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-~BsrR.ii:T.-Exanlination of the sap of Knltiiia let<folia has revealed Grayanotoxin 
I (l), phloretin (3) ,  and ~',G'-dihydrox!--l-niethos!-acetophenone ( 5 )  as  cytotoxic corn- 
ponente. Tnenty-one dili>-drochalcones have been synthesized and tes ted for c)-to- 
toxic act ivi ty .  2 ' ,3,3 ' , l ,4 '-Peii tah!-dros~-dih~drochalc~ne (8) has been found t o  be 
q - t o t o s i c  and to  have marginal act ivi ty  i t i  viL.0. Seven nen- dihydrochalcones are 
described. 

Ruliniu laiijolia L. (Mountain laurel) i; a \\-ell-kno\~-ii perennial herb of the 
family Ericacrae, commonly found in the xood.5 of Connecticut. Previous chem- 
ical inveatigatiori of the species has demonstrated the presence of the toxic di- 
terpenoid grayanotosin I (andromedotoxin. acet!-landromedol) [l] (I)! the di- 
hydroclialcones phlorizin [2] (2); the glyco.de of phloretin [3], and asebotin [4] (3). 

For example, 1 
has an LD30 (I.P. in mice) of about 1.3 nig kg (A) ,  but no  in vitro cytotoxicity data 
have been published. 

The toxicity of the grayanotoxins is well established in vit'o. 

1 

5 '  

3 '  6 5 

U OH 
2 4'OH, 6'OGlu. 
3 4'OH, G'OH. 
1 l ' O l I e ,  G'OGlu. 

.IC a clas-. the diliydroclialcone- -eem to  be remarkably free of toxicity in 
laborator) animal- ( 5 )  and 1 1 1  i itro te-ting again-t the 9KB cell line indicates EDjo 
value- gmerall? > 20 p g  nil ((3). 

Recently lion ever. uvaretiii. a 3'-benzyldihj-drochalcorie iqolated from L-earia 
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acumiwata, and some of its derivatives have shown activity ( T / C  132-144) in the 
P38S lymphocytic leukemia screen (7 ) .  

DISCUSSIOK 
Sormal solvent extraction of oven-dried K .  Zatijolia gave fractionf n hich were 

inactive in the P388 system, whereas the expressed sap (leave. and stems) had 
reproducible activity (T, C = 150). Further solvent fractionation of the con- 
centrated sap with chloroforni, ethyl acetate, and butanol gave active extracts 
(see experimental). 

The butanol extract was subjected to  chroniatographj- over silica gel with 
chloroform, ethyl acetate, ethyl acetate-ethanol. and ethanol used sequentially as 
eluting solvents. The fractionation n-as followed by a quantitative, in zitro, 
cytotoxicity screen involving the single cell plating of 9KB cells. Briefly, inocula 
of ca 200, 2000, and 20,000 9KB cells IT-ere made; the test compound at  1, 10 and 
100pg ml was added. After incubation and staining, the cell colonies were counted, 
thus giving a direct determination of surviving cells. This screening procedure 
is different from that used by the Kational Cancer Institute. The modification 
Tr-as developed so that test results could be obtained quickly (in about tTJ-0 weeks); 
the single plating technique has the additional advantage that it s h o w  changes in 
cell morphology in response to the drug under test, and further that it can dif- 
ferentiate betx-een, for example. the death of half the cells and a decrease in growth 
rate of 50%, and betneen cell multiplication and cell g r o d i  nithout division. 
Neither of these is possible if the S C I  protocol is follon-ed. 

The chloroform fractions from the column were uniformly inactive and were 
not further investigated. Elution with ethyl acetate yielded a n hite crystalline 
compound, mp 262-4", which was identified as phloretin [3]. The dihydrochalcone 
had an EDjo of 28 pg nil but proved to be inactive in exten3ive in eizio testing. 
The initial tests had used a saline vehicle, but since it was felt that [3] might still 
be the active component of the sap and that there might be a transport or solubility 
problem, additional vehicles were investigated. No increased activity was ob- 
served in tween-80, saline and alcohol, or Klucel. A careful tlc-examination of 
the ethyl acetate fractions, vliich contained [3] and which 13-ere more active iiz 
aitro than the purified phloretin, indicated the presence of an additional component 
having the same Rf as [3] in our analytical system. The compound was identified 
as 2',6'-dih~-droxy-4'methoxyacetophenone [5 ] .  The acetophenone had an EDSO 
of 4 . i  p g  'ml, but had no activity iit t i e o .  

Further elution u-ith ethyl acetate gave asebotin [4], which was inactive i?t 
t i tro,  and grayanotoxin I [l]. which n a s  mildly active in t i tro (ED60 60 p g  ml) but 
\yas toxic iiz ziao (no survivors at  > I 3  mg kg). Further chromatography gave 
phlorizin [2], 13-hich was inactive in titro. 

OH 0 
5 G'OH. 
6 6'OGlu. 
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.Ilthough some of the compound> isolated from the sap were cytotoxic to a 
degree. none v a s  active zit z i zo .  K e  uere unable to  identify any crude fractions 
having greater iiz rztro activity than the original butanol extract; thus. further 
investigation mubt rely on iiz i z i o  testing to  guide the fractionation. 

I n  vien of the above finding.. 11-e undertook the synthesis of beveral dihydro- 
chalcone. arid acetophenones in order to explore their potential as cytotoxic 
agent\. Eighteen The compounds and their activities are liqted in tables 1 and 2. 

T ~ B L E  1. Cell survival data for dihx drochalcones. 
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TABLE 2. Cell survival d a t a  for acetophenones. 

Compound 
S u m b e r  

I 

7 Survivors at  

I 

I 

2'  I 3 '  41 

I  OH^ H  OH H OH 29 100 1 
> OH I H I OlIe H   OH ~ 0 0 4 i  

14 OH H ~ OlIe  H ' Ol1e 0 ' 100 1 

OH 1 OH OH H 0 81 ~ 

6 OH ~H Ol Ie  H 39 100 

I I 

dihydrochalcones n ere synthe.ized by condeniation of an  acetophenone n ith a 
suitable aromatic aldehyde in the presence of 6 0 5  KOH (5) to give the clialcone. 
follon ed by reductioii, tlie 1 emainiiig three required .pecial procedure- (iee ex- 
perimeriial) . The synthetic dihydrochalcone ~ h o v  ing the most pron1i.e in Z I Z  
i itro activity n-a- ~ ' . : 3 . . 3 ' .~ .~ ' -pen ta l i~ -~1~0~~-c l i a l co1 ie  [SI. n-hich had an ED ,o of 
3..7 p g  nil. tlie conipouiid n a i  a1.0 marginall!- active i iz  i z io  (T C=1% at 65 



4SG JOURXAL OF SATURAL PRODUCTS [VOL. 42, so. 5 

mg Bg). The synthesis of asebotin [4] \\as through the glucoside pleoside [6], a 
natural product of unknown stereochemistry. isolated from Pleopoltis thzotbergimzu 
and not previously synthesized (9). A% Knoenigs-Ihorr syntheqis using 5 and tetra 
0-acetyl-a-D-bronioglucoqe in toluene. in the prewice of CdCOa (lo), gave the 
required tetraacetate. which x-as deacetylated to  6 under Zemplen conditions (11). 
The y-nthetic and natural pleoqideq xT-ere identical (tlc, ir, optical rotation). The 
natural product is, thuq, a P-glucoqide. 

EXPERI_71ESTALi 
PRELIMIS-IRI- FRacTIo~.~TIos.-Fresh leaves and stems of Kalniia Lai$oi'ia L. (Ericaceae) 

were chopped in a silage mill, and a hydraulic press was used to  express the  sap (5  l i t e rs ) .  The  
sap  was concentrated a t  40" to  about If  of i t s  original volume and extracted to  give the  follow-ing 
fractions 1n-t: T, 'C (dose mg;kg); ED chloroform [log; 138 (loo), 157 (12.5); Bd@nil]: ethyl 
acetate 3 g ;  120 (100)) 113 (50); 98 fig1 1;  butanol 121g: 166 1200), 120 (400); 14 figlml);  aqueous 
residue (T/C:104). 

CHROXITOGR.IPHY O F  THE BCTAXOL EXTR.iCT.-The butanol extract was subjected t o  chroma- 
tography over silica gel (1 kg);  500 ml fractions were collected. KO active compounds n-ere 

uted b\- chloroform (fraction 1-21). Fractions 29+30 (ethyl acetate) contained 2.75 gm of 
white needles mp 282-4" from ethanol water :lit (13) 262-4'3, i r  and tlc (systems a-g) identical 

i th  an authentic sample. Fractions 34-14 (ethyl acetate) xvere combined on the  basis of 
t lc analysis (system g) and rechromatographed over silica (80 gm) with e thyl  acetate-ethanol, 
20,'l as the  eluting solvent. Lisebotin 14; was eluted in the early fractions: the  glycoside n a s  
identified 12:- eo-chromatography (systems h ,  i) with an authentic sample, and by hydrolysis 
to  asebogeniii and correlation of the aglycone with authentic material. La ter  fractions 
contained phlorizin [2]; the  glycoside vas identical x-ith authentic material (ir, mp, t lc)  and 
gave 3 on acid hydrolysis. Tlc (system g) of those fractions containing 2 and 4 indicated the 
probable presence of grayanotosin I [l]  (blue color n i t h  Godin's reagent (14)): confirmation 
was provided b>- eo-chromatography of the  compound present in the  extracts, n-ith authentic 
grayanotozin I in several solvent systems (a, e, and g ) .  

with water (150 ml) and extracted with et,her (5  s 100 ml ) .  After drying, evaporation, prepara- 
tive layer chromatography (silica gel: chloroform-methanol, 8 , ' l ) ,  and further t l c  (silica gel; 
chloroform), pure 5 was obtained. alp, ir,  and t lc behavior were identical with synrhetic 
material  (see belo-iv). 

PHESOSE [14].-The method of Cave11 and RIac?\Iillan (15) gave 5 ,  mp 138", and 14, mp 85-86", 
in 2T and 14% yields, respectively. 

PLEOSIDE [6].--Compound 5 (0.182 gm, 1 mR1) and CdC03 (0.344 gm, 2mSI) --ere added 
t,o d ry  toluene (20 ml) in a flame-dried round-bottom flask (100 ml ) .  Tetra-0-acetyl-a-D- 
bromoglucose (0.822 gm, 2mM) was dissolved in d ry  toluene (20 ml) and added t o  the st irred,  
refluxing mixture over 1 h r .  The  mixture was heated a t  reflux for an additional 30 min and 
filtered hot through a pad of Celite. The  filtrate was evaporated t o  an oil xh ich  crystallized 
overnight. Crystallization from methanol gave the  tetraacetate as white crystals: 0.195 gm 
(38",), mp 182-3" (lit mp 119-20" (9) )2;  6:  2.02 (s;12H), 2.50 (s;3H),2.74 (s;3H),  4.14 (bs;2H), 
5.25 (s;3H), 6.02 (d, J = 2 H z ;  I H ) ,  6.10 (d,  J = 2 H z ;  l H ) ,  and 13.20 (s ; lH) ;  ms: 512 (Rf-), 453.138 
(11-OAc) : C23H2j013-OA~ requires 453.139. 

The  suspen- 
sion was treated with SaO1Ie  [2 ml of a solution prepared by adding S a  (2.3 mg) t o  methanol 
(5  ml)] and stirred a t  room temperature for 2 hr .  The  mixture was neutralized with DoR-ex 50 
(H+ form), filtered, and evaporated. Crystallization from ethyl acetate-hexane gave 6, 22 

1SOL.LTIOK OF 2',6'-DIHTDROXI-~'-~lETHOXY.~CETOPHESOSE [5 ]  .-sap (150 ml) n a s  diluted 

2',6'-DIHYDRoXY-~'-~lETHOXT.\CETOPHESO~E [5 ]  A S D  ~',6'-DIVETHOXT-2'-HYDROXYY.~CETO- 

This tetraacetate (40 mg, 0.078mRI) n-as suspended in dry  methanol (5  ml) .  

IMPS were determined on a Kofler hot stage apparatus and are uncorrected. S m r  spectra 
were obtained on a Hitachi Perkin-Elmer R-24 spectrometer in DB-acetone unless othernise 
noted Ir  spectra ne re  recorded 
on a Beckman Acculab 3 spectrophotometer Tlc analysis n a s  on silica gel using the  folloning 
systems a chloroform-methanol, 15 1. b ethyl acetate-hexane-acetic acid, 50/50/0 5 ,  c 
ethyl acetate-ethanol, 20 1 d e t h r l  acetate-isopropanol-nater, 6 2/1, e chloroform-benzene- 
ethanoI, 75 25'3 f benzene-methanol-acetic acid, i5,25 3, g e thyl  acetate-ethanol, 20 1 
toluene-acetic acid-formic acid, 5 4 1 I.  chloroform-acetic acid-formic acid, 5/41 1 T isuali- 
zation n a s  mith Godin s reagent (12) or diazotized p-nitroaniIine/lO% Sa2C03. I E  e z t o  test- 
ing mas carried out by  the  Kationsl Cancer Insti tute,  S I H ,  Bethesda, RID. 

Mass spectra n-ere recorded on a CEC 21-llOB spectrometer 
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nig (80C2), nip 180-5' flit mp 200-3' (9) ) :  vnias 3400, 2895, lGl0 and 1505 em-': [a;D=-40.3'. 
( c = 0 . 1 5 ~ ,  pyridine) (lit :a]D=--I1.6" (9 ) ) .  

PREP.\R.ITIOS OF DIHI-DROCH.ILCOSES.- Escept in the  cases of compounds 15 and 16, The 
acetophenone (0.02 nil and the  benzaldehyde 10.02 mole) n-ere dissolved in a minimum volume 
of ethanol. Cold aqueous KOH (605, 18.2 gm, 0,445 mole) 
was added slowl>-. The  reaction mistiire m-as kept a t  room temperature for 3 days and acidified 
b y  pouring into ice-cold 3; HC1. The precipitate was rapidly filtered and washed n-ith Cold 
water.  The  crude chalcones n-ere crystallized from ethanol,  and suhsequently reduced in a 
Parr hydrogenator a t  3 atmosphere pressure over 55; P d ,  C.  The  dihydrochalcones were 

Hesperitin was  
isomerized n-ith 2.T; KOH to  give 16. 

Each one had spect ral 
(ir,  nmr, and nisi characteristics compatible n i t h  the  assigned structure;  the  observed and 
calculated values for tlie molecular ioiis, the nips and v c o ,  are recorded below. 

Compound S o .  nip ' vco cni-l Formula Calculated N I T  Observed 31W 

The solution n-as cooled in ice. 

ane or benzene-hexane. 
waleh e t  oi. (16) n-as followed in the  preparation of 15. 

Seven of the  dihj-drochalcones had not lieen previouslJ- described. 

- 98-101 1650 CijH1403 242.0943 242.0541 
8 155-G 1020 C:,H;;Oj 250,0786 290.0766 
9 142-4 1620 CiaH:,01 258.  os91 258.OS9G 

10 147-9 1615 CIIHI~O: 258.0891 25s. os94 
11 137-9 1055 CI:HiEO; 272.104T 27%.  1045 
12 90-2 1 G50 C;SHi:O8 242.0943 242. G544 
13 106-7 1610 C:;Hi.O: 286,1204 286.1'204 

SISlxLE CELL I'L.\TISG iCLOSIZC,) PROCEDKRE. CELLS: GROV TH COSDITIoSS.--The human 9KB 
cells viere maintained in culture as monola?-ers. The  cells were grown in D M E  (Dulhecco s 
llodifieil 3Iininial Essential Xediuni oi Eagle! and 553 calf seriini. Plastic dishes (60 x 15 nim) 
were seeded xT-ith 1 x lofi cells and used after incitbating 24 lira a t  37". For  testing, cells from 
the monolaj-ers TT-ere dispersed into suspensions of single cells Kith a tr>-psin-EDT.1 solution 
10.05(; -rypsin, Sut r i t iona l  Biochemical Corporation: 1300 and 5 ?; 10-= 11 E D T A ,  ethylene- 
dinminetetraacetic acid in Saline D) ,  counted in a hemocytometer, and plated in 11NE sup- 
plemented n-ith 10'; calf seruni plus the test compound (see lielow). The  progeny from in- 
dividual cells n-hich siirvive esposiire to  the  test conipoiind iorni niacroscopicallj- visible 
colonies in 14 days a t  37'. These colonies were Jyashed Kith non-sterile PBS (phosphate buf- 
iered saline), fixed n-ith 1 0 5  formalin, Stailled with Giesnia, and coiinted over a photographic 
light box. 

SaIrPLE PREP.\R.iTIOS.-The compound tcj be tested was dissolved in eitk.er ethanol or water 
and added t o  the  DJIE and 1 0 5  calf serum solution to  a final concentration of 100 p g  ml.  
This sol.ition n-as sterilized bj- filtration through a niillipore filter, and further dilutions xe re  
made (10 and 1 pg nil) .  

CO~\IPOCSD TESTISG PROCEDTRE: EFFECT o s  PL.ITISG EFFICIESCI- OF SISGLE cELLs.-The gen- 
eral testing included three dose levels of the  test compound which %-ere measured by \?eight 
a t  100, 10, and 1 f i g  nil per sample, with duplicates for each sample. The  cells n-ere plated 
a t  three levels: 200, 2000, and 20,000 cells per dish with duplicates for each dish. Controls 
(DME and 10'; calf seruni and ethanol or water) were plated in duplicate at  200,2000, and 20,OCO 
cells per plate.  
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:Hikin0 (9) made the  te t raace ta te  from 6 with acetic anhydride and pyridine. His  an- 
alytical figures (C,5-1.3T; H,5.31) correspond be t te r  t o  a pentacetate (C,54.16; HJ5.47) than t o  
the  te t raace ta te  (C,53.5: H,5.47). 
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