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Abstract-The 1,2-benzisothiazol-3-yl-acetic and -3-yl-butyric acids and their ethyl esters, amides and 
mtriles are generally active in the split pea stem test, induce an increase in both length and fresh weight 
of pea internodes, inhibit the development of pea roots, and, with some exceptions (1,2-benzisothiazol- 
3-yl-butyric amide and nitrile), induce the production of ethylene by pea segments. Moreover they 
stimulate cell multiplication and raise the degree of hydration of Helianthus tuberosus explants grown 
in vitro. These activities are often similar or sometimes higher than those of IAA. By contrast, the 
1,2-benzisothiazole derivatives having a side chain with an odd number of carbon atoms 
(-3-yl-carboxylic and propionic acids, amides, ethyl esters and nitriles) are inactive or show a far lower 
activity. 

INTRODUCTION 

Recently it was reported that 1,2-benziso thiazol- 
3-yl-acetic acid (BIA) and some of its derivatives 
form a new class of synthetic growth substances 
with activity similar to that of indol-3-yl-acetic 
acid (IAA)[l-IO]. The strong analogies found 
between IAA and BIA suggested that it would be 
of interest to analyze the possible hormonal 
activities of some benzisothiazole acids with a 
variety of side chain substituents. For this 
purpose we have developed methods of synth- 
esis of the 1,2-benzisothiazol-3-yl-carboxylic 
(BIC), -acetic (BIA), -propionic (BIP), -butyric 
(BIB) acids and the respective ethyl esters, 
amides and nitriles (Table 1). The present paper 
gives the activities of these compounds on the 
curvature, growth (as cell enlargement and 

division), ethylene production and root growth 
inhibition. 

RESULTS AND DISCUSSION 

Pea tissues 
In the curvature of split internodes of etiolated 

peas, the derivatives having a side-chain with an 
even number of carbon atoms (BIA, BIB and 
their ethyl esters, amides and nitriles) were in 
general active while those with an odd number of 
carbon atoms (BIC, BIP and their ethyl esters, 
amides and nitriles) were completely inactive 
(Fig. 1). In the group of active compounds a 
greater activity was shown by the ethyl esters 
(BIAE and BIBE); on the contrary, the amides 
(BIAA and BIBA) generally induced a lesser 
curvature than the acids (BIA, BIB); the 
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Table I The I,‘-benzr\othlarole derrvatlve\ tested 

BIC 
BICE 
BICA 
BICN 
BIA 
BIAE 
BIAA 
BIAN 

R= 

-COOH 
-COOC,H< 
-CONH, 
-CN 
-CH,-COOH 
-(‘H:-COOC,H, 
-CH,-CONH, 
-CH,-CN 

Compound 

BIP 
BIPE 
BIPA 
BIPN 
RIB 
HIRE 
BIBA 
BIBN 

-(CH,).-COOH 
-(CH,):-COOCZH. 
-(CH~kCONH, 
-(CH,).-CN 
-(CH,),-COOH 
-(CHT),-C’OOCIH, 
-(CHy),-CONH, 
-tCH-) -(‘N 

Fig 1 Effects of 1,2-benzrsothwole derlvdtlvea at different 
concentrations on the split pea Internode curvature test. 

respective mtriles (BIAN, BIBN) acted only at 
the maximum concentratron assayed (100 PM). 

We subsequently Investigated the ben- 
zzsothiazole derivatives on cell enlargement in 
intact pea segments. The compounds having a 
side-chain with an even number of carbon atoms 
stimulated the Increase m both fr. wt (Fig. 2) as 
well as length (Fig. 3); the most actrve are the 
BIA and BIB whereas the BIAN and BIBN are 
the least effective; of the ethyl esters. BIBE 
seems to be more acttve m respect to BIAE. 

It is reported [I 11 that the natural auxins at 
high concentrations induce the production of 
ethylene by epicotyl sections of etiolated pea. In 
our experiments the optimum concentration for 
obtaining the maximum production for ail the 
substances was 100 FM. Lesser or htgher doses 

stimulated ethylene production to a lesser 
degree. Figure 4 reveals the observed alternation 
of activity among the compounds (100 ,uM) with 

an even or an odd number of carbon atoms. For 
the acetic derivatives the acttvtties decrease in 
the sequence. acrd, ethyl ester, amide and nitrtle, 
which agrees wrth the assays previously reported 
for this serves, whereas the ethylene inducing 
capacity of the butyric derivatives IS quite 
different. 

Figure S shows the capactty of the acetic and 

butyric derivatives to inhibtt root growth in pea 
seedlings in contrast to the carboxyhc and 
propionic derivatives, whrch were inactive in this 
respect. 

, Butym 

JL 

Cone (pM) 

Fig ? Effects on fresh weight of pea internodes induced by 
dIfferen concentrations of I.?-benrrroth~zole derlvatwes 

Control (H ,O) == 0 



30 Acetlc 

:: 20 

=i IO 
Carboxyllc 

0 
Lh 

PropIonIc 

1,2-Benzisothtazoles as auxms 

Butyrlc 

1c 

Cone (FM) 

Ftg 3 Effects on the length of pea Internodes induced by 
different concentrattons of 1,2-benzisothtazole derivatives. 

Control (H*O) = 0 

Fig 4 Effects of I ,2-benztsothiazole derivattves at 100 /.LM 
concentratton on ethylene productton by pea internodes 

compared wtth HZ0 and 100 PM IAA. 

Jerusalem artichoke tissues 
The growth in vitro of the explants was 

stimulated to a much greater degree by the 
benzisothiazole derivatives having an even 
number of carbon atoms in the side-chain 
compared to those with an odd number (Fig. 6). 
The optimum concentrations (between 1 and 
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Esters 

AA 

Ftg. 5 Inhibttion of pea root development caused by 
1.2-benzisothtazole derivattves at 100 PM concentration 

compared wtth HZ0 and 100 PM IAA 

Fig 6 Effects of 1,2-benzrsothiazole dertvattves at opttmal 
concentrattons (1 or IO FM) on the growth rn u&o of 
Helmnthus tuberosus explants compared with 2 PM IAA 
Control on basal medium alone = 100 Optimal 
concentrattons = 10 PM BIAN, BIP, BIPE, BIBE, BIBA, 

BIBN 

10 PM) of BIA, BIAE, BIAA, BIAN are at least 
as stimulatory as IAA (2 PM); BIB and BIBE 
have an activity similar to that of IAA; on the 
contrary, BIBA and BIBN are virtually inactive. 
These results are analogous to those found with 
the test for ethylene induction. In the series of 
the acetic and butyric derivatives, the com- 
pounds active on cell proliferation are also able 
to raise the hydration of the tissues to the same 
degree as that induced by IAA (Table 2). 



Table 2 Modlficatlon of the hydration (SC) of 
Hehnthus tuberosus explants mduced by 
1,2-benzlsothlazole derlvatlves at optimal con- 

centratlons (1 or 10 PM) 

PM Compound Hydratmn (%) 

0 77 0 
7 IAA 87 h 
I BIC 76 3 
1 BICE 75 I 
1 BICA 74 0 
1 BICN 75 7 
1 BIA 87 6 
1 BIAE 89 7 
I BIAA X8 7 

10 BlAN 87 7 
10 BIP 78 0 
10 BIPE 19 0 
I BIPA 71 8 
I BIPN 7x 8 
I BIB 88 ? 

10 BIBE 86 I 
IO BIBA 79 4 
IO BIBN 73 9 

Some resrrlts (@it pea test, irrarE7ass in fr. wt 
and length, root growth) might be explicable on 
the basis of p-oxidation. BIB and its functional 
derivatives, as w&i- as %IP and r&ted whim- 

pocmds, could give rise respectrveiy tu BiA 

(active) and BIC (Inactive) by enzymatic break- 
down However, in the case of ethylene lnduc- 
tion and cell proliferation, such hypotheses do 
not seem easily applicable. In fact BIB and its 
functional derivatives show an unexpected be- 
haviour: or&y %I% and BIBE are actru-e. whr’rc 

BIBA and BIBN are inactive 
Our data are similar to those obtamed 

previously[l2, 131, in regard to the Series of 
indole compounds, m regard to the series of 
aryloxyalkanecarboxylic derivatives and in par- 

tlcular in regard to the a-naphthyl acids of which 
the 1,2-benzisothlazole denvatlves can be consi- 
dered isosteric. 

EXPERIMENTAL 

TLC was effected on St gel GF‘,,, with PhOH-EtOH (7 1) 
C,H, productlon wd\ determined b) GIL using FID on a 
150 x (1 2 cm column of 30-60 me\h SI gel. activated for 14 hr 
at 150” The column was operated at 60” with N. a\ carrier gas 
at 54 ml/mm The peaks were Integrated by tliangulatlon and 
standardized Mtth ‘1 mixture of 9 6 ppm CIH, m ‘ur The 
clement,11 analy<es were \vlthln 10 ir$ of the theoretlcal 

value\ 
Svnthetrt Tl~e HI<‘ und HIA, ur~d therr rclar~~e functrona! 

den; c~traes (Fable 1) were pIepaled ‘tccordrng to pubh\hed 
methods[3-6. 14-1X] 

Thr RIP (3) und BIB (4) were synthesized ‘tccordmg to the 
Scheme from the ethyl-2.cyano-2-( 1,2-henrrsothlarol-3- 
ymliden) acetate (1). the functlon,ll derlv,rtlves were ohtamed 
from the corre\pondlng acids according to common proce- 
dule\ 

EUzvl-1-c VU110 -3-(1.2-hY~1350f/11~1701-3-V/).\1~L~lnafe (2) 
5 4g of (1) were added to n sol” of EtON,I (0 7g of Na m 
SOml of EtOH) The reactron mixture was evaporated to 
dryness and the residue dlrsolved In 150 ml of ethylchloro- 
acetate and I-efluked for I hr The compound. obtained by 
i?iWdcron vi ‘1, Tt npurcrird icr cky iiT>\ did ihe PZidTiC 

extracted \+lth Et.0 fhc crude product obtamed by 
concentratton of the Et20 cztract\ wa\ cr>~talhred from 
!!grom Wh!te needle\_mp <J-5<’ y~eldX5clr Anal I Found C 
iis- i-8. -H, 4 86. N. S 65. C,,.H,,,NX>,S rrqU-ire.5 C, 57 82. H, 
4 SF, N. X JW! LR, (K&r I, 1750 cm ’ IW CNl 1740 cm ’ (\ 
CO) 

2-~1.2-hen;l~ofhltrLo/-3-\1)\rfc ~1111~ ucrd (3) 6 4% ot (2) 
were boded (IO hr) in SO ml of NaOH (lOTi) I” 50% EtOH 
The reqldue. obtznned by ~oncentr,~tton. w‘f\ drssoivrd m HI0 
and treated wtth charcoal The \oln wa, ,tcldlfied with dll 
HCI and the ppt wa\ crystalllred trom C,,H,, White needles, 
mp 154’ deconip . yield 70% 4nal (Found C. 52 58. H. 3.54, 
N 5 77 C ~H.sNO,S rea,uze\ C 51 58.H 3 6l.N 5 WX), 
IK (KBr) i’ 3030-X()() cm Cm OH hondcd) 17lOcm ’ 
(5 CO) 

3jP ? 6 g of (3j were decarboxqL+ted .~t i54”. the cooi& 
product wds cry<talllred from C,H,, White needles. mp 
134-135”_y~eldXO~~ AwJ (Found (1. 5X LO. H. 4 37. N. 6 82, 
C!I!H.,NO,S requrrex C-47 95, H 4 X3, N.6 764), IR (KBr! 
I’ 3060-2560~~ (N. OH hondcd). 173Ocm ’ Ck CO) 

CN 

~~0 

NaOH ) 
I”,c;;H -‘02 )BIP 

2 2 

(3) 
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BIPE This was prepared by esterlficatlon of BIP 
accotdmg to Fischer Pale yellow oil, bp 0 05 103”/mm, 
yield 80%; Anal. (Found C, 61 52, H, 5 62, N. 5 99. 
C,,H,,NO,S requires C, 61 25, H, 5 56, N, 5 95%); IR. v 
1725 cm-’ (s CO) 

BIPA This was prepared by ammomolysls of the 
correspondmg ester (BIPE) with dry NH, m MeOH. Whrte 
needles from H,O; mp 133-135”, yield 80% Anal (Found C, 
58 41, H, 4 90; N, 13 36, C,,H,,,N,OS requires C, 58 23, H, 
4 88; N, 13 58%); IR (KBr) v 3410-3210cm ’ (s.NH), 
1660 cm-’ (s CO) 

BIPN 1.07 g of BIPA dissolved m 20 ml of CHCI,-CHCII 
were added to 1 33 g of PIO,. The mixture was boded under 
reflux for 1 hr, after cooling the supernatant was separated by 
filtration and the residue re-extracted with (CHCl& The 
collected extracts were evaporated to dryness and the solid 
was crystallized from petrol White needles, mp 85-87”, yield 
77% Anal (Found C, 63 89, H, 4.33; N, 15 04, C,,,H,NzS 
requires C, 63 80, H, 4 28, N, 14 88%); IR (KBr) v 
(2250 cm-’ w.CN) 

2-Cnrboxyethyl-2-(1,2-benlisothrazol-3-yl)glutant dlmtnfe 
(4). 1 I g of acrllomtrile and 0.5 ml of Et,N were added to 
2 46 g of (1) suspended m 20 ml of EtON at room temp The 
mixture was stirred for 4 days to complete dlssolutlon 
Solvent was removed by evaporation and remam I 011 
extracted with EtiO, the Et,0 soln was washed succesalvely 
with NaOH (lo%), dll HCl, and HZ0 and then dried A yellow 
o~i; sIowi_y soilchfymg, was obtamed by evaporation 01 the 
solvent. R, 0 89 (R, of (1) 0 75) White needles from EtOH, 
mp 68-69”, yield 70%, Anal (Found: C, 60 24, H, 4 41, N, 
13.81, C,,H,,N,O,S reqmres C, 60 18, H, 4 37, N, 14 03%); 
IR (KBr) v 2250cm-’ (w CN). 1740cm-’ (s CO) 

2-11,2-benzlsothrazoi-3-yf)gluturrc actd (5) was prepared, 
as (3), by hydrolysis m soln of NaOH m EtOH 50% White 
needles from Et,O-petrol , mp 125-126” decomp , yield 80% 
Anal (Found C, 54 35, H, 4 30; N, 5.24; Cj2H,,NOIS 
requires. C, 54 33, H, 4 18, N, 5-28%), 1R (KBr) Y 
2950-2500 cm -’ (m OH bonded), 1730, 1670 cm- ’ (s.CO) 

BIB This was prepared by decarboxylatlon of (5) at 125” 
The melted mass after coolmg was crystallized from C,H, 
White needles, mp 97 5-98”, yield 80%, Anal (Found C, 
59.92, H, 5.07, N, 6 42, C,,H,,NO,S require? C, 59.70, H, 
5 01; N, 6 33%), IR (KBr) v 3075-2525cm.’ (w, OH 
bonded), 1720 cm-’ (s CO) 

BIBE This prepared m a similar manner to BIPE, by 
esterlficatlon of Bil3 Yellow 011, 0 04; bp 14O”/mm, \I. lcl 
SO%, Anal (Found C, 62 92, H, 6.10; N, i 52 C,,H,,fi02S 
requires C, 62.62. Ff. 6 06. N. 5 61%). IR v 1740 cm ’ 
(s CO). 

BIBA This was obtained in a similar manner to BIPA, by 
ammomolysis of BIBE White needles from HiO; mp 
103-104”, yield 75%, Anal (Found: C, 60 27, H, 5 70, N, 
12 85; CI,HI,N,OS requires C, 59 97, H, 5 48, N, 12 71%). 
IR (KBr) v 3390 and 3210 cm ’ (s NH), 1660cm-’ (s CO) 

BIBN This was obtained m a slmllar manner to (BIPN), by 
dehydration of BIBA. Yellow 011, 0.005, bp 170”lmm; yield 
80%, Anal (Found. C, 65 21, H, 5 04, N, 13 60, C,,H,,N,S 
reqmres: C, 65 32; H. 4 98. N, 13.85%), IR v 225Ocm-’ (w. 

CN) 
BIological tests Pea seeds (Ptsum sutrvum cv Alaska) 

were washed m runnmg H,O for 5 hr then germmated m 
moist sand at 25” m the dark After 7 days germmatlon, the 
aplcal internodes (3’” internode) were dlssected from the 
seedlings After washing for 30 mm m HzO, the randomlsed 
mternodes were drvlded mto bathces to be used m the 
chfferent tests Split stem test a IO-mm longltudmal cut was 

made in 30-mm long internodes After 1 hr m H20, batches of 
IO split internodes were placed in Petri dishes containing 
10 ml of the solns to be tested and incubated for 20 hr at 25” m 
the dark The results were determmed from photographlc 
records Pra test batches of 12 IO-mm long internode 
sectlons were placed m Petri dishes containing 10 ml of the 
solns to be tested After 3 hr at 25” m the dark, the segments 
were collected, dried on blottmg paper and their length and fr 
wt measured The increase in fr wt was expressed as 
percentage of the mltlal wt C,H, productlon. Batches of 20 
IO-mm long pea sectlons were placed m 125-ml conical flasks 
contammg 20ml of the solns to be tested. The flasks 
were fitted with rubber stoppers having two stopcocks The 
mcubation was carried out at 25” for 16 hr m the dark with 
agltatlon of 110 rpm The benzlsothlazole derrvatives were 
used at concentrations between 10 and IOOOwM Root 
mhrbrfjon lest Pea seeds were washed for 5 hr m runnmg 
H20 and placed on wet filter paper to germinate at 25” m the 
dark When the roots were about 1 cm long, statlstlcally 
significant batches of the randomlsed seeds were treated with 
10 PM solns of the substances to be tested The seeds were 
then incubated for 5 days and the results recorded by 
photography Growth in vitro Dormant tubers of Hehanthus 
tuberosus (Jerusalem artichoke) var OBl were sterlhzed 
with Na OCl soln for 40 mm and washed 3 X with sterile HZO. 
Cyhndrlcal explants (3 mm dlam, 4 mm height) of the 
homogeneous medullary parenchyma were placed in sterile 
culture m ultra on a medium described m ref LlSl wltli 
glucose 5% and purified agar 1% The different 1,2- 
benzisothlazole derlvatlves were used between 100 and 
0 1 pM with controls m basal medmm alone and basal 
medmm plus 2pM 15 replications were used for every 
concn. The cultures were randomized m a culture room at 24” 
m a 12 hr day (3200 lx) and grown for 20 days 

Acknowledgement-The authors wish to thank Dr T A. 
Smith, Umverslty of Bristol, for crltlcal supervlslon of 
this manuscript 

REFERENCES 

Vitali, T., Poncl, R and Bertaccml, G (1968) II Farmaco 
(Ed. SC) 11, 620. 
Vitali, T. and Amotettl, L (1971) BIG” SOL It I31oi Sper 
41, 790 
VItali. ‘T, Mossm, F, MInglard], R M., Gaetam, E and 
Plazzl, V (1971) Ateneo Parmense (Acta Nat.) 7, 71. 
Breuetto Itnfrano No 852483. 15 Novembre 1969, Gr 
O$en 1950.370, (1970) Chem Abstr. 73, 130991. 
Vltah, T , Maggiah, C. A., Laurerl, C F and Lugarl 
Mangla, M T (1971) Ateneo Parmense (Acta Nat.) 7, 
115 

6. Vltah, T , Plazzl, V and Laurerl, C F. (1972) II Farmaco 
(Ed SC.) 27, 773 

7 Branca, C and Gaetam, E. (1973) Rc Accad Naz. Lmcei 
(Cl SCI Rs Mat Nat.) 54, 275 

8 Vitah, T , Branca, C and Plazzl, V (1973) Boll. Sot. It 
B~ol Sper 48, 989 

9 Branca. C.. Serafim Fracassm,. D and Baam, N. (1974) 
Experr&tia 30, 105 

10 Glannella, M , Gualtlerl, F and Malchlorre, C. (1971) 
Phytochemlstry 10, 539 

11. Burg, S P and Burg, E A (1968) Bcochemtstry and 
Phystology of Plant Growth Substances (Wlghtman, F. 



2550 C. BKANCA et a/ 

and Setterlield, G., eds), pp. 1275-1294, Runge Press, IS. Breuefto Italiano, Ger. Oflen. 2.029.387: (1971) Chem. 
Ottawa. Abstr. 74, 76408. 

12. J%~sson, A. (1961) Handhuch drr ~~un~e,lphysiologie 
(Ruhland, W., ed.), pp. 959-1006, Springer-Verlag, Berlin. 

13. Housley, S. (1961) Handhuch der qpa,rzenph~siologi~, 
(Ruhland, W., ed.). pp. 1007.-1043. Springer-Verlag. 
Berlin. 

14. Vitali, T. and Amof-etti. L. (1971) Roll. Sock. It. Hiol. Spcv~ 
41. 790. 

16. StollC, R. (1925) Chem. Ber. 58. 2096. 
17. Amoretti, L., Catellani. P. L.. Impicciatore. M. and 

Cavaggioni, A. (1972) II Furnlcm~ (Ed. SC.) 27, 855. 
18. El Shanta. M. S., Scrowston. R. M. and Twigg, M. V. 

(1967) J. Chem. Sot 89, 2364. 
19. Bertossi. F. (1959) N.G. Ref. ftul. 66, 497. 


