence should be directed. Present address: Department of Chemistry. 
Harvard University, 12 Oxford SIrcet. Cambridge. Mass. 02138. 

: National Science Foundation Fellow 1962-1965. Present address: Department of Chaniery. 
Kent State University. Kent, Ohio 44240. 

I This work is presented in the Ph.D. thesis (1965) of F.C.T. 
* The usage of tic and frans applied to these compounds and their derivative in this artick is that 

suggested for c&/front double bond timas by R. S. C&n, C.K. Ingold and V. Prclog, Experienrti 
12,81(1956). footnote 13. It is essentially the rault of considering these compounb as derivatives 
of malcic and fumaric acids. The thesis1 employs the older convention of naming shun as dariv- 
ativcs of WON- and ciccinnamic acid, wiIh consequent reversal of the nomenclature. Tbc structural 
asGgnmcnIs are not reversed. 
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mitraphyllinti.’ (3), rhyncophyllinti (4, R = Et), comynoxeine (4, R = -CH==CHJ 
and the more complex oxindole alkaloids gelsemi& (5) and gelxdine’ (6). 

5 6 

A prominent structural feature of these substances is the 3,3-Spiro disubstituted 
oxindole nucleus. The incorporation of the oxindole nucleus in previous syntheses 
of some of these structural types has &en accomplished by oxidation of a precursor 
indole more or less closely related to the desired end product. The indolc alkaloids of 
known structure were converted into their oxindole congeners by oxidation with 
butyl hypochlorW*’ or by lead tetraacetate .s A tryptamide derivativti was oxidized by 
N-bromosuccinimidel”**l to an oxindole which was then converted in several steps to 
a derivative of rhyncophyllinc (4, R = Et). These several oxidative methods form 
the 3,3-Spiro system by what is in essence a cationic rearrangement. 

If, on the other hand, one starts from a preformed oxindole system such as is 
present in 1, then it seems more likely that subsequent attachment of additional 
groups will proceed by anionic reactions of the Michael’* or Claisen condensations 
and related types. 

The synthesis of oxindoles,” and more particularly, of oxindolar which are 
a&unsaturated at C-3 (hereinafter, isatylidencs), has been the subject of many 
investigations, but even the most recent work appears to ignore the question of 
stereoisomerism about the trisubstituted double bond which many isatylidenes have. 

8 N. Finch and W. 1. Taylor, /. Amer. Gem. Sk. 84.3871 (1962). 
4 For a brief gcnval introduction to some of the oxindok alkaloids. SW H.-G. Bait, Ergcbnisse 

&r Alkafoid-Chemie b& 1960 pp. 583-593. AkadcmiaVerlag, Berlin (1961). The field is an 
active one. and there is a large number of subsequent publications describing new alkaloids, 
structural assignments and syntheses, only a few of which can bc cited here. 

b F. M. Lonll, R. Pcpinsky and A. J. C. Wilson, Tetruhedron Wrers No. 4, 1 (1959); ’ H. Conroy 
and J. K. Chakrabarti. fbfd. No. 4, 6 (1959). 

a E. Wcnkert, J. C. Orr, S. Garratt, J. H. Hansen, B. Wickberg and C. L. Lcicht. /. Org. Chum. 27, 
4123 (1962). 

’ Fin& and Taylofl give a clear and concise summary of their own and other previous work (e.g. by 
B. Witkop and by W. 0. Gotfti and S. Van@) on the oxidation of indok derivatives. 

0 N. Finch, C. W. Ganenden, 1. H.C. Hsu and W. I. Taylor, /. Amer. C&m. Sot. 8S,l520 (1963). 
* E. E. van Tam&n, J. P. Yardley and M. Miyano. Terrahedron Lerrers 1011 (1963). 
I* W. B. Lawson and B. Witkop, 1. Org. Chetn. 26,263 (1961). 
” R. L. Hinman and C. P. Bauman, 1. Org. Chetn. 29.1206 (1964). 
11 We appreciate the potential ambiguity in the Michael condensation with a crossconjugated double 

bond of the kind present in 1. A manuscript duuibing some cxptriments to study the w of 
this addition is in preparation. 

L8 W. E. Sumpta and F. M. Miller, Heterocycllc Cornpowtds with In&L and CarbazoIe Systems. 
Intcrscience, New York, N.Y. (1954). 



The synthesis and stawchanbtry of some isatylidcncacxtic acid derivatives 903 

The lack of concern, apart from a single exception, l4 about this stereoisomerism may 
be understood on several bases: the early workers had no tool for elucidating this 
structural point, and the known compounds both early and recent appear for the most 
part to be homogeneous. We shall return to a discussion of this latter phenomenon 
in the sequel. 

An attempt to prepare the aldehydes 1 and 2 directly, by condensation of I- 
benxylisatin (7) with acetaldehyde under a variety of conditions failed to give other 
products than acetaldehyde polymers, the reason for this being later discovered to 
be that the first intermediate (8) apparently prefers dealdolization to protonation and 
dehydration. Evidence for this preference comes from the attempted 
oxidation of the aldol (9). which returned isatin. 

II AqOH 

silver oxide 

1P 9 

More circuitous routes yielded the desired aldehydes and both related carboxylic 
acids. The relevant chemistry will be presented using the stereochemistry we ultimately 
assigned to the various isomeric pairs of substances, and then structural assignments, 
based principally on evidence from NMR spectroscopy, will bt defended. 

Proceeding upon a line previously explored briefly by Hallmann,lK we prepared the 
Reformat-sky ester 10 and attempted its dehydration to the a,/.?-unsaturated ester 11 
or its double bond isomer 12. Although the hydroxyl in ester 10 was both tertiary and 
benxylic, it was remarkably resistant to dehydration. The hydroxy ester was recovered 
unchanged after mild treatment with a small quantity of sulfuric acid in acetic acid, 
conditions used successfully1o to dehydrate hydroxy esters 13, R = Et or CH,Ph, in 
which the hydroxyl was neither tertiary nor benzylic. More vigorous acid conditions 
led to resin&cation. We rationalize the stability toward acid catalyzed dehydration 

I* E. Wcnkcrt, A. K. Bose and T. L. Reid, /. Amer. Gem. Sot. ‘IS, 5514 (1953) convincingly assign 
structure I to the enol of 3-formyloxindok. 

I* G. Hallmann, Glum. ibr. 95, I 138 (1962). 
I0 P. L. Julian, H. C. Printy. R. Ketcham and R. Doone, /. Amw. Gem. Sot. 75.5305 (1953). 



904 R. L. AUTRW and F. C. TAHK 

in the following way. El elimination of water from the protonatcd alcohol places, in 
the transition state, partial positive charge adjacent to the carbonyl at C-2 and is 
hence not favorable.” 

The Reformatsky ester was, however, susceptible to dehydration of its tosylate by 
E, elimination. Thus, treatment of the hydroxy ester 10 with excess sodium hydride, 
followed by addition of toluenesulfonyl chloride at .--78”, then by addition of methanol 
to generate m&oxide, led to the unsaturated ester 11 as a single, orange compound 
of sharp m.p. 

The same unsaturated ester was obtained in good yield by the addition of the 

I7 A more elaborate, though no more revealing, defense of our observations may be made with 
HOckel MO theory. T~K difference in energy between the oxindok anion and cation is ca. @6 B, 
an amount which is half that for the difTcrcncc bctwccn cyclopcntadkne anion and cation. This 
latter difTerencc is a classic example of stability DZ instability. 

It isn’t clear from his article that Hallmaru~~~ specifi4ly sought IO dehydrate U by acid, but the 
conditions under which it ultimately gave an unsaturated ester (isatylidcnc or isomeric quinolom?) 
were very vigorous. 

COOEt 
ti 
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anion of triethylphosphonoacetate to benzylisatin. TLC indicated the crude ester to 
be stereochemically homogeneous; by mixture m.p. and IR spectrum it was the same 
ester as that obtained by the dehydration of 10. It displayed the UV spectrum18 
characteristic of an isatylidene. 

As our own work (de in@) and that of otherPb has shown, the addition of 
nucleophiles to isatylidene compounds is quite rapid by comparison with addition to 
many unsaturated carbonyl compounds. We were concerned that the isatylidene 
ester 11 might on attempted saponification revert to the original hydroxy ester 10. 
In the event, it did not, but we felt impelled to study the saponification of the hydroxy 
ester 10 despite unfavorable prognostications. JuliarP reviews at some length, in 
describing his successful attempt to prepare oxindole-3-acetic acid, the unsuccessful 
previous attempts which involved alkaline conditions leading ultimately to quinolone 
derivatives (e.g. 14 or 15, R r-7 H). Even more to the point is the observation“’ of the 

14 I5 

rearrangement of ethyl I-methyldioxindole-3-acetate (16) on hydrolysis to l-methyl- 
quinolone4carboxylic acid (17). Saponification of the dioxindole ester 10 proceeded 

\le Me 

16 17 

smoothly and in good yield to the desired dioxindole acid 18 when the ester was 
treated in concentrated base brietly under such conditions that it had not all dissolved 

COOEl COOH 

szo - ~~o 

k&!+, b42C6H, 

10 18 

before a new solid separated. We suspect that separation of the sodium salt as a 
solid may have been instrumental in preventing isomerization to the quinolone acid 
14, R = bcnzyl. To make certain that isomerization had not occurred the acid was 
converted back to its ester with diazoethane. 

The dioxindole acid proved as resistant to acid catalyzed dehydration as had its 
precursor ester, presumably for the same reason. Eventually, by the action of con- 
centrated sulfuric acid on the acid 18 we obtained an unsatisfactory yield of the 

I0 l P. L. Julian and H. C. Printy. 1. Amrr. Ckm. SM. 75, 5301 (1953); ’ R. L. Hinman and C. P. 
Bauman. /. Org. Glum. 29. 2431 (1964). 

I* F. J. Myers and H. G. Lindwall. 1. Amer. C&m. 5bc. 60.644 (1938). 
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isatylideoe acid 19. It is possible that the low yield of product is caused by decar- 

18 19 

boxylation concomitant with dehydration. Such a reaction, characteristic of /3- 
hydroxy acids, has been invoked r, to explain the transformation of indole acetic 
acid, through the intermediacy of dioxindole acetic acid, to 3-methyleneoxindole by 
acidic solutions of hydrogen peroxide. The constitution of the acid apart from 
stereochemistry was indicated from its UV spectrum, which was clearly that of an 
isatylidene derivative. 

Saponification of the isatylidene ester 11 was not attended by the readdition of 
hydroxide to the r&unsaturated ester, but instead proceeded quickly to an isatylidene 
acid which was not identical to that prepared by the dehydration of the dioxindole- 

11 24 

acetic acid. The two acids were isomeric and could be thermally interconverted. The 
possibility of thts interconversion was indicated by the m.p. of the trans acid 20. On 
being heated, it melted at 16@5-163”, resolidified and melted again at 191*>195.5”. 
The m.p. of cis acid 19 from the dioxindole dehydration was 191-195”. Heating the 

,/ COOH Hoo’ 

PJ ‘I 
) 

=o e /J 

%P. N so’ 
&)=C 

&6H, &WJ 

19 20 

truns acid at 14>160” for 20 min gave a glassy mixture from which the cis acid could 
LX obtained by direct crystallization. Owing to the ease with which the tram ester can 
be prepared by the Wittig reaction and its facile saponification, this thermal pre- 
paration of the cb acid was the easier of the two routes despite the unsatisfactory 
yield in the last step. The two acids were resolvable on TLC over Silica Gel G in 
methanol. 

The thermal transformation of cis acid to truns was not demonstrated by isolation 
but was noted in the course of the NMR studies. A solution of the cis acid in di- 
methylsulfoxide at 60” showed changes in its NMR spectrum on standing for 90 min 
which indicated the presence of a 3 : 2 mixture of rruns: cis isomers. Under the same 
circumstances the spectrum of the frans isomer was unchanged. 

” R. L. Hinman and J. Lang, Bkhmirrry 4,144 (1%5). 
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The ease of saponification of the fr~s ester 11 deserves further comment. Using 
conditions as nearly the same as possible as those reported for the saponification” of 
ethyl benzoatc and ethyl m-nitrobenzoate we determined a rough second order rate 
constant for the hydrolysis of ethyl rrans-1-benzylisatylideneactate (11). We found a 
rate constant about 23 times that of ethyl benxoate, and four tenths that of ethyl 
m-nitrobcnxoatc. This rate constant seems entirely reasonable in view of the electron- 
withdrawing power of the lactam carbonyl. 

Two other transformations were performed to interrelate the members of this 
series of compounds. One of these two exemplified the exceptional electrophilicity of 
the isatylidene system, in that the addition of sodium borohydride to an ethanol 
solution of the isatylidcne ester 11 effected immediate decolorization and we isolated 
the oxindole ester 21. 

g_o - dl:p” 

CHZC6H, c H&H, 

11 21 

Recently, the borohydride reduction of a number of isatylidene derivatives was 
observed,= and more widely varied examples of carbon-carbon double bonds reduced 
by borohydride have been reported and other examples scattered through the literature 
collected.g Probably, the reduction of cthylideneoxindole to kthyloxindole by 
hydroxylamine is similar.” 

The other transformation was the preparation of the oxindole ester 21 by a 
different route. The fru&.satylidcnt acid 20 was reduced catalytically without 
cleavage of the benxyl group to I-benzyloxindoleacetic acid 22, which gave the same 
ester 21 on treatment with diazoethane. 

The facile borohydride reduction of the isatylidene ester 11 dissuaded us from 
pursuit of the cis- and rru&satylidene-acetaldehydes (1 and 2) via the acids and we 
turned to a different route, again along a path pursued briefly by Hallmann.” He 
reduced benxylisatin to benzyldioxindole (23) which he alkylated with bromoacetal to 
obtain the acetal of benxyldioxindoleacctaldehyde 24. 

This crystalline acetal yielded a gummy aldol 9 on gentle treatment with acid. 
Although the aldol was not well characterized, its constitution was unmistakable from 
the appearance of a band in the NMR spectrum at d = 9.79 ppm. A crystalline 

I1 E. Tommila and C. N. Himhclwood, /. Ckm. &c. 1801 (1938). 
” I. W. Elliott and P. Rivers, 1. Og. Chem 29.2438 (1964).. 
u S. B. Kadin. 1. Og. Ckm. 31,620 (19&i). 
u E. Wcnkcrt, B. S. Bcmstcin and J. H. Udclhofcn. J. Amer. Chem. Sot. &lo, 4899 (1958). 
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c”2c6H, cHZc6H5 
26 9 

dinitrophenylhydrazone was obtained from the aldehyde or directly from the acetal. 
Oxidation of the aldehyde by Jones’s reagent gave the hydroxy acid 18, whereas the 
attempted oxidation by silver oxide led to dcaldolization. 

?A% %6% 
9 18 

From the hydroxy aldehyde 9, or in better overall yield from the acetal 24, we 
obtained the isatylideneacetaldehydes 1 and 2 by the action of acid. A molar solution 
of’ the aatal in aqueous acetic acid was heated briefly with a small quantity of 

$j::.u: \d::_ - _ <G_o 

bi2C6H, 
0 3 
34&H, CH,C& 

24 I 2 

sulfuric acid and diluted with water to give fine, garnet crystals of the two aldchydcs 
in 60% yield. In the mixture so prepared, the ratio of cis isomer to frul~~ was some 
three or four to one. A more dilute solution of the acecal, or of the aldehyde itself, in 
aqueous ethanol gave, on treatment with hydrochloric acid, a 21 y0 yield of the un- 
saturated aldehydes in which the isomer ratio was indistinguishable from one to one. 
The two isomers had different R,‘s on Alumina G, and could be distinguished by 
their IR and NMR spectra. 

The aldehydes had an unusually electrophilic carbonyl. The UV spectrum of the 
mixture in ethanol solution or in 2/l methanol-chloroform solution was that of an 
ordinary isatylidene, t* having a much diminished extinction beyond 300 m,u compared 
to the spectrum in cyclohexane. Similar proof of hcmiacctal formation was evident 
from the NMR spectra in 2/l methanol-chloroform solution, in which the signals for 
the aldehydc hydrogcns had vanished and were replaced by a new doublet near 
5.0 ppm. The aldehyde mixture was extraordinarily sensitive to light. A cyclohexane 
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solution, on standing 10 min at room temperature under nitrogen, changed from the 
characteristic garnet color to blue and began to deposit an ill-defined dark blue solid 
which we have not yet fully characterized. 

Evidence for rhe structural assignments 

Significant features of the NMR spectra, which provide the principal foundation 
for the structural assignments, are summarized in Table 1. The most interesting 
aspects of these spectra are the observations and deductions to be made from the 
resonances of the aldehydc and vinyl hydrogens of the cis- and rrans-l-benzyl- 
isatylideneacetaldehydes. Deshielded to a downfield position farther than the hydrogen 
of any other aldehyde that WC have found reported are two clean doublets, centered 
at 11.13 and 10.53 ppm. These should be coupled only to the vinyl hydrogens of the 
two isomers, which cannot be located by simple inspection of the spectra. The 
aromatic region of the spectra contains the four (three in the case of special de- 
shielding to be discussed) aromatic hydrogens of the oxindole nucleus spread from 
6.69 to 7.41 ppm and the five aromatic hydrogens of the benzyl group as a singlet at 
7.29 ppm. Consequently the appropriate vinyl hydrogens were located by spin- 
decoupling experiments. Irradiation of the hydrogen at IO.53 with a decoupling 
frequency of 213 c/s caused the appearance of a sharp singlet at 7.01. and in a similar 
way the more deshielded aldehyde hydrogen was shown to be coupled to the less 
deshielded vinyl hydrogen at 6.70 ppm. 

These correlations alone do not permit an unequivocal structural assignment, 
although they are indicative, in that the lactam carbonyP may be expected to exert 
a stronger deshielding effect than the aromatic ring.” On this basis one expects the 
isomer with the more deshielded aldehydc hydrogen and the less deshielded vinyl 
hydrogen to have the aldehyde function cis to the lactam function. The observation 
which confirms this expectation is that of a strong downfield shift of the aromatic ring 
hydrogen” at C-4 in the isomer which has the less deshielded aldehyde hydrogen. In 
ten compounds, mostly I-benzyloxindoles and I-benzyldioxindoles. in which there is 
no reason to expect any unusual deshielding of any of the oxindole ring hydrogens. 
the C-4 hydrogen appears near 7.41 ppm. There appears shifted downfield to 8.00 
ppm in the aldchyde mixture an unsharp doublet, having the same ratio of its integral 
to that of the benzyl methylenc singlet at 4.88 as has the aldehyde doublet at 10.53. 
The mixtures examined varied in proportional concentration from 1: 1 cis/rruns to 
5: I cisltrans. 

The only other isatylidene derivatives in which we have been able to examine a 
cis,‘trans pair are the carboxylic acids 19 and 20. Though we can make no argument 
from the relative position of the vinyl hydrogens. we can observe the shift of the ring 
hydrogen at C-4, it being 0.67 ppm farther downfield in one isomer than in the other 
Such a large shift seems explicable only on the basis of proximity to a carbonyl and we 
again assign the trans structure to the isomer with the more deshielded C-4 hydrogen. 
In the case of this pair an independent experiment confirms this structural assignment. 
The apparent pK,‘s of the two acids are: cis acid 19, pK, =: 560; trans acid 20, 

” P. T. Narasimhan and M. T. Rogers. 1. /‘hp. Chem. 63, 1388 (1959). 
UC. E. Johnson, Jr, and F. A. Ekwey. 1. C/tern. Php. 29, 1012 (1958); J. S. Waugh and R. W. 

Fcsscnden, 1. Amer. Chcm. Sot. 79,846 (19S7). 
*’ P. A. Chopard. R. F. Hudson and R. J. G. Scarlc. Terruhdron Lerrrrs 23S7 (ISaS). 
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TABLE 1. NMR SPECIRA~” OF ISA’IYUDBNB DERIVATIVBI AND RLUTED OXUFOUNDS 

CHO H -C-l’ H-42’ 
-- -.- . _ _ - - __ _ - .- - -- - - _ -. .- - _ 

11.13 

1053 

doubkt 6.70 746 
J = 7.6 c/s 

doublet 791 803 
J : 6.3 c/s 

6.83 

sharp 
singlet 

698 

‘harp 
singlet 

7.24 ( ?) 8.52 

7.14 

7.76 

8.41 

859 

848 

Ten compounds (isatylidenu, oxindoks and dioxindoks) 
in which special dcshielding is absent. 7.41 f 0.02 

Thirteen compounds (as above) in which there is a I-bcnzyl group: position of the HX-7.6.69 + 
OXt2. Isatylidcncaatom (26) HX-7: 6.82. Seventeen compounds (including those dissolved in 
DMSO or trifluoroacetic acid) in which there is a I-benzyl group: position of the Bvc quivaknt 
aromaric H: 7.29 k @02. 

a Chemical shifts are reported in ppm on the d scale. 
b Compounds are dissolved in CDCI, unlm otherwise noted. 
c This If is visible in all cases in which it is specially rkshicldcd. and in about haIf the cases in 

which it is not, as a doublet, J - -7 c/s. with further splitting, sometimes clearly disoemibk as 
J = ml.8 c/s. In the other half of the cases this H is conceakd in varying degree by the adJacent 
5H singlet of the Inmxyl group. 

1 Dissolved in DMSO. 
l For no apparent reason we cannot find a singkt assignable to this H. 
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p& = 4.85. The cis acid has its strength lowered by chelation of the proton in a 
seven-membered ring.= 

Using the structural assignments derived above, we are able to assign structures 
to other compounds in the series and in the literature (see the Table). The important 
question that arises is, why are all the trisubstituted isatylidene compounds that we 
have made (new or from the literature, e.g. 11, 25, and 26) only found as the frunr 
isomer, except for the pair of acids and the pair of aldehydes? From measurements 
on models it seems clear that the answer to this question reflects an interplay of 
steric and electronic influences. However, the most obvious deduction from models 
is that there is no configuration or conformation of 27 which is free of compression 
and angle strain even if R = H. We therefore feel that it is pointless, in the absence 
of X-ray data, to present measurements which purport to show in detail the degree 
of strain in structures 27, in order to compare their relative stability. Let it suffice to 
say that the following generalizations appear plausible from crude measurements. 
For R = H. the stability order appears to be 27a > 27b. 27c > 276,27r > 27~. For 
R larger than H (but excluding OH for reasons of internal hydrogen bonding) the 

27C 27d 

order on steric grounds appears to be 27a < 27b, 27c < 27d, 27b > 276; but on 
electrostatic grounds 27b < 27d. These orders may be reconciled in detail with the 
experimental observations. To give only two examples, we observe that the H at 
C4 is less deshielded (O-59 ppm) by the rlrm~ aldehyde. presumably in conformation 
27~. than in any of the other trum derivatives, presumably all in conformation 27d 
(e.g. the acetone derivative 25, shift: 1-l 1 ppm). And the acetone derivative 25 is 
forced very clearly for steric reasons to be 27h or 276; and despite the fact that 27h 
seems less crowded than 27d, it is forced to the latter configuration by the strong 
dipole-dipole interaction of the two carbonyls in 27b. On the basis of these con- 
siderations we consider it likely that the monosubstituted isatylidenes (trisubstituted 
double bond) in the literature which have a carbonyl group /3 to C-3 will be found to 
be the truns isomers, and those which do not have a /3 carbonyl will be cb isomers. 

In this connection we may note some results of Pietra and TacconP and ourselves 
which point again to the existence of strain in these isatylidene systems. The Italian 

” The mat stability of protons chelated in a sevao-manbered ring. ratha than in a six-membered 
ring, is noted by Pinmtcl and McClellan. G. C. Pinmtel and A. L. McClellan, 77~ Hydrogen Bond 
p. 175 Freeman, !5an Fran&co (1960). 

** S. Fictm and G. Taaxmi. Farmuco (Pauiu) Ed. Scf. 16,492 (1961). 
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authors, in dehydrating 3-(2’-oxocyclohexyl)dioxindolc (28) observed that the inter- 
mediate isatylidene 29 was unstable under the dehydration conditions and isomerized 
to 3-(6’-oxocyclohex-l-enyl)-oxindole (30). And although in our hands the prep 
aration of cyclopeatylideneoxindolc (32) was straightforward, we were unable to 

29 30 

dehydrate I-benzyl-3-(2’-oxocyclopentyl) dioxindole (33) to the isatylidene 34. Since, 
in the absence of the carbonyl group the compound forms easily enough, it seems 

31 32 

likely that the additional rigidity in a system with a ring which inhibits torsional 
distortion about the isatylidene double bond forces the carbonyl either too near the 

C-4 hydrogen, or less likely, too near the lactam carbonyl, for the molecule to be 
stable. In the compound with the double bond not crossconjugated (e.g. 30), rotation 
about the C-3-C-l’ bond relieves the steric and!or electronic repulsions. 

EXPERIMENTAL 
I -&n:yllsaIin (7) 

Finely powdered isatin (124 9, and NaIi dispersed in mineral oil (Metal Hydrides; equivalent to 
20.4 g of the base) were stirred vigorously under r&u in dry benzene for 11 hr. Iknzyl bromide 
(171 g) was added over 30 min. and stirring and heating of the mixture were continued for 24 more 
hr. The hot solution was filtered from NaBr and cooled to yield 151 g bcnzylisatin in 3 crops. 
Recrystallization from EtOH-water yielded 135 g (Se’%) of long red ncodlas. m.p. 133.5-135”. 
reported m.p. 131-132’.y If crystallization of bnzylisatin occurred slowly or the long needles were 
left in the saturated mother liquors, small red prisms formed. They showed the same m.p. A similar 
apparent polymorphism is reported” for I-methylisatin. 

m H. Hellmann. G. Hallmann and F. Lingcns. C&m. Bcr. 86. 1346 (1953). 
** R. G. Ault. E. L. Hint and R. A. Morton, J. Glum. Sot. 1653 (1935). 
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1 -Btvuyldioxindole (23) 

Benzylisatin (23.7 g) was added lo a soln of NaBH, (4.72 g) in EtOH a1 8”. with stirring. Within 
4 min the tcmp had risen lo 27’. the isatin had dissolved, and the color of the soln had faded completely. 
The soln was diluted with water (05 I) and cookd; the resulting oily suspension was scratched until 

crystallization oaau~cd. The fikrcd, dried product was obtained as pale tan crystals (2@9 g. 87 :Q 
m.p. 136-137.5’ (vat) of purity satisfactory for subsequent use. Recrystallization from bcruene 
(77 % recovery) afforded the bcnzyldioxindole as colorless platelets. m.p. 1385-140” (vat), rcponcd 
m.p. 138+139’.LL 

Failure to use low tcmp and an excess of borohydridc raultcd in the formation of highly colored 
intractable materials. 

I-Benzyfoxin&fe (31) was prepared from I-tiylisatin.” The crude product, m.p. -3”. was 
not distilkd but was rccrystallited directly from EtOH-water lo give fine needles, m.p. 6M-655”. 
(Palazzo and Rosnati report m.p. 65 -67’; Comforth CI 01.~ report m.p. 67’; Rinderknccht CI a/.* 
report m.p. 2OS-206”. This last report is probably erroneous, but the source of the error is not 
obvious. Their synthesis is not unambiguous, but the analytical dam point (0 an isomer of l-bcnryl- 
oxindole. Stan&k and Ryb&p report the m.p. of 3-bcnryloxindolt lo bc 131”.) 

Ethyl I-6enzyldioxina’ole-3-ucetate (10) 

Ethyl bromoacetatc (33.4 g). Zn turnings (13.1 g) and I-bcnzylisatin (23.7 g) were mixed in 
125 ml of dry benznc and heated on a ste;un bath for 5 hr with protection from moisture. The 
resulting mixture was poured with stirring into a slurry of 240 ml of 6N H,SO, and ice. The ppt was 
filtered and washed with cold benzene. cold lo”,/. iI&O, and cold water. The crude, dried solid 
(18.6 g) was recrystallized twice from EtOH-water. then twice from benzene to yield 8.0 g (250,:) of 
product, m.p. 137.8-138” (corr.), reported m.p. 138-139”.1@ 

The UV spectrum (E1OH) is typical of 1.3.disubstitutcd dioxindoles: 257 (6,200) and 28Orn.14 
(1,400). 

I-~nryfdioxMolc3-etic acid (18) 

Method A. Ethyl bcnzyldioxindoleacctate (3.00 g) was saponified by brief heating at 70-80” in 
33 % (w/v) NaOHaq 10 which was added ca. 15 % EtOH shortly before the end of the reaction. Soln 
was not complete before a new pp’ formed. The mixture was cooled in ice, acidified with 10% HCI 
and extracted twice with ether. The crude dry residue (2.66 g) was recrystallized from EtOH-water 
lo give 2.36 g (86%) of colorkss rhombs. m.p. 177-179” (sin&r@. Further recrystallization did 
not readily improve the melting behavior; the best m.p. was 178.S180” (vat). (Found: C, 68.92; H. 
5.14; N. 4.86. CMz, for C,,H,,NO,; C, 68.68; H, 509; N, 4.71’/..) 

UV spectrum (EtOH): 257 (6,400) and 29Omp (1$X). IR spectrum (KBr): 5.78 (COOH) 
and 590 p (chelated lactam). 

Esterifmtion of the acid in THF with ethereal diazocthanc returned the ester in 71% yield after 
recrystallization from bcnzcnccyclohcxanc+pct. ether. then aqueous EtOH. This ester showed 
m.p. 137-137.7” mixture with cstcr from the Reformatsky reaction. m.p. 137-137.8”. 

Method B. Crude bcnzyld~oxindolcaftcaldehydc (346 mg) in acetone soln was oxidized by drop 
wige addition of the Jones” reagent. The organic acid was obtained by dilution of the reaction 
mixture with water. extraction with ether, recxtraction into O.lN NaOH. acidification and extraction 
into cthcr. The dried ether yielded 218 mg of dark semisolid which was crystalliccd from EtOH-water 
to afford 148 mg (41 X,) of pale tan crystals. One recrystallization gave the acid as colorless czysti. 
m.p. 177-.179”, mixture m.p. with sample from method A 178-1795”. The IR spectra of the two 
samples in KBr were identical. 

The acid could also be prepared from the aldchydc less satisfactorily by the action of KMnO, in 
dil phosphoric acid. Attempts to effect the convenion by the action of AgO led via a rctroaldol 
reaction to the formation of bcnzylisatin, obtained in 23% yield after recrystallization (0 m.p. 
131.5-134’. The IR spectrum provided confvmation of identity. 

** G. Palmzo and V. Rosnati. Guzr. Chim. Ito/. 83.211 (1953). 
” J. W. Cornforth, R. 11. Comfonh, C. E. Dalgliah and A. Ncubcrgcr. Biochem. 1.48.591 (1951). 
u H. Rindcrknecht, H. Kocchlin and C. Nicmann. /. Org. Ckm. IS, 971 (1953). 
** J. St&k and D. Ryb&?. Chrm. L&y 40, 173 (1946). 
u A. Bowers. T. G. 1Ialsall. E. R. H. Jones and A. J. Lcmin, /. Chcm. Sot. 2548 (1953). 
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Elhyl tram-l-benzy~~tyli&ne-3-acetate (11) 

Method A. NaH dispersion (cquiv to 5.3 g of base) in mineral oil was washed free of hydrocarbon 
and covered with 300 ml dimcthoxyethane dried from LAH. Tticthyl phosphonoacetate (49.3 g) was 
added over a 15 mitt pcroid; the mixture was stirred 5 more min; then bcnxylisatin (47.4 g) was 
added and the resulting soln stirred at S@SS” for 1 hr. The reddish soln was diluted with 600 ml 
water and extracted thricz with 500 ml ether. The ether extracts were dried, l&red and distilled &I 
uacuo to kave an orange-red oil that crystallized on seeding. A TLC of the solid over Woclm alumina 
G in bautne showed only tram ester and a small amount of bcnzylisatin. Two rccrystallizations 
from EtOH-water gave 46.1 g (75 %) of orange crystals, m.p. 795-805”. 

Methd B. NaH dispersion (upriv to 0.33 g) was frad of mineral oil, then covered with SO ml 
dry ether; to this was added 1.95 g of IO. After caJation of H evolution the suspauion was cooled 
in Dry Ia+acctone and I.146 g p-tolucncsulfonyl chloride in 10 ml ether was added dropwise with 
stirring. After being stirred 2 hr at -78”. the soln WIU allowed to warm to room temp. It was treated 
with 2 ml MeOH. then after 5 min it was poured into SO ml water. A dried ether extract yielded 
oily material which was trituratcd with cyclohexane and saded. Ultimately, after several raxystaI- 
lizationr there was obtained @475 g of starting material as colorless crystals, mixture m.p. 137+139”, 
and O-483 g (35 % based on unrccovcred starting material) of ycllow-orangc needles. m.p. 795-8@5”, 
shown to be the desired product by mixture m.p.. IR sm and TLC. In addition the mother 
liquors were shown by IR spectrum and TLC to consist largely of product ester and methyl p 
tolualuulfonatc. 

An analytical sample of the ethyl tram-1-6mzyhatyh&n&acetate showed, after two raaystaI- 
lizations from pet ether, m.p. 81-82”. (Found: C, 74.38; II, 583; N, 459. Cak. for CI&,NOI: 
C, 74.25; H, 558; N, 4.5673. 

UV spectrum (EtOH): 255 (23,500). 315 (6,700) and 415~ (1,ooO). IR spectrum (KBr): 
5.87 p (both carbonyh). 

An attempt to dehydrate 10 or the related 18 by the method successfully used to dehydrate ethyl 
3-oxindolylhydroxyacetate or ethyl 4-(3_oxindolyl)-3-hydroxypropionate to isatylib d&v MurnaI 
only starting materials as revealed by UV spectroscopy and reoovay in good yield. 

ckl-&nxyllsotyl~~~cetic acid (19) 

Method A. Ba~yldioxindok3-acetic acid (190 g) was dissolved in 5 ml cone H,SO, at 20”. 
Afta8minthcsolnwaspouredontoi~~du~withetha,tbenchf. ‘I’hadrkdextracts 
alforded a yellow gum which was crystallize from aatone to give O-178 g, in two czops, of oranga 
powder, mp. 180-200’. On rccrystaIlization from aqubou~ EtOH this afiorded 87 mg (9’4 of 
orange platdcts, m.p. 191-195” (vat. sintaing). 

Method B. tranr-1-Benzylisatylidcnttic acid (957 mg) was heated under N in a small tube in 
an oil bath at 145-160” for 20 min. Crystallization of the resulting glass from sa~one yielded 16.1 mg 
(170/ of orange crystals, m.p. 193-l%” (sintcring) which were shown by IR and UV spectrum to 
be the cis isomer. (Found: C. 7294; Ii, 4.74; N, 512. Calc. for Ci,H,sNOs: C, 73.11; H, 
4.69; N. S-01 %.) 

UV spectrum (EtOH): 257 (22,600), 262 (22,700). 308 q (5,600) and end absorption into tho 
visibk region. IR spectrum (KBr): 394 (COOH) and 585 p (both carbonyls?). Apparent PK. in 
7:3: :aatone:water”: 560. 

trons_l-&nzyliso~yl~~-3~etic ackf (20) 

Ethyl tranr-bcnzylisatylidencacetate (154 g) was saponitkd at room tcrnp in 25 min by the action 
of OSN NaOH in I : I EtOH-water. A dried ether extract of the acid&d soln yicldcd 1.31 g orange 
foam which was crystallizd from benzene to give 0.639 g (46yJ orange crystals of the tram acid, m.p. 
153157” (sintuing). One recrystallization from benzene and 3 from EtOH-water ykldod the ana- 
lytical sample as orange needles, m.p. 1605-163” (vat), ruolidifm as isomuization to cis isomer 
proceeds, m.p. 1915-1955”. (Found: C, 7299; H, 4.79; N. 521. Calc. for Ci,H,,NO,: C, 73.11; 
H, 4.69; N, S-01 %.) 

UV spectrum (EtOH): 253 (23,300). 306 (6,100) and 39Omp (800). IR spectrum (KBr): 3-81 
and 3.92 (COOH of cis isomer formed by heat of pressing pellet, absent in soln spectra). 585 p 

I’ M. J. S. Dcwar and P. J. Grisdak, J. Amer. Chem. Sot. 84, 3546 (1962). 
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(broad, both carbonyls?); chf: 579 (shouldcr) and 588 p. Apparent pK, in 7: 3 acetonowaler: 4.85. 

Ethyl l-k1~_yIoxindole-3-ucera~e (21) 

Ethyl rranr-bcuzylisatyliduuacetate (3.25 g) in 40 ml EtOH was stirred with NaBH, (@I02 3. 
The original orange color of the soln was discharged instantaneously. Dilution with wa1er. extraction 
with ether, and distillation of the solvent atTordcd 3a3 g viscous, pale gremish-yellow oil which by 
WC (Dow Corning 11 Silicone Greast column at 225”. He flow rate 120 ml/min) gave the following 
3 bands: unidcntificd material, R, 10 min. 0.5 %; product c&r, R, 15.5 min. 85%; starting material. 
R, 21.7 min. 14%. The yield of product, not corrected for recovered starting material. is thus 79%. 
An analytical sample was collectal by WC. (Found: C. 73.74; H. 6.32; N. 4.62. Cak. for 
C,,H,,NO,: C.73.77; H. 619; N.4.537’) 

UV spectrum (EtOH): 251 (8,400) and 275 rnp (sh. 1,500). IR spectrum (CS,): 5.73 (saturalcd 
cstcr) and 5.79 /A (lactam). 

I-Benryl~xin&l-3-acrric acid (22) 

rrunr-Benzylisatylidcncacc tic acid (297 mg) was hydrogenated over 5% Pd/C in McOH soln 
at a1m press. Filtration of the catalyst, evaporation of the solvent and trituration of the residue with 
benzene gave crystals which, after 2 razrystallirations from bcnrcnbcyclohcxanc, alforded 167 mg 
(59 %) of bcnzyloxindokaortic acid of analytical purity, m.p. 133-l 35”. (Found : C. 72.28: H, 5.39; 
N, 5.14. Cak. for C,,H,,NO,: C, 72.58; H. 5.37; N, 4*980/,) 

UV spectrum (EtOH): 252 (8,000) and 278 rnp (sh. 1,900). IR spbanrm (chf): 2.84.3 (broad, 
COOH) and 5.84 p (broad, shoulders. acid and lactam). 

Estaitkation of the benzyloxindolcacetic acid with ethereal diazocthanc gave, in 82 % yield, the 
same ester as was obtained by reduction of ethyl rran&cnzylisatylidenea&atc. Identity was demon- 
strated by WC, TLC and identical IR spectra as tilms and in chf soln. 

1 -&nryId~xindoIe-EoceIal~hydc dicrhyl aceral(U) 

This was prcparcd as dcscribad by Hallmann. r* The use of crude bcnzyldioxindole lowcrcd the 
yield of crude product to 55 %. Two raxystallizations from baucno-pctrokum cthcr gave colorkss 
monochnic crystals (76% rccovay), m.p. 1295-131” (corr), r&cd by further recrystallization from 
AcOEt-bcnzcnc to 131-132’ (con). rcportcd m.p. 131-132”.r’ 

I-&nzyldjoxinJok-3-occ~al~hy& (9) 

The acctal 29 (2.00 g) in 20 ml acctonc was stirred at room tcmp for 30 min with 20 ml @l M 
pcrchloric acid. The soln was diluted with water and cxtractai thrice with cthcr. The cthcr extract 
was washed with 5% NaHCO,aq then water, dried over MgSO,, filtered and distilkd in cucuo 10 
leave 1.53 g (97%) of crude aldchydc as a resin which showed the following appropriate spectral 
features: IR spectrum (chf): 2.97 (OH, broad), 350 and 3.65 (aldchydc CH), 5-78-5.88 1~ (aldehydc 
and lactam. broad); NMR spectrum (CDCI,): aldchyde hydrogm at b = 9.79 ppm. 

I-Benzyldioxindol~3-acetaldchydc dinitropixnylhydrazon was prepared both from the crude 
aldehydc and directly from 1hc acetal. The yield of crude dinitrophenylhydrazon from acctal. 
either directly or by isolation of the aldehydc and subsequent reaction was essentially quantitative. 
After two raxystallirations from AtSEt the daivativc was obtained in 64% yield as ycllow-orangc 
crystals, m.p. 202.5-203.5” (vat. dcc). (Found: C, 59.96; H. 4.34; N. 14.88. Cak. for CIIHtINIO,: 
C, 59.87; H, 4.51; N, lS.lB%.) 

UV spectrum (EtOH): 355 rnp (23.100). 

cir- and Inns-l-~~ylirofyli~r~ccral&hyde (1 and 2). 

MerhodA.ConcHSO,(l ml)wasslowlyaddcdtoasolnof 7.lOgof Uin20ml hot 3:l (v/v)AcOH- 
water. The soln was hcatcd on a steam bath for 10 min. diluted with 5 ml water. then allowed IO 
cool slowly to 5”. The gamct-like crystals (3.02 g. 57.4 which scparatcd during the cooling wcrc 
washed with cold solvent. then water, and dried. Their m.p. of 134.5-139” was raised by crystal- 
lization (89% rccovcry) from bcnzncqclohaane to 138-1405”. The material so obtaincd is 
identical with that obtained by Method B. below. cxccpt that the mixturc of isomers is estimated, 
by UVand NMRspcctroscopy, tobcclt:rranr::3:1 or4:l. 

Merhod B. A soln of 1.77 g of U in 14 ml 2: 1 EtOH-water was trcatcd with 4.5 ml cone HCI 
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and the resulting soln was heated gently for 10 min. Ice (IoOg) was added to the soln, whereupon 
a gum separated and was cxtractcd into ether. The ether extract was washed with 5 7; NaHCO,aq. 
then water. dried over MgSO,, filtered and distilled in uucuo to leave 1.16 g (88 7:) of orange-brown 
semi-solid. This was crystallized twice from EtOH to afford 0264 g (21%) garnet crystals. An 
analytical sample. m.p. 136.5-141”. was obtained by recrystallization from cyclohcxane. From its 
spectral characrcristics it appeared to be 1: 1 mixture of cfs and frum isoma-s. (Found: C, 77.50; H, 
5.00; N, 5.43. Cak. for C,,H,,NO,: C, 77.55; H, 4.98; N. 5.32x.) 

The pure material showed the following spectral characteristics: IR spectrum (chf): 3.51 and 
364 (CHO), 5.84 (oxindolc), 5.97 }A (CHO); UV spectrum (cyclohcxane): 262 (25,500). 307 (7,800 sh). 
317(9,9w), 330(7.400). 347(1,100sh)and~m~(1,100). 

The IWO IR absorptions at 3.51 and 364 /i appear to be associated specifically with the aldehyde 
C-H strclching vibration of the lro~ isomer. Mixtures in which the cis isomer predominates by 3 
or 4 to 1 (NMR ntimatc) show much w&er absorption at these wavelengths. 

Upon TLC over Woclm Alumina G in the solvent mixture I-butanol+:rhcr-be (2: 10:88). 
the cb/rrans mixture showed two well-resolved spols of R, 0.63 and @71. However, UV spectra of 
the mam-ials recovered from the spots indicated that dazomposiIion was occurring to an appreciable 
extent. 

Wans-lsaIylidene-3-acetone (26) 

This was prcparcd as reported.” The compound, obtained in 9.5% overall yield after 2 r-stat- 
lizations of the aldol from acetone, then 2 rccrystallizations of the unsaturated ketone from EtOH 
and one from benzene, was in the form of fine. matted. orange ncddla. m.p. 166-5-169-5” (vat), 
Braudc and Lindwall reporc m.p. 168-171”; Pictra and Tacconi” report m.p. 174”. 

UV spearurn (E1OH): 255 (l9.000). 322 (7.100). and 425 m/d (1.400). IR spectrum (chf): 2.91 
(NH), 5.81 (lactam) and 5.92 j‘ (unsaturated ketone). 

1 -&nzyldioxindole-3-4ccronr 

Bcnzylisatin (21.5 g) in acetone (69.5 g) and dicthylaminc (7.0 g) was kept a1 45” for 5 hr. The soln 
was then concentrated to a volume of 35 ml and chilled. The crystals that scparatcd in 2 crops were 
combined and rccrystallizcd from benzene to give 10.1 g (65%) crystals, m.p. 16&161”. The analyt- 
ical sample was obtained as colorless, mica-like platelets, m.p. 160-161”. afrer 3 razrystallita~ions 
from EtOH-water. (Found: C, 73.13; H. 5.85; N. 4.80. Calc. for C,,H,,NO,: C, 73.20; H. 
5.80; N, 4.74 %.) 

UV spectrum (EtOH): 258 (6,800) and 287 rnlc (1.500). IR spectrum (chf): 294 (broad, OH), 
5.80 (laaam) and 5.85 /I (sh, ketone). 

trans-l-&~ylicorylidcru-3~ceIo~ (25) 

Benzyldioxindole-3-aatone (I 40 g) was dissolved in a soln of 1 .I 5 ml umc HCI in 4.5 ml EtOH. 
This soln was hcatcd 7 min on the steam bath to give a deep red soln that was poured into ice and 
water. An ether extract was obrained, washed with 5% KaHCO,aq and water, and dried over 
MgSO,. Removal of the ether kft a red glass which crystallizd on trituration with acetone. A 
rccrystallirarion of these crystals from acetone. then another from EtOH-water gave 246 mg (26’A 
of orange platekts, m.p. 107.5-109’. (Found: C, 78.24; H, 5.69; N. 5.16. Calc. for C,,HI,NO,: 
C. 77.96; H. 5.45; N, S.OS%.) 

UV spectrum (ErOH): 259 (20,000). 324 (6,900) and 427 rnp (900). IR spectrum (KBr): 5.82 
(lactam) and 5.93 p (unsaturaIcd keIone). 

1 -&nzylc.vcIopcnryl~~oxindolc (32) 

Bcnzyloxindole (l-12 g), cyclopentanonc (0.84 g), pyrrolidinc (O-20 ml) and Na,SO, (20 gl were 
mixed in 10 ml bautnc and heated under rcflux for a week. The filtered soln was washed with 3 “/‘, 
HCI and water, and dried. Removal of the solvent in CGCYO left a solid mass which was recrystallized 
from cyclohexans to yield 908 mg (63Ta needles, m.p. 132-134O. A second recrystallization gave 

” F. Braudc and H. G. Lindwall. 1. Amer. Chum. Sot. 55, 325 (1933). 
” S. Pietra and G. Tacconi. furmrrco (Puciu) Ed. Sci. 13, 893 (1958). 
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782 mg of very pale ydlow orange necdks, m.p. 134-135”. (Found: C, 83.26; H, 6.76; N, 4.81. 
Calc. for GH,,NO: C, 8301; H, 6.62; N. 484x.) 

UV spectrum (EtOH): 256 (sh, 28,700). 263 (34.500). 285 (sh, 6,500). 294 (S,ooO), u)4 (sh, 6,400) 
and 350 m/i (1.500). IR s~xtcmim (CSJ: 5.85 P (ti) 

1 -&nryl-3( 2’-oxocyclopen~yl) dioxindole (33) 

Bcnxylisatin (11.9 g), cyclopartanonc (16.8 g) and pyrrolidim (19 ml) were stirred at 3540”. A 
flocculent ppt formed, and after 1.5 hr. the addition of 10 ml bcnxcne was tquircd to maintain 
stirring. After 4.5 more hr, the reaction mixture was diluted with 100 ml ether and tihcrcd, to give 
11.5 g (72 %) pale greenish crystals, m.p. 174-177” (dcc). Recrystallization from bcrmsne, then EtOH, 
gave the analytical sampk as colorkss platelets, m.p. 176-180” (vat, da). (Found: C, 74.77; H, 
6.24; N. 4.47. Calc. for GH,,NO,: C, 74.75; H. 5.96; N, 4.36%) 

IR spectrum (KBr): 341 (OH), 5.76 (5-membered ketone) and 5.90~ (lactam). 

Ac&no&dgcmcnr-We are pleased to acknowkdgc the assistance of Dr. L. D. Colebrook, who 
performed the decoupling experiments in NMR spectroscopy, obtained many of the other NMR 
spectra, and made some calculations along the Iii suggested by rcferaxzs 25 and 26 which may be 
interpreted as further support for the structural assignrncnts of the cis and frwu alckhydcs. 


