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ABOUT THE COVER 

Our collector-chemist calls the painting of the intense little 
girl depicted on the cover his "Alfa-girl " because he bought 
it in a small Boston gallery after a day's discussion with 
our friends at Alfa. The gallery owner smiled at the sug
gestion that it looked like a sketch by John Singer Sargent, 
but the art-historian most knowledgeable about Sargent, 
Mr. David McKibbin at the Boston Athenaeum wrote: 
"Your head of a girl is stunning .... I have never been 
more sure of an unknown and I'd like to identify her." The 
canvas is on a Boston stretcher but, wrote Mr. McKibbin, 
"I know of no Boston subject and because the little girl is 
so attractive it seems unlikely had she lived here that it 
would not have been recorded or seen by any one who 
would have recorded it. Of course Sargent might have 
taken a prepared canvas with him to some place outside 
Boston such as Newport or Worcester, hut I cannot think 
who this child might be. If you will tell me what you know 
of the canvas's provenance there may be a clue which I 
could interpret." Thereby hangs a tale of as yet uncom
pleted art-historical sleuthing: The gallery-owner told our 
chemist that he had bought the canvas from an antique 
store, "Recollections" in Brookline, Mass. The owner of that 
store well remembered the painting but the seller, a lady 
whose name he had forgotten, had moved to Florida; she 
had, he believed, once taken the sketch in payment of rent. 
The lady's sister still lived in Boston, and occasionally came 
to "Recollections"; next time she came in, he would ask her 
about her sister's name and address, and perhaps we shall 
discover our girl's identity yet. 

The back of the canvas hears the name FRYE, perhaps 
the sitter's name, or that of a previous owner. We would 
appreciate hearing from anv reader who knows the identitv 
of this girl. 
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Thallium Chemistry: A Study in International Cooperation 

Alfred R. Bader 

Dr. Alexander McKillop and Professor Edward C. Taylor 

It is not often that a chemist has the chance to witness in 
intimate detail the development of an important new field 
of chemistry. What would have been our thoughts if we 
could have been with Professor Grignard when he first 
worked with magnesium compounds? At first, perhaps, 
some doubt that many chemists could ever get very excited 
about chemistry as way-out as that of magnesium organics, 
then amazement, and finally the realization that he is deal
ing with a series of reactions so versatile that the Grignard 
Reaction would soon become a household word among 
chemists. Thus were my thoughts when I first heard about 
thallium chemistry. 

Some two years ago, friends at the Smith Kline & French 
Laboratories in Philadelphia invited me to visit with them 
to discuss with Professor E. C. Taylor how one might mar
ket a series of thallium-organics developed with SK&F 
grants at Princeton and the University of East Anglia. At 
first I was skeptical; all I knew about thallium compounds 
was that they are highly toxic, and the fact that ,G-dicar
bonyl compounds gave stable thallium salts was interesting, 
but hardly earth-shaking. But I knew Professor Taylor 
and of his brilliant work in heterocyclics, and I thought it 
unlikely that he would get excited over a mere curiosity. 
And at the meeting I was soon convinced. The work on 
thallium organics began with the discovery hy Dr. Alexan-

der McKillop-a puckish Scotsman and enthusiastic chem
ist, then a post-doctorate fellow with Professor Taylor 
at Princeton-that thallous ethoxide reacted cleanly with 
,G-dicarbonyl compounds to form stable, crystalline salts. 
With other students of Professor Taylor, the reactions of 
thallous ethoxide were explored, and when Dr. McKillop 
returned to Britain to teach at the University of East 
Anglia, it was decided to continue this international coop
eration in the studies of the "Taylor-McKillop Reaction." 
How effective this has been is witnessed eloquently by the 
adjoining review article and the twenty papers by Professor 
Taylor and Dr. McKillop there cited. 

How could Aldrich help best? Offering the various thal
lium salts of ,G-dicarbonyl compounds was one, albeit minor 
contribution. Much more important was the availability of 
the key intermediates: thallous ethoxide, thallic acetate, 
and thallic trifluoroacetate. Thallous ethoxide presented a 
particular problem: the Princeton preparative procedure 
involved thallium metal, refluxing ethanol and gaseous oxy
gen, had been used only to make 500 gram quantities of 
thallous ethoxide and could not be used safely to make 
larger quantities. Dr. Walter Tschannen, the head of our 
"kilo lab," spent some time with Professor Taylor's group 
at Princeton and then came home to perfect a pilot plant 
method safely to make twenty to thirty kilo lots of thallous 
ethoxide-a method that could be scaled up to make tons 
if needed. Thus thallous ethoxide is now freely available 
and reasonably priced. Even its toxicity appears to be less 
of a problem: an effective and inexpensive antidote for 
thallium poisoning, the simple pigment Prussian Blue, has 
just been described [H. Heydlauf, European J. Pharm., 
6, 340 ( 1969) ]. 

To exploit the commercial possibilities of thallium chem
istry further, it was decided to set up a small company, 
Thallium Limited, specifically to make the products of 
thallium chemistry, allowing Aldrich to be this company's 
marketing aim. SK&F has flied patent applications on such 
kev intermediates as thallic trifluoroacetate, and these 
patents might well become valuable; a small company 
specializing in thallium technology would be a flexible 
vehicle to make these inventions commercial realities. One 
of Dr. McKillop's students, Dr. Lionel Elsom, heads Thal
lium Limited which will soon be producing a good many 
compounds. 

Princeton, Norwich, Philadelphia, Milwaukee-far apart, 
and yet working together closely and with a great deal of 
personal satisfaction to make thallium "one of the indispen
sable metals in synthetic organic chemical methodology." 
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Organothallium Chemistry-New Horizons 1n Synthesis 

Edward C. Taylor, 

Department of Chemistry, Princeton University, 

Princeton, N. J. 08540 

and 

Alexander McKillop, 

School of Chemical Sciences, University of East 

Anglia, Norwich, England 

The last two decades have seen a tremendous upsurge of 
interest and activity in organometallic chemistry, with the 
result that there are now few metals the organochemistry 
of which has not been investigated in some detail. Prior to 
the initiation of our studies on organothallium chemistry 
in 1966, however, little was known of the organic chem
istry of this group IIIB metal. This situation must be 
regarded as surprising, as not only is thallium abundant, 
inexpensive and readily available in a high state of purity, 
but sporadic reports during the past half century have 
clearly indicated that in certain reactions thallium deriva
tives arc effective chemical intermediates. In this article 
we summarize the remarkahle utility of thallium com
pounds in organic synthesis. \Ve believe that the reac
tions discovered thus far presage a bright future for this 
versatile metal. 

Our initial interest in thallium chemistry stemmed from 
curiosity about a statement made some years ago by 
Menzies and Wilkins1 that the thallium ( I) salt of ethyl 
acetonedicarboxylate was "readily soluble in cold ethyl or 
methyl iodide, thallous iodide being deposited on standing 
or heating". This startling statement about the apparent 
solubility of a J'?-dicarbonyl chelate in ethyl iodide ( not a 
popular solvent for ionic compounds!) prompted the rash 
conclusion on our part that thallium ( I) salts might be 
unusually covalent in character, thus raising exciting pros
pects of a wide spectrum of possible base-catalyzed 
reactions in homogeneous solution. A later report by Fear 
and Mcnzies2 that reaction of the thallium ( I) salt of 
ethyl acctoacetate with ethyl iodide resulted in apparent 
C-ethylation stimulated us to prepare some representative 
thallium (I) salts of f'?-dicarbonyl compounds and to investi
gate their physical and chemical properties. 

4 

vVe found that the most effective reagent for the formation 
of thallium ( I) salts of ,B-diearbonyl compounds was thal
lium ( I) ethoxide. This remarkable compound is a covalent 
tctramcr:i which is soluble in most organic solvents ( inclucl-

ing heptane and benzene) and thus possesses considerable 
advantages over sodium ethoxide and other alkali metal 
alkoxides in that homogeneous base-catalyzed reactions 
can he carried out in non-polar solvents. Treatment of a 
benzene or petroleum ether solution of a ,B-dicarbonyl 

0 0 
II 11 
C C TI0C2Hs 

CH3/ '-...___CH,/ �CH3 ----

(eq" I) 

compound ( e.g., acetylacetone, ( eq. 1) ) with l equivalent 
of thallium (I) ethoxide resulted in the instantaneous 
separation in quantitative yield of its thallium ( I) salt. 
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To our great surprise, and contrary to the previous report, 1 
these salts were completely insoluble in cold ethyl iodide. 
Heating the suspension, however, resulted in the formation, 
in quanlitatiue yield, of pure mono-C-cthvlatcd product 

+TII 
(eq. 2) 

( eq. 2) .4 Ironically, the extreme insolubility of these thal
lium salts in alkyl iodides appears to be the key to the 
remarkable specificity of alkylation ( and acylation) which 
we have observed upon treatment of these thallium (I) 
salts, in suspension, with alkylating and acylating agents.'1 
It appears that reaction occurs at the crystal surface, liter
ally "peeling away" the crystal until complete reaction 
has been achieved; retention of the geometry of the 
thallium ( I) chelate in the transition state leads to regio
specificity rivalling that of an enzymatic reaction. 
Not only arc thallium (I) salts of ,B-dicarbonyl compounds 
alkylated regiospccifically, but they may also be acylated 
selectively on oxygen or on carbon, depending upon reac
tion conditions.4 Thus, reaction with acid chlorides in 
ether suspension at - 78 ° leads to exclusive O-acylation, 
while treatment with acetyl fluoride in ether suspension 
at room temperature leads to exclusive C-acylation ( eq. 3). 

0/-
11 

CH3CCI -78° 

(> 95%) 

(eq. :l) 

\0 
II 

'· CH3CF 

(>95%) 

The remarkable effectiveness of this combination of rcgio
specific acylation and alkylation reactions is illustrated in 
eq. 4, which describes the synthesis of 1,1,1-triacetylethane. 

0 0 

II II 

Tl(+) 
0 0 

r (-) :t 
CH3/ "-:-:CH/ "---._CH3 

0 

\�F 

0 0 

II II 
C C 

CH� '-.._CH/ '-.._CH3 . 
I 

C C 

CH,/ ""-cH / "---cH, 
I 

(100%) CH3 
\ 

/ 1=0 (95%) 

CH3 

(rq J) 

CHJ\ /4,I 

(95%) CH3C(COCH3h (99%) 

Thallium (I) ethoxide forms thallium (I) salts with a wide 
spectrum of acidic organic substrates, and the properties 
of the resulting thallium (I) salts resemble those of the 
above ,B-dicarbonyl salts: they are all highly crystalline, 
colorless, sharp-melting, light-insensitive and readily recrys
tallizable solids. They arc also exceptionally useful inter
mediates in a wide diversity of synthetic reactions. Thus, 
treatment of an ether suspension of thallium (I) salts of 
phenols with an equimolar quantity of an acyl or aroyl 
halide at room temperature affords pure phenol esters in 
yields seldom lower than 97%. Phenol tosylates are prepared 
similarly (eq. 5).5 

6 TsCI 

( > 95%) 

RCOCI 

( > 97%) 

OCOR 

6 
(cq .5) 

Treatment of thallium(!) carboxylates with a stoichio
metric amount of an acyl or aroyl halide in ether suspen
sion, followed by removal of thallium (I) chloride by 
filtration and evaporation of the ether, affords symmetrical 
or unsymmetrical carhoxylic anhydrides ( according to the 
choice of the acid chloride) in quantitative yield (eq. 6)." 

RCOCI + R'Coo- r,
+ __ _ 

(100%) 

(eq. 6) 

0 0 
II II 

R-C · 0 - C-R' + TICI 

5 



Symmetrical anhydrides are alternatively prepared by 
treatment of thallium (I) carboxylates with thionyl chlo
ride in ether suspension at room temperature; the inter
mediate diacyl or diaroyl sulfites spontaneously lose sulfur 
dioxide (eq. 7)." 

2 RCOO" Tl + + 

(eq. 7) 

[ R �] R 
SOCl 2 - RCOSOOCR __,, (RCbO + S02 

+ 

2TICI (I00%) 

Thallium(!) carboxylates of n-alkanoic acids readily yield 
n-alkyl bromides upon treatment with bromine and carbon 
tetrachloride in a modification of the classical Hunsdiecker 
reaction (eq. 8).G 

2 RCOO" Tl + + 3 Br2 - 2 RBr + 2 CO2 + T1 2Br4 

(eq. 8) 

The utility of thallium (I) carboxylates in organic syn
thesis can he further illustrated by an improved preparation 
of Paquette' s "active esters"7 ( eq. 9); this procedure 

Vo SOCl 2 

I 
OH 

(eq. 91 

u N 0 
I 
0 
I 
SOCI 

RCOO"TI + u N 0 
I 
OCOR 

+ TICI + 502 

(60-70%) 

permits the direct conversion of an amino acid to a 
peptide without the necessity of intermediate formation 
of an acid chloride.8 However, an even better route to these 
"active esters" involves treatment of the thallium(!) salt 
of l-hydroxy-2 ( lH)-pyridone with acid chlorides; the 
reaction proceeds instantaneously at room temperature to 
give quantitative yields of products (eq. rn).R 

RCOCI 
(95-100%) 

(eq. 10) 

6 

) Cl N 0 
I 
OCOR 

A common feature of all of the above metathetical reactions 
is the avidity of thallium for halide ion and the consequent 
separation of an insoluble thallium (I) halide from the 
organic reaction medium. As a result, facilitation of intra
molecular halide abstraction by thallium (I) was to be 
anticipated. Thus, difluorocarbene is conveniently prepared 
by the1molysis of thallium (I) chlorodifluoroacetate ( eq. 
11) .n 

'(eq. 11) 

cyclohexene 

diglyme 
t-, 

(60%) 

The physical properties of thallium (I) salts ( solubility, 
crystallinity, stability) can also be used to advantage in 
the alkylation and acylation of a variety of heterocyclic 
compounds. For example, phenanthridones can be alky
lated smoothly at room temperature via their thallium salts 
( eq. 12) 10; previous procedures required formation of the 

R' 

i<'q. 12! 

0 I. TIOC2Hs 

2. RX 

(60-80%) 

potassium salt by fusion with solid potassium hydroxide, 
followed by alkylation in a sealed tube at elevated temper
atures.11 A variety of purines readily form thallium (I) 
salts upon treatment in ethanol or DMF solution with 
thallium(!) ethoxidc; in contrast to sodinm or chloro
mercuri salts, these thallium (I) salts alkylate exclusively 
at position 9, and this reaction has been �xploited for th� 
preparation of nuclcosides ( eq. 13) .12 

R 

N�NH 

1� •. Jl .. � ""'N N 

(eq. 13) 

HOCH2rl 
HO OH 

By-products of many of the above reactions are thallium (I) 
halides, and it is interesting to note that thallium (I) bro
mide is an extremely effective reagent for the synthesis of 
biarvls from aromatic Grignard reagents ( cq. 14) .u 



R R R 

0-MgBr 
TIBr u-a (70-100%) 

(cq. U! 

This superficially prosaic process has been shown to pro
ceed via a complex series of redox reactions involving all 
three of the valence states of thallium ( 0, I and III). Facile 
interplay among these valence states is, in fact, a charac
teristic feature of much of thallium chemistry. It is some
what surprising that the chemistry of thallium ( III) has 
been generally neglected in view of the well-known posi
tion of its reduction potential between that of mercury 
( II) and lead ( IV). Furthermore, thallium ( III) com
pounds would be expected to be strong Lewis acids, and 
may he considered coordinatively unsaturated if the asso
ciated anion is considered as a monodentate ligand. \,Ve 
have found, for example, that thallium (III) acetate is a11 
extremely effective Friedel-Crafts catalvst ( eq. 15) . 14 Fur-

OCH3 
OCH 3 

6· 
Tl(OAcb 

¢ CH3COCI (80%) 
r.t., CCl4 

COCH 3 

(eq. 15) 

thermorc, a combination of thallium (III) acetate and bro
mine has been found to effect exclusive para bromination; 
an ordered bromine-thallium(III) acetate-aromatic substrate 
complex appears to be involved in this highly specific elec
trophilic reaction ( eq. 16) . 15 

R R 

6 Br2 

¢ Tl(OAcb (70-95%) 

Br 
(eq. 16) 

The mild, selective and non-radical oxidizing properties 
of thallium ( II1) acetate are illustrated by its utility in the 
cleavage of a-glycols ( eq. 17) Hi 

Ph 
/

Ph 
"-c-OH 

I 
C-OH 

/ ""'-Ph Ph 

/eq. 17) 

Tl(OAch 

(84%) 

One of the most interesting and versatile thallium ( III) 
reagents which we have discovered thus far is thallium ( III) 
trifluoroacetate ( T 1 ( OCOCF 3 ) 3 , TTF A) . Its extraordinary 
reactivity as an electrophilic metallating reagent is illus
trated by its reaction with aromatic substrates, often at 
room temperature, to give arylthallium ditrifluoroacetates 
( eq. 18) .17 Kinetic investigations18 have shown that thal-

R 

n1 
� 

+ Tl(OCOCF3)s 

(eq. 18) 

lation, like aromatic mercuration,10 is one of the few 
examples of a freely reversible electrophilic substitution 
reaction. Thallation with TTFA of phenylethanol at room 
temperature ( kinetic control) leads to ortho substitution, 
while thallation at 73° ( thermodynamic control) gives pre
dominant meta substitution. Ortho substitution, we believe, 
results from intramolecular delivery of the thallium electro
phile from an intermediate Lewis acid-Lewis base complex 
between the TTFA and the side-chain hydroxyl group, and 
is thus subject to control by appropriate modification in 
the structure and size of the intermediate chelate. This is 
dramatically illustrated by the observation that thallation 
at room temperature ( kinetic control) of the acetate of 
phenvlcthanol results in para substitution ( eq. 19) .20 

CH2CH20H 
ATl(OCOCF3)z 

u 
(eq. /91 

A

CH20H 

V Tl(OCOCF3}z 

7 



These arylthallium ditrifluoroacetates are versatile inter
mediates for the synthesis of a wide spectrum of substituted 
aromatic compounds. For example, treatment with aqueous 
potassium iodide at room temperature yields aromatic 
iodides .21 Phenols are readily prepared by treatment with 
lead tetraacetate followed by triphenylphosphine.22 It 
should he noted that it is not necessarv to isolate the inter
mediate arvlthallium ditrifluoroacetates in either of the 
above reactions; thallation can he carried out in trifluoro
acetic acid solution and the appropriate reagents added 
directly to the reaction mixture. 

Arylthallium ditrifluoroacctates may also be utilized as 
intermediates for the synthesis of aromatic nitriles22 and 
thiophenols,23 while reductive cleavage with lithium alu
minum deuteride or aluminum amalgam in D2O leads to 
specific deuteration of aromatic suhstrates.24 These reac
tions an, summarized in Scheme 1 .  

R 6 

5,6,7/ 

SH 

0 R 

D 

0 R 

Reagents: 1- aq. Kl 2. aq. KCN, hv 3. Pb(OAc)4 4. PPh3 

5. K +· SCSN(CH3), � ArTl(SCSN(CH3),), 
6. hv  in acetone gives mixture of ArSSAr and ArSCSN(CH 3}, 
7 . [H J or H 30 + 8. LiAID4 

SCHEME 1 

It should be noted that control over the orientation of 
thallation, as illustrated above (eq. 19) with phenylethanol, 
has as its consequence control over isomer orientation in 
the above syntheses of iodides, phenols, nitriles, thio
phenols, and deuterated aromatics. 

Just as lead tetratrifluoroacetate is a more powerful oxidiz
ing agent then lead tetraacetate,25 so TTFA is a more 
effective and versatile oxidizing agent than thallium ( II I )  
acetate. For example, we have found that a wide variety 
of p-t-butyl phenols are smoothly transformed into p-qui
nones upon treatment with TTFA in either TF A or carbon 
tetrachloride solution.26 A variety of other p-substituted 
phenols are likewise converted to p-quinones upon treat
ment with TTFA. Hydroquinones can literally be titrated 
with TTF A and this reaction constitutes an extremelv 
convenient procedure for their oxidation to p-quinone's 
(eq. 20 ) .26 

8 

leq. 20) 

R = R' = alkyl, halogen, etc. 
X0, halogen, OAc, N R2 , etc. 

Finally, the reactivity and selectivity of TTFA as an 
oxidizing or metallating agent can apparently he exten
sively modified by the addition of appropriate co-reagents. 
For example, treatment of 4-bromoveratrole with TTF A 
and boron trifluoride etherate results in a smooth Scholl 
reaction ( eq. 21 ) 27 in which oxidative coupling rather than 

CH

b-0

0 OCH 3 

TTFA CH 30 r_� r_� OCH 3 (9 1 %) ) 
Br Br 

(eq. 2 1 )  

thallation has taken place. 

It  is widely recognized that organometallic chemistry 
offers some of the greatest challenges and promises some 
of the richest rewards in synthetic organic chemistry. We 
suggest that thallium may well be regarded in the future 
as one of the indispensable metals in synthetic organic 
chemical methodology. 
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EEDQ: BEST BY TEST 

OC2H5 

We sell just about every peptide reagent, were the first to offer DCC ( and remember with a slight 
shudder the 39 complaints we received because our material was a waxy solid; the first literature 
reference had stated that it was a lic1uid which would not crystallize ! )  and have even sold thousands 
of bottles of vVoodward's Reagent K, despite its relatively high price. However, no peptide reagent 

has excited our imagination quite as much as EEDQ1 ,2 . Not only because it is also a most interesting 

pharmacologic tooJ3 for the study of both the central and peripheral adrenergic nervous system hut 
because it really appears to be the ideal peptide reagent : peptide formation in high yields at room 
temperature with practically no racernization. For instance, in two peptide synthcscs4, vVoodward's 
Reagent K gave after 24 hours 72 and 95% yields and l ·7 and l ·8% racemization. EEDQ gave after 
7 hours yields of the same peptides of 91 and 97% with 0·2% racemization. Probably that racemiza
tion was due only to the tertiary amines used; Professor Belleau recommends that EEDQ be used 
without tertiary amines. Also, EEDQ is so inexpensive that it will become a general reagent for 
amide formation. Its advantages over DCC are obvious: it is not a skin-irritant, yields arc generally 
higher, and all the reaction byproducts arc volatile, leaving the peptide as the only solid residue. 

No. 1 4,983-7 EEDQ Gold Label, 99% + ,  5 g .-$5.75; 25 g .-$1 5.50 

No. 1 5,207-2 EEDQ 98% + (satisfactory for all synthetic reactions) 
25 g .- $6.25; 1 00 g .-$1 6.75; 5 kg. -$95/kg. 

EEDQ is l icensed under U .S. Patent No. 33891 42.  

1 B. Belleau a n d  G . .\!alck, J .  Am.  Chem. Soc., 90, 1 65 1  ( 1 968). 

" ll. l\cllcau, ibid., 90, 823 ( 1968). 

a R. _Martel, R. Berman and B .  Belleau, Can. ]. Physiol. J>harmacol., · 17 ,  909 ( l 9b9) .  
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A 130 UT THE conm 

Our collector-chemist is rather opinionated about many 
Bible characters, and the one he l ikes the least among the 
"good guys" in the Old Tes tament is Joseph whom he con
siders a brill i an t  organ izer, a fine servant ,  a bad brother 
and a worse son. Hence we were rather surprised when he 
purchased recently at a London auction this large ( 42 x ,15 
inches ) pain ting of Joseph explaining the baker's dream . 
From 1 748 to 1951  this had been in the collection of the 
Dukes of Bedford a t  \Volmrn Abbey, where i t  had been 
attributed to Hcmlmmdt.  Our collector is  convinced that  
i t  i s  not  by him but  by someone around 1 660 s trongly 
i nfluenced by Hembranclt .  Sometime the art ist  will be 
iden tified : anyone \Vho could depict in so masterly a 
manner the mos t  difficult of all subjcels-communication 
between men-deserves to  be  known. 
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Synthesis of Benzocyclobutene and Derivatives 

Irwin L .  Klunclt 

Hesearch Division, Aldrich Chemical Company, Inc. 

The bcnzocyclobutenc ring system i s  a novel fused ring 
system that has attracted quite a number of investigators 
in the past decade. Al though simple bcnzocyclobutenes are 
not available commercially, the r ing system can be pre
pared by any one of the routes l isted below. Aldrich offers 
a number of the intcrrncdiales necessary to prepare the 
ring system and in  some cases the availahle st arling mate
r ial  is only one step away from the final product. 

The fi rst syn thesis of the hcnzocyclohulcnc ring system was 
reported sixty years ago by Finkelstein, a student of 
Tohanncs Thiele, in his doctoral thesis . 1 The field of hcnzo
�vclolmtenc chcmis!rv then lav dormant  unt i l  Cava re
l;ea!cd Finkclstcin's s�·nlhcsis ii� 1956. 2 Since then al least 
ten differen t syn thet ic methods han� been reported. Finkel
stein reacted a,cr,a',c,-lctrabrorno-o-xvlcne \\· i th sodium 
iodillc in hot  alcohol . A similar proccd�Jre has been used to 
prepare 1 ,2-cliphcnylhcnzoc\·clolrntenc. :i 

(T 560-5 *) 

C5H5 
I 

0 
C H B r  

C H  B r  
I 
C6H s 

C5H5  
I 

N a !  ----
rcYC H Br 

b a s e  � 

T\\'o groups ha\'c i1l\'est iga ted the pyrolysis of 1 ,3-clihyclro
isothiana ph t hene-2,2-dioxidc. 4 ·5 

(D 4440- 5 •) 

I t  has been sho\\'n that  the temperature of the pvrolvsis 
s tep  can he lo\\'crcd from (i:50--770 ° to 300-350 ° by irra
diation \\· i th ultraviolet light .ii 

Hart7 has rcporlccl a novel synthesis s tarting with h indered 
trichloromethvl-o-xvlcnes. 

(M 720- 0 * ) 

The photochemical expulsion of carbon monoxide from 
snhstitutecl 2-indanones has been reported to give henzo
cvclobulenes. 8 Photolysis of s terical lv h indered aroma tic 
k"ctoncs produced a 1{urnber of bcnzc;cyclohutenols.0 

h l/ 

R 

C H 3  7 0  
C 2 H 5  6 3  
i • P r  6 1  
t - B u  0 

Treatment of the tosylamide of subst i tu ted  N-aminoclihy
clroisoincloles \\·i th base causes the el imination of n itrogen 
anll the formation of substituted bcnzocvclobutencs . 10 

R 

R 1 - Rz,, H 
R 1 - R2-C5H5 

% Y i e ld 

1 6  
40 

Cis and tmns-1 ,2-cliphcnvlbcnzocyclobutcne and 1 , 1 ,2-tri
phcnylhcnzocyclolrntcnc ha\'e been prepared by oxida tion 
of the corresponding l-aminodihYclroisoinclolc. 1 1  

0 Aldrich Product :\'umber 

3 
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[OJ 

R 1 � Rr C5H5;  R2� H 
R 1 � Rr R3� C5H5 

Se\'cral groups ha\·e employed the \\7olff rearrangement of 
a-diazo-1-inclanoncs to produce substituted benzocyclobu
tenc carboxylic acicls. 1 2  This method allows a great variety 

( 1 -230- 4 * )  

o f  subs tituted bcnzocyclobutcnc carboxylic acids to h e  pre
pared but the scale of the reaction is limited by the size of 
the photolvsis appara tus . An analogous method has also 
been used to prepare a /i'-ketoester. i:i 

0 0 

( 1 -200-2 * )  

The reaction of carhenes with olefins and then con\'ersion 
of the adduct to a benzocyclobutenc has been reported 
bv t,\·o groups. 14  

0 
(C 9920-5 * )  

Br 
Br 

Br 

The reaction of bcnzyne with bie_velo [2 .2 .l )heptadicne pro
ducccl the expected bcnzocyclobutcnc in 20% viclcl . 1 5  The 

0 A ldrich Product '.\'umber 

4 

(B 6680-9 *) (B 3380-3 *) 

reaction of bcnzync with 1-pyrrolidinocyclohexcnc also 
gave a bcnzocyclobutcne. 1 " The nature of the product 
depended on the method of generation of benzyne. 

(P 7400-1 *) 

(F 600- 1  * )  

(8 6680-9 * )  

Several groups have reported the reaction of benzync, gen
erated from o-henzenecliazonium carbo:wlatc, with olefins 
to produce I-subst i tuted benzoeyclolmte;ics . 1 7  

(Q(02H - ©rc o: 

trn2 N 2  

(A 8985-5 ')  

CH2 = CH- OC2H�  
(E 5 1 25-2 ' )  

0 
I I  

CH2 = C H - O - C CH3 

(V I 50-3 ') 

� ( 1 1 , 02 1 -3 ') 

0 " 
CU2 = CH - C - O - C2Hs 

(E 970.f, ') 

Several investigators have s tudied the stcrcochcmistry of 
addition of bcnzync to olefins to prepare 1,2-disubstituted 
bcnzoeyclolmtcncs in hopes o f  determining i f  benzyne re
acts as a diradieal or a dipolar species. 1 8  

( D  6220-9 ') 
or 

Cl  C l  

(D 6200-4* )  

C l  C l  

+ Q  C l  [Qr(C I  



IIomoeyclie ring closure da benzyne intermediates to 
prepare substituted benzoeyelobutenes is a emn-enien t  
m ethod.rn Various 1 -substituted and ring substituted benzo
eyclobutenes have been prepared by this method. 

X 

- COzCzH5 
- C N  
- SOzC5H5 

% Y ie l d  

1 0  
6 1  
47 

The dehvclrogenation of a preformed bicylo [4 .2 .0Joetane 
has been used lo prepare the benzocyclobutene ring 
system .20 

s,�
Fz 

Br � F2 

KOH 

+ 

A Diels-Alder reaction lo form a substituted cvclohcxene 
ring, amine oxide pyrolysis and then a photoche(i1 ical cycli
zation to give the desired bicyclic ring system has also 
been u tilized. 

R = H . CH3 

0 
I I  

C I - C  
0 0 
t i  I f  

+ � --c - C l  
I I  

DC - C l  

0

C - N(CH3}, 

_,, I 
R C - C I  R C - N(CH3)2 

0 

h, 
,( ---DCH2 

R CH2 

1 1  I I  
0 0 

1 1 . L iA IH4  
l .  [O] 

£C9 

N(CH3)2 

<(----
N(CH3)2 

D, R • 

The use of cis and trans 1 , 2  divinvlcvclobutanc i n  a Diel
A lder reaction with dimethvl aeet�,Je;1ediearboxvlate leads 
to the same benzocyclobute;1e deri\•ative upon o'.xidation of 
the clihydro ring system. 

1 R - C :: C - R  l R - C :: C - R 

R = -C02CH3  

Treatment of 1 ,2,5,G-tetrabromoevelo-oclane or evelo-octa
telraene \\'ith a strong base prodt;ces bcnzocyclol;u lenc.21 

0 
Br  ( 1 3 , 892- 4 *) 

The availability of the benzoeyelobutene ring system 
through the synthetic m ethods that  have been summarized 
above \\· i l l  now enable reactions that have been s tudied on  
indan, tetralin and  larger benzocycloalkanes t o  be invest i
gated on the four membered ring analog. 

A more detailed 1-c\·icw of the methods of svntheses and 
ehcrnislrv of bcnzocvclobutene and i ts der{·ativcs is i n  
preparation.22 

0 Aldrich Product ;-...'umber 

5 
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PHICE I:\'FOH.\!ATIO>i FOH BENZOCYCLOBUTE:,;E PHECUHSOHS 
In order of appearance in article. 

Name 
a,a,a',a'-Tctrabromo-o-xylcne . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • 
a,,/-Dibrorno-o-xylene . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . . . . . . . . . . . . . . . . . . .  . 
"'fcsitylcnc . . . . . . . . . .  , . . . . . . . . . . . . . . . . . . . . . .  , • . • • • • • • • • • • • • • • • • • • • • • 
2,' ,4' ,6' -Trimethylacc tophenone . . . . . . . . . . . . . . . . . . . . . . . . . . 10  gms. 5.00 
1-Inclan one, puriss . . . . . . . . . . . . . . . . .  , . . . . . . . . . . . . . . . . . . 1 0  gms . ,t00 
1 ,3-Inclandionc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . . . . . . . . . . . . . . . • • • • 
Cycloheptatrienc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
2-Brornofluorobenzcne . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . . . . . . . . . . . . . . . . . .  . 
Fluorobcnzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
1 - ( Pyrrolidino )-1-cyclohexcne . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Antlmmilic acid . .  , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Ethyl vinyl et her . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

100 gms .  
2,5 grns .  

500 gms.  
500  gms. 

5.00 
4.75 
4 .00 
3.00 

Vinyl  Acetate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . . . . . . . .  , . . . . . . . . . . . . . .  . 
acrylonitrile, 99 -1- % . . . . . . . . , . . . . . . . . . . . . . . . . . . . . .  , . . . .  . 1 kg. 3 .20 
Ethyl acrylate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . .  1 kg. 4 .00 
cis-1 ,2-Dichlorocthy Jene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 100 gms .  5.00 
t rans-1 ,2,-Dichloroethylene . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 500 gms. 4 .25 
1 ,3,5,7-Cyclooctatelraene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

100 gms. 8.00 
100 gms. 21.00 
500 gms. 6.00 

25 gms. 1 1 .00 
25 grns.  9.00 
25 gms. 5.00 

100 grns.  7.25 
25 gms. 1 1 .00 

500 grns ,  18 .50 
100 gms. 15.00 

2 kg. 14.00 
2 kg. 6.50 
3 kg. 5.00 
3 kg. 0.30 
3 kg. 7.50 

500 gms .  20.00 
2, kg. 12.50 

10 gms. 18.00 
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S teroidal Saponin Esters Elaborated by Poisonous Marine Echinoderms 

S .  L. Friess 

Physiological Sciences Department 

Naval .Medical Hcscarch Institute 

Bethesda, Maryland 

SUM!11AHY: 

Certain members of the marine cchinoclerm family (e .g. sea 
cucumbers and starfish) elaborate potent t oxins based on a 
steroid nucleus, a polysacclwride sicle chain, and a half
esterfied sulfuric acicl residue that confers anion ic character 
on the toxin . These agents me surfactan ts, and produce 
irrecersilJ/e clcstruction of cxcitalJi/iflj in ncwomuscular 
t issues ,cith a potency clC)Jenclc 1 1 t  on reten t ion of the an ionic 
charge. The sugars in tlw side chain me principally of 
standard type (D-glucose, D-xylose, etc .), bu t  also include 
residues of the  tcrm inally-rcclucccl cmictlj (D-quinocosc, 
D-fucosc) of monosaccharicle. A striking example of toxin 
specificillj in point of a ttack of excital1lc t issues lJy drtue 
of the polar nature of the collect ion of sugms on the side 
chain has been obsemccl. 

The past clccade has witnessed an expansion of research 
i nterest in toxins elabora ted bv marine plan ts ancl an imals ,  
as part of a growing dedication to increase i n  man's under
standing and use of sea resources. In particular, m arine 
animal species :·iclding chem ical principles of h igh biolog
ical acti\·i ty and potent ial hiorncdieal u t i l i tv ha\·c rccci\'cd 
con tinuing a ttent ion in laboratories spread across the ·glCJbc, 
but i t  is  only of recent date that pmificd, chemically char
acterized components of the crmlc toxin mixtures synthe
sized by these animals for pro tective and offensiH: purposes 
have hccn cmploved in research . Particular success in puri
fication, s tructure proof and subsequent biological study of 
tox in components has a t tended the efforts focussC'll on the 
s teroidal sapcrnin esters produced by mcm bcrs of the 
phylrnn Echinodermata,  cspcciallv among the poisonous 
sea cucumbers and s tarfish, since these compounds are 
rclat i\'cly stable subst ances s temrning from their structures 
as half-cs tcrificd sulfuric acid s,i l ts .  ;\ccordinglv, the present  
review wi l l  lie clc\'otcd lo a brief Sliffe\· of  kno\\'n infor
mation on s tructure and bioacli\· i ty of these part icular 
s ulfate  es ters. 

Lively in terest  in the toxic principle claboratccl by the 
Bahamian sea cucumber Act inopyga agassi:: i Sclenka fol
lowed in i t ial s tudies 1 on isolat ion, properties and sugar 
components of the steroidal glycoside mi:dure kno\\'n as 
Holothurin :\. This steroid m ixture con tains scn:ral separ
able glycosides, each of which yields on acid hydrolysis 
four rnonosaccharicks ( xylosc, glucose, 3-0-rncthylglucosc 
and quinovose ) ,  a single molecule of sulfuric acid, and one 
of a mix ture of closclv related steroid aglvconcs. A pro
visional s tructure for ,{ m ajor component  �if' I-Iolothurin A ,  
based on  the s tructure deduced for the isolated gcnin 
22,25-oxidolwlotlmrinogcnin,� contains the four sugars at
tached in glycosiclic array a t  the :3-pnsition, i n  the indi
cated se<Jucncc, and a sulfuric acid residue bound  as a 
hcmi-cster at some unknown sugar hydrox\'I function . The 
resul t ing anion, con taining struc tural components tha t  ren
der i t  compatible with both lipid and pol\'saccharidc 

1 G  

moieties i n  excit able biological membranes, possesses a 
wide varie ty of biological activ i t ies .  IIolotlrnrin A is a pow
erful surfactant, acts as a poten t  agent  i n  irreversible de
s truction of excitabili ty i n  mcdullated nerve noclcs,3 i n  the 

0 

I 

X 

I 

G 

I 

G - OMe 

I 

Q 

SUGAR 

D - G LUCOSE 

D - XYLOSE 

D - QU I NO VOSE 

- OS0 3 Na
+ 

SYMBOL 

G 
X 

3 - 0 - METHYLGLUCOSE 

Q 

G -OMe 

Me 

cholincrgic neuromuscular junction4 and i n  ganglion •cells,5 
causes hemolysis of red blood cclls,i; and produces death 
in in tac t  m ammalian species ( e.g. mice4 ) by a rapidly 
effect ive combinat ion of central and peripheral actions. I t  
is of grea t  i nteres t too that a considerable fraction of the  
biological potency of  1 Iolothurin A i s  l inked to  possession 
of a negative charge cen ter, s ince removal of the sdfatc 
group by sclecti\·c hydrolysis causes a sharp dirn inution4,5 
i n  i ts abil i ty to destroy membrane excitabil i ty .  Further, the 
properties of the desulfatcd derivative arc such that ,  despite 
i ts lowered in trinsic potency as a toxin on loss of formal 
negati\'e charge, i t  i s  able to protcctl .5 against  a consid
erable fract ion of the inc\·ersiblc actions effected by the 
anionic IIolothurin A on  neuromuscular and Fan rr'iio!lic 

c) 0 

tissues. 

The biosyn thcsis of Holo llrnrin A by poisonous sea cucum
bers i s  not limi ted to western hemisphere species, since 
essentially tbe same mixture of s teroidal saponin sulfate 
esters is elaborated by the echinoderms H. cagabuncla and 
11. lubrica found in Asian Pacific waters.7 The same  set 
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of four side chain sugars, including the terminally-reduced 
monosaccharide D-quinovose, is found in the Asian prod
uct. But interestingly, the Asian species also elaborate a 
second steroidal saponin Holothurin B, 7 which still pos
sesses high activity in blockade of neuromuscular tissues3 

but only contains two sugar residues in its glycosidic chain, 
D-xylose and D-quinovose. 

Findings with regard to variation in the nature and number 
of sugar residues attached to the steroid nucleus of echino
derm toxins logically lead to general inquiry into the role 
of the sugars in promoting bioeffectiveness and specificity 
in action of these saponins. Both Holothurin A and B, for 
example, possess a mixture of nonnal sugars and a termi
nally-reduced sugar ( D-quinovose ) in their glycosidic chain 
complement, for reasons which remain obscure. However, 
some clues as to the functional utility of glycosidically 
bound normal vs. reduced sugars in directing specificity 
of biological attack in excitable mammalian tissues have 
emerged recently, starting with elegant work on isolation 
and characterization of the steroidal saponins from the 
Japanese starfish Asterias amurensis by Hashimoto and 
Yasumoto. s,9 These investigators isolated two distinct sap
onin fractions from the starfish tissue, and purified them 
respectively to the state of crystalline mixtures designated 
as Asterosaponin A and Asterosaponin B. Each Asterosapo
nin fraction furnished the same mixture of aglycones on 
hydrolysis, and each possessed one sulfate residue per mole
cule bound as an hemi-ester, but they differed with respect 
to sugar content. In graphic summary, without commitment 
on the order of sugar attachments, Asterosaponin A was 

Asterosapon in  A 

Aglycone 

{ I } D-fucose 
D-fu�ose -

0503-N a  -1-
D-qu i novase 
D -q u i novose 

Asterosapon i n  B 

Aglycone 

{

D-x;lose 

} 
D-ga lactose 
D-fu�ose - 050 3

-
N a  + 

D-q u i n ovose 

D-q u i novose 

found to contain only sugars of the terminally reduced type 
( fucose and quinovose ) ,  whereas Asterosaponin B was 
characterized by possession of a mixture of normal (xylose, 
galactose) and reduced ( fucose, quinovose ) sugars. Bio
logically, the net result of this difference ir sugar distribu
tion is striking.3 Both substances are quite powerful in 
destruction of excitability of a cholinergic neuromuscular 
preparation ( rat phrenic nerve-diaphragm) ,  but with clear 
specificity as to the sector of the junctional tissue preferen
tially affected; Asterosaponin A is more potent in depression 
of responses elicited by stimulation of the nerve sector of 
the preparation than those produced by direct stimulation 
of muscle, while Asterosaponin B displays an inverted activ
ity sequence. Apparently, the reduced surface polarity of the 
sugar chain in Asterosaponin A leads to preferential activ
ity on the neural side of a neuromuscular junction, in con
trast with behavior in which the mixed polarity of the 
sugar collection in Asterosaponin B adapts it for preferred 
action at the level of polar loci on the postsynaptic mem
brane and underlying muscle fibrils. 

Findings such as those with the Asterosaponins point to a 
very general value of marine steroidal glycosides in probing 
the mechanisms of functionality in mammalian tissues. 

Rather subtle changes in the structure of polysaccharide 
tails, in structure of the steroid nucleus, and in the pres
ence/ absence or placement of an anionic charge center may 
effect profound changes in the mode or position of saponin 
attack on receptor populations in biological membranes. 
Control of these structural features, naturally and by alter
ation, therefore permits high selectivity in. the de�ign of 
molecular probes for basic study of action mechanisms. 

Finally, investigational emphasis can also be reversed in the 
sense of the fascinating game of assessing why and how a 
given marine creature inserts the particular segments of 
interaction specificity that he does into his defensive and 
aggressive chemical weapons. Taking the two Asterosapo
nins and their depot starfish as a case in point, at least 
two unanswered questions are immediately apparent :  ( 1 )  
in the teleological processes leading ultimately to the bio
synthesis of the saponins, was there deliberate biological 
intent of ensuring a high probability of paralysis of key 
junctions in a potential predator (or food item ) by a multi
plicity of positive blocking actions, guarding against fail
ure of a single pointed attack; and ( 2) how does the 
starfish ensure his own internal protection against his stored 
saponin agents? Seeking solutions to such questions adds 
additional spice to the important task of using saponins of 
marine origin for probing the intricacies of excitable tissue 
function in man and related mammals. 
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ABOUT THE COVER 
Our chemist who collects old paintings spent a couple of 
days worrying about the work reproduced on our cover. 
He had been visiting with our British associates, Halph :N. 
Emanuel Ltd. in London, at the time of last summer's big
gest old master auction at Christie's, and at the preview 
two davs before the auction had liked this work bv Aert 
de Gelder best of all. 

Aert de Gelder was one of Rembrandt's ablest and last 
students, who carried Rembrandt's tradition well into the 
18th century. This painting hung very high at Christie's, 
and a heavy varnish made viewing even more difficult. 
?\'onetheless, our collector was convinced that this was a 
genuine and Bne Aert de Gelder, painted in the 1670's, a 
work quite unknown to him, and-as it turned out-un
known even to art historians. 

That evening he got a rude shock when he was invited 
to the home of a friend, one of England's great connois
seurs of old paintings, who told him that this Aert de 
Gelder was the one painting in the sale that he would 
really like to buy. His concern was increased when next 
day a professor of art history at our chemist's Canadian 
alma mater urged him to buy just that painting for the 
school's collection-if three men each liked this the best, 
what chance had one against the scores of great dealers 
from all over the world? And yet the painting brought less 
than Christie's estimate and only a small fraction of one 
percent of the price of an unexciting Rembrandt in that 
sale. \Vhether this was clue to the poor hanging, the dirty 
varnish or the fact that the painting was quite unknown 
and one of the first in the sale-who knows, and our 
chemist does not care. 

To him it is much more than just a genre painting of a 
wineseller, the title in the auction-catalog. De Gelder liked 
biblical subjects, and perhaps this depicts Elisha with the 
widow of the prophet Obadiah (2. Kings 4) whose jars 
he filled with oil to allow her to repay her husband's debts. 

In any case, de Gelder depicted a waim human relation
ship-man and woman really care for each other; it is the 
kind of relationship that we strive for with our customers
individual service to individual human beings. If onlv we 
also could perfo1m miracles! 
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Liquid Crystals and Science 
James L. Fergason, Associate Director, Liquid Crystal Institute, Kent State University 

The natural beauty of liquid crystals is often reflected in 
colors which might dazzle the impressionist's mind. But to 
the scientist or the engineer they bring to mind endless 
applications which are possible today or, with improved 
materials, tomorrow. 
Applications of liquid crystals have touched every field of 
science or engineering. For the basic scientist, they have 
provided some needed answers for biological systems and 
for the behavior of matter. They have been used to very 
accurately determine the structure of the molecules by 
their use as NMR solvents and to separate geometric 
isomers using gas liquid chromatography. 
The first widely used liquid crystalline system was the 
cholesteric, which is formed from cholesterol esters. At the 
present time, it is the most sensitive temperature-measuring 
device, at room temperature, known to man. Along with 
the unusual temperature sensitivity, the material is capable 
of very high resolution in the order of 1,000 lines per inch 
as well as time constants as short as 10 milliseconds. This 
would indicate that on a square inch of material, the tem
perature could be measured 100 times per second at 1 
million points. This rather astounding property has been 
used to build many different types of devices as well as the 
direct mapping of temperature. 
The direct mapping of temperature finds its widest use in 
biology where we all know an abnormal temperature indi
cates a malfunction. Everything from infection to malignant 
growths generate thermal patterns which can be easily 
measured. 
In the accompanying table (page 4) we have listed some 
cholesterol esters and some of their applications. 
Just coming to the fore is the nematic phase which has 
found its greatest use in the salvation of other molecules. In 
an ordinary isotropic liquid, the direction of molecules dis
solved is random. But in a liquid crystal, the molecules no 
longer have random directions but are aligned to some 
extent parallel to the direction of alignment of the liquid 
crystal. Although they are still free to move, they show a 
structure which was previously masked by thermal motion. 
This becomes important in several areas. By aligning a 
molecule which absorbs UV radiation in a liquid crystal 
which transmits the radiation, pleichroic absorption can be 
measured and many of the factors involved in electronic 
spectra can be further elucidated. In N:\1R this important 
property allows the direct interaction of protons in the 
molecule to be measured, and from these interactions which 
depend upon their direction with respect to the applied 
field and to their distance apart, bond angles and bond dis
tances can be obtained. This same property is being used 
with nematic liquids to modulate light for display purposes. 
Thus, the property used by the physicist and chemist for 
measurements is also used by the engineer as a means of 
displaying information. 
The ability of nematic liquids to change the polarization of 
light is well known. They act as crystals which are birefrin
gent. However, because they are liquids, the direction of 
birefringence can be very readily controlled, either by an 
applied electric or magnetic field. In the field of engineer
ing, the electric field effects are being used to generate new 
types of displays and to control the transmission of mirrors 
and windows. 

The wide use of liquid crystals can only mean an expanding 
realm of applications. At the present time the nematic and 
cholesteric are the phases which have applications. Smectic 
phases, which are even more varied than the nematic, have 
not been used. This phase is still in the laboratory curiosity 
stage. However, many of its properties are tantalizing from 
the standpoint of their unusual optical properties. For in
stance, liquids which are biaxial, that is they have three 
independent indices of refraction, exist. Materials with 
as many as seven phases between isotropic liquid and 
crystalline solid exist. 
In the accompanying figure, the number of possible phases 
with different properties, both optical and mechanical, are 
shown. Individual phases which are known have not been 
used for practical applications. They represent a huge store
house of natural phenomena which will change our every 
day existence. 
The application of liquid crystals depends on their dynamic 
changes with very low energies. Thus, they are able to 
change and control our perception of the environment in a 
dynamic sense and change our visual perception of our 
surroundings. 
Technology has been concerned with providing more en
ergy per person. \Vith the increased pollution of our world, 
we need to consider further how <lo we do things with less 
energy. Liquid crystals do this. They use very small ener
gies to change their optical properties. It is interesting that 
liquid crystals were originally considered by Lehmann as a 
possible source of power when he saw the relationship of 
biological systems to liquid crystal systems. However, the 
resulting applications have been a reduction of power. 
The study of liquid crystalline states represents a field 
which promises to be as rich as solid state physics. The 
revolution which was made by the oncoming of the transis
tor may be small compared to the revolution which is com
ing from the understanding of the liquid crystalline state. 

James L. Fergason 
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Liquid Crystals and Modern Art 

Alfred R. Bader 

It seems to me that the most striking difference between 
modern artists and the old masters lies in the effort of the 
modern artist to create something radically new. Abstract 
expressionists, pop artists, op artists-whatever they are 
called-vie with each other to create works which are visu
ally distinctively new. Beauty, character, lasting impression 
on the viewer are less important; what counts is that the 
"art" be new and hence different. And so you can see in 

1 .  Nematic liquid: 4,4'-clioctyloxya::oxybenzcne 
50x Photomicrograph 

our Milwaukee Art Center a blackboard by Edward Rein
hardt-the "ultimate" in art: tasteless, odorless, formless, 
nothing, and another blackboard with a doodle by Cy 
Twombly, which as a Sunday School teacher I would give 
no second thought before erasing from the blackboard. My 
grandparents would have thought us crazy, and I suspect 
my grandchildren will also. 
Basically this striving after the radically new is the result 
of the artists' traumatic experiences caused by the inven
tion of photography. Most 19th century art was painstak
ingly realistic, and hence most vulnerable to the competi
tion by the photograph. What sweet nothing could a 
Munich School painter depict that a photograph could not 
do better? Had the photograph been invented in the 17th 
centurv, the answer would ha\·e been different :  no photo
graph ·can match Rembrandt's delineation of a man's char
acter or Jakob Ruisdael' s melancholv in landscapes. 
\Vhat photography has done to modern artists is to sepa
rate the men from the boys. The men-artists like Andrew 
Wyeth and Edward Hopper-have taken up the challenge 
to compete with photography through mood in realism, 
and the ablest have been successful. The boys have taken 
refuge in gimmicks, and Madison A venue has touted these 
as the latest in art. One of my favorite stories when I was 
a boy was of the artist who \vas introduced to a German 
court as one of the world's greatest portraitists. But there 
was one hitch: only people who had never lied would see 
the true beauty of these works . Naturally the prince and 
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the princess had themselves painted and the entire court 
came to admire these wonderful works. Until a little boy 
said to his father : "Daddy-but there is nothing on the 
canvas." Thus it is with modern art. 
Naturally artists have turned to chemistry and physics in 
their quest for the new. I am not thinking here of improved 
pigments, media or varnishes, but of the use of science to 
create new visual experiences. Light and sound are being 
used in art as they have long been used no less blatantly in 
advertisements on Coney Island. Optical illusions dazzle 
you from the walls of museums. Shapes of all kinds made 
from all sorts of plastics allegedly are new forms of art. 
And so, naturally, liquid crystals appear in art. Liquid crys
tals are substances which, within definite temperature 
ranges, behave mechanically as liquids of varying viscosi
ties yet exhibit many of the optical properties of crystals . 
It is quite a common phenomenon; it has been estimated 
that at least 5 of every thousand compounds are liquid crys
tals. Optically, liquid crystals scatter light in symmetrical 
patterns and reflect different colors depending on the angle 
from which it is viewed. 
The first to observe the phenomenon of liquid crystals were 
the Austrian botanist, Friedrich Reinitzer, working with 
cholesteryl benzoate, and the German physicist, 0. Leh
mann, who coined the name "liquid crvstal" ( fli.issige Kris
talle ) ,  wrote the first book on the subject, and studied 
particularly the optical properties of liquid crystals. Around 
1910, a group of students of Professor Vorbnder at the 
University in Halle an der Saale studied the relationship 
between chemical structure and liquid crystallinity. Unfor
tunately several of these Ph.D. theses were not published, 
and of the most interesting of these, the thesis of M. E .  
Huth, 1909, i s  available from Aldrich. In  the twenties and 
thirties some of the most eminent theoreticians, for instance 

2. Cholesteric liquid: cholestcryl pclargonate 
50x Photomicrograph 
Aldrich No. C7880-1 
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3 .  Smectic liquid: many Schiff's bases of terephthaldehyde 
look like this. 

50x Photomicrograph 
Aldrich No. 12229-7 

Bragg and de Broglie, studied liquid crystals, but as there 
then seemed to be no practical applications, the subject be
came one of interest onlv to writers of textbooks. In the late 
fifties however, J. L. F�rgason, then at Westinghouse, G. 
H. Brown at Kent State Universitv and a group of scientists 
in Russia under I. G. Chistyakov began intensive new stu
dies of liquid crystals because of the hope-which has since 
materialized-of important practical applications. Just how 
much work is being done currently is evident from a com
pilation, available from Aldrich, of articles dealing with 
liquid crystals ;  this lists 353 papers published in 1965-69. 
The practical applications have ranged from optical ther
mometers to the detection of traces of chemical vapors and 
medical diagnosis, such as the detection of breast-cancer, 
and of course to the formation of new visual images in art. 
The compounds most commonly used in art have been the 
esters of cholesterol with which we can obtain a great many 
colors and, intriguingly, temperature sensitivities . A 1 :  1 
mixture of cholesteryl pelargonate and cholesteryl oleyl 
carbonate, for instance gives a beautiful color play near 
body temperature. Add just a few percent of cholesteryl 
chloride, and you broaden the temperature range. Add 
more of the chloride and you get colors much less tempera
ture sensitive but irridescent-with 20% chloride blue and 
with 30% red. Aldrich now offers some 38 cholesterol deriva
tions with which an infinite variety of color-plays and tem
perature sensitivities can be obtained. For the novice, it is 
important to remember, that all of these cholesterol deriva
tives are colorless as solids and as liquids, and that they 
pass through the series of bright colors as they are cooled 
through their liquid crystal phase. Many pass in color from 
violet to blue to green to yellow to red to colorless;  others 
change only from red to green; still others from red to 
green and back to red or from red to green to blue. In 
every instance, traces of impurities change the color, and 
this of course is the basis for the ::malvsis of traces of sol
vents. An 80 :20 mixture of cholestc;-yl pelargonate ancl 
cholesteryl chloride, for instance, is green at room tempera
ture ; a trace of chlorofonn changes this to red, a trace of 
petroleum ether to blue, and this change is reversible. The 
closest visual analogv that I can think of to describe the ap
pearance of many liquid crystal mixtures is that of the 
black opal. Beautiful, yes-but is it really a work of art? 

In this connection I can do no better than quote from let
ters of a verv able Canadian artist, Jack \\'ise, whom we 
had sent so�e cholesteryl esters : "I �vish I could report a 
great success with my ·experiments, hut alas, bodv-lipid 
wouldn't respond to the wish for a permanent ordering . . .  
As a total experience, it was invaluable to me that I again at
tempt to make a technological creation conform to my own 
aesthetic direction. I don't completely dismiss the possibili
ties of Liquid-Crystals in Art-but here again, man would 
become the servo-mechanism of a specialized substance, 
doing what its requirements dictated-function would follow 
form. I make no value judgment-but am, perhaps, too re
actionary in my own aesthetic responses to new media. Cer-· 
tainlv .\IcLuhan is right about the "media" becoming the 
message, and I'm skeptical about a technological aesthetic 
replacing an iconographic one. I do see an entirely new 
color-television technology, walls which respond to mood
the whole gamut of environmental trips-still, of prime in
terest to me is the form of the imagerv-the bones, as it 
were, and not the flesh. �Iv chief difficultv was with the 
bleeding, mesomorphic alil:Cness of the crvstals-like try
ing to fix a rigid pattern using a colonv of ants-and I could 
see that an entirely new approach would have to be used 
in order to utilize the crvstals to advantage; I just haven't 
the time to radicallv change mv methodologv-and the 
liquid crvstals ohvionslv require such a stuclv in depth . . . .  
I hope yon will keep in mind, though, that I have onlv 

4. Smectic droplet 
50x Photomicrograph 

found that liquid-crystals could not be bent to my purpose. 
I have long been interested in the possibilities of putting 
"Science" to the service of "Art," and have, alas, too often 
found that the artist ends up servant of the technology. Of 
course there is a fine point of debate as to whether the 
simplest of pigments isn't "technologv," the most rudimen
tary actions in producing them "scientific." I suspect that 
this debate has more to do with man's psvchology than his 
logic, that the questions will never he answered since they 
are 'after the fact.' 
"And vet, after all my protestations, there remains a tanta
lizing quality to vour liquid-crystals-far more so to me 
than, sav, holographv or the more mechanical applications 
of light . . . .  \\'ould it not he interesting to apply some 
small icon of liquid-crystals to one of the cave-walls of 
Altamira?" 
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Al3OUT THE COVER 

\Ve once asked our chemist-collector what qualities he 
looked for first, when considering the acquisition of a 
painting. We had expected him to reply that the painting 
be by a famous artist and preferably 1 7th century Dutch, 
and we were surprised neither to be a prerequisite. Differ
ent, well-drawn and in good condition! 

Whatever one might think of the painting  ( oil on canvas, 
40 by 3 1  i nches) here reproduced, it is certainly different. 
At  one time it was thought to be Tuscan, though it is 
probably by a Haarlem artist of the middle of the 17th 
centurv-an artist who was certainlv not  i n  the mainstream 
cl Du�h filt. 

Perhaps the melancholy expressions of the two boys sug
gest some personal tragedy i n  their l ives, or we may see 
here simply an allegory on the vanities of life, on fleeting 
time. It has often seemed to us that of many foolish say
ings "time is money" is the most mistaken. Time is life, the 
one commoditv that monev cannot buv, and this vanitas 
painting beautifully makes' the point. 

Time is  life, and we at Aldrich are proud to know that 
we have saved scientists around the world millions of man
hours of work by providing chemicals which-,vithout us
would have to have been made individually and laboriously. 
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Batrachotoxin, a Novel Steroidal Alkaloid with Selective Effects on 
Biome1nbrane Permeability 

John Daly, Chief, Section on Pharmacodynamics, National Institutes of Health, Bethesda, ,\laryland 20014 
Bernhard "'itkop, Chief, Laboratory of  Chemistry, National Institutes of  Health, Bethesda, _\faryland 200 14 

During their cnilution, amphibians JevelopeJ au amazing 
variety of pharmacologically active compounds, ,vhich play 
a role in defending tlie frog, toad, newt or salamander, 
against predators. These defensive principles arc remark
able for both their chemical and pharmacological diversitv. 
They include hiogenic amines, peptides, proteins, steroids, 
steroidal alkaloids and a varic t,· of other compounds. Their 
pharmacological activities encompass cardio-, mvo- and 
ncuro-to:-;ins, cholinomimetics, sympathomimctics, vasocon
strictors, lwpotcnsivc agents and hallucinogens. Among 
these compounds are some of the most powerful venoms 
kuown . A few e:-;amplcs arc gi,-c in Fig. 1 .  

r O l° 
H , C  

.\_ o 
o 

- C - C H _  

) 
OH 

HO 

Bufota l i n  

CH , 

HO 

Pum i l i otoxin C 

Dehydrobufoteni ne 

HO 

H -,C 

J 

N 
,t H 

CH 

HN 0 

Sarnandarine 

o 
II ,, CH 

H ,C o - C I 

H ,C 
l .  

I C H ,  

Batrachotoxin 

OH 
o I 

OH 

Tetrodotoxin 

Fig. l. Pharmacologicallv Active Substa11 ces Isolated from 
Various Amphibians 

Among these venoms, p ::rhaps the most in teresting, from 
both the chemical and pharmacological standpoint, is the 
steroidal alkaloid, hatrachoto:-;in, which is found in the skin 
of a small, brightlv colored, Colombian frog of the genus 
Plir1ll01Jatcs ( Fig. 2 ) .  The poisonous character of skin 

Fig. 2.  The Colombian Poison Arrow Frog, Pl1yllolmtcs 
a r1rotaenia 

secretions of this frog was recognized long ago bv the 
Indians of the Pacific rain forests in Colombia and thev 
developed methods for obtaining the venom and using it 
011 their blmHlarts for hunting birds and small game. The 
use of blowguns and darts poisoned ,vith the milkv secre
tion from this small frog persists even to this clay in the 
upper r<:'achcs of the Rio San Juan in the Choco jungle of 
western Colombia. The first scientific report on this  venom 
appeared in 1 87 1 .  Suhscc1ucntly, the gross tmicological 
effects of the crude c:-;tracts h :n-c been published, hut it 
remained for our mvn studies initiated in 1961 to d<:'mon
stratc that the actin' ingredient from extracts of this frog 
was one of thf' most toxic suhstanccs known so far ( Table 
I ) .  Onlv certain bacterial to:-;i11s, such as the one from 

Tahlc I Tmic Substances with Their LD:,0 for Subcu
taneous Administration in '.lice 

Substance 
Batrachoto:-;in 
Tctrodoto:-;in 
Bufotalin 
Curare 
Strvclminc 
So�lium Cvanidc 

LD,,o 
µg lkg 

2 
8 

400 
.500 
.500 

1 0,000 
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Bot11lin u� ,  surpass it in toxicil\· . The structure and mech� 
anism of action of such a potent \·enom were indeed of 
great interest 

Investigation of batrachotoxin was handicapped bv the 
paucity of material and bv its labilitv, The skin of an adult 
frog, approximately :3 cm in length , contains onlv 80 m icro
grams of toxic congeners consisting mainly of batrachotoxin, 
homobatrachotoxin, pseuclobatrachotoxin and batrachotox
in in A, The frog which occurs i n  a rather inaccessible 
region of Colombia was difficult to obtain in large numbers, 
but in the course of  four expeditions, approximately 7000 
frogs were collected, :\Iethods for the isolation and separa
tion of the active principles \\·ere developed, which mini
mized losses resulting from their great ]ability. 

Preliminary investigation  indicated that these compounds 
were •weak bases with a pk of approximately 7 ,5 ,  High 
resolution mass spectrometry indicated that batracbotoxin 
and homobatrachotoxin were steroidal alkaloids with the 
empirical formula C24H33NO4 , The much less toxic batra
chotoxinin A, on the basis of  m ass spectral data, was closely 
related i n  structure, but contained the additional elements 
of water in its molecular ion of C�4H35'.\O5. S ince the com
pounds were weakly basic and since the mass spectra indi
cated on ly one n itrogen, i t  was quite surprising when, in  
the  course of  microchemical investigation, i t  was discovered 
that batrachotoxin and hornobatrachotoxin gave a strong 
positive Ehrlich's test indicative of the presence of a pyr
role moietv, In view of the evidence, the conclusion was 
inevitable "that the basic n itrogen in (homo) batrachotoxin 
was part of a potentia l  pyrrole ring which converted to a 
pyrrole under the strongly acid conditions of the Ehrlich's 
reaction , 

A crvstal l ine derivative suitable for X-rav analvsis was 
finallv obtained in 1 967, when Dr. Tokuy�ma s�cceeded 
in p1:eparing a crystal l ine p-bromobenzo,{tc derivati\·e of 
batrachotoxinin A, the least toxic of the congeners, X-ray 
analysis of a tiny crvstal of this derivative bv the "symbolic 
add{tion procedure;, of Jerome and Isabel'ia 1'.arl� estab
lished its structure as the 20-a-p-bromobcnzoate of hatra
chotoxin in  A ( Fig, 3 ) ,  

HO 

Fig. 3 ,  Batrachotoxinin A 20a-p-bromobcnzoate 

\Vith the structure of one of the bases now known, reex
amination and reinterpretation of the physical and spectral 
properties of batrachotoxin and homobatrachotoxin led to 
the e lucidation of the actual venom . Thus, when the mass 
and n .m . r. spectra of bactrachotoxinin A were compared 
with those of (homo )  hatrachotoxin, the presence of a com
mon steroid moiety in all of these bases became apparent. 
Batrachotoxin and homohatrachotoxin, however, exhibited 

4 

ultraviolet spectra with ,\max at 23.f and 26.J m1,, indicative 
of a conjugated svstem, infrared absorption hands at 1690 
cm-1 , typical of a carbonyl group or perhaps a \·inyl ether, 
and, of course, the positi\·e Ehrlich reaction due to a ( po
tential ) pyrrole system . In addition, the n .m,r .  spectra 
showed that batrachotoxin contained two additional methvl 
groups and homobatrachotoxin, an additional methyl ai;cl 
ethyl group not present in the n ,m,r. spectrum of batra
chotoxinin A. It was impossible to rationalize structures for 
(hom o ) batrachotoxin in terms of solelv a C24 steroid struc
ture closely related to hatrachotoxini1; A. The inescapable 
conclusion was that the trne molecular ion had so far es
caped detection i n  the mass spectra of (homo ) batracho
toxin and that these compounds contained the steroid 
system of batrachotoxinin A plus an additional moietv re
sponsible for the ultraviolet chrornophore, the carbonyl 
band, the pyrrole reactions and the additional methyl and 
ethyl groups. It was postulated that this moiety consisted 
of a dimethylpyrrole-carhoxylate ester in  the case of batra
chotoxin and an ethylmethylpyrrole-carboxylate in the case 
of homobatrachotoxin,  The m ass spectra of hatrachotoxin 
and homobatrachotoxin did contain additional low-mass 
nitrogen-containing fragments not present in the spectra 
of hatrachotoxinin A. These fragments, for example, 
CsHnAO2 i n  l1omobatrachotoxin and C7H 9:\'O2 i n  batra
chotoxin, could well haYe arisen from an ethylmethylpyr
role-carboxylic ester or a dimethylpyrrole-carboxylic ester, 
respectively, It now remained to prove that batrachotoxin 
and homobatrachotoxin were, indeed, dialkylpyrrole-car
boxvlates of batrachotoxinin A ,  

The m ass spectrum ot  batrachotoxin \\·as reexamined and 
great attention was given to detecting the true molecular 
ion, A s  predicted for a dimethvlpyrrole-carboxvlate of 
batrachotoxinin A ,  a \'erv weak molecular ion was found 
at m /e 538.  Batrachoto;in was then hvclrolvzed in base. 
A low yield of  a compound identical with b;trachotoxinin 
A was obtained. 

The next task was to establish the position of esterifica
tion and nature of the clialkylpyrrole-carboxvlate moiety. 
Comparison of the n.m .r. and mass spectra of (homo ) 
batrachotoxin and batrachotoxinin A. and its 20a-p-brorno
benzoate clearly established that the position of esterifica
tion in (homo)  batrachotoxin \\'aS the 20a-hydroxyl group, 
Thus, the resonance peak for the 20,B-h;'drogcn in batra
chotoxin A appeared at -1 .58 8, while in (homo ) batracho
toxin and the 20a-p-bromobenzoate of hatrachotoxinin A, i t  
is shifted downfielcl .  appro ximatelv 1 .3  ppm,  a change 
compatible with esterificalion of the 20a-hvclroxyl group, 

The ring substitution pattern of the clialkylpyrrole-car
box_vlate moiety was now investigated, A comparison of 
ultraviolet spectra of eth_vlp_vrrole carbowlates with those 
of ( homo )  batrachotoxin demonstrated the presence of a 
pnrole-3-carboxvlatc in these alkaloids. The position of the 
two alkvl suhstituents was determined bv n .m .r. spectros
copv using two different solvents and ohserYing the shifts 
in  position of methyl resonance in ( hom o )  hatrachotoxin 
and ethvl-dimethvlpyrrnle-3-carbowlates. Batracho toxin 
was shown to be batrachotoxinin A 20,.--2,4-dimethylpyr
role-.'3-carboxylate and homobatrachotoxin to be ba tracho
toxinin A 20a-2-e thyl-4-methyl-pyrrole-3-carboxyla te .  

This assignment of structure was  confirm ed by the par
tial svnthesis of hatrachotoxin, u ':::, hv acvlation of the 
allvlic 20a-hvdroxvl of hatrachotoxin with tl1e m ixed anhv
dride prepa1:ecl fr;im 2 .4 -climethylpvrrole-3-carboxylic acid 
and ethyl chloroform ate ( Fig. -l ) .  The svnthetic materia l  
was identical in all respects with natural batrachotoxin. 



Batrachotoxin in A Batrachotoxin 

Fig. 4.  Partial Synthesis of Batrachotoxin from Batracho
toxinin A 

A variety of other svnthelic analogs of hatrachotoxin 
were prepared in a similar manner. The effect of different 
ester moieties on the toxicitv of hatrachotoxinin A is shown 
in Table II. 

Table I I  Effect of  the Ester �foietv on the Toxicity of 
I3atrachotoxinin A Esters �n Subcutaneous , Ad
ministration in Mice 

20-a-Ester 11oiety 
None ( batrachotoxinin A) 
2, 4-Dim ethy I pyrrole-3-carhoxy late 

( batrachotoxin ) 
2-Ethyl-4-methylpyrrole-3-carboxylate 

( homobatrachotoxin ) 
2,5-Dimethylpyrrole-3-carhoxylatc 
4,5-Dimethylpyrrole-3-carboxylate 
2, 4 ,  5-Trimeth y I pyrrole-3-car boxy la tc 
2,4-Dimethvl-5-cthylpvrrole-3-carboxvlate 
2,4-Dimethyl-5-acetylpyrrole-3-carbo�ylate 
N ,2,4,5-Tetramethylpyrrole-3-carboxylatc 
Pyrrolc-2-carboxyla te 

LD50 ( p,g/kg) 
1000 

2 
3 

2.5 
260 

1 

8 
250 

> 1000 
> 1000 

The many unusual structural features in batrachotoxin, 
such as the 3a,-9a-hemiketal bridge, the 7-membered 
14,8, 18,8-heterocyclic ring, the 6_1G double bond, and the 
unique 20,B- ( 2,4-dialkylpyrrole-3-carboxylate ) pose many 
interesting biogenetic questions and, in addition, a major 
challenge to the synthetic organic chemist. 

The pharmacology of batrachotoxin has proven no less 
interesting than its history and chemistry. \Vhcn adminis
tered subcutaneously to mice, approximately 0.2 0g of 
batrachotoxin causes partial paralysis of the limbs. This 
state is soon interrupted by violent convulsions, dyspnea 
and death within a course of eight minutes. Cardiac effects 
and neuromuscular blockade both appear to play a role in 
the toxicology of the venom. The mechanism of action of 
batrachotoxin in eliciting neuromuscular blockade has now 
been the subject of elegant investigations by Dr. E. X. 
Albuquerque and his collaborators, who have used pharma
cological, biochemical and ultrastructural techniques. Their 
results demonstrate that batrachotoxin is an cxtremclv im
portant tool for the study of events in nerve, synaps� and 
muscle. 

These events are summarized schematically in Fig. ,5 and 
are currently thought to consist of : 1. Generation of an 

action potential in nerve; i .e . ,  depolarization of the nerve 
membrane with passii:c diffusion of sodium ions into the 
axon ( increase in sodium permeability ) ,  followed by re
polarization due to passive diffusion of potassium ions out 
of the axon ( increase in potassium permeability ) .  The 
membrane potential with excess sodium ions outside and 
excess potassium inside the cell is maintained by the action 
of the sodium pump ( Na-K+ activated ATPase) which 
transports sodium ions out of, and potassium ions into, the 
cytoplasm; 2. a calcium-dependent quanta! release of ace
tylcholine as a result of depolarization of the membrane of 
the presynaptic te1minal; 3. interaction of acetylcholine 
with receptors in the muscle endplate resulting in depolari
zation of the muscle membrane, generation of a muscle 
action potential and a concomitant liberation of calcium 
ions from the sarcoplasmic reticulum into muscle cyto
plasm; 4. combination of calcium ions with troponin which 
thereby permits the interaction of actin and myosin, the 
basic process of muscle contracture; ,5. sequestration of 
calcium ions, followed bv inhibition of actinmvosin inter-
action by troponin and �uscle relaxation. , 

This complex series of events has been elucidated in 
large measure through the use of compounds which specifi
cally interact at one of these molecular steps. A few 
examples are given in Fig. 5. 

Batrachotoxin blocks neuromuscular transmission and 
then evokes a powerful muscle contracture in isolated 
nerve-muscle preparations . The work of Dr. Albuquerque 
and collaborators has now demonstrated that hatrachotoxin 
docs not affect the action potential-generating system of 
either nerve or muscle and that the acetylcholine sensitivity 
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of the muscle end plate is unaffected, suggesth e of block
ade of transmission in the presynaptic terminal. Batracho
toxin does not inhibit Na-1 -K"--ATPasc as does ouabain. 
Instead, it appears to cause a specific increase in the per
meability of excitable membranes, especially the presynap
tic terminal, to sodium ions. This increase in sodium 
permeability results in depolarization of the presynaptic 
terminal and a concomitant calcium-dependent increase in 
acetylcholinc release. The subsequent block in transmitter 
release appears clue to complete depolarization of the nerve 
terminal. The effects of batrachotoxin can be prevented by 
tetrodotoxin which blocks passice diffusion of sodium ions 
through excitable membranes. The muscle contracture 
caused by batrachotoxin appears to be due to muscle de
polarization elicited by an increase in sodium permeability 
in the muscle membranes .  The extreme toxicitv of batra
chotoxin has been related to effects on cardiac ·conduction 
which result in extra systoles and ventricular fibrillation. 
These toxicological effects seem to have their molecular 
origin in the selective action of batrachotoxin on the perme
ability of the cardiac membrane to sodium. Such an agent 
with selective effects on membrane permeability should 
find wide application in studies of nerve, muscle and syn
apse. Indeed, studies on the interrelation of nervous activ
ity, hiogenic amines and cyclic A.\lP formation in brain 
slices ( Shimizu et al. ,  1970 ) have already made use of 
batrachotoxin, as a potent and selective depolarizing agent, 
and have confirmed the fact that tctrodotoxin is a specific 
antagonist. 
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Preparation and Reactions of Diazomethane 

Harvey B .  Hopps, Research Division, Aldrich Chemical Company, Inc. 

Diazomethane is one of the most versatile reagents avail
able to the organic chemist. Not only does it serve as a 
methylene precursor but it also will produce some interest
ing heterocyclic systems. The aim of this review is to pro
vide examples of some of its many applications from the 
synthetic point of view. Both well known examples and 
reactions described in the recent literature arc presented. 
As diazomethane is both toxic and explosive, all work with 
it should be carried out behind a safety shield in an effi
cient hood. Further details of safety in the preparation and 
handling of diazomethane are included in the discussions 
of de Boer and Backer1 and :t-.Ioore and Reed.2 Aldrich has 
always been interested in reagents used to prepare diazo
methanc. Our first precursor offered for sale in 1951  \\·as 
N-methyl-N'-nitro-N-nitrosoguanidine ( MNl\'G ) ,  one of 
the reagents listed below. 

PREPARATION OF DIAZOMETIIANE 
The reaction of Diazald® (N-methyl-N-nitroso-p-toluencsul
fonamiclc ) with hasc, first discovered by de Boer and 
Backer, 1 · 3 is also described on page 732 of the Aldrich 
Catalog 1 .54 ( this catalog has the brewer on the cover ) .  

KOH 

(D 2800-0 '') 

A second useful reagent is '.\f,N'-dimethyl-N,N'-dinitroso
terephthalamidc [bis-(�-methyl-N-nitroso )terephthalimide] 
described hv Moore and Reed.2 
This reage1{t was first developed by the E. I. du Pont de 
'.\femours and Company under the trade name EXR-101 .  

b .  
I II II I 
NO 0 0

-
0 NO 

CH3N - C \\ /; C - N - CH3 + NaOH 

(D 1 5, 558 -6 * )  
� w Et20 

' 

.\lcKay3 has described the generation of diazomcthanc from 
N-methyl-N' -nitro-N-nitrosoguanidine ( .\INNG) . M).'NG 
produces diazomcthane with aqueous base and is thus 
easier to use than Diazald®, which requires alcoholic base. 

* Aldrich Catalog numbers 

A drawback is that many people become allergic to .\1:\'NG 
and it has been shown to be a potent mutagenic agent" 
so it should be handled with great care. 

NH NO 
I I  I 

02NNHC - N - C H 3  

( 1 2 ,  994-1  ''') 

KOH re� 
�o/c J 

Finally, the use of methvlnitrosourea is shown.' This re
agent .was for many years" the ragent of choicc,8 but i t  must 
be stored in the refrigerator as it  decomposes at room 
temperature. 

d .  
0 NO 
' I  I 

H2N - C - N - CH 3 + 

REACTIONS OF DIAZOMETllANE 

( 1 )  Methyl Esters from Carboxylic Acids7 

1 00% 

( 2 )  Methyl S11/fonatcs from Sulfonic Acicls9 

+ CH2N2 
EtzO 

--7 
O '  

CH3(CHz) 1 1  SOzOCH3 

"h i gh y ie ld" 

* Aldrich Catalog numbers 

9 
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( 3 )  Enol Ethers from Carbonyl Compoundsr n  

70% 

( 4) Methyl Ethers from Aleolwls1 1  

c5 
92% 

( ,5 ) Met hyl Aryl Ethers from Phcnols1� 

OR 

OH 

(. l \ OR 

_c_H_3oH_ ,  I (. �--"-",_,,/'- · / 

C H 2 C l.2 ) 
CH30 

49'", 
L___ 

( 6 )  Cyclopropancs from Olcfin�D 

0 + 

( 7 )  Cyclopropane Formation from Enamines14 

_
C-"--2C l 2 

7 

j\_ 
No Et20 l___6 

75% 

( 8) Cyclohcptatric:nes from S ubstitutcd Bcn;:;ene.11 '3 

3 i s omers 
75% 

( 9 )  Ketoncs from AldchydcsH; 

r\ 
\ // C H O  + CH2N2  Et20 I I  

0
0 

--7 C - C H3 
\_ __J 

97% 

Epoxide formation is a side reaction which in certain cases 
will represent the major product. The presence or absence 
of alcohol and nature of substiluent groups are thought to 
influence the reaction as is seen below : 1 7  

( 10 )  Ring Expansion of Kctones1 8  

Et20 
-------c:, 

0 

35%. 65% 

l_ __ 

c3 
1 5% 

Cyclopropanonc Formation 111 

IIeterocyclic Ketone Hing Expansion�0 

I 
CH2(.-'i 

95% (crude) 



( 1 1 )  Dia::.okctonc Format ion from Car/Joxylic A.cicl llalidc21 

COCI 

92% 

Diazoketones can be con\'erted into acids2 1  ( Arndt-Eistert 
Reaction) or o:-chloroketones.22 

( 12) Pyra::oline Formation 
a. S imple Olefins2:i 

__..--- o - CH2 
CH2 = CH - CH I 

_..,.,..,..... o _  CH2 CH2 - CH - CH I 

A,O 

----_ O - CH2  

b .  Acti\·ated Olefins24 

C H 2 N 2  

I I ----. o  - CH2 
CH2  N 

'\. N j' 

C H 3  
I 

CH2 - C - CN 
I I 
C H 2  N 

'\. N j 

76% 

These p�-razolines produce cyclopropanes upon pvro
lvsis .  The follo\\'ing olefin produced no pyrazoline.2·> 
c .  

C H2N2  

98% 

Another di\'ergence i s  the pyrazol ine decomposing to 
produce a methyl olefin rather than a c\'clopropane.28 
cl. 

CH-:o ' -

Finallv, an example of pvrazoline formation accom
panied by rearrangement has been reportecl.27 

Qo + 

() 

CH2Nz E tzO 
--------:7 

( 13) Pyra::oles from Acetylcne:,28 

RT 

83% 

9 5 %  

( 14) Triawlines from Schiff's 13ases'"9 

O i oxane 

( 1.5) Thiirane Ring Formation:3o 

0�

.

3

C H 3  

C H 3+--l 

C H 3  S 

+ C H 2N2  

( 16) Olefin Formation31 

0�
1 

CH2S02C I  

V 
Et3N CH2Nz 

6 - CH - N - 6 
I 

H z C N 

\ N ,/ 

53% 

11 



( 1 7) Reaction with S11lfonulisocyanates'" 

EtzO 
7 

Hexane 

( 1 8) Methylhyclra;:ine Formation3:3 

� O + 
� S r 
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