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D i t e r p e n e  E s t e r s  f r o m  ' E u p h o r b i u m '  a n d  t h e i r  I r r i t a n t  a n d  C o c a r c i n o A e n i c  A c t i v i t y  ~ 

The  drug  ' E u p h o r b i u m '  is the  a i r -dr ied  l a t ex  of 
Euphorbia resini/era Berg. I t  has  been  used as a c a t h a r t i c  
and  as a c o n s t i t u e n t  of i r r i t a n t  p las te rs  un t i l  t h e  ear ly  
decades  of th i s  c e n t u r y  ~. A l t h o u g h  m u c h  ana ly t i ca l  work  
has  been  carr ied ou t  on t he  resin,  r e su l t ing  in t h e  i so la t ion  
of a n u m b e r  of b iological ly  i nac t i ve  t r i t e rpenes ,  t h e  
n a t u r e  of t he  i r r i t a n t  componen t ( s )  r e m a i n e d  u n k n o w n  3. 
I n  connec t ion  w i t h  our  research  p r o g r a m  on t he  d i s t r ibu-  
t ion  and  n a t u r e  of cocarc inogenic  pr inc ip les  in  t he  p l a n t  
k ingdom% a n  i nves t i ga t i on  of t h e  i r r i t a n t  pr inc ip les  of 
E u p h o r b i u m  was u n d e r t a k e n  s. 

Isolation and identification o/ compounds. B y  a com- 
b i n a t i o n  of mu l t i p l i ca t ive  d i s t r i b u t i o n  m e t h o d s  e w i t h  
adso rp t ion  c h r o m a t o g r a p h y ,  3 d i t e rpene  f rac t ions  R1, 
R2 and  R3 were isolated,  wh ich  st i l l  c o n t a i n e d  complex  
m i x t u r e s  of compounds .  I n  t h e  s t a n d a r d  as say  on t h e  
mouse  ear~, R2 a n d  R3 show i r r i t a n t  ac t iv i ty .  R1 does 
no t  p rove  to be  i r r i t an t .  

B y  p r e p a r a t i v e  TLC (silica gel) of f r ac t ion  R1, two 
b lack i sh  s t a in ing  (vani l l in /sul fur ic  acid, V/S)  ~, c rys ta l l ine  
subs tances  were o b t a i n e d :  1: M+ 610, m.p.  123-124~ 
0.07% of t he  res in ;  2:  M+ 640, m.p.  147-148~ 0.09% 
of t he  resin.  

The  mass  s p e c t r u m  revea ls  for 1 t h e  presence  of 
3 ace ta t e  and  a p h e n y l a c e t a t e  group,  for 2 t h r ee  ace ta t e  
and  a m e t h o x y p h e n y l a c e t a t e  group.  Th i s  is conf i rmed  b y  
t he  N M R - s p e c t r a  (in CCI~, ~ s  = 0.0 ppm) .  1 shows 
s ignals  for 3 ace ty l  g roups  (2.08, 2.05, 2.0 ppm,  each  3H, s) 
and  l p h e n y l a c e t y l  (7 .25ppm, 5H, s; 3 .66ppm,  2H, s) group.  
2 exh ib i t s  3 ace ty l  groups  (2.09, 2.05, 1.95 ppm,  each 
3H, s), 4 a r o m a t i c  p r o t o n s  (7.15 ppm,  2H, d;  6.75 p p m ,  
2H, d), a m e t h o x y  group (3.76 ppm,  3H, s) and  a m e t h y l e n e  
group (3.58 ppm,  2H, s), cha rac t e r i s t i c  for a p - m e t h o x y -  
pheny l aee t a t e .  The  o the r  s ignals  in  t he  N M R - s p e c t r a  of 
t he  2 c o m p o u n d s  are  ident ica l ,  i nd i ca t i ng  the  presence  of 
t he  same p a r e n t  a lcohol  in  b o t h  of these  esters.  

P a r t i a l  t r anses t e r i f i ca t i on  of 2 w i t h  1.5 equiv.  0.02 2( 
K O H / M e O H  a t  - -10~  yie lds  a d i a c e t a t e - p - m e t h o x y -  
p h e n y l a c e t a t e  (2c), a t r i a c e t a t e  (2b), a d i ace t a t e  (2e) a n d  
a m o n o a c e t a t e  (2a). The  MS-, IR- ,  UV-  a n d  N M R - s p e c t r a  
of 2 a  are ident ica l  wi t t l  those  of ingol -12-ace ta te  as ob- 
t a ined  b y  t r anses te r i f i ca t ion  of ingol-3, 7, 12- t r iace ta te-  
8 -n ico t inoa te  i sola ted f rom la t ex  of E. ingens 7. I n  t h e  
N M R - s p e c t r u m  of t he  t r i a c e t a t e  2b ,  the  s ignal  of H-7 
is sh i f ted  upf ie ld  w i t h  respec t  to  t he  co r respond ing  pro-  
t on  of 2 (in CCI~, dT~s = 0.0 ppm,  4.08 vs. 4.92 ppm)  
ind ica t ing  t h a t  the  p - m e t h o x y  p h e n y l a c e t a t e  m o i e t y  of 2 
is loca ted  a t  t he  7-posi t ion of ingol. 

Select ive t r anses t e r i f i ca t ion  of 1 w i t h  0.1% H C 1 O j  
MeOH yields a d i a c e t a t e - p h e n y l a c e t a t e  (2d). Accord ing  to  

t he  N M R - s p e c t r u m  of 2d ,  the  ester  groups  are loca ted  
a t  pos i t ions  7, 8 a n d  12. S u b s e q u e n t  base -ca t a lyzed  
t r anses t e r i f i ca t ion  of 2 d  w i t h  0.05 N NaOMe a t  - -10~  
resul t s  in t he  f o r m a t i o n  of t he  8 ,12-diaceta te  of ingol  (2e). 

1 : Ra=COCH2CsHh; 
0R4 .. R1RsR ~ = COCH 3 

, ~ 2 5 / "  2: R2=COCH~C6H~-p-OCHa 
18..~.~ 1 '~ 1~ 7~..--..16 R1R~R4=COCH 3 

n& lY 2.: R~R~=n, R,=COCH, 
U/~9 8(---0R ? 2 b :  R1R~R4=COCH a, R2=H 

/ I  lO~q~ k ,~,n 2c :  R I = H  Re=COCH2C6H4-p-OCH s 
19 k ) t l2  ' 

" ~  ~ 2 d :  RI=H,  R~=COCH~C~H 5, 
~R I "20 R3R4 =COCH3 

2e: RIR~-:H, R~R4-COCH 3 

Three  resinous,  i r r i t a n t  Euphorbia fac tors  R R 1  (3), 
R R 2  (4) and  R R 3  (5) s t a in ing  r e d d i s h - b r o w n  (V/S), can  be 
isola ted f rom f rac t ion  R2 b y  ac id -ca ta lyzed  deace ty la t ion ,  
co lumn  c h r o m a t o g r a p h y ,  r e a c e t y l a t i o n  a n d  p r e p a r a t i v e  
TLC (3: M+ 472, 0.019~o of t he  res in ;  4 :  M + 460, 0.034% ; 
5: M+ 508, 0.014yo). A l t e r n a t i v e l y  ex tens ive  ch roma tog -  
r a p h y  of R2  in d i f fe rent  so lven t  sys tems  shows t h a t  
t he  c o m p o u n d s  occurr ing n a t u r a l l y  are iden t ica l  w i t h  the  
subs tances  3 - 5  o b t a i n e d  as above.  However ,  t he  i so la t ion  
p rocedure  w i t h  chemica l  modi f i ca t ion  p rov ides  h igher  
yields  of t h e  Euphorbia fac tors  t h a n  d i rec t  isolat ion.  

The  mass  spec t ra  show for 3 the  presence  of a n  acet ic  
acid and  a tiglic,  d i m e t h y l  allylic or angel ic  acid residue,  
for 4 a n  acet ic  a n d  an  i sobu ty r i c  acid res idue and  for 5 
a n  acet ic  and  a pheny l ace t i c  acid residue.  A p a r t  f rom 

1 Dedicated to Prof. H. HAMP~RL, emeritus director of the Inst i tute  
of Pathology, University of Bonn, Germany, on occasion of his 
75th bir thday (E.H.). 

2 H. THOMS, Handbuch tier prahtischen und wissenscha]tlichen 
Pharmazie (Urban und Sehwarzenberg, Berlin, Wien 1931) 
vol. 5/II, p. 1277. 
R. H~ONAIJER, Chemotaxonomie der PJlanzen (Birkh~user-Verlag, 
Basel und Stut tgar t  1966), vol. 4, p. 103. 

4 E. HECKER, Z. Krebsforsch. 78, 99 (1972). 
s The results were part ial ly presented by M. H~RGEN~AHN at the l I .  

Wissenschaftliche Arbeitstagung der Gesellsehaft ftir Geschwulst- 
bekfimpfung der DDR, Dresden, DDR, 23.-26.4.1973 and at the 
Gemeinsame Herbsttagung der Bioehemisehen Gesellschaft der 
Bundesrepublik Deutschland, der Schweiz und 0sterreichs in 
Innsbruck, 0sterreich, 2.-5,10.1973, see Hoppe-Seyler's Z. 
physiol. Chem. 35,1, 120 (1973). 

e E. HECKE~ and R. SCH~ID% Prog. Org. Nat. Prod. Chem. 31, 
377 (1974). - E. HECKER, Methods in Cancer Research,' (Academic 
Press, New York and London 1971), vol. 6, p. 439. 

Table I. Irritant doses 50 on the mouse ear 6 of the diterpene esters isolated from fractions R2 and R3 of 'Euphorbium' 

Croton oil or Euphorbia factor Structure ID#0 nMoles/ear 

A 1 12-O-TetradeeanoyI-phorbol-13-acetate (TPA) 0.016 b 
_ Ingol-7-phenylacetate-3.8.12-triaeetate (1) > 460 ~ 
_ Ingol-7-p-methoxy-phenylacetate-3.8.12-triacetate (2) > 500 c 
RR 1 12-Deoxy-phorbol-13-angelate-20-acetate (3) 0.18 b 
RR 2 12-Deoxy-phorbol-t3-isobutyrate-20-acet ate (4) 0.024 b 
RR3 12-Deoxy-phorbol-13-phenylacetate-20-acetate (5) 0.0027 ~ 
_ Ingenol-3-aeylates (mixture) 0.017 

Ear reddening was read at 3 b and 24 r h after application. Each value is the average of at least 2 independent measurements. 
Level of significance c~ = 0.05, standard deviation if: 1,3. 
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Table II. Cocarcinogenie effect of diterpene esters from 'Euphorbium' on the back skin of mice 6 

1439 

Cocarcinogen Single Tumorrate Tumor yield Tumorrate Tumor yield M~rtality 
dose p after 12 weeks after 12 weeks after after after 
[~Moles] 

(% tumor (tumors/ 24 weeks 24 weeks 24 weeks 
bearers/ survivors) (%) 
survivors) 

No. of 
experiment 

TPA (phorbol-12-tetra- 
decanoate-13-aeetate) 0.02 46.5 1.43 66.7 2.09 3 478 

12-Deoxy-phorbol- 
13-angelate-20-acetate (3) 0.2 11.1 0.11 11.5 0.12 7 535 b 

12-Deoxy-phorbol- 
13-isobutyrate-20-acetate (4) 0.2 0 0 0 0 28 536 o 

12-Deoxy-phorbol- 
13-phenylacetate-20-acetate (5) 0.1 7.4 0.11 7.15 0.07 50 569 a 

TPA 0.01 59.4 3.21 68 2.52 7 601 

Ingenol-3-acylates (mixture) 0.1 g 42.3 0.89 66.7 1.95 14 541 f 

Numbers of animals per experiment: 28 (females); strain: NMRI. Initiation: 1 application of a single dose i = 0.1 ~Mole 7.12-dimethyI- 
benz [a] anthracene in 0.1 ml acetone on shaved back skin ( ~  6 era2). Promotion: twice weekly topical applications of singte dose p of cocar- 
cinogen in 0.1 ml acetone. Histology of tumors at the end of experiment: ~ No malignant tumor/50 tumors investigated (after 48 weeks of 
application), b 1 malignant/4 tumors investigated (after 48 weeks), o No histology, a 2 malignant/2 tumors investigated (after 43 weeks). 

No histo'logy, f 2 malignant/30 tumors investigated (after 48 weeks), g Based upon an average molecular weight of 516. 

these  signals for the  f a t t y  acid residues, the  NMR-spec t r a  
of 3, 4 and  5 are prac t ica l ly  ident ical ;  these  subs tances  
are, therefore ,  d ies ters  of the  same pa r en t  alcohol. 

F r o m  its NMR-,  IR- ,  UV- and MS-proper t ies ,  4 is 
ident ical  w i th  12-deoxy-phorbol-13- isobutyra te-20-ace-  
tare,  which  has previous ly  been isolated f rom the  la tex  
of E. triangularis s. 

The N M R - s p e c t r u m  of 3 (in CDCla, dTMs = 0.0) 
exh ib i t s  2 signals for m e t h y l  groups,  one at  ~2 .07  p p m  
(6H, CHaC=C (m) and  CHaCO(s ), super imposed  on a 
mu l t ip l e t  r epresen t ing  H-11 and H2-12, and  one at  
~,~1.89 p p m  (6H, CH~C=C(m) and e l la -19  (m)). The 
olefinic p ro ton  cen t red  at  6.19 p p m  (1H, qq, Ja,,5,2Hz, 
Ja,,4", ~ 7 . 5  Hz) is charac ter i s t ic  for an angela te  9,~~ 
Thus, 3 is t he  12-deoxy-phobol-13-angelate-20-acetate ,  
t he  geometr ical  i somer  of 12-deoxy-phorbol - i3- t ig l ia te -  
20-acetate,  which  was isolated f rom the  la tex  of E. trian- 
gularis s. 

The N M R - s p e c t r u m  of 5 (in CDCla, dTMs ~ 0.0) shows 
signals a t t r i bu t ab le  to  a phenylace t ic  acid residue 
((5 ~ 7.28 ppm,  5H, s; 3.61 ppm,  2H, s) and an acetic acid 
res idue (d = 2.07 ppm,  3H, s, super imposed  on the  3 
p r o t o n  mul t ip le t  of H-11 and  H~I2). Thus,  5 is the  
previous ly  unknown  12-deoxy-phorbol -13-phenylace ta te -  
20-acetate.  

The pos i t ion  of the  ace ta te  group is conf i rmed by  acid- 
ca ta lyzed  t ranses te r i f i ca t ion  (0.1% HC1OJMeOH) of 3,  
4 and  5 (see above).  Thereby,  the  acetyl  group is r emoved  
f rom the  allylic oxygen  funct ion,  as ind ica ted  by  the  
shi f t  of the  NMR-s ignal  for t he  vinyl ic  h y d r o x y m e t h y l e n e  
group f rom 4.45 to  4.0 p p m  (in CDC1 a, dTMS = 0.0 ppm)  
and the  absence  of the  3 p ro ton  signal a t  2.07 ppm.  

z.~_ OR~/17 
m-_..~ ,L ,L~__I  6 
HO.. 

O H 2CH2OR2 

3 : Rz-COCHaH a, R2=COC 
I I 
C = CCH a 

4: R1-COCH(CHa) ~, R2=COCHa 
5 :  R1-COCtt2C6H 5, R2-COCH a 

Frac t ion  R3 does no t  show d i s t inc t  spots  on TLC. 
F u r t h e r  f rac t iona t ion  by  column c h r o m a t o g r a p h y  on 
silica gel and charcoal  columns followed by  p repa ra t ive  
TLC results  in the  isolat ion of a ch romatograph ica l ly  
re la t ively  uni form resinous mix tu re  of esters  of the  same 
pa ren t  alcohol (stain: b lackish-brown,  V/S) represen t ing  
the  ent i re  i r r i t an t  ac t iv i ty  of f rac t ion R3 (0.006%, W) of 
the  resin). 

The mass  s p ec t ru m of the  mi x t u r e  shows M+ 530, 516, 
502. By  t ranses te r i f ica t ion  wi th  0.05 N NaOMe followed 
by  acetyla t ion,  a t r i ace ta te  is ob ta ined  which  is ident ical  
wi th  ingenol-3,5 ,20-t r iacetate l l ,~e.  T r e a t m e n t  of the  
mix tu re  wi th  ace tone /pTsOH produces  a cor responding  
mix tu re  of acetonides  (M + 570, 556, 542), each conta in ing  
i free hydroxyl .  A p a r t  f rom the  signals represen t ing  the  
acyl residues,  t he  N M R - s p e c t r u m  of th is  mix tu re  is iden-  
t ical  wi th  t h a t  of ingenol-3-palmitate-5,  20-acetonide 12. 
Therefore~ the  mix tu re  is composed  of esters  of ingenol 
esterif ied a t  pos i t ion 3. 

The acyl residues of the  mix tu re  of ingenol-3-esters  are 
ident i f ied  following base-ca ta lyzed hydrolysis ,  ex t rac t ion  
of the  acids and m e t h y l a t i o n  wi th  d iazomethane .  Pre-  
pa ra t ive  TLC yields a m i x t u r e  of 14 me thy l  esters.  By  
compar ison  wi th  au then t i c  samples  on GC/MS, 6 of t h e m  
were ident i f ied  as the  me t h y l  esters of 2 ,6-d imethyl -  
octanoic  acid, 2 -methy lnonano ic  acid, 2 ,6-d imethyl -  
nonanoic  acid, 2-methyldecanoic  acid, 2 ,6-d imethyl -  
decanoic acid a n d .  2 -methy lundecano ic  acid. A fu r the r  
peak  was t en t a t i ve ly  ident i f ied  by  GC/MS as me thy l  

7 H. J. OPFERKUCH and E. HECKER, Tetrahedron Lett. 1973, 3611. 
s M. GSCHWENDT and E. HECKER, Tetrahedron Lett. 1969, 3509; 

Z. Krebsforsch. 81, 193 (1974). 
9 S.N.  SHANBHAG, C. I{. MESTA, M. L. MAHESI-tWARI, S. I~. PAKNIKAR 

and S. C. BHATTAeHARYgA, Tetrahedron 20, 2605 (1964). 
10 M. GSCHWENDT and E. HECKER, Z. Krebsforsch. 80, 335 (1973). 
11 K. ZEC~EISTER, F. BRANDL, W. HOPPE and E. HECKER, H. J. 

OPFERKUCH and W. ADOLF, Tetrahedron Left. 1970, 4075. 
*2 H. J. OpFERKUCH, Ph, D. Thesis, University of Heidelberg 1973. 
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2,6-dimethylundecanoate .  7 other  residues were no t  
identified. Thus, the  ingenol esters 6 have  the  s t ructures  
given in 

12 1 ~ 1 1 - i  "''16 

19 ~ 7  
R H 

6: R= COCH(CH2)3CHCH2CH 8 

CH s CH a 
COCH(CH=)6CH a 

1 
CH s 

COCH(CH=)aCttCH=CH=CH a 
I I 
CH a CH a 

COCH(CH~):CH a 

CH a 
COCH(CH~)aCH(CH2)aCHa 

I I 
CH a CH a 

COCH (CH2) sCHa 
t 

CH a 
tentatively 
COCt-I (CH~) aCH (CH2) ~CH a 

[ 1 
CH a CH~ 

The occurrence of me thy l  subst i tu ted  long chain fa t ty  
acids in higher  plants  is unusual la;  to our knowledge the  
only branched long chain f a t ty  acid der iva t ives  isolated 
f rom plants  are amides of 7-methyl-octanoic  and 9- 
methyl -decanoic  acid from Japanese  Capsicum 14 and 
methy l -7-methy l -oc tanoa te  f rom hop 15. 

Irritant and cocarcinogenic activities. The i r r i tan t  doses 
50 (IDs0) of the  compounds  isolated are given ill Table  I. 
For  comparison,  croton oil factor  A 1 (TPA), the  main  
i r r i tant  and cocarcinogen from croton oit 6, is used. 

As compared to T P A  the  ingol esters 1 and 2 are not  
i r r i tant  on the  mouse ear. The 12-deoxy-phorbol  esters 
are re la t ively  weak i r r i tants  and i t  is in teres t ing to note  
that ,  wi th in  the  var ia t ions  of the  assay, the  IDs0 of 3 is 
ident ical  wi th  tha t  o~ the  corresponding t igl ia te  s. The 
mix tu re  of ingenol acylates  shows considerable i r r i tan t  
act ivi ty .  

Cocarcinogenic act ivi t ies  were tes ted in the  s tandard  
assay 6 on the back skin of mice using T P A  for comparison.  
The results are g iven in Table  I I  in te rms  of t umor  rates 
and tumor  yields, together  wi th  the  mor ta l i ty  rates in 
each exper iment .  Pronounced necrosis of the  skin is 
observed in the  t rea ted  area after  2-3 applicat ions of 

12-deoxy-phorbol-13-isobutyrate-20-acetate  (4) and -13- 
phenylacetate~20-acetate  (5). Therefore,  the  mor t a l i t y  
of animals  in case of 4 and 5 is re la t ively  high. A definite 
bu t  weak  cocarcinogenic effect is exer ted by  12-deoxy- 
phorbol-13-angelate-20-acetate  (3) (and, perhaps,  by  5). 
Wi th  the  mix ture  of ingenol-3-acylates,  the  mor t a l i t y  is 
not  except ional ly  high. As can be seen f rom Table  I I  
(experiments  541 and 601), p = 0.1 ~Moles of the  mix tu re  
appear  to be equipoten t  to p = 0.01 >Moles of TPA.  

Zusammen/assung. Aus <~Euphorbium~>, dem luftge- 
t rockne ten  La t ex  von Euphorbia resini/era Berg, wurden  
2 neue Es ter  des tri-  und makrozykl ischen,  polyfunk-  
t ionellen Diterpens  Ingol, 2 neue und ein bereits bekannter  
Es ter  des te t razykl ischen polyfunkt ionel len  Diterpens  
12-Desoxy phorbol  sowie ein Gemisch von  neuen Estern  
des te t razykl ischen polyfunkt ionel len  Diterpens  Ingenol  
isoliert. Das Gemisch der  Ingenoles ter  en thgl t  langkett ige,  
methy lverzweig te  Fet tsguren.  Alle isolierten Es te r  wurden  
auf  i rr i t ierende Wirkung  am Mguseohr und auf cocarcino- 
gene Wirkung  an der Ri ickenhaut  der Maus gepriift.  

M. HERGENHAHN, S. KUSUMOTO 18 and E. HECKER 

Deutsches Krebs/orschungszentrum, Institut /~r Biochemie, 
Im Neuenheimer Feld 280, 
D-69 Heidelberg 7 (Federal Republic o/Germany), 
6 August 1974 

13 It. S. IVIARKLEY, Fatty Acids, Their Chemistry, Properties, Produc- 
tion and Uses, 2nd edn. (Interscience Publishers, Inc., New York 
and London 1960), part 1, p. 49. - E. STENHAGEN, in Oils, Fats 
and Fat Products (Ed. H. A. BOEKENOOGEN (Interscience Pub- 
lishers London, New York, Sydney 1968), vol. 2, p. 12 and 16. 

,4 S. KosuoE and M. FURUTA, Agrie. biol. Chem. 34, 248 (1970). 
15 H. LAMMENS and M. VERZELE, J. Inst. Brew. 74, 341 (1968). 
16 Measurements and stimulating discussions of GC/MS and analytical 
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T h e  A n a l g e s i c  A c t i o n  o f  1 - F l u o r o c o d e i n e  

I t  is well known 1 t h a t  in t roduct ion  of subst i tuents  into 
the  aromat ic  r ing of morph ine  (I), codeine (2), and their  
congeners leads to a marked  decrease in analgesic effect. 
For  instance, 1-chloro- and 1-bromocodeine show only 
about  1/~ of the po tency  of the  paren t  (2), and the  ac t iv i ty  
of 1-acetocodeine is likewise marked ly  smaller  t han  tha t  
of (2)1. A priori,  this  decrease in pharmacologica l  effect 
due to the  halogen a toms could be. caused by  their  bulk, 
which migh t  interfere wi th  the  proper  a t t a c h m e n t  of the  
molecule to a b inding  site on a receptor,  or by  thei r  
e lect ronegat iv i ty ,  which would influence the  charge 
d is t r ibut ion  in the  a romat ic  ring, and th rough  this the  
analgesic act ion;  the  diminished effect of 1-acetocodeine 
could b e  .explained in a similar manner .  

To decide be tween  these al ternat ives ,  we have  prepared 
the  h i ther to  unknown 1-fluorocodeine (3). Since the  a tom 
of fluorine is hard ly  larger t han  t h a t  of hydrogen (van der 
Waals  radii2: H, 1.2; F, 1.35 A), i ts steric effect should be 
min imal  compared  to tha t  of o ther  subst i tuents ,  which 
are all s ignif icant ly  larger~ (e.g. C1, 1.80; Br, 1.95 A);  on 
the  o ther  hand,  this most  e lec t ronegat ive  of all a toms 

I O. J. BRAENDON, N. B. EDDY and H. HALBACH, Bull Wld. Hlth 
Org. 13, 937 (1955). 

2 L. PAULING, The Nature o/ the Chemical Bond, 3rd. edn. (Cornell 
University Press, Ithaca: New York 1960), p. 260 and 91. 


