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Ab&ract-p-Coumaroyl-, ca&oyl- and feruloylpumscine have been isolated from callus tissue culture of 
Nicorimra tabacum. Proof of the structures was obtained by hydrolysis, color reactions, and comparison of 
i r., u v and NMR spectramth those of synthe& compounds p-Coumaroylputrescme and caEeoylputreacme 
are new natural products 

INTRODUCTION 

DURING tracer stu&es of nictotme biosynthesis in callus tissue cultures of Nicotiana tabacum 
L., it was observed that considerable amounts of the radioactivity from administered 
14C-labelled putrescme or ormthine were incorporated mto at least four ninhydrin positive 
basic compounds. Intense absorption m U.V. light and positive reactions with diazotued 
sulfamhc acid and ferric chlonde mlcated the phenolic character of the compounds. It 
was clearly of interest to identify these compounds. 

The occurrence of phenohc compounds linked to putrescine has already been observed 
in higher plants. Feruloylputrescme has been isolated and identified from c&us leaves and 
fruit by Wheaton and Stewart1 and p-coumaroylagmatine by Stoessl.2 Our mvestigations 
have now resulted in the isolation and ldentication of pcoumaroylputrescme(I), caffeoyl- 
putrescine(II) and feruloylputrescine(III). A part of this investigation has already been 
reported. 3 

Caj7eoylputrescine 
RESULTS 

Frationation of the tobacco callus extract on Amberhte CG50 resm with an acetic 
acrd concentration gradient resulted m the separation of caffeoylputrescine from the other 
two aromatic armdes. On further fractionation on cellulose column chromatography, 
crystalline caffeoylputrescine was obtamed. Since recrystallization of the free base was found 
to be dult, the compound was converted to its hydrochloride. It decomposed at 245-250” 
with a change m form at about 96”, due to a loss of water of crystalhzation. Elementary 
analysis indicated an empirical formula of C13H18N203. 

The compound gave a violet color ~th ninhydrm and was strongly flourescent. The 
LeRosen test for aromatic compounds4 and the reaction mth dmzotized sulfanilic acid and 

1 T. A. WHEATON and I. STEWART, Nature 206,620 (1965). 
a A. &-OWL, Z’hytochcm. 4,973 (1965). 
3 S. MIZU&I, Y. TANABE and M. Nooucq Agri Bwl Gem. 34,972 (1970). 
4 A L LERWN, R T MORAWK and J. K. CARLTON, Anal Chem. 24,1335 (1952). 
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with ferric chloride were all positive. The U.V. absorption of the compound m water (219, 
235,295 and 320 nm) was similar to that of caffeic acid. Hydrolyas of the compound by. 
refluxmg in 2 N NaOH for 4 hr in Nz gave calIerc acid and putrescme, which were identi8ed 
by paper chromatography and i.r. spectroscopy. The 1.r. spectrum of the compound m KBr 
disk shows an amide band A (carbonyl) at 1598 cm- l and an anude band B at 1536 cm- l. 
Absorption at 1655 cm-l 1s ascribed to the w stretching vrbratron in conjugation wrth 
the carbonyl. An absorption band at 980 cm-l is considered to be due to the unsaturated 
C-H deformation vibration at the rrrms-double bond.5 

These results mdicate that the compound IS l-(tr~3,4-drhydroxycinnamoyh-uumo)4 
ammobutane. Thrs is further con8rmed by its NMR spectrum. The NMR spectrum of the 
compound in deutenum oxide showed the presence of three aromatrc protons (8 6.88, 
smglet and 8 6.76, triplet formed by partial overlapping of two doublets) and two protons 
(8 7.10, doublet and 8 6.11, doublet, J value 15.0 c/s) correspondmg to vinyl protons. The 
signal of the vinyl proton winch IS adJacent to the carbonyl group showed a chemical shift 
at a lower field than the other proton because of the effects of the conjugated carbonyl 
group and the aromatic ring current. The couphng constant between the vmyl protons of 
15.0 c/s confirmed the fruns arrangement about the double bond.6 The spectrum also 
revealed four protons (8 3.05) attributable to two methylene groups adjacent to the amino 
group and four additional protons (8 1.61) corresponding to the other methylene groups of 
1 &lmminobutane. 

Fmal con&matron of the structure was obtained by r.r., U.V. and NMR spectral com- 
parison with a synthetrc specimen. 

Feruloylputrescine 

Later fractions eluted from the Amberlite CG-50 resin contained two other aromatic 
amides. Treatment with Dowex 50 x 4 resin and recrystalhxation from water gave yellow 
needles of feruloylputrescme, which did not have a sharp m.p. but changed form at about 
96”, as observed by Wheaton and Stewart1 The hydrochloride of the compound had m.p. 
l50~5-15l~S” with an empltlcal formula of C1*H2,,N203. All its propertres were simdar to 
those of feruloylputrescine previously obtained from grape fruit.’ Its identrflcation as 
1-(rrun,r-3-methoxy4hydroxycmnamoylamino)-4-ammobutane was then con8rmed by 
direct comparison with a synthetic specrmen. 

p-Coumaroyllputtescme 

p-Coumaroylputrescme was recovered from the mother hquor obtamed by recrystalhxa- 
tion of feruloylputrescine. Pur&zation was achieved by preparatrve paper chromatography 
and recrystalhzation from water, yielding faint yellow needles of p-coumaroylputrescme. 
It had m.p. 182-183.5” with an emprrical formula of C13H18NZ02. 

This compound gave positive reactions with ninhydrin and dmxotized sulfanilic acid, but 
not with ferric chloride. It exhrbrted the U.V. spectrum characterrstic for derivatives of 
trans-p_coumanc acid.’ trms-p-Coumaric acid and putrescine were obtained on alkahne 
hydrolysis. Its structure as l-(rran.r4hydroxychmamoylammo)4aminobutane was con- 
8rmed by mixed m.p. and 1.r. comparison with a synthetic sample. 

5 L CROMME, J. Chem Sot. 2997 (1952). 
6J.A.Po~,W.G SCHNEID w and H. J. B-, E&h-Resoiuhon Nuclmr Magnetic Resonance, 

McGraw-HI& New York (1956). s 
7 C. C. Levy and M. ZUCKER, J Bioi. Chem. 235,2418 (1960). 
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DISCUSSION 

Feruloylputrescme has been isolated and identifkd from c&us by Wheaton and Stewart, l 
and some related compounds such as aegehn,* heraclavin,g cinnamoylhistamine,io and 
p-coumaroylagmatme2 have been found in plants; however, caBeoylputrescine and 
p-coumaroylputrescine have not previously been reported. A predominance of aromatic 
amides of tlus type m the callus tissue of N. tubacum IS notable. The caffeoylputrescme 
content of the tissue samples varied from O-2 to 1 mg/fr. wt. and the other aromatic anudes 
were found in lesser amounts. On the other hand, none of these compounds could be 
detected m normal tobacco tissue, mdrcatmg a dtfference in secondary metabolism between 
the two types of trssue. 11-13 Hydroxycmnanuc acrds are known to occur almost always as 
esters of qumrc acrd or glucose and glucosrdes in hrgher plants.7*14 However, the presence 
of substantial quantities of putrescme denvatives m growing cells suggest that these com- 
pounds play a role m the metabohsm of cmnamic acid; the presence of bound putrescine IS 
also of interest m relation to the biosynthesis of nicotme m tobacco plants. 

EXPERIMENTAL 

Cal&r Tusue Culture 

Tobacco cells growmg in suspension culture, derwed from N. tabucum ‘Brrght Yellow’, were used for 
this work. The stock cultures were routmely subcultured on Lmsmater and Skoog revrsed medmm15 once a 
~kforabout2yr.CellswenIp’ownin11OOmlErlenmeyaflasks~~100mlofmediummdarkness 
at 28” on a reciprocal shaker. The cells were harvested by suctton filtration, washed wtth water, and stored in 
deep-freeze until extracted. 

Isolatton 

Washed ttssue (15 kg) was repeatedly extracted with 75% aq. methanol comainmg 05% acetrc 
actd. The extract was concentrated m uucuc to about 200 ml. The water-insoluble materials formed durmg 
evaporatron were removed by centnfugatton The supematant was passed through a column (2 x 30 cm) 
of Amberhte CC-59 resm (H+ form) wrth water and basic mater& were eluted wrth 2 N HOAc. The eluate 
was concentrated in eucm, taken up m 100 ml of water, and placed on a column (2 x 50 cm) of Amberhte 
CG-50 resm (J3+ form) The column was then treated wtth 4 1. of a lmear gradrent of HOAc from 0 to 5 N. 
The e&rent was collected m 50 ml fracttons. Caffeolyputrescme was found m fractron 10-20 and both 
pcoumaroylputrescme and feruloylputreacme m fractron 22-35. The calfeoylputmscme was puntled on a 
cellulose column (2 x 100 cm), eluted wrth n-BuOH-HOA*HzO (13:2:5) and then converted to the 
hydrochlortde. Repeated recrystallizatton from water afforded 220 mg of line needles of catfeoylputrescme 
hydrochloride, decomp. 245-250”, changmg form at about 96”. (Found C, 48 21; H, 7 10, N, 8 65. 
CieHllNzOs HCl 2H~Orequired:C,4828;H,718,N,868 %) 

The fracttons contammg both pcoumaroylputrescme and feruloylputrcscine were placed on a small 
column of Dowex 50 x 4 m+ form) with methanol, and the baste compounds were eluted with 2 N 
NH.OH m methanol The ehtate was taken to drynas The restdue was tilved in a small volume of 
water and on bemg left overmght at 0” rt deposited feruloylputrescme, repeati recrystalliitron from water 
afforded 75 ma of yellow fine needles. The hvdrochlortde of the compound had m D 150 5-151 5’ (Found 
C, 52 35, H, 7-22; N, 8.98 C~4HzoNzO~ HCl Hz0 required C, 52 75, H, 7 27; N; 8 79 %.) . 

The mother hquor obtamed by tIltration of feruloylputrescme was chromatographed m n-BuOH-HOAc- 
H1O (13 2 5) and the bands of D were eluted wtth water. The extract was pun&d on a 
small ‘~01~ of Dowex 50 x 4~resin &+-form) and repeated recrystalhxatton of the product from water 
atforded 15 mg of faint yellow needle ofp-coumaroylput. It had m.p. 182-183 5”. (Found C, 6105; 
H, 7 70, N, 10 83 CloHisNzOa.H~O required. C, 61 88; H, 7 98; N, 11 10 % ) 

* R. N. ~AVARTI and B. D~wA, I. Gem. Sot. 1580 (1958). 
g L. Cxohnus, J Chem. Sac 995 (1955) 

lo J. S. Frrm, Au&&m J. Chem. 17,375 (1964) 
I1 L. M. BLAKELY and F. C STBWARD, Am. J Botuny 51,809 (1964). 
=B.L W1~~uh19 and T. W. &IoDwrN, Phytochem 4,81 (1965) 
I3 T. W. GOODWIN, Chemwtty and Biochemistry of Pkmt Pzgments, Academic Press, New York (1965). 
I4 J B E and J. J. Corm, B&hem. J. 81,242 (1961) 
1’ E. M. m and F. SKOOO, Physd. Planturum lg, 100 (1965) 
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The acid chloride of cllacetyl-trrrselc acid (prepd. from 530 mg of the acrd16 vls~ SOQ) in 20 ml 
CHCls was added to a cooled solution of putrescme (220 mg) m CHC&. The solid formed was filtered off, 
washed Hnth CHC& and extracted w&h methanol The methanohc extract was concentrated to dryness and 
the rmldue was treated with 10 ml of 2 N NaOH for 2 hr at room temperature. AtIer actdtficatlon \mth cont. 
HCl, the solutton was concentrated to dryness and the residue was extracted with methanol. The extract, 
after treatment on a column of Dowex 50 x 4 resm @I&+), afforded the desired product. Recrystalhzat~on 
from water gave colorless tie needle of l-(trm-3,4d&ydroxycmnam oylammoWunmobutane (180 mg); 
decomp. 247-250”. (Found C, 48 30, H, 7 12, N, 8 63 Calc. for ClsHlsNZO~ HCl.2Hz0 C, 48 28, 
H.718,N,868%) 

l-(Trans-3-methoxy4hy&oxycl~ yhnuno)-4-anunobutane 

To a cooled solution of putrescme (220 mg) in CHCls (20 ml) was added a CHC& solution of acetyl- 
trams-feruhc acid chlonde (so0 mg ) I7 The product was h drolyzed 

K 
wth 2 N NaOH under the same condltlons 

as mentioned above. After acld&ation with cont. H the solution WBS evaporated to dryness and the 
residue was treated on a column of Dowex 50 x 4 rcsm & form) Repeated recrystalhzation of the product 
from water gave yellow needles of l-(tronr-3-methoxy4hydroxycmna&oyhunm&kminobutane (250 mg). 
The hydrochlomde of the compound had m p. 151-152” (Found: C, 52 45, H, 7 20, N, 8 89 Calc. for 
CI~H10N20~ HCl.HzO C, 52 75, H, 7 27, N, 8 79 %) 

l-(Trans4hydroxycutnanw yhnuno)4ammobutone 

Acetyl-trmrs-p-coumaroylputresme was prepared by addmg the acid chloride of acetyl-trmrrcoumanc 
acid (410 mg) to a solution of putnzscme (220 mg) m CHCl3 (20 ml). The desired product was obtamed by 
hydrolyzmg the acetyl denvatlve and by successwe treatment with Dowex 50 x 4 resm. Repeated reuystalli- 
&ion from water afforded faint yellow needles of l-(trans_4_hydroxy cmnamoylamino)4aminobutane 
(210 mg), m.p. 182183”. (Found C, 6152, H, 7 80, N, 110. Calc. for CIJHleNzOz Ha0 C, 6188; 
H, 7.98, N, 1110%). 

I6 E. PMXJ and C STIEBER, Ber 62,2976 (1929) 
I7 L S FOSLXCK and A. C. Sm, JR, J Am Chem. Sot 62,3352 (1940) 


