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SYNTHETIC REGULATORS OF CAROTEbiOID 
BIOSYNTHESJS IN CITRUS PARADESI” 
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Abstme&-The ability of 16 mines to induce ~ot~oid bi~~t~s *in Marsh seedless Jesuit is correlated 
with the octanol-water partition coefBciertt and the Hammett constants. The compounds fti into three series: 
p-RCsH4COOCH2CH2NEt2 (R = H, NHz, CN, NO,, MeO, Me, tit-Bu, F, Ct, Er), p-RCsH,&H#Et2 (R = H, 
Me, NO& and RCsH40CH2CH,NEt2 (R = o-Me, m-Me, p-Me)). Total carotene content increased up to 12-fold 
Lycopene, not normally accumulated, became a major pigment. The benzoates caused up to a 24-fold increase 
in the ~~~ot~e content. Except for the larger ovation of cyclic carotenes, the mode of action of these 
arnines appears to be similar to that of 2-~~hlorophenylthio)tri~thyl~~e hydr~~oride. 

Tertiary amines of the general formula RCHzNEta 
markedly affect carotenogenesis in citrus [l-6]. These 
bioregulators cause a large increase in the total carotene 
content with lycopene ((/,rl/-carotene) becoming a major 
bight. This effect is believed to be caused by the dere- 
pression of a gene regulating the synthesis of a specific 
enzyme(s) and the inhibition of the cyclase(s) in the bio- 
synthetic pathway of the carotenoids. The previously 
determined [Sl relation between the ability to stimulate 
~~otenoid bi~ynth~~ and the log~t~ of the 
octanol-water partition eoe@icient (log P) is confhmed 
by this report. The compounds studied fall into three 
series: pRCsH4COOCH2CH2NEta, R= NH2 (1), CN 
(2I, H (3), NOz (4), Me0 (s), F W), Me (‘V, (.II Is), Rr 
(9) and tert-Bu (10); ~RC~H~~H~NEt~, R=H {U), Me 
(12) and NOz (13); and R~~H~~H~eH~NEt~, 
R =cl-Me (14), m-Me (15) and p-Me (16). The mode of 
action of these amines is similar to previously studied 
amines except that several of the benzoates cause a sub- 
stantial increase in the cyclic as well as in the acyclic 
carotenes. 

loured. T’he Reel remained h~thy on all fruit except 
those treated with $9 which developed a brown scarring 
of part of the peel. 

Table 1 gives the rmults of treatment with l-10. The 
response caused by l-10 is similar to that previously 
observed for other amines [S-6] except for the much 
larger a~um~ation of the cyclic carotenes, y-, cc- and 
particularly jkarotene (BIJI-, fig- and ~&carotene). 
Treatment with 11-16 (Tables 2 and 3) did not increase 
the cyclic carotenes. Treatment with 4,8 and 9 did show 
neurosporene (7,8-~hy~~~,~~~o~e) but it was unre- 
solved from the lycqene. There was no lycopene in any 
of the control fruits or the fruit treated with 10. The 
lycopene found after treatment with 14 was only tenta- 
tively identified and might be due to slight traces of 15 
and 16. Treatment with 11 and 16 gave responses similar 
to those ~vio~ly oboes [5J Ernst 5 caused 
a &finite increase in the cyclic carotenes which was not 
seen before [4]. The cyclase was probably inhibited more 
by the higher concentration (-0.4 M) used in the pre- 
vious test. 

RESUL’IS m IMSCUSSION 

Control fruit retained the normal light yellow colour. 
Treated fruit with the greatest &mpene ~~ati~~ 
became an intense red colour. Because the test eom- 
pounds did not penetrate into the interior of the fruit, 
this method of treatment caused colour enhancement 
only in the f&40, while the endocarp remained U~CO- 
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*Part 9 in the series “Ch~cai regulation of carotenoid 
biosynthesis”. For Part 8 see Hau, W. J., Poling, S. M., De 
Bemdict, C., Rudash, C. and Yokoyama, H. (1975) J. Agr. 
Fmd Chtm. 23, 831. A laboratory of the C&forriia-wawaii- 
Nevada Area, Western Region, Agricultural Research Service, 
USDA. 

Tables 1 and 2 also give the vahzes of log p and the 
Hammett constants for the substituent group in the me@ 
position (on3 [7-J. The log 2 was calculated as previously 
15-J starting with the value of ethyl benzoate [S] for l-10 
and by use of the 7c values of the substituents for the 
benzoic acids [9] except for 10 which was calculated 
by adding methyl groups to 7 and 1 [IO]. Log p for 
12 and 13 were eaieulated from the value for 11 [S] 
and the substituent value for the benzyl alcohols [Y]. 
Compounds S-10 show a generally increasing ef%ctive- 
ness with log g except for 2,4 and 10. The bulky tcrrt-Bu 
group in conjuction with the carboxy group ~obably 
prevents IO from binding at the active site(s) and 
accounts for the complete lack of any induced lyeopene 
aocumulation. The faiiure to cause a response may also 
be due in part to the Reel damage observed with higher 
log p values [5]. The greater than expected e~ectiven~ 



Treatment 
4 5 6 7 8 9 10 

173 
38.6 

1.52 

0.38 
0.53 
1.31 

215 
33.7 

191 
44.7 
0.62 
1.14 
0.37 
0.53 
1.51 

240 
359 

-kZ 

192 229 
60.7 57.6 
0.95 1.23 

83.6 17.5 
3.67 1.48 
0.84 1.76 

27.4 12.0 
369 320 
39.8 38.7 
2.75 3.oc3 
0.56 0.00 

245 
64.5 

215 
3.82 
3.86 

25.7 
557 
45.0 

3.08 
0.71 

199 244 234 
44.9 62.5 62.5 

1.05 1.43 2.01 
170 245 285 

1.94 3.04 3‘80 
2.62 2.82 5.54 
6.64 13.6 25.0 

426 572 618 
44.6 48.5 42.8 

3.14 3.25 3+& 
Q.l2 0.34 _c 0.07 

228 233 
60.4 61.1 

474 507 
3.18 231 
4.01 4.22 

17.3 324 
787 846 
45.3 44.6 
3.93 4.04 
0.37 0.39 

204 
51.0 

1.97 

1.14 
0.40 
2.u5 

261 
46.5 
4.58 

-0.10 

of 2 and 4 is prabably due to the increased intera&n 
with the active site@) caused by the greater electron with- 
drawing e&ct of the su~~~~~ts. This efkct is also 
observed with 11, li2 and 13. Compound 13 is much 
mm kti%ctive than 3t2. The el&on ~t~ra~~ e&et 
of the nitro group is more effective at increasing the in- 
ducing ability of the ccmpautid than the greater increase 
in log e caused by the methyl group. a, is used instead 
of op because it is probably the or&k position of the 
aromatic tig that is involved with the bin~~g at the 
active s&e@). This is the case with the phenoxyacetic 
acids [ll]. Ako Table 3 shows that substitution of a 
methyl group at the ortk position almost ~~pl~e~y 
eliminates the inducing ability of the ccmpuund. Subti- 
taxtim at the metu biter dso Cannes a tuition in 
the adze ability. With the rnet+hyI group in the pura 
position the compound is a very powerful inducer. Thee 
sazne efkct is observed with the strong@ electron with- 
drawing chloro group, as comipared to the ekctron 
releasing methyl group, for p, IFS- and ~-c~orophenoxy~ 
t~e~y~~e [6-j, 

These results agree with those previously observed. 
The motenogmesis inducing bioregulators have the 
general fornnzla RCHtNEt2. The inducing ability in- 
creams with log $ up to about 4.5 at which point the 
~~po~~s begin to cause 6w.w dmuge. Those judge 
with an aromatic ring; show increased activity if an elece 
tron withdrawing sub&went is placed at the paru pos- 

TUWEtGtIt 
cbntrol 11 12 13 

36.0 38.1 39.5 54.7 
5.00 6.96 7.73 23.3 
0.28 0.93 1.12 1.8’7 

4.93 22.1 234 
0.31 1.71 

0.48 0.47 :: 0.69 
1.96 1.90 1.35 0.60 

43.7 S3.6 72.6 317 

22.2 21.6 22.7 26.3 
3.07 3.55 3.23 
0.00 - 0.07 0.71 

ition. These wrnpounds all give results similar to those 
caused by previously reported inducers with lycop+~c as 
the main carotem inky but in addition the ~XSBXUS 
also cause a much greater accumulation of #karotene 
than pre~o~ly seen. 

EXPEMMEIWAL 

~~~-~~~e~~ treatment u~j+uk Each smxpk consisted of 6 
Marsh seedless grapefkuit harvmt~ at the fulfy mature stage. 
Fruits wed to test l-10 were ~~v~t~ at a d~er~t time 
and pkce than those used to test X1-16. Compounds I-10 
and 11-13 were applied as 0.1 and 0.2 M S&IS, respectively, 
of tb free amines in iso-PKIW, while 1416 were ti as 
0.1. M s&s of the hydrochlatidcs in kkPr0ll-I. The control 
was treated with is*PrOH. The so111 was poured over the 
surface of the fruit to give complete coverqe. The fruit were 
ahwed to drab and then moved to a clean surface to air 
dry for several hr before being placed in polyethylene bags 
and stored at room temp. {- 21”) for 2 weeks. 

Cakes l-10. To a soln of 0.22mol of ~,~-~eth~l~h- 
~&unine in 100 ml CHCI, stirred in an ice-bath, was added 
dropwise 0.2mol of the acyl chloride corresponding to the 
desired ester. Solid ql chlorjd~ were dkolved in half the 
CHC& and added drc~pwise. prCyanobenzayX chloride was 
tided as 8 solid because of its low solubility in CHCI,. After 
addition, the F.&I was removed from the ice-bath and allowed 
to stand 24 hr at room temp. An ~ditj~u~ loOmI CHC13 
was added and the soln was washed x 5 with 250 mI satd 
NaHC& and then x 2 with 2% ml Ii-&. The soIn was dried 

Table 3. Efkct of 14, I5 and 16 at 0.1 M OII the c~o~c~~ 
content of the flavedo of Mar& sesdkss grapefruit (j&g dry 

*I 

40.2 33.3 36s 52.7 
4.66 3.26 4.00 17.7 
0.26 0.79 1.14 1.77 

0.43 24.4 516 
0.22 0.60 0.83 

O”52 0.34 0.61 0.28 
1.25 0.86 0.59 0.48 

46.9 45.2 67.4 589 

21.8 21.2 24.3 25.1 
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over K&OS and the CHCl, removed with a rotary evapora- 
tor. The ester was used without further purification. 

3. Yokoyama, H, Coggins, Jr., C. W., Henning, G. L. and 

Compotlnds 12, 13, 15 aud 16. Published methods [S] were 
De Benedict, C. (1972) Phyrochcmirtry 11, 1721. 

used to synthesize 12 and 13 from the corresponding bromides 
4. Poling, S. M., Hsu, W. J. and Yokoyama, H. (1973) Byto- 

(the reaction is vigorous and requires initial cooling in an 
cflerrlistry 12, 2665. 

ice-bath) and 15 and 16 from the corresponding phenols. 
5. Poling, S. M., Hsu, W. J. and Yokoyama, H. (1973) Phyto- 

chemistry ld, 1933. 
6. Hsu, W. J., Poling S. M., De Benedict, C., Rudash, C. 
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