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Everyone, at one time or another, has had to deal with a small spillage of mercury from a manometer or a mercury seal. The normal spillage-disposal techniques have drawbacks: forming the amalgam with zinc dust or Mercurisorb is messy and the mer­cury is lost; sucking up the droplets with a vacuum-assisted aspirator is clumsy and requires special equipment. I have found a quick, simple and safe way to handle such spillage. A small piece of solid carbon dioxide is placed on the sur­face of the mercury which very quickly freezes (m.p. -38 °C) and can then be transferred with tweezers to a suitable con­tainer for reuse. 
Stephen Mann 

Marconi Research Centre 
Great Baddow 

Chelmsford, Essex 
England 

The mixing of small quantities of some liquids, such as endotoxin, requires exten­sive vortexing in order to break up the clumping molecules. Some instructions de­mand vigorous vortexing for as long as 30 to 60 minutes. This can be performed easily with an expensive shaker, or by manually holding the vial on a Vortex® mixer for the required time period. 

We have found one way to overcome this expense and monotony. We equip our Vortex-Genie™ with a wide rubber band "girdle" used to secure the capped vial to 
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the Vortex. One No. 62 (¼" x 2½") rubber band is tied between two No. 105 (¼" x 5") rubber bands. The two large rubber bands are then placed around the sides of the Vortex. The smaller rubber band, placed near the top and bottom of the vial, secure the vial to the Vortex head. The pressure of the girdle maintains the action of the Vortex which can be adjusted to any speed on the variable control. Using this device now frees the technician to perform other tasks while the apparatus does the mixing. 
John T. Shirtz 

Microbiological Control 
Bristol Laboratories 

P.O. Box 657 
Syracuse, New York 13201 

®,TM Scientific Industries 

Editor's note: We are grateful to Dr. Ronald Wolfe, Sigma Chemical Company, for helpful suggestions regarding this tech­nique. 
The sharp water peak at - o 1 .5 in CDC!, solution is familiar to organic chemists who work with ' H  NMR samples in the micro­gram range (e. g. , ref. 1 ). Chemists who carry out deuterium-exchange experiments with D,O in the milligram range are famil­iar with the HOD peak at - o 4. 7 (e. g. , ref. 2). Since speculation failed to provide a convincing explanation of the nature of these two "water" peaks, we did the fol­lowing simple experiments: 1. A 1 50-µI aliquot of Aldrich '' 100 atom 0/o D" CDC!, was transferred from a fresh­ly opened 0.5-ml ampule to a dry 1 50-µI cavity cell. This sample showed a peak at b 1 .52 of approximately the same intensity as the residual CHCI, peak. The remain­ing 350µ1 was dried over 4A molecular sieves (activated at 350 °C); this treatment decreased the intensity of the b 1 .52 peak by about one-half. 2. Aldrich 99.8 atom 0/o CDC!, was saturated with water by shaking, and the mixture was centrifuged. The CDC!, layer was removed by syringe and placed in a dry 1 50-µl cavity cell. The NMR spectrum showed a greatly increased (slightly shifted) peak at b 1 .55, which was approximately 3.4 times the intensity of the residual (0.2 atom 0/o) CHCI, peak, and a small peak at - b 4,  75 ( - ½ the intensity of the residual CHCI, peak). This solution was shaken in 

situ to saturation with water and centri­fuged, but the CDC!, solution was not transferred to another cell; these are the usual conditions for the deuterium-ex­change experiment. The b 4.75 peak was greatly increased in intensity ( - 2 times that 

of the residual CHCI, peak). The peak at b 1 .55 was unchanged. We draw the following conclusions: 1 .  The "b 1 .5" peak represents "mono­meric" dissolved water in CDC!,. In "dry" CDC!, it occurs at o 1 . 52. Even at satura-
(Lab Notes continued on page 70) 

Any interesting shortcut or laboratory hint 
you 'd like to share with Acta readers? Send 
it to A ldrich (attn: Lab Notes) and if we 
publish it, you will receive a handsome 
A ldrich coffee mug as well as a copy of 
Pictures from the Age of Rembrandt. We 
reserve the right to retain all entries for 
consideration for future publication. 

Recently Professor W.D. Wulff at the University of Chicago suggested that we offer N-phenyltrifluoromethanesulfonim­ide which has been used in the synthesis of enol triflates, '  precursors to vinyl cations' and vinyl carbenes. 3 Professor Wulff has used this reagent in a regioselective entry to vinyl lithiums from unsymmetrical ketones. 4 

I) a) McMurray, J.E.; Scott, W .J. Tetrahedron Lett. 
1983, 24, 979. b) Crisp, G.T.; Scott, W .J. Synthe­
sis 1985, 335. 

2) For leading references, see Ladika, M.; Stang, P.J .; 
Schiavelli, M.D.; Kowalski, M.H. J. Am. Chem. 
Soc. 1984, 106, 6372. 

3) For leading references, see Krageloh, K . ;  Anderson, 
G.H.; Stang, P.J. J. Am. Chem. Soc. 1984, 106, 
6015. 

4) Wulff, W.D. et al. 190th National Meeting of the 
American Chemical Society, Chicago, Sept. 1985; 
Abstract No. ORGN 173. Naturally we made it. 

29,597-3 -N-Phenyltrifluoromethane­
sulfonimide, 990/o lg $5.00; 5g $15.00 It was no bother at all, just a pleasure to be able to help. 
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Formamidines as Precursors to a-Amino 
Carbanions and Their Application to 
Asymmetric C-C Bond-Forming Reactions* 

Introduction 
In the past decade, organic chemists have 

met the challenge of uncovering useful 
asymmetric syntheses admirably, where vir­
tually none existed prior to the l 970's. The 
monograph "Asymmetric Organic Reac­
t ions" by J .D. Morrison and H.S. 
Mosher , '  published in 197 1, outlines many 
of the frustrated attempts by earlier 
investigators to develop useful C-C bond­
forming reactions with simultaneous 
enantioselectivity. This monograph was 
probably the major impetus for recent 
studies assessing the factors required to 
achieve useful asymmetric syntheses. It 
should not be construed that the earlier 
chemists lacked the insight and intellect to 
succeed, only that the current generation 
of synthetic chemists is able to see the pro­
blem more clearly. In the words of Sir Isaac 
Newton, "If (we) have seen farther than 
others, it is because (we) have stood on the 
shoulders of giants".  Today, one only has 
to glance through current periodicals to 
find a steady stream of reports on useful 
asymmetric C-C bond-forming reactions. 
The five-volume treatise' "Asymmetric 
Synthesis" ,  edited by Professor James D. 
Morrison (University of New Hampshire), 
is a tribute to the many laboratories which 
have s uccessfully developed useful 
methodology - methodology that hardly 
existed in 1971.  Other summaries of the 
successes in this field have also appeared. 3 

Furthermore, it should not go unnoticed 
that three of the past four ACS Awards for 
Creative Work in Synthetic Organic Chem­
istry, presented to D.A. Evans (1982), K.B. 
Sharpless (1983), and the author (1985), 
have been given for work with novel ap­
proaches to asymmetric synthesis. The 
works of the first two are described in 
Aldrichim. Acta 1982, 15(2), 23 and 1983, 

Albert I. Meyers 
Department of Chemistry 
Colorado State University 

Fort Collins, Colorado 80523 

Professor Albert /. Meyers (right) receiving the A.C.S. Award for Creative Work 
in Synthetic Organic Chemistry, sponsored by Aldrich, from Dr. Alfred Bader, Chair­
man of the Board, Sigma-Aldrich Corporation. 

16(4), 67, respectively. 
This report describes the efforts and 

results of a novel C-C bond-forming pro­
cess which not only leads to new chemistry, 
but also to a potentially powerful and un-

precedented asymmetric synthesis. The 
following will chronicle the use of forma­
midines, both chiral and achiral, as precur­
sors to a-amino carbanions and their ap­
plication to a variety of natural products. 
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Achiral Formamidines - Synthesis, Met­
allation and Alkylation. The formation of a carbanion adjacent to nitrogen has been a long-sought-after process whose success­ful implementation would allow alkylation of a variety of amines. The generalized pro­cess (Scheme 1) depicts the manner in which an "activating" group (G) on nitrogen in­creases the kinetic acidity of an a-proton such that a lithio salt would result. The lat­ter is then capable of reacting with electro­philic reagents to form a new C-C bond and, after removal of G, leads to an a-al­kylated amine. Indeed, in recent years, this process has been successfully demonstrated by the elegant studies of Seebach' and Beak,' and has been reviewed by Beak• and Krief. 7 The activating group utilized in Scheme 1 is nitroso, phosphoryl, hindered acyl or, as this report shows, a formami­dine. Our studies began in 1980 when we found' that formamidines (Scheme 2) readily gave a-lithio anions when treated with various organolithium compounds and that these could be alkylated efficiently to the elaborated derivatives. 3 Removal of the formamidine moiety by hydrolysis, hydrazinolysis, or reduction gave the un­symmetrically alkylated N-methyl amine. The ease with which this two-step process occurred stirred our interest in assessing its scope and utility. In view of the extensive studies by Seebach' and Beak,5 it was necessary to evaluate whether the forma­midines indeed provided a convenient alter­native. As it turned out, formamidines derived from dimethylamine were prepared readily from dimethylformamide or its acetal according to the routes in Scheme 3. Since the dimethylamino formamidine and its resulting carbanion in Scheme 3 are of limited synthetic value, the acquisition of the formamidine made it possible to trans­form a number of secondary amines (Scheme 4) into their formamidines (1-5) by simple exchange in refluxing toluene, with or without an acid catalyst. 9 Finally, it was deemed important that the formami­dine, after metallation and alkylation, be easily removed to regenerate the parent amino group. This was done routinely by adding hydrazine solution (25-50 °) and stir­ring 12-18h, or refluxing with methanolic KOH, or treating with ethereal lithium aluminum hydride! In some cases, the for­mamidine was removed by shaking with aluminum amalgam in moist ether, leaving an N-methyl group (Scheme 5). With the knowledge that secondary amines could be transformed easily into their N-tert-butyl formamidines (TBF) and the starting amine regenerated under mild conditions, we proceeded to survey the 
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scope of a-amino carbanion chemistry and found that it was applicable to a large num­ber of systems (Scheme 6). Although metallation of the systems in Scheme 6 was carried out using n-, s-, or t-butyllithium, the lithiated piperidines and pyrrolidines presented a unique problem when the electrophiles employed were alkyl halides. The THF solution of lithio pyrro­lidines 6, when treated with alkyl bromides or iodides, gave alkylated products 7 only if HMP A was added or the corresponding cuprate was prepared (Scheme 7).9 The yields of alkylation, as the cuprate or in the presence of HMP A, were generally above 80% and provided, after formamidine re­moval, a-alkyl pyrrolidines 8 in good yield. In the absence of HMP A or the pentynyl cuprate, oxidation to the 4,5-dihydro­pyrroles took place, which was suggestive of an electron-transfer process (Scheme 8). Use of 6-hexenyl iodide as the electrophile verified electron transfer; we isolated the (cyclopentylmethyl)pyrrolidine, obviously the result of radical rearrangement. A similar problem was encountered when piperidine formamidines were metallated as shown in Scheme 9. Once again, the mix­ed cuprates were prepared and when a,w-dihaloalkanes were employed, the 1-azabicycloalkanes were obtained in good yields. 1 0 It is noteworthy that the cycliza­tion to the 1-azabicyclics took place spon­taneously during the hydrolysis step to remove the formamidine. This methodol­ogy for alkylation adjacent to the amino group was demonstrated by the synthesis of 2-ethyl-5-heptylpyrrolidine 9 which, as a 60:40 mixture, is identical with the fire ant venom (Scheme 10). 9  Another interesting and synthetically useful transformation was shown when the a-lithio anions in Scheme 11 were treated with diphenyl diselenide. The resulting a-phenyl selenides were easily transform­ed into the enamidines by treatment with aqueous bicarbonate. ' '  These systems fur­ther exhibited their synthetic significance by cleanly metallating at the 2-vinyl posi­tion, which was followed by reaction with a variety of alkyl and silyl halides (Scheme 12). Allylic halides reacted best if the a-Iithio enamidines were first transformed into their mixed cuprates. 1 1 After alkyla­tion of the 2-vinyl position, subsequent metallation using tert-bu tyllithium­TMEDA took place at the a-methylene group affording the dialkyl product in good yield (Scheme 13). Of further interest is the fact that removal of the formamidine gave the cyclic imine Jhich was reduced to either the trans or cis 2,6-dialkylpiperidines us­ing lithium aluminum hydride or DIBAL, 
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respectively. 1 1  We also examined the metallation-al­kylation of 1,2,3,4-tetrahydroisoquinolines by transforming the unsubstituted base into its formamidine (Scheme 14). By use of either n-BuLi or LDA, the a-Iithio anions were smoothly generated and a variety of electrophiles introduced to give, after for­mamidine removal, the 1-substituted tetra­hydroisoquinolines. 1 2 When bifunctional electrophiles were employed, a route to benzoquinolizines and dibenzo derivatives was opened (Scheme 15). It is of interest that the bifunctional electrophile, 2-(carbo­ethoxy)benzyl chloride, alkylated the li­thiated isoquinoline exclusively at the ben­zyl carbon. Furthermore, the mono­alkylated isoquinoline can be alkylated again" to give 1 ,1-disubstituted derivatives (Scheme 16). The metallation of indolines and their subsequent alkylation to 2-substituted derivatives were also studied and proved satisfactory (Scheme 17). Addition of benz­aldehyde gave, after reductive removal of the formamidine, a 97:3 ratio of diaster­eomers. 13 Similarly, 1,2,3,4-tetrahydro­quinolines were metallated and alkylated in good yield" to give the elaborated deriva­tives (Scheme 18). It is important to note two procedural changes when the indoline and tetrahydroquinolines were examined. First, direct exchange of these heterocycles was not possible with the dimethylamino t-butyl formamidines. This is due to the poor nucleophilicity of these "aniline-type" amines. Thus, the formamides were pre­pared first and treated with Meerwein's reagent and t-butylamine" as shown in Scheme 18. Secondly, only t-butyllithium was sufficiently basic for deprotonation, due to the poor kinetic acidity of the a-protons. "  Another system of  considerable signi­ficance with respect to its a-amino carban­ion involved the (3-carbolines and their alkylation to indole alkaloids (Scheme 19). Starting with unsubstituted �-carboline, ex­change with the dimethylamino /-butyl for­mamidine as previously described (Scheme 4) gave the carboline formamidine. The in­dole nitrogen was either protected (chloromethyl methyl ether) 1 4  or merely transformed into its potassum salt. " Treat­ment with MeLi, n-, s-, or t-BuLi gave the dianion which, when treated with l -chloro-3-bromopropane afforded the chloropropyl derivative in Scheme 19. After quenching and reforming the indole-potassium deriv­ative, cyclization toward the indole nitro­gen ensued smoothly to give the tetracyclic indole derivative in high yields. The dilithio derivative of (3-carboline could not be pro-
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duced and, therefore, the mixed potassio­
lithio salt was employed. On the other 
hand, the alkylated {1-carboline could be in­
duced to  cyclize to the naturally occurring 
indolo[b]quinolizine as described in Scheme 
20. In  this case, hydrazinolysis at room 
temperature produced the indole alkaloid 
without isolation or indication of any 
intermediates. " 

The foregoing is a summary of the rid, 
chemistry exhibited by simple, achiral for­
mamidines. It now remains to describe our 
recent efforts involving chiral for­
mamidines and to revisit some of the above 
chemistry with regard to asymmetric C-C 
bond-forming processes. 

Chiral Formamidines - Synthesis, Metal­
lation and Alkylation. In  the previous sec­
t ion we discussed the synthesis, metallation 
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and alkylation of achiral formamidines; in 
this portion of our survey, we will make the 
simple shift to formamidines containing a 
chiral amine, A (Scheme 21). We hoped to 
metallate the a-carbon in these chiral 
systems so that the carbon-lithium bond 
would reside in an environment of absolute 
stereochemistry wherein this lithio inter­
mediate was chiral (provided that the C-Li 
bond was predominantly covalent) or, 
alternatively, that the approach vector for 
the electrophile was determined by the top­
ography of the lithiated species. If either 
or both of these characteristics were impor­
tant, one could expect a high degree of dia­
stereoselection. Removal of the chiral aux­
iliary would then provide the a-alkylated 
amine in high enantiomeric excess. A 
glance at the chiral formamidine 9 and the 
lithiated species 10 raised concern over their 

> 99% 

Fuentes, Kubota 

ability to influence a stereoselective process 
in view of the apparent distance between 
stereocenters in A and the a-proton 9 or 
the a-carbanion 10. However, we felt if A 
contained a suitably placed ligand, coor­
dination would result to furnish the need­
ed geometrical arrangement for either 
metallation or alkylation. This concept has 
been used before in our laboratory with 
great success. 1 6  

Initially, a suitable chiral amine for the 
formamidines was the readily available 
(S,S)-2-amino- l-phenyl- l ,3-propanediol 
which was silylated with hexamethyldisila­
zane to yield the bis-silylated phenyl amino 
diol (BISP AD) as shown in Scheme 22. 
Furthermore, a variety of amino acids was 
reduced with either borane-dimethyl sulfide 
or lithium aluminum hydride to  the corre-



sponding amino alcohols with no racemi­
zation. ' '  The hydroxyl group was then sil­
y lated or transformed into its methyl ether (KH-Mel)" and then treated with DMF­
acetal to furnish the dimethylamino form­
amidine 11. (Scheme 23) A further chiral 
auxiliary was prepared, namely the tert­
butyl ether of the valine dimethylamino 
formamidine, 12, shown in Scheme 24. Re­
action by simple heating with tetrahydro­
isoquinolines afforded the key formami­
dines 13a and 13b necessary to evaluate the 
asymmetric alkylation. A series of iso­
quinoline formamidines containing various 
chiral amino residues was evaluated by 
metallation and reaction with methyl iodide 
(Scheme 25). After removal of the chiral 
formamidine, the free isoquinoline was 
treated with 1-naphthoyl chloride to form 
the naphthamide which was subjected to 
HPLC analysis (as was the racemic 
1-methylisoquinoline) using the P irkle 
column 1 9  to determine the enantiomeric ex­
cess. Remarkably, all the chiral formami­
dines in Scheme 25 possessing an oxygen 
function gave highly stereoselective alkyla­
tion, whereas the simple a-phenethylamino 
substituent gave poor ( � 10% )  enantio­
s electivity. Because of technical problems 
(due mainly to decomposition) with the 0-
s ilyl ethers, we elected to focus on the tert­
butyl ether of valinol as the optimum chiral 
auxiliary. Using this as our key stereochem­
ical component, we alkylated the isoquino­
line with various alkyl halides and found 
that the asymmetric process was excellent 
for all cases examined (Scheme 26). 20 It was 
now apparent that the asymmetric alkyla­
tion of isoquinolines via their chiral for­
mamidines would proceed as well as those 
alkylations in the achiral series but with the 
added bonus of enantioselectivity. This re­
presented the first asymmetric alkylation of 
a-amino carbanions and added a signifi­
cant parameter to this methodology. We 
extended this process to bifunctional elec­
trophiles and were successful in preparing 
(S)-benzoquinolizine, previously reported 
in the literature as a degradation product 
of the alkaloid securine, 21 in 99% ee 
(Scheme 27). Finally, in the isoquinoline 
s eries ,  we prepared the 6,7-dimethoxyiso­
quinoline formamidine by the sequence in 
S cheme 24 and further demonstrated the 
power of this technique by the total syn­
thesis of three isoquinoline alkaloids, 20 

(-)-salsolidine, (-)-norcoralydine, and ( + )­
homolaudanosine, in greater than 95% ee 
and with the correct absolute configuration 
(Scheme 28). The enantiomeric purities 
were checked by chiral HPLC analysis us­
ing the Pirkle column. (Fig. l depicts a 
typical HPLC plot for racemic and enan­
tiomeric materials . )  
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Next we turned to  the {J-carbolines and 
affixed the chiral auxiliary derived from 
valinol t-butyl ether (VBE). Attempts to 
duplicate the racemic methodology by ini­
tially regenerating the indole potassium salt 
prior to metallation with n-butyllithium 
gave poor stereoselection in the alkylation 
step. Therefore, we added chloromethyl 
methyl ether to mask the indole nitrogen 
and proceeded to metallate with n-butyl­
lithium, alkylate with methyl iodide and, 
after hydrazine treatment and dilute acid, 
obtained the 1-methylcarboline (tetrahy­
droharman) in  greater than 98% ee 
(Scheme 29). 2 2  

Additionally, we alkylated the chiral for­
mamidine of {J-carboline with the bifunc­
tional electrophile 1-chloro-4-bromobutane 
(Scheme 30) to give the naturally occurring 
indoloquinolizine. 23 Alternatively, we could 
alkylate with the bromopropyl ortho ester" 
which could be readily transformed into the 
tetracyclic lactam and ultimately reduced 
to the indoloquinolizine." 

A number of other asymmetric alkyla­
tions have been performed leading to chiral 
pyrrolidines, piperidines, and benzomor­
phan derivatives, and attest to the wide gen­
erality of this approach to enantiomerically 
pure (or nearly so) products. Mechanistic 
studies on this novel alkylation are under­
way and we have been able to establish a 
reasonable working m odel for the under­
lying factors responsible for the high degree 
of diastereoselection in  chiral formami­
dines." Based on molecular models, we 
have made the assumption that 14 is the 
most reasonable conformation for the chir­
al formamidines and, in  view of this, that 
the base removes the "axial" proton. This 
is considered to be the most facile entry by 
base for minimizing interaction with the 
isopropyl group and the protons at C-3 in  
the isoquinoline ring, 15. Furthermore, the 
kinetic acidity of the axial proton should 
be assisted by the 1r-bond, the absence of 
which hinders deprotonation. The resulting 
anion, 16a and 16b, can be depicted as 
shown in Scheme 3 1. Alkylation with 
methyl iodide proceeds through 16b with 
retention2

••
21 to give 17, while addition of 

DMSO-d. leads to 18 by quenching of 16a. 
The chelation effects of DMSO to lithium 
may deliver the deuterium in an intramolec­
ular sense. When 18, formed exclusively by 
DMSO-d. quench, is t reated again with 
base and methyl iodide is added, only 17 
is formed. Thus, the deuterium in  18 i s  re­
moved cleanly in spite of any attending iso­
tope effect. This augurs well for stereospe­
cific deprotonation in this process. A recent 
report by Seebach" described the X-ray 
structure of the I -magnesium salt of t etra-
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hydroisoquinoline and showed that the C­Mg bond occupies an equatorial position 
(16b). This lends support to alkylation of the carbonlithium bond with retention of configuration (16b to 17). Another inter­esting fact is acquired from the results in Scheme 32. A mixture of epimers ( I: I) was metallated using t-butyllithium (weaker bases do not form the tertiary carbanion) and then treated with methyl iodide. Amaz­ingly, only the epimer with the axial proton (in the assumed favored conformation) gave alkylation, whereas the other epimer (R) was recovered unreacted. The details of this experiment have been reported. 2' In summary, we have uncovered a valu­able asymmetric alkylation of a-amino car­banions as well as novel alkylation of these systems in an achiral manner. We can say with some certainty that the asymmetric process is due to stereospecific deprotona­tion and alkylation in the presence of the chelating chiral auxiliary. Undoubtedly, future studies will lead to further extension of this novel process. 
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Albert I. Meyers was born in New York City on November 22, 1932. He received the Bachelor's and Ph.D degrees from New York University in 1954 and 1957, respec­tively, working with the late Professor J .J. Ritter. His thesis dealt with the Ritter Reac­tion which involved the condensation of carbocations with nitriles. In 1957 he join­ed the Cities Service Oil Co. and in 1958 

(R,S) R 
Boes joined the faculty of Louisiana State University in New Orleans (now called the University of New Orleans). In 1965-1966 he was an NIH Special Fellow at Harvard University in Professor E.J. Corey's labor­atory where his interest in carbanion chem­istry arose. He was promoted to Boyd Pro­fessor at LSU in 1969 and moved to Wayne State University as Professor in 1970 . In 1972 he joined the faculty of Colorado State University, where he is at present. Professor Meyers' research interests in­volved new synthetic reactions, the use of heterocycles as vehicles in synthetic chem­istry, the total synthesis of natural pro­ducts, and asymmetric synthesis. The use of oxazolines as precursors to chiral and achiral compounds and selective aromatic substitutions have been among his major areas of interest. The introduction of rigid chelation as a prerequisite to efficient asym­metric reactions has been a major topic of his recent efforts. 
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Faculty Award (1980), the Japan Society for the Promotion of Science Award (1979), and numerous distinguished lec­tureships such as, Lemieux (1985), Merck (1983) and Frontiers of Organic Chemistry­Northwestern (1983). He received an Alex­ander von Humboldt Senior Scientist Award (1984-1985) and is the 1985 recipi­ent of the American Chemical Society Award for Creative Work in Synthetic Organic Chemistry sponsored by Aldrich Chemical Company, Inc. 
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Albert I. Meyers, Professor of Chemistry at Colorado State Univer­
sity, is the 1985 recipient of the ACS Award for Creative Work in Syn­
thetic Organic Chemistry, sponsored by Aldrich. We extend our con­
gratulations to Professor Meyers, and highlight here some of the signifi­
cant developments which have come from his laboratories in recent 
years. 

A recurring theme in Professor Meyers' research is the use of het­
eroatom-containing auxiliary reagents which direct the stereochemical 
course of carbanion reactions in a regio-, diastereo-, and/or enan­
tioselective manner. Developments from the Meyers group include syn­
thetic techniques based on the chemistry of formamidines and ox­
azolines. 

Formamidines 

The discovery that an a-amino carbanion is stabilized if the amine is 
part of a formamidine has led to the regioselective alkylation of pyr­
rolidines, ' piperidines, '  tetrahydropyridines, '  azacycloheptanes, and 
tetrahydro-�-carbolines,' as exemplified below. 
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Enamidine intermediates derived from formamidines and carbonyl 
compounds may be converted into homologated secondary amines, 
aldehydes or ketones.' 
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Extensions of this methodology include the synthesis of azabicy­
cloalkanes,' enamidines, '  and an enantioselective alkylation of tetra­
hydroisoquinolines. •·' 
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The directing effects of a chiral oxazoline have been utilized in the 
syntheses of axially chiral biphenyls, '  dihydronaphthalenes,' binaph­
thyls '0 and (S)-4-naphthoquinolines" via organometallic reactions. 

�­
� (R) 

Similar methodology yields chiral phthalides ." Although the enan­
tioselectivity of the addition reaction shown below is low, the diaste­
reomeric intermediates can be separated easily by flash chromatog­
raphy; after hydrolysis, the enantiomeric phthalides are isolated virtual­
ly optically pure. 
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(diastereomer at * not shown) 

Use of a boron azenolate derived from a chiral oxazoline in the aldol 
condensation affords very high erythro selectivity ."  A review by Pro­
fessor Meyers on oxazolines has just appeared. 1 4  
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* An article based on Professor Meyers' award acceptance speech appears on page 59. 
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21,515-5 Hydrazine, anhydrous 100g $18 .90; 500g $63.00 28,956-6 lodomethane, 99.5% 100g $16.75; 500g $56.25 1-850-7 lodomethane, 990/o 100g $11. 70; 500g $43.80 19,987-7 Lithium aluminum hydride, 95% 10g $7.90 25g $13.55; 100g $34.25 1kg $198 .45 
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21,279-2 
24,661-1 

1 9,734-3 

15 , 187-4 

25,025-2 

1 5,667-1 

21 ,581-3 

P7,380-3 

23,652-7 

1 8,656-2 

14,722-2 

Tl,300-5 

13,475-9 

Tl ,550-4 

T2,250-0 

28,107-7 

Lithium aluminum hydride, I .OM solution in diethyl ether 100ml $ 12.80 800ml $56.95 Lithium diisopropylamide, 
950/o 25g $37.45 100g $ 104.00 Methyllithium, 1 .4M solution in diethyl ether 3g $1 1.60 22g $42.45 (Methyl sulfoxide)-d,, 99.9 atom 0/o D 5g $7.35 10g $13.65; lOxlOg $1 16.50 25g $32.55; 50g $62.80 60g $73.50; 50x10g $517.00 1-Naphthoyl chloride, 98% 10g $ 16.00; 50g $53.00 Potassium tert-butoxide 100g $ 15.85; 500g $38.45 Potassium hydride, 35 wt. OJo dispersion in mineral oil 25g $ 15.25; 100g $46.20 Pyrrolidine, 99% 100g $11.00; 500g $30.70 Sodium hydrogen carbonate, 99 + %, A.C.S. reagent 500g $8. 10; 2kg $ 12.65 Tetrahydrofuran, anhydrous, 99.9%, GOLD LABEL 100ml $ 11.50; 800ml $23.00 Tetrahydrofuran, 99.5 + OJo, GOLD LABEL 500g $11. 10; 1kg $ 17.00 3kg $44.80 1,2,3,4-Tetrahydroisoquino-line, 97% 25g $ l l.40 100g $34.95 1,2,3 ,6-Tetrahydropyridine, 970/o 25g $22.90 100g $64.95 1,2,3 ,4-Tetrahydroquinoline, 980/o 100g $22.35 500g $74.50 

N,N,N',Nt Tetramethylethyl-enediamine, 99% 100g $8.30; 500g $28.55 Trimethyloxonium tetrafluoro-borate 
-�-�---- - �  

l g  $6.50 10g $29.50 
Lab Notes (Continued from page 58) tion, the peak shifts only to o 1.55 because of the low solubility of water in CDC!,. 2. The HOD peak at - o  4.7 (in our ex­periment, the H,O peak) that appears fol­lowing the usual deuterium-exchange ex­periment represents HOD dissolved in the film of D,O on the wall of the cell or in minute droplets of D,O. This peak can be quite large if the mixture is not centrifuged but merely allowed to stand. Even after 

centrifugation, the wall film is still visible. The intensity of the peak depends on the amount of HOD (residual in the D,O and produced by the exchange), on the thick­ness of the wall film, and on the complete­ness of separation of the two layers. Trans­fer of the centrifuged and filtered CDC!, layer to a dry tube will remove or greatly reduce the peak. Experiments were performed on a Varian XL-100 instrument. 
Francis X. Webster 

Janet R. West 
Robert M. Silverstein 

State University of New York 
College of Environmental Science 

and Forestry 
Syracuse, NY 13210 
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The importance of protecting the envi­ronment of the laboratory must be a pri­mary concern of all lab workers. Many lab­oratories still do routine GC analyses under less-than-optimum conditions. This is espe­cially true with older GC's using TC detec­tors requiring large samples ( >  5µ1) and large columns ( >  ½"  i.d.). The exhaust from such instruments can be, at best, an­noying and, at worst, life-threatening over an extended period of time. In some laboratories the GC is placed in a fume hood, but we have found a simpler method for venting the exhaust vapors. A plastic aspirator is attached to a low-pres­sure air line in the fume hood and the suc­tion inlet is attached to a piece of plastic hose that is routed to the detector vents of the GC. A piece of aluminum sheeting is cut and formed into a small, open rectan­gular box. Two holes are cut in the box for the two narrow "legs" of a "Y" tube. Sil­icon rubber is used to seal the "Y" tube into the aluminum box. The plastic line from the fume hood is attached to the re­maining free "leg" of the "Y". Double­sided adhesive tape is used to hold the mini­ature aluminum fume hood in place above the vents. An air flow is established in the aspirator to maintain suction through the "Y" tubes. Air is used as the working fluid to conserve water and to avoid the possibil­ity of accidental flooding. 
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During the three years that this apparatus has been in operation, numerous odorous compounds were separated by GC, with no detectable odors escaping from the instru­ment. 
Bob Small 

Ciba-Geigy Corp. 
P.O. Box 113 

McIntosh, Alabama 36553 

OH OH 
I I 

HOCH,CH CH(CH,)3 Me 

1 

Me(C H,)11 NMe, 

2 
1,2,3-Heptanetriol (1) was found to en­hance the crystallization of membrane pro­teins solubilized in detergents such as N,N­

dimethyldodecylamine-N-oxide (2) and 1-O-octyl-(J-o-glucopyranoside. Membrane­protein crystallization is becoming an im­portant tool for protein-complex studies. I-3 

I) Michel, H . J. Mo/. Biol. 1982, 158, 567. 
2) Idem Trends Biochem. Sci. (Pers. Ed.) 1983, 8, 56; 

Chem. Abstr. 1983, 98, 2 1 2478k. 
3) Michel, H.; Deisenhofer, J . ;  Miki, K . ;  Weyer, K. 

Dev. Bioenerg. Biomembr. 1983, 6, 19 1 ;  Chem. 
,, Abstr. 1984, JOO, 1 35745a (a review). 

28,423-8 

28,970-1 
oxide 

86,193-6 

1,2,3-Heptanetriol, 98% 
100mg $6.25; lg $43.25 

N,N-Dimethyldodecylamine-N­
lg $9.50; 5g $37.50 

1-O-Octyl-(J-o-glucopyranoside 
250mg $10.00; lg $27.50 
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Tetrathiafulvalenes (TTF) and Their Selenium and 
Tellurium Analogs (TSF and TTeF): 
Electron Donors for Organic Metals 

Introduction 
Since the first reports in the early 1970' s 

of the high electrical conductivity in the 
chloride salt of tetrathiafulvalene (TTF, 1) 
and in the charge-transfer complex of TTF 
with tetracyanoquinodimethane (TCNQ), 
relentless interest in organic metals has been 
sustained by synthetic organic chemists, 
physical chemists and solid-state physicists; 
the large volume of review articles, con­
ference proceedings and books published 
on organic metals in the last decade bears 
testimony to this. 1- 1o  It quickly became 
clear that high conductivity and other re­
markable solid-state properties are aniso­
tropic and are associated with crystal struc­
tures in which the donor and acceptor mol­
ecules form segregated stacks with exten­
sive 11"-electron overlap and delocalization 
along these one-dimensional stacks. Deriv­
atives of TTF remain of paramount impor­
tance in the arena of crystalline organic 
conductors (Table 1) and the recent thrust 
of synthetic work towards the TTF system 

, has been stimulated by the quest for new, 
highly conducting materials. In 1976 a re­view describing synthetic routes to TTF and 

Martin R. Bryce 
Department of Chemistry 

University of Durham 
Durham, England 

DHJ 3LE 

tetraselenafulvalene (TSF) was published; 1 1 

the field has burgeoned vigorously since 
then, and the aim of this article is to high­
light the major routes now available to TTF 
derivatives and their selenium and tellurium 
analogs. 

ganic metals. The most widely used routes 
to TTF derivatives proceed via coupling of 
1,3-dithiolium salts (2) or l ,3-dithiole-2-thi­
ones (3) (eq. 1). For example, TTF itself 
is prepared via the sequence outlined in eq. 
2; the overall yield for this sequence is 56% 
and the reactions are applicable to large-

TTF is a planar molecule with D,h sym­
metry and is easily oxidized to the radical 
cation and the dication. As discussed at 
length elsewhere• these three properties of 
TTF are of particular relevance to the de­
sign of new derivatives as donors for or-

, scale synthesis. 21  

The chemistry of 1,3-dithiolium salts (2) 
has been reviewed. 28 The reaction 4- 1 is 
considered to proceed via deprotonation of 
the dithiolium cation to yield the stabilized 
carbene which then reacts as a nucleophile 

Year 
1970 
1972 

1973 

1974 

1 975 

1976 

1978 

1979 

1980 

1982 
1982 

1983 
1983 

o r  
R S Yi )=s 
R )t.__S 

3 

Table 1 12 

1 

(eq. 1) 
TTF R = H  

Landmarks in the Development of Organic Metals Based on TTF 
Material Property Reference 

TTF First reported synthesis  1 3  
TTF chloride Metallic conductivity observed: 1 4  

<1r1 0.2 (O crn)-1 
TTF-TCNQ <1r1 500 (O crn)-1 

Metal-insulator transition T M•I at 53°K 
1 5  

TSF-TCNQ Selenium analogs prepared 1 6  
Metallic state stabilized down to T M-l at 28°K 

H MTSF-TCNQ Metal l ic behavior observed down to TM-I at 16 °K 17 

HMTSF•TCNQ T M-1 supressed under pressure 1 8  
TMTSF-DMTCNQ T M-1 supressed under pressure 1 9  

TMTTF-tetrahalo-p- First organic metals not contain ing TCNQ or 20  
benzoquinone derivative as acceptor 

(TMTSF)2X Organic superconductivity observed at 0.9°K 2 1  
at 1 2  kbar for X = PF., and at ambient pressure 
for X =  Cl04 

BEDT-TTF salts Two-dimensional organic metals 22  
DBTTeF and 

H MTTeF 
First Te analogs prepared 23, 24 

(BEDT-TTF)2ReO, First sulfur-based organic superconductor 25  
(BEDSe-TSeF)X Metallic salts X = ReO,, CIO, prepared 26 

f , � '  - 'Ca  ��, v,=== -
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at C-2 of another 1,3-dithiolium cation. 
This method (eq. 2) has been used for the 
preparation of symmetrically substituted 
derivatives TMTTF (5), 2• HMTTF (6)'0 and 
DBTTF (7)," all of which have played im­
portant roles in probing structure/property 
relationships in organic metals . For ex­
ample, DBTTF is a weaker electron donor 
than TTF and forms metallic complexes 
only with very s trong electron acceptors, 
e.g. , TCNQF4 .4 Also the bis-TTF deriva­
tive 8 has been prepared by this route (eq. 
3) . 32 

Dithiolium cations are also precursors of 
several DBTTF derivatives where there is 
extended conjugation between the dithiole 
rings. These materials are currently of in­
terest, as the radical cations derived from 
them incorporate the desirable features of 
more widely spaced sites of maximum spin 
density. The route to compound 9 is shown 
in eq. 4."·" The dithiole skeleton is assem­
bled by condensation of an ortho-dithiol 
and an aldehyde, or masked aldehyde. The 
electron donor ability of 9 is very similar 
to that of TTF and markedly better than 
DBTTF. Approaches directly analogous to 
eq. 4 lead to derivatives 10," 11, 36 12" and 
13. 38 

�
s
...__;=\_/� 

� s�s � 
1 0  

�s
�

s� 
�s _ s� 

� !J 1 1  

�
5

)=
cH�cH=<

s
� 

�s - "=.r  s� 
1 2  

M

•-cr:fi 
I S

JI)-1 Me 
1 3 - s /4 

1,3-Dithiolium cations readily react with 
trialkylphosphines to form phosphonium 
salts (14) and this reaction has been utilized 
recently for the efficient synthesis of vinyl­
ogs of TTF (15-18) (eq. 5). 39 Compound 16 
has been converted into the parent com­
pound 18 which is a more efficient donor 
than TTF as judged by cyclic voltamme­
try. 39 

The 1,3-dithiole skeleton can also be as­
sembled by condensation of a dithiocarbox­
ylic acid with an appropriate halo-substi­
tuted compound, followed by acid-cata­
lyzed cyclization. This approach has yielded 
highly conjugated TTF derivatives 19, 40 
20, 4 1 21" •42 and 22, 34,

4 2  as detailed for 19 
(eq. 6). 
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(
s

)=
s 

MeO,CCs CCO,Me Meo2c

)[

s

)=
s 

s 
[ )=

s 
s Me02C S s 

� s s 
[ >=< ]  s s 

1 

Et,N 

5 R = R' = Me TMTTF 
6 R - R' =  - (CH2). - H MTTF 

s�s 

( JJ \d ll 1  
s s 

2BF,-
Et,N 

�SH 

�SH MeOVOMe 

9 

(eq. 2) 
s 2) NaPF, 

[[ rH PF6 
s 

4 

�
s
>=/� �s s� 

7 DBTTF 

s s�s s 

[ X JJ \d lL >=< ] (eq. 3) 
S S 

8 
S S 

R 'y,
s
� .s

J(
R2 

R')!.__s. "=<: I 
S R2 

1 5  R' = R2 = Me 
16 R 1 = R2 = C02Me (eq. 5)  
1 7  R' = Me; R' - R' =  - (CH = CH), -
18 R1 = R2 = H  

s 
19 R' = R2= Me 
20 R1 = H; R2 = Ph (or isomer) 

ms{R2 

R'�

S 

� S 21 R' = R2 = Me 
R2 22 R' = Me; R' = Ph (or isomer) 

Q

CI 

·sf 
1) S,, NaOMe 

1/ I 2 0 
MeCOCH(Cl)Me 

2) HCI ::-..... 
3) piperidine N +  

CH2CI s 1/ s-

c onc. H,S0

/ 

19 -TCNQ salt U•TCNQ- Me)[S
�

S !TMe --- I • 1/ '\ • Ji_ 
Me S - S Me (eq. 6) 

2c10.;-



An alternative approach to the synthesis 
of tetrathiafulvalenes , e.g., 26, is the de­
sulfurization or deoxygenation of l ,3 -dithi­
ole-2-thiones or -2-ones, e.g., 23, 43 2444 or 
2544

•
4

' with trivalent phosphorus com­
pounds (eq. 7). This reaction has been used 
widely when electron-withdrawing groups 
are present on the dithiole, although yields 
are not always good and other products are 
sometimes obtained. 46 One report suggests 
that it is preferable to use Co,(CO), instead 
of a phosphorus reagent for the coupling, 
as a wider range of substituents can be tol­
erated. 47 

The TTF derivative, BEDT-TTF (28), is 
currently at the forefront of organic-metals 
research as low-temperature superconduc­
t ivity has been observed in certain salts of 
this donor. For example, (BEDT-TTF),­
Cl04( 1 ,  1 ,2-trichloroethane )o. ,  is metallic 
over the temperature range 300-1. 4 °K with 
no evidence of a metal-to-semiconductor 
transition. Moreover, the salt shows two­
dimensional metallic conduction over this 
temperature range, the conduction pathway 
resulting from close intermolecular contacts 
of sulfur atoms. Routes to BEDT-TTF are 
shown in eq. 8 and have been evaluated 
critically recently. 48 Thiapendione (27) can 
be readily synthesized on a large scale, and 
can be converted to BEDT-TTF in a two­
step reaction with an overall yield of 
80-900/o, making this the synthetic method 
of choice. 
An entirely new approach to the TTF 

skeleton based on reactions of thiapendione 
has been reported rpcently (eq. 9). 49 Al­
though the final product is obtained as an 
isomeric mixture and a yield is not given 
for the last step, this method is worthy of 
note as it is a noncoupling method that is 
potentially versatile. 

A nickel-complex-assisted synthesis of 
t et rakis(trifluoromethyl)TTF (26) in which 
the Ni(triphos) group acts as a catalyst has 
been reported but the scope of this reac­
tion has not been investigated (eq. 10). '0 

Although this method affords 26 under 
mild conditions, the reaction is iess efficient 
than the quantitative reaction previously re­
ported by Hartzler from the one-step reac­
t ion of hexafluoro-2-butyne and carbon di­
sulfide under pressure. 43 

Another recent advance in methodology 
for TTF synthesis is the oxidative electro­
dimerization of 1,3-dithioles, probably via 
radical cation intermediates ;  however, in 
the two cases studied, yields are moderate 
or low." 

In  general, the methods described above 
suffer limitations when applied to the syn­
thesis of unsymmetrical TTF derivat ives, 

R
Yi

s PPh, or P(OMe), 

R ;Ls>=:3 R = CF3; X = S 
(eq. 7) 

24 R = CN; X = O  
25 R = CN; X = S  

alkali metal or 
[
-s

Yi

s

)= 

� 
C

S2 -ele-ct-ro-ch-em-. -red-. - _5 f s 
S
J 

o=(S

J(

S
)=

o Na,CO, 

s s Br(CH2),Br 

27  

27  
Na,CO, 

HC = CCHR - Br 

+ 

26 R = CF3 

NaOMe 
d 

/ 

2 8  

H 
RC-C=CH 

:x:: 
I 

RC-C::CH 
H 

(eq. 9) 

S
J{

CF3 
---- (tr iphos)Ni=< 

� S CF3 

(�
s

)[

\=<
s

P
H 

'-..-s s sAH 

29 n = 3 or 4  

as the key cross-coupling step yields a pro­
duct that is a mixture, as illustrated in the 
recent synthesis of hetero-ring fused deriv­
atives 29" and alkylated derivative 30. 5 3  

However, several solutions to this cross­
coupling problem are now in hand, and it 
is possible that radical cation salts of some 
unsymmetrically alkylated TTF derivatives 
will show higher conductivity than symmet-

(eq. 1 0) 

co 
2 6  + OCNi(triphos) 

as

>=<

slMe 

S S Me 
3,0 

rical salts, maintaining the metallic state to 
lower temperature. 5 3  Phosphoranes (31) re­
act with 1 ,3 -dithiolium salts to form cou­
pling products which eliminate PPh3 in the 
presence of Et3N to afford TTF derivat ives 
(32). This clearly allows for the preparation 
of unsymmetrical tetrathiafulvalenes from 
two different 1 ,3 -dithiolium moieties (eq. 
I I)." 
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More recently, anions from compound 
33 have been treated with l , 3-dithiole-2-thi­
ones to give products 34 which are convert­
ed to benzotetrathiafulvalenes (35) in high 
yield (eq. 12)." 
Tetraselenafulvalenes 

The importance of sulfur 'd' orbital 
overlap in bestowing metallic properties on 
TTF salts was quickly recognized. This 
directed synthetic chemists towards the 
tetraselenafulvalene system (TSF) with 
larger, more polarizable selenium 'd' or­
bitals, and it is now proven that many TSF 
salts do show increased stability of the 
metallic state relative to their TTF counter­
parts. In 1979 Bechgaard and coworkers 
found that a family of salts based on 
TMTSF (39) [viz. , (TMTSF),X, where 
X=NO,, PF,, AsF, , or SbF,] possesses 
superconducting properties at very low 
temperatures. 2 1  ·" 

TSF (38) and TMTSF (39) were pre­
pared initially using the phosphine-promot­
ed coupling method and it was shown that 
selenone derivatives (36) couple far more 
efficiently than their thione analogs (37) 
(eq. 13). "·" A serious drawback of this ear­
ly method is the use of the fetid reagent, 
carbon diselenide; nonetheless, this proce­
dure, with some improvements, still gives 
the highest overall yields of tetraselenaful­
valenes. 5 8 Later TMTSF was prepared via 
reaction of H,Se with selenoureas or 
N,N-dimethylphosgeniminium chloride, 
and recently this procedure has been im­
proved by using NaSeH instead of gaseous 
H,Se (eq. 14). 5 8 

The ready coupling of l ,3-diselenole-2-
selenones (36) has facilitated cross-coupling 
reactions to give unsymmetrically alkylated 
tetraselenafulvalenes" and diselenadithia­
fulvalenes (40),'0 although isomers have to 
be separated in both cases. Diselenadithia­
fulvalenes (41), i someric with (40), have 
been prepared recently by reaction under 
pressure of carbon selenosulfide (CSSe) 
with alkynes bearing at least one electron­
withdrawing group." TSF derivatives with 
fused rings, viz. , 42" and 44," have also 
been prepared by the phosphite coupling 
method, and derivatives with extended con­
jugation between the diselenole rings are 
accessible using methodology analogous to 
eq. 5 ." 
Tetratellurafulvalenes 

Derivatives of tetratellurafulvalene 
(TTeF) were long awaited in the expecta­
tion that there would be further stabiliza­
tion of the metallic state in salts derived 
from these donors due to increased intra­
chain couplings. Two derivatives of TTeF, 
viz. , DBTTeF (43)23 and HMTTeF (45) (eq. 

+ 
R S 

)[ )=s 
R S 

Mel 

R
Yi

se )l )=x 
R Se 

36 X :::: Se 
37 X = S  

35 
PPh, or P(OR'), 
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3
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MeCOCH(Cl)Me 

(eq. 1 1 )  

(eq. 12) 

(eq. 13) 

(eq. 1 4) 

P(OMel, Me

)[

se NaHSe 
39 ----- I ;>=se ------
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Te
'I" 

\...JI--Te TeYJ 

45 

(eq. 15) 

15),24 were prepared independently in 1982, 
and in 1984 the thiophene-fused derivative 
46 was obtained. 64 The methodology in 
each case was reaction of a 1,2-ditellurate 
with 0.5 mol. equiv. of tetrachloroethene. 
Compound 46 is nonplanar with an asym­
metric boat conformation, as shown by X­
ray crystallography. The oxidation poten­
tial of DBTTeF (43), as determined by cy­
clic voltametry, is less than that of DBTSF 

:¾--T>=<Te�: 

y=:1--Te Te� 
Me Me 

46 

(42) and the same as that of DBTTF (7). 
Cowan 23 suggests that ionization is influ­
enced by two factors which have the op-
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posite effects in the series S, Se and Te: 
t hese are the valence-state ionization poten­
tials of the heteroatoms and the differences 
in their orbital interactions with carbon. 
The complex of 45 with TCNQ has a con­
ductivity comparable to that of TTF­
TCNQ.24 
Summary 

This article has highlighted the major ad­
vances in synthetic methodology towards 
TTF and analogous systems with special at­
tention on recent developments. Numerous 
fulvalenoid donors are now available by ef­
ficient procedures; these structures offer an 
impressive range of steric and electronic 
variations on the parent molecule, TTF, 
e.g., substitution of sulfur for selenium and 
tellurium, the presence of alkyl, aryl or 
electron-withdrawing substituents, deriva­
tives with fused heterocyclic rings and ex­
tended 'If-orbital frameworks, and symmet­
rical and unsymmetrical derivatives. How­
ever, TTF derivatives substituted with 
strongly e lectron-donating groups are still 
absent. With the preparation of TTeF de­
rivatives a formidable challenge was over­
come, but TTeF and TMTTeF, the prime 
tetratellurafulvalene targets, are still un­
known. Extensive studies by physicists on 
salts and complexes of TTF-based donors 
have greatly enhanced our understanding 
of the organic solid state ,  and it now ap­
pears that the old donor, TTF, born in  
1970, has had its day. Current attention i s  
focused sharply on new salts of  TMTSF 
(39) and BEDT-TTF (28) which are the on­
ly organic superconductors known. Syn­
thetic work in this area seems certain to 
continue, since organic metals, to a degree 
u nrivalled by other intrinsic conductors, 
allow chemical manipulation of the struc­
t ure and propertie s  of conducting 
materials. 
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27,086-5 1,2-Benzenedithiol, 97% 
500mg $19.50 

18,617-1 Butyllithium, 1 . 6M solution 
in hexanes 10g $1 1.60 

90g $25 . 10 
18,017-3 Carbon disulfide, A.C.S. 

reagent 595g $8.35 
16,760-6 3-Chloro-2-butanone, tech. , 

95% 100g $ 16.85 
500g $61.80 

27, 732-0 1,2-Dibromocyclopentene, 
tech., 90% lg $18.00 

5g $60.00 
24,065-6 1,2-Dibromoethane, 99 + % , 

GOLD LABEL 100g $9.05 
D4,075-2 1,2-Dibromoethane, 99% 

1kg $ 10.35 ; 5kg $34.50 
10,574-0 a,a' -Dichloro-p-xylene 

25g $14.00; 100g $38 .70 
D l 3 ,840-l Dimethyl acetylenedicar­

boxylate, 99% 25g $27 .00 
100g $88.20 

E2, 775-0 Ethylene trithiocarbonate, 99% 
(l ,3-dithiolane-2-thione) 

25g $17 .50 
27, 7 16-9 Hexamethylenetetratellura­

fulvalene, 99% (HMTTeF) 
250mg $ 19.20; lg  $53.40 

I-850-7 lodomethane, 99% 
100g $11.70; 500g $43.80 

24,425-2 Perchloric acid, A.C.S. reagent 
100g $10.30; 675g $20.10 

3 .6kg $56.30 
10,409-4 Piperidine, 98% 100g $7 .80 

500g $25.00; 2.5kg $76. 10 
22,353-0 Sodium carbonate, powder, 

anhydrous, 99 + % ,  A.C.S. 
reagent 500g $15 .00 

Aldrichimica Acta, Vol. 18, No. 3, 1985 77 

ggama



P a
g
e i n te

nt

i a

l l

y 

b l
a n k 



P a
g
e i n te

nt

i a

l l

y 

b l
a n k 



Aldrichimica Acta 
Volume 18, Number 4, 1985 

Lanthanides in Organic Synthesis 

4-Acetoxy-2-azetidinone: A Useful Heterocyclic Synthon 

The Aldrich FIRST System of Information Retrieval - An Update 

chemists helping chemists in research & industry 

aldrlch cbe1nlca1 ca1npany. Inc_ 

ggama
Volume 18 Number 4 1985



Aldrichimica Volume 18, Number 4, 1985 A publication of the ALDRICH CHEMICAL COMPANY 

Aldrich Chemical Co. ,  Inc. 
940 West Saint Paul Avenue 
Milwaukee, Wisconsin 53233 USA 
Telephone: (414) 273-3850 
For orders: 
Toll-free USA/Canada: 
(800) 558-9160 
For technical inquiries: 
Toll-free USA/Canada: 
(800) 231-8327 
TWX: (910) 262-3052 Aldrichem MI 
Telex: 26 843 Aldrich MI  
FAX: (414) 273-4979 

Belgium 
Aldrich Chemie N.V./S.A. 
6 Rue Caporal Claes 
B-1030 Brussels 
Telephone: (02) 2428750 
Telex: 62302 Alchem B 

France 
Aldrich-Chimie S.a.r.l. 
27, Fosse des Treize 
F-67000 Strasbourg 
Telephone: (88) 327010 
Telex: 890076 Aldrich F 
FAX: (88) 75 12 83 

Japan 
Aldrich Japan 
Kyodo Bldg. Shinkanda 
10 Kanda-Mikuracho 
Chiyoda-Ku, Tokyo 
Telephone: (03) 258-0155 
Telex: 33362 Aldrich J 
FAX: (03) 258-0157 

United Kingdom 
Aldrich Chemical Co., Ltd. 
The Old Brickyard, New Road 
Gillingham, Dorset SP8 4JL 
Telephone: (07476) 2211 
For orders: (07476) 4414 
Telex: 417238 Aldrch G 
FAX: (07476) 3779 

West Germany 
Aldrich-Chemie GmbH & Co. KG 
D-7924 Steinheim 
Telephone: (07329) 87-0 
For orders: (07329) 87-11 
Telex: 714838 Aldri D 
FAX: (07329) 87-39 

c:>1986 by Aldrich Chemical Company, Inc. 

About Our Cover: Our chemist-collector recently bought this small winter landscape (oil on canvas, 14 x 12 ¼ inches) by Jacob van Ruisdael in a London auction. Rather than describe it, he asked us to read what the late Wolfgang Stechow wrote about Ruisdael's winter landscapes in his treatise on Dutch Landscape Painting of the Seventeenth Century (Phaidon, London, 1966). Professor Stechow did not know this painting, yet his description appears so applicable: " ... there is no trace of the traditional gaiety . . .  It would be altogether absurd to think of skaters when looking at this picture; the real topic is the forlorn mood of a winter day . . .  the mood is without any grandiloquence ... profound, and wonderfully in­timate . . .  The 'dejected day' is now silenced by a deep, desolate grey from which some patches of sharply lit snow stand out threateningly rather than soothingly . .. There is nothing comparable with this in Dutch seventeenth-century landscapes; and outside of landscapes, only the deep gloom that spreads over a religious tragedy through the magic of Rembrandt's chiaroscuro comes to mind. I do not doubt that in spite of all technical and colouristic discrepancies, Rembrandt's 'synthesis of the visible and the invisible' here inspired Ruisdael: the very fact that all outward, imitative features of such an 'influence' are missing, is eloquent, for this can be expected of the fruitful relationship between two very great artists. "It is as though greatness in the interpretation of winter as a drama had been pre­served for one single artist: Jacob van Ruisdael. " 
Pictures from the Age of Rembrandt Twenty-five paintings that have been reproduced on our Acta covers, and six that have been on our catalog covers are among thirty-six paintings in an exhibition of Dutch paint­ings at Queen's University in Kingston, Ontario. The fully illustrated catalog written by Professor David McTavish contains a wealth of art-historical information - enough for several evenings of relaxed enjoyment - probably the best value in art-history anywhere. 

Z12,794-9 $8.00 

Reprints of Aldrich Catalog Covers Eight beautiful 14 x 11 inches, full-color reproductions of paintings on our catalog covers are available, ready for framing, to add beauty to your laboratory. 
Z13,028-1 $7.80 

Selections from the Aldrichimica Acta, 1968-1982 Because of the ever-increasing demand for earlier issues of the Acta, we now offer a col­lection of articles from volumes 1-15. We chose those articles which we believe are still of interest to our readers - 354 pages of great review articles, in one beautiful hardbound volume. 
Z12,148-7 $15.00 
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I have found a rather simple method for heating reaction mixtures at constant temperature, which your readers may find useful. 

The 25 x 200-mm test tube which con­tains the reaction mixture is fitted into the center neck (l' 34/ 45) of the round-bottom flask using a No. 4 rubber filter adapter, as shown in the diagram. The test tube is then fitted with a condenser (l' 19/22) us­ing a No. 2 rubber filter adapter. The side arms of the round-bottom flask are fitted with a reflux condenser and a thermometer. A solvent having a boiling point equal to the constant temperature required is placed in the round-bottom flask and heated to re­flux with a heating mantle. The refluxing solvent vapors will then maintain a con­stant temperature around the test tube reac­tor. A wide ,·ariety of solvents or solvent mixtures may be used to maintain different temperatures. 
Howard L. Murray 

Associate Professor of Chemistry 
Northeastern Illinois University 

5500 N. St. Louis A venue 
Chicago, IL 60625 

Atmospheric moisture can sometimes ruin an organic or inorganic reaction. Some people go to great pains to flame glassware, dry solvents and otherwise prepare for 

anhydrous reaction conditions, then con­nect dry nitrogen or argon tanks to their flasks with tubing which might well have been used previously for condenser water. A simple solution is to maintain two sets of tubing labeled "wet" and "dry", respec­tively. Dry tubing can be stored closed in­to a loop using quick connectors, and hung over a convenient hook labeled "DRY 
TUBING ONLY". 

Charles E Gragg 
Department of Chemistry 

North Carolina State University 
Box 5247 

Raleigh, NC 27650 
Editor 's note: Aldrich carries various sizes of polyethylene tubing quick dis­connects. 

Cleaning a 10-microliter syringe can be time-consuming if the methodology necessitates prolonged rinsing with solvent. A disposable pipette tip (200-microliter capacity) serves as a "quick-disconnect" joint between the syringe and the water aspirator. With the syringe removed, the needle is dipped into the rinse solvent while the pipette tip is held over the barrel. (The broad end of the pipette tip is attached to the aspirator through a pressure tubing.) The syringe can be easily cleaned with a number of solvents in sequence. Thus, tedious rinsing as well as contamination due to rubber/glass connections can be avoided. An intermediate trap prevents the solvent from getting into the aspirator. 
Ashok D. Deshpande 

The College of William and Mary 
Virginia Institute of Marine Science 

School of Marine Science 
Gloucester Point, VA 23062 

I would like to report a simple solution to a problem that has been a constant an­noyance to us and, I'm sure, many other 
NMR users. The problem involves the sticking of caps to NMR tubes. Often the amount of force required to remove a cap results in a broken or chipped tube. Previously, we have cut off the offending cap with a razor blade saving the tube and sample, but ruining the cap. However, if the cap is warmed gently with a heat gun, it will soon soften and can 
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be easily removed without being destroyed. 
Rick M. Ede 

Wood Technology Division 
Forest Research Institute 

Private Bag, Rotorua 
New Zealand 

Editor 's note: For your convenience, Aldrich offers NMR caps and NMR tubes in various grades. 
Any interesting shortcut or laboratory hint 
you'd like to share with Acta readers? Send 
it to Aldrich (attn: Lab Notes) and if we 
publish it, you will receive a handsome 
Aldrich coffee mug as well as a copy of 
Pictures from the Age of Rembrandt. We 
reserve the right to retain all entries for 
consideration for future publication. 

Professor G. F. Koser at the University of Akron suggested that we offer hydroxy­(tosyloxy)iodobenzene, a useful reagent for the cis-ditosyloxylation of alkenes, '  the a-tosyloxylation of ketones2 and the phenyl­iodination of alkynes' and (trimethylsilyl)­arenes.' This is a very versatile reagent which we would like to call "Koser's Reagent". Naturally we made it. 
I) Rebrovic, L . ; Koser, G.F. J. Org. Chem. 1984, 49, 

2462. 
2) Koser, G.F.; Relenyi, A.G. ; Kalos, A.N.; Rebrovic, 

L. ; Wettach, R.H. ibid. 1982, 47, 2487. 
3) Rebrovic, L.; Koser, G.F. ibid. 1984, 49, 4700. 
4) Koser, G.F.; Wettach, R.H.; Smith, C.S. ibid. 1980, 

45, I 543. 

30,103-5 Hydroxy(tosyloxy)iodobenzene, 980Jo (Koser's Reagent) 
Sg $9.00; 25g $30.00 It was no bother at all, just a pleasure to be able to help. 
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Lanthanides Organic Synthesis * 

1. Introduction 
Judging by the chemical literature of the 

1970's, one might be tempted to assume 
that there are relatively few ways in which 
the lanthanides can be applied to organic 
transformations; indeed, the most compre­
hensive and definitive compilation of data 
on reagents useful to the synthetic chemist, 
the Fiesers' "Reagents for Organic Syn­
thesis," '  made infrequent mention of lan­
thanides other than eerie ammonium 
nitrate (CAN) before 1977. In one case, it 
was to recommend cerous hydroxide for 
the destruction of peroxides. ' 

In  contrast to the scant attention given 
during most of the l 970's to the role of lan­
thanides in organic synthesis, aspects of f­
element organometallic chemistry (featur­
ing u- and 1r-bonded derivatives) have been 
thoroughly reviewed by Marks'-' as well as 
Schumann and Gen the. • While the 
chemistry of complexes having lanthanide­
carbon bonds is only briefly considered in 
this article, the background information 
provided by these reviews is extremely 
instructive. 

Most lanthanide ions are paramagnetic, 
a property first exploited in the mid-1950' s 
when it was found that the dysprosium(III) 
ion accelerated the rate of decarboxylation 
of phenylmalonic acid.' This "magnetic 
catalysis" was considered a minor effect,' 
and not until 1960 was this phenomenon 
applied to the resolution of the inadvertent 
overlap of NMR spectral resonances.9 

Within IO years, a variety of lanthanide­
dionate complexes were being specifically 
designed to induce sizeable, clean proton NMR shifts.' 0 However, within the frame­
work of this rapidly developing field, the 
unique coordinating ability of the lan­
thanide shift reagents was essentially ig­
nored as far as applications in organic syn­
thesis were concerned, and until recently, 
the application of the entire spectrum of 
rare earth elements (lanthanides plus scan­
dium and yttrium) and compounds to 
organic processes has suffered from the 
lack of an investigative effort such as that 

generated in the development of the NMR 
shift reagents. 

Recently, however, the chemical 
literature has witnessed at least two major 
reviews' ' ·  1 2  as well as a cascade of research 
articles that described new and surprising 
uses for lanthanides in organic synthesis. 
A review article on organolanthanoid com­
plexes by Schumann 1 ' speculated on the 
potential of such complexes in catalysis and 
organic synthesis. 

The purpose of this article is to put into 
focus the diverse chemistry reflected in this 
rapidly growing field. 

Modest synthetic utility has been shown 
for certain shift reagents, initially attributed 
to their ability to induce conformational 
changes or to selectively stabilize complexes 
in a desirable coordination scheme. 

In one of the first examples of a specific 
synthetic application of a lanthanide shift 
reagent, Eu(fod), (Fig. l )  acted as a mild 
Lewis acid catalyst in hetero-Diels-Alder 
reactions (eq. 1). 1 • 

Figure 1 

[

Me,� l 
;p-o 

HC Eu '\ - -
p=o--

C3F7 
3 

Tris(2,2-dimethy1•6,6,7,7,8,8,8•heptaflu oro•3,5• 
octanedionato)europium(III) [Eu(fod),l 

John R. Long 
Aldrich Chemical Company, Inc. 

In this scheme, the character of the 
aldehyde is altered by the lanthanide cation 
so that it can act as a potent hetero­
dienophile. This promotion can be at­
tributed to the oxophilicity of the europium 
species, which, appropriately complexed, 
can exploit favorable solubility properties. 

The resulting cyclocondensations repre­
sent a method for the stereospecific syn­
thesis of carbon-branched pyranose 
derivatives (eq. 2) where endoselectivity is 
maintained through a wide range of 
aromatic and aliphatic aldehydes. 

Extension of this chemistry to chiral 
europium(III) ligands shows promise for 
asymmetric induction and enantioselectivi­
ty in organic synthesis. The latter feature 
is possible through the use of a chiral 
catalyst such as Eu(hfc),, tris[3-(hepta­
fluoropropylhydroxymethylene)-d-cam­
phorato]europium(III) (Fig. 2). 

Figure 2 

[�]�. 
Tris[3·(heptafluoropropylhydroxymethylene)­

d•camph oratoJeuropium(ll1) [Eu(hfc),l 

Described as "interactivity of chiral 
auxiliaries with chiral catalysts," "  this 
technique can be applied to the synthesis 
of optically pure saccharides, including 
L-glycosides, while avoiding formal resolu­
tion or glycosylation. The Eu(hfc), complex 

H OMe ;Me 

- �  + MeCHO 
1. 0.5% Eu(fod), j)

,.,H 
(eq. 1) 
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Me 

+ PhCHO 
Me,SiO� 
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Eu(fod), 
CDCI, 

r.t. 
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eO H 
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Me,SiO , h 
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also promotes the cyclocondensation of aldehydes with siloxydienes with consider­able asymmetric induction (eq. 3). 1 6  Ytterbium shift reagents also can pro­mote cycloaddition reactions, in some cases more efficiently than the europium analogs. 11 In chemistry applicable to the synthesis of milbemycin/avermectin targets, � 5% Yb(fod), catalyzed the diene­acetaldehyde cyclocondensation (eq. 4), whereas one equivalent of zinc chloride was required to effect similar conversions in like yields. The lone isomer A was produced in 48% yield following desilylation and alumina­induced spirocyclization. This mode of catalysis is especially at­tractive for dienes having sensitive func­tionalities. Cycloaddition of substrates bearing acid-labile components has been ef­fected using Yb(fod), at only 5 mole OJo levels (eq. 5)." Immediately following Danishefsky's pioneering work, several reports of cyclo­condensations promoted by lanthanide shift reagents appeared in the literature. The Eu(fod),/hetero-Diels-Alder method­ology offers a novel approach to highly functionalized o-lactones. 1 • Such a scheme provides access to natural products via syn­thetically useful intermediates. 
3. Catalytic effects of 

salts An early report of a catalytic oxidation of an organic substrate by a simple lan­thanide salt focused on the oxidizing abili­ty of the nitrate anion, which was promoted by various Ln'+ ions. 20 Of the lanthanides studied (La, Sm, Eu, Tm, Yb), ytterbium nitrate gave the highest yield of benzils from benzoins ( eq. 6). Extension of this chemistry eventually led to the development of a new method for the high-yield nitration of phenols us­ing one equivalent of sodium nitrate as nitrating agent in excess HCl;" lanthanide catalysis was effective under mild condi­tions which leave many other aromatic systems unaltered. Three particular aspects of this study should be emphasized: 
(i) An acid medium is required (in 1 :3  water/ethyl ether), but the method i s  poten­tially suitable for acid-sensitive compounds since reasonable reactivity is observed in a medium as weak as 0.5 mo!. equiv. HCI. 
(ii) The ortho:para ratio of products is a function of the acidity: greater acidity favors ortho-nitration (para-substituted phenols undergo 80-90% nitration at the ortho position). (iii) Small quantities of lanthanide 
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PhCHO 
Eu(hfc), 
CDC!, 

r.t. 

TFA 

(eq. 3) 

(CH2)30TBS 

1 .  Yb(fod), ��-
MeCHO 2. Pd(OAc), oJJMe 

/::,��, H,O 
(eq. 4) 

Me 
0 

A 

Yb(fod), (eq. 5) 

H 
Me0-�l-c-o� OMe 

"==7:. 1 11 _ 
Ln(NO,), 

HO o 

RCHO + MeOH 
LnCI, 

HC(OMe), 

catalyst are required (0.01 mo!. equiv.) and other lanthanum salts work as well as the nitrate; also effective are nitrates of Nd, Sm, Eu, Tb, Yb, and Tm. Equation 7 shows a typical product distribution. This procedure is selective for the nitration of phenol rings in the presence of those having substituents other than OH , a property not observed under HNO,/H,SO. nitration conditions. 2 2 A variety of lanthanide chloride salts ef­fect aldehyde acetalization rapidly and under mild conditions." With trimethyl or­thoformate as a water scavenger, the reac-

(eq. 6) 

Meo �--C-C �OMe 
� II II�---- -

0 0 

(eq. 7) 

90:10 

RCH(OMe)2 (eq. 8) 

(ln = La, Ce, Nd, Er, Yb) tion proceeds in minutes at room temperature with no side-products (eq. 8). Yields greater than 90% are typical, with lanthanum, cerium and neodymium chlorides being effective for aliphatic linear aldehydes while erbium and ytterbium chlorides are superior for aromatic and cyclic aldehydes. Under the given ex­perimental conditions, zinc chloride was ineffective. 
The first indication of the strength of the interaction between the eerie ion (Ce4+) and 



alcohols was described in 190 I, 24 and for decades the eerie ammonium nitrate (CAN) salt has held a premier position among lan­thanide oxidants useful in organic synthesis." While a thorough treatment of cerium(IV) chemistry is clearly beyond the scope of this article, presentation of selected and recent reports of its use is ap­propriate because of the background it pro­vides for the subsequent examination of the cerous (Ce'+) ion as a catalyst in organic reductions. One of the few disadvantages of CAN lies in the quantity of material sometimes required to oxidize alcohols; in addition, such processes may not be as systematic or consistent as other methods. However, both eerie ammonium sulfate and CAN (eq. 9) have been used as catalysts in the sodium bromate oxidation of secondary alcohols to ketones. 2• The preference for secondary alcohols is quite pronounced (eq. 10). Cerium(IV) sulfate exhibits similar selec­tivity: 4-dodecanol is converted to 4-dode­canone in 980/o yield, but 1 -dodecanol undergoes only 30/o conversion . A novel cerium(IV) reagent, cerium pyridinium chloride (CPC), promoted side­chain methoxylation of higher polymethyl­benzenes." However, such reactions using CPC are extremely slow when run in alcohols other than methanol; this and other considerations led to the development of a more convenient and general pro­cedure for benzylic alkoxylation of methylarenes ." Another new cerium(IV) reagent, eerie triethylammonium nitrate, has been pre­pared for use in the mild high-yield oxi­dation of benzylic alcohols and a-hydroxy ketones to the corresponding carbonyl compounds. 2• This CAN analog is stable, soluble in methylene chloride, acetonitrile, acetone, alcohols and water; it gives high yields in simple, nonacidic solvents and produces minimal secondary products from carbon-carbon bond cleavage. Further adjustments to the environment about the cerium(IV) ion allow the for­mulation of additional reagents having mild oxidizing capacities. 30-3 2  The scope of the catalytic potential of the cerium(III) ion was intimated by Pratt3 3  in an investigation of the addition of aromatic amines to quinones. Use of hydrated cerous chloride in place of cupric acetate as an oxygen carrier in the oxidation of byproduct hydroquinone resulted in im­proved yields and easier product separation from metal complexes. 

CAN, 0.2 mmol. 

NaBrO,, 2 mmol. (eq. 9) 
MeCNiH,O 

80°C 82% 

CAN, 0.1 mmol. 

NaBrO,, 1 .0 mmol. 
30 min. 

83% 

(eq. 10) 

CeCI, �HC,H.Me -----w (eq. 1 1) 

NaBH, 
MeOH 

LnCI, 
NaBH, 
MeOH 

+ 

saturated 
alcohol 
( < 10%) 

(eq. 12) 

(eq. 13) 

(Ln = Eu, Ce, Sm) In addition to improving product yields and shortening reaction times, cerous chloride promoted the regioselective addi­tion of p-toluidine to the 6-positibn of 5,8-quinolinequinone (eq. 1 1 ) .  To more fully elucidate the role of the cerium(III) ion in these additions, Pratt suggested that the influence of the Lewis acid catalyst in reactions of 6-chloro-5,8-quinolinequinone was exerted primarily through the heterocyclic nitrogen atom; the resulting N-Ce interaction also allows the cerium ion to assume a position in close proximity to the 8-carbonyl oxygen with concomitant 6-position activation. In the case of the addition of p-nitro­aniline to 1 ,4-naphthoquinone, or the replacement of the methoxy group in 2-methoxy- 1 , 4-naphthoquinone, the catalytic effect was ascribed to coordina­tion of cerium to a carbonyl group. Lithium bis(trimethylsilyl)amide or (more frequently) lithium diisopropyl­amide, upon reaction with ketones, pro­duces an enolate that reacts with anhydrous cerium(III) chloride at -78 °C to afford a cerium enolate. 34 This transmetallation product, when ap­plied to aldol couplings as shown in eq. 12, exploits the stronger chelation of the cerium ion (relative to lithium) in the six-membered intermediate. This suppresses retro-aldol and/ or cross-enolization and gives higher 

yields than reaction with corresponding lithium enolates. Generally, no differences in stereoselectivities were observed between the two enolate systems. Cerium enolates also provide favorable routes to a-bromo /3-hydroxy ketones, im­portant intermediates to a ,/3-epoxy ketones. 
In the late 1970's, Jean-Louis Luche and co-workers began to evaluate the role of lanthanide salts in selective organic reduc­tions . Even with the extensive arsenal of available reagents, including sodium cyanoborohydride, diisobutylaluminum hydride and 9-borabicyclononane (9-BBN), there has remained room for improvement in yield, selectivity and reaction conditions in reductions of carbonyl groups in com­plex organic molecules. In his first publication in this area, Luche found samarium trichloride and cerium trichloride (hydrated forms) to be especially effective in the selective conversion of a ,/3-unsaturated ketones to allylic alcohols, 3 5  even in the case of 2-cyclo­pentenone, which tends to undergo 1 ,4-addition (eq. 1 3). (Essentially 1000/o reduction was observed with all reagent systems.) 
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Adv ant ages to  the l anthanide 
chloride/sodium borohydride tandem 
include: 

(i) Almost exclusive 1,2-reduction occurs 
under mild conditions that do not affect 
carboxylic acids, esters, amides, halides, as 
well as cyanide and nitro groups. 

(ii) The reactions require no special at­
mospheric conditions and may be run at 
room temperature in a few minutes. 

(iii) The amount of water present in the 
commercially available hydrated lanthanide 
salts has little effect on selectivity. 

This method was also appli ed to the 
reduction of natural products, using 
cerium(III) chloride with sodium boro­
hydride to minimize the formation of 
saturated alcohols and give good yields of 
allylic alcohols with good stereoselectivity 
(eq. 14). '6 

0 
II 

�CH 

V 

CeCI, 
NaBH, 

ErCI, 
NaBH, 

CeCI, 
NaBH, 

(eq. 1 4) 

OH 

(eq. 15) 

�
9 't" CH 

(eq. 16) 

(eq. 1 7) 
98% recovery of C 

The sodium borohydride/cerium tri­
chloride system can be used in a broad pH 
range without significant loss of regioselec­
tivity; it is also efficient in the presence of 
pyridine, which is known to induce 
1 ,4-red ucti ons und er a vari ety of 
conditions. 3 7 

Ce(NO,), 
NaBH, �OMe 

M�e 

Reactions using erbium trichloride also 
exhibited the same regioselectivity in diethyl 
ether solution. 

Extending this technique to the reduction 
of the dione, B, demonstrated an intra­
molecular selectivity attributable to conver­
sion of the more reactive C-3 carbonyl to 
a monoketal intermediate (eq. 15). 3 8  This 
allows the preferential reduction at C-17, 
and also demonstrates the sharp contrast 
between aldehyde and ketone ketalization 
using lanthanide chlorides as catalysts. 

This system typically allows the conve­
nient, one-pot selective reduction of a less 
reactive carbonyl group in the presence of 
a more reactive one. 

Also noteworthy was the dependence of 
the ketal yield upon the choice of lan­
thanide salt. Lighter lanthanide ions (CeH , 
Nd3+ - softer Lewis acids) having larger 
ionic radii were preferred in cases where the 
aldehyde-ketone discrimination became 
more difficult. 

Further study of the role of lanthanides 
in the reduction of carbonyl groups 
demonstrated the potential for selectively 
reducing ketones in the presence of 
aldehydes. 39 This reverse selectivity has 
resulted in  the development of the first 
direct process than can be used in place of 
multistep procedures that gave low yields 
and/or separation problems caused by in­
sufficiently selective catalysts. 

In a typical reaction, two carbonyl com-

MeOH 

pounds, or a dicarbonyl compound (two 
equivalents), are dissolved with cerium 
trichloride in water/ethanol ; sodium 
borohydride is added at - 15 °C to give the 
selective reduction of the ketone, leaving 
the aldehyde group intact (eq. 16). 

In general, selectivity is excellent for non­
conjugated aliphatic and alicyclic carbonyl 
compounds, but diminishes for conjugated 
aldehydes. This preference can be exploited 
in the reduction of mixtures of aldehydes, 
however (eq. 17). 

Given the hypothesis that the formation 
of a geminal diol is critical to noncon­
jugated aldehyde function protection, it 
was subsequently shown by NMR study 
that cerium(III) enhances diol stability bet­
ter than any other cation tested. This im­
plies that the cerium ion is large enough to 
provide protection during reduction, but 
still allows ready recovery of the aldehyde 
during workup. The utility of the cerium 
ion is also fortuitous in that it is one of the 
least expensive of the lanthanides. 

The application of a sodium boro­
hydride/cerium(Ill)  nitrate reagent to a py­
rone reduction produced results that de­
parted somewhat from the 1,2-additions 
observed by Luche. Catalytic reductions of 
)'-pyrones can lead to complex mixtures of 
products via nonselective processes; how­
ever, the lanthanide/borohydride system 
provided a good yield of the specifically re­
duced dihydropyrone, D, from the unsat­
urated precursor, while preserving the car-
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(eq. 18) 

D 
bony! function adjacent to the double bond 
(eq. 18).'0 

Figure 3 

Structural representat ion of u-en ones 

While many metal salts have been shown 
to be effective in modifying sodium 
borohydride reductions, the use of lan­
thanides in the selective I ,2-reduction of 
a-enones (Fig. 3)  is potentially a very widely 
applicable synthetic tool. For this reason, 
an extensive and systematic study of the 
mechanistic and stereochemical aspects of 
this procedure was undertaken." The 
following were considered to be the salient 
points: 

(i) Cerium(III) remains the recommend­
ed lanthanide species, best used as 0.4M 
methanolic CeCl,-6H,O with I mol. equiv. 
of sodium borohydride, usually at room 
temperature. 

(ii) Reaction rate and selectivity were 
sensitive to changes in solvent as well as 
metal ion; methanol was by far the best sol­
vent, and nonlanthanide metal ions were 
not effective. 

(iii) A specific catalytic effect was 
demonstrated, with the lanthanide­
catalyzed decomposition of the boro­
hydride anion by the solvent appearing to 
be the rate-determining step; this implies 



that BH,- is not the actual reducing species, rather one or more alkoxyborohydrides (eqs. 19-21). This is consistent with the observation that alkoxyborohydrides are more reactive than the borohydride ion; this is also borne out by the observation that reactions run in isopropyl alcohol give poor results because the respective alkoxy-borane species are more slowly formed, viz., [H4-nB(O-i-J>r)nJ-. The role of the lanthanide cation appears to be to modify electron density and hence the reactivity of the environment of the car­bonyl group. Subsequent attack at the ad­jacent carbon atom is enhanced. The utility of the selective reduction techniques described in these sections is so pronounced that the term 'Luche reduc­tion' is essentially generic. Natale's review" is recommended for a more extensive ex­amination of the types of synthetic methodology that have evolved from this base. In systems using lanthanides other than cerium (which is too insoluble in THF to be effective), samarium triiodide or erbium trichloride demonstrated similar lanthanide ion control of selective reductions; " '  this was in particular contrast to reductions car­ried out in the presence of lithium or sodium ions.•2•0 The utility of Sml, is also interesting in view of the extensive chemistry developed for Sml, reductions (section 6). In a subsequent study of reaction parameters, lanthanide ions were found to promote the selective reduction of con­jugated aldehydes in the presence of non­conjugated aldehydes in aqueous ethanol (eq. 22). Erbium trichloride was the prefer­red catalyst, usually where the solubility of cerium trichloride in solvents such as isopropyl alcohol was unfavorable. 44 The authors described the interaction between the lanthanide and the intermediate substrate as a "chelating effect." Chromium(III) was also effective in several selective reductions, although with lesser yields. The chromium ion is also undesirable from the standpoint of spent catalyst disposal. 6. Zero-valent aml low-valenl reductions Reduction of a variety of organic func­tional groups has long been carried out us­ing ammonia solutions of alkali metals.45 Given the strongly electropositive character of lanthanides such as ytterbium (which teatures a 4f"6s2 electron configuration), it follows that ytterbium/ammonia solu­tions should convert a,/j-unsaturated 

BH; + MeOH 

H3B(OMer + MeOH 

H2B(OMe); + MeOH 

H38 (0Mer + 

H2 B(OMe); + 

H B (OMe); + 

H2 

H2 

H2 

(eq. 19) 

(eq. 20) 

(eq. 21) 

)-,�HO + �HO Ln'• 
NaBH, Me (eq. 22) 

� + �CH2OH F . . rcH,OH / J_ 
100% e 

1 3% Me 

Yb0 + NH3 ----- Yb2• + 2e- (NHa)x 

HO H 

(eq. 23) 

excess Yb 
� _

N_H_3_(_1i-q.-) .... 
0 /2 52% 

(eq. 24) 

Yb/NH,•THF 

t•BuOH 
;;6 65% 

(eq. 25) 

THF 
Lnl2 + C,H, 

(Ln = Sm, Yb) 
(eq. 26) 

Sml2 (eq. 27) 
� MeOH � 

C02Et 

Oo + CICH20CH2Ph 
2 Sml, 

ketones to saturated ketones, alkynes to 
trans-alkenes and aromatics to 1,4-dihydroaromatics. 46 The ammonia-solvated electron is stable for several hours at -33 °C, and is a power­ful reducing agent (eq. 23). 47 Careful manipulation of reaction condi­tions is required to effect the high-yield conversion in eq. 24. In addition, the Yb/NH, system is able to selectively reduce certain double bonds (eq. 25). Advantages of the ytterbium/ammonia system include the inertness of ytterbium to water and air relative to alkali metal reagents, and the fact that strongly basic hydroxides can be avoided. Since the initial report in 1977 of the preparation of stable solutions of diiodides of samarium and ytterbium48 according to eq. 26, an extensive and systematic chem­istry has been developed for these systems;49 this includes deoxygenation (epoxides and sulfoxides), dimerizations (benzyl halides), and reductions (imines and nitro groups to amines; aldehydes to 

C02Et 96% 

H, 
O<

OH 
Pd/C CH 20H 

(eq. 28) alcohols; alkyl halides and sulfonate esters to hydrocarbons; a,/j-unsaturated esters to saturated esters via conjugate reduction). The conversion of aldehydes and ketones to pinacols is rapid and clean. so The fact that this seemingly limited topic merits its own chapter in the sixth volume of the Handbook on the Physics and 
Chemistry of Rare Earths attests to its significance and synthetic potential. In light of Kagan and Namy's treatment of this subject, 49 this discussion will be limited to recent and novel uses typified by the reduc­tive cleavage of isoxazoles" shown in eq. 27. Advantages of the diiodosamarium method included the lack of competing olefin reductions, and the suitability of aprotic media for the reactions. The effec­tiveness of the diiodide as a one-electron­transfer reagent can be attributed to a high reduction potential [E0(aq) Sm2• /SmH equal to 1 .55V] that is unusual for species soluble in organic solvents. Other applica­tions include a new method for the hydroxymethylation of carbonyl com­pounds (eq. 28).'2 

Aldrichimica Acta, Vol. 18, No. 4, 1985 91 



The addition of tetraethylene glycol to a THF solution of Sml, changes the characteristic green color to purple. The reducing power of the probable Sml,/glycol complex was tempered in its affinity for the carbonyl oxygen, thereby suppressing pinacol coupling and allowing the eventual isolation of the desired diol in good yield. In contrast to ytterbium and samarium, activation of the metal is required in the case of cerium, which is less reactive toward alkyl or aryl halides. The in situ generation of an allylcerium iodide in the presence of a ketone produces a homoallylic alcohol in good yield (eq. 29). 5 3 Reactions with benzyl iodide proceeded similarly in a chemoselective, one-step pro­cedure. Other functional groups such as ester, nitrile, and aryl bromide were unaffected. Additionally, several low-valent cerium reagents, e.g. , Ce/I,, transform aldehydes and ketones into pinacols via reductive dimerization." The failure of either cerium metal alone or cerium(III) iodide to effect the desired coupling implies that a divalent cerium species is responsible for driving the reaction. Some (but not all) aliphatic car­bonyls undergo similar conversions. One particular advantage of this method, as seen previously, is the efficiency and selectivity in the presence of functional groups such as ester, nitrile, and vinyl halide. Imamoto et al." reported a detailed in­vestigation of carbon-carbon bond forma­tion promoted by cerium amalgam and by organocerium(III) reagents generated from organolithiums and cerium(III) halides. Study of over 100 reactions demonstrated the utility of these reagent systems in a variety of addition reactions including Reformatsky-type and Barbier-type reactions. Another method of producing useful organocerium reagents involved the treat­ment of organolithium compounds with cerium(Ill) iodide'• (eq. 30). Samarium(III) iodide was also effective. Reaction temperature of -65 °C appeared to give the cleanest conversions for all organocerium reagents used (i.e., with n-BuLi, sec-BuLi, MeLi and PhLi in com­bination with Cel i) ,  At temp­eratures above O °C, reagents having ,8-hydrogens converted acetophenone to 2,3-dihydroxy-2,3-diphenylbutane and/ or phenethyl alcohol; use of methyllithium (having no ,8-hydrogen) resulted in nucleophilic addition to the carbonyl group. 

OH 

CH,= CH-CH,-1 J=\ .. w + Br�C-Me __ 
c_e_lH_g 

__ ,...

CH2=CH-CH

0
Me 

THF, 0°C, N2 l..y 
(eq. 29) 

Br 

n-Buli/hexane + Cel,ITHF slurry PhCOMe (eq. 30) 
-65°C, argon 

Ce,(SO,l, 
Nal 

/ 

t•,_H_,_o_.,. 0 (eq. 31) 

6 __ M_e_Yb_l
--1_. 0 '9% 

(no 1 ,4-addition) 

(eq. 32) 

The synthetic potential of these par­ticular lanthanide reagents lies in their distinctive reactivities relative to organo­lithium reagents: there is very little com­peting enolization that would result in un­reacted ketone. Ho attacked the problem of hydro­dehalogenating a:-haloketones by identify­ing Cel, as an appropriate combination of hard acid and soft base moieties for the at­tack on the carbonyl and halide groups, respectively ( eq. 31). 5 7  Reaction conditions called for mixing a THF solution of the a-halo ketone with an aqueous mixture of cerium(III) sulfate and sodium iodide to produce the cerium iodide intermediate. The first definitive descriptions of organometallic divalent lanthanide com­plexes also alluded to applications similar to Grignard methodology."·'• More recently, it was shown that ytter­bium metal reacts with alkyl or aryl iodides to give solutions of R-Yb-1 species that react smoothly with ketones. •0 Similar reac­tions could be carried out with europium and samarium, which also have well­defined divalent forms. 5•6 1 Diorganomercurials, upon reaction with ytterbium metal, form R, Yb complexes that convert carbonyl compounds to alcohols via reductive coupling. •2 Reaction of RYbI complexes with a:,,8-unsaturated carbonyl compounds selectively produces 1,2-addition products•' in spite of the large ytterbium(II) ionic radius (eq. 32). 

, I I 
C=C-C-OH 

,,,,, h 
(eq. 33) 

A similar Grignard reaction gives pro­duct ratios of 2.57: I with respect to 1,2-addition vs. 1,4-addition. The reaction of Ph Ybl with chalcone en­counters some steric effects that reverse the product ratio for the respective R-M-I reac­tions: 1,2-addition is 50% for M = Yb, 6 %  for M = Mg; 1,4-addition is 10% for M = Yb, 94% for M = Mg. This regioselectiv­ity was explained by the preferred attrac­tion of the C-2 "hard site" to the harder lanthanide complex (eq. 33). More recent studies included the low­temperature phenylytterbium iodide­induced cross-coupling with organic halides in the presence of transition-metal catalysts64 and the use of methylytterbium iodide to convert active hydrogen com­pounds such as phenylacetylene or fluorene to corresponding acids or alcohols. 65 The reactivity of methylytterbium iodide was markedly better than that of methylmagnesium iodide in similar reactions. In their chapter on organometallic com­pounds of rare earths, Schumann and Genthe• provide a detailed examination of a variety of techniques and products that may develop into reagent systems for organic synthesis; a condensed report of these studies has also been published." The study of catalytic processes involv­ing rare earths has been advanced by the synthesis and characterization of alkyl and hydride complexes of yttrium,•• which, in part, were investigated because they pro­vided NMR information via Y-H and Y-C 
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coupling. Although yttrium is not consi­dered a lanthanide, that row of elements exhibits reactivities similar to yttrium, and subsequent comparisons are reasonably valid. Similar divalent metallocene complexes of ytterbium, i.e., (Cp)xYb(base/ligand)y, were also shown to act as mild, one­electron reducing agents toward transition­metal carbonyl compounds such as Co2(CO),, • 1 CpCo(CO),6' and other organometallic derivatives of cobalt. In closing, Schumann and Genthe's chapter is recommended for an overview of rapidly developing synthetic organo­metallic chemistry that promises to have implications in the areas of homogeneous as well as heterogeneous organic synthesis. This includes Watson's work on the use of lutetium-hydride and lutetium-methyl complexes to activate C-H bonds. 69
_, , 

7. Implications Well into the 1980's we have seen a dramatic increase in the number of articles dealing with many new aspects of lan­thanide chemistry. For example, new systems of NMR shift reagents have recent­ly been prepared specifically to allow the extension of this critically useful tool to aqueous solutions. 12 Europium and ytter­bium complexes of S-carboxymethyloxy­succinate were of primary interest. New synthetic techniques are also available for application to the unique pro­perties of the rare earths. The development of ultrasound as a synthetic tool in the preparation of colloidal potassium and its subsequent reaction with organic substrates" is such an event that could be adapted to organic synthesis using rare earths. Vacuum deposition techniques have already been extended to the synthesis of samarium and ytterbium hydrogenation catalysts in low-temperature matrices. 74 This method produced solvated metal par­ticles, e.g. , Sm-THF, that were 15-20nm across, porous (no preferred orientation), and had a BET surface area of 5.6 m2/g. Other imaginative uses of rare earths in­clude the reduction of alkenes, aldehydes and ketones with intermetallic compounds containing absorbed hydrogen, viz., LaNi,H6 . "  The use of du Pont's Nafion® polymer as a support for Cr(III) and Ce(IV) reagents useful in the oxidation of alcohols has also been reported. 76 Such conversions also involved the use of tert-butyl hydro­peroxide or sodium bromate as cooxidant. It is becoming increasingly apparent that the synthetic organic chemist will be able 

to draw from a broad spectrum of reagents and methodology attributable to the novel chemistry of the lanthanides. *Abstracted from Long, J.R. "Rare Earths: Implications in Organic Synthesis", in Handbook on the Physics and Chemistry 
of Rare Earths, 1986; Chapter 57, with per­mission of North Holland Publishing Co: Amsterdam. 
References: 

l) Fieser, L.F. ;  Fieser, M. "Reagents for Organic 
Synthesis;"  John Wiley and Sons, Inc.: New York, 
1967-1984. 

2) Ramsey, J . B . ;  Aldridge, F.T. J. Am. Chem. Soc. 
1955, 77, 2561 .  

3) Marks, T .J .  Acc. Chem. Res. 1976, 9, 223. 
4) Idem Adv. Chem. Ser. 1976, 150, 232. 
5) Idem Prog. lnorg. Chem. 1978, 24, 5 1 .  
6) Schumann, H.; Genthe, W .  I n  "Handbook on the 

Physics and Chemistry of Rare Earths;" North 
Holland Publishing Co.: Amsterdam, 1984; 
Chapter 53 .  

7) Pitzer, K.S . ;  Gelles, E. J. Chem. Soc. 1953, 75, 
5 1 32. 

8) Gelles, E.; Pitzer, K.S. ibid. 1955, 77 ,  1974. 
9) Jackson, J.A.; Lemons, J.F.; Taube, H . J. Chem. 

Phys. 1960, 32, 553. 
10) Cockerill, A.F.; Davies, G.L.O.; Harden, R.C.; 

Rackham, D.M. Chem. Rev. 1973, 73, 553. 
1 1 ) Imamoto, T . ;  Tawarayama, Y . ; Kusumoto, T . ;  

Yokoyama, M .  J. Synth. Org. Chem. Jpn. 1984, 
42, 143. 

12) Natale, N.R.  Org. Prep. Proc. Int. 1983, 15, 387. 
13) Schumann, H. Angew. Chem., Int. Ed. Engl. 

1984, 23, 474. 
14) Bednarski, M; Danishefsky, S. J. Am. Chem. Soc. 

1983, 105, 3716. 
15) Idem ibid. 1983, 105, 6968. 
16) Bednarski, M. ;  Maring, C. ;  Danishefsky, S. 

Tetrahedron Lett. 1983, 24, 345 1 .  
17) Danishefsky, S . ;  Pearson, W.  H . J. Org. Chem. 

1983, 48, 3865. 
18) Danishefsky, S. ;  Bednarski, M .  Tetrahedron Lett. 

1984, 25, 721 .  
19) Castellino, S . ;  Sims, J .J .  ibid. 1984, 25, 2307. 
20) Girard, P.; Kagan, H.B .  ibid. 1975, 45 1 3 .  
2 1 )  Ouertani, M. ;  Girard, P . ;  Kagan, H .B. ibid. 1982, 

23, 43 15 .  
22) Coombes, R .G. ;  Moodie, R.B. ;  Schofield, R .  J. 

Chem. Soc. B. 1968, 800. 
23) Luche, J .-L.; Gema!, A .L. Chem. Commun. 1978, 

976. 
24) Meyers, R .J . ;  Jacoby, R. Z. Anorg. Chem. 1901, 

27, 359. 
25) Ho, T.-L. Synthesis 1973, 347. 
26) Tomioka, H.; Oshima, K.; Nozaki, H .  Tetra­

hedron Leu. 1982, 23, 539. 
27) Maini, S . ;  Mandolini, L.; Roi. C. J. Org. Chem. 

1978, 43, 3236. 
28) DallaCort, A . ;  La Barbera, A. ;  Mandolini, L. J. 

Chem. Res. (S) 1983, 44 . 
29) Firouzabadi, H. ;  Jranpoor, N. Synth. Commun. 

1983, 13, 1 143. 
30) Idem ibid. 1984, 14, 875. 
31) Firouzabadi, H.; Iranpoor, N.; Parham, H .  ibid. 

1984, 14, 63 1 .  
32) Firouzabadi, H . ;  Jranpoor, N . ;  Kiaeezadeh, F . ;  

Toofan, J. ibid. 1984, 14, 973. 
33) Pratt, Y.T. J. Org. Chem. 1962, 27, 3905. 
34) Imamoto, T.; Kusumoto, T.; Yokoyama, M. 

Tetrahedron Lett. 1983, 24, 5233. 
35) Luche, J .-L.; J. Am. Chem. Soc. 1978, JOO, 2226. 
36) Luche, J.-L; Rodriguez-Hahn, L . ;  Crabbe, P .  

Chem. Commun. 1978, 601 .  
37) Kupfer, D .  Tetrahedron 1961, 15, 193. 
38) Gema!, A .L . ;  Luche, J.-L. J. Org. Chem. 1979, 

44, 4187. 
39) Luche, J .-L. ;  Gema!, A.L. J. Am. Chem. Soc. 

1979, 101, 5848. 
40) Poulton, G.A.; Cyr, T.D. Synth. Commun. 1980, 

10, 58 1 .  
4 1 )  Gema!, A .L . ;  Luche, J .-L. J. Am. Chem. Soc. 

1981 ,  103, 5454. 

42) Handel, H. ;  Pierre, J .L. Tetrahedron 1975, 31, 
2799. 

43) Boone, J .R . ;  Ashby, E.C. Top. Stereochem. 1979, 
11, 53. 

44) Gema!, A.L.; Luche, J.-L. Tetrahedron Lett. 1981, 
22, 4077. 

45) Birch, A.J . ;  SubbaRao, G. "Advances in Organic 
Chemistry, Methods and Results"; John Wiley and 
Sons, Inc. : New York, 1972; Vol. 8, p. I .  

46) White, J .D . ;  Larson, G.L. J. Org. Chem. 1978, 
43, 4555.  

47) Salot, S . ;  Warf, J .C .  J. Am. Chem. Soc. 1968, 90, 
1932. 

48) Namy, J .L . ;  Girard, P. ;  Kagan, H .B .  Nouv. J. 
Chim. 1977, 1, 5 .  

49) Kagan, H .B . ;  Namy, J .L .  I n  "Handbook on  the 
Physics and Chemistry of Rare Earths" ;  North 
Holland Publishing Co. :  Amsterdam, 1984; 
Chapter 50. 

50) Namy, J .L. ;  Souppe, J.; Kagan, H.B. Tetrahedron 
Lett. 1983, 24, 765. 

5 1 )  Natale, N . R. ibid. 1982, 23, 5009. 
52) Imamoto, T.; Takeyama, T.; Yokoyama, M. ibid. 

1984, 25, 3225. 
53) Jmamoto, T.; Hatanaka, Y. ;  Tawarayama, Y . ;  

Yokoyama, M.  ibid. 1981 , 22, 4987 .  
54 )  Imamoto, T. ;  Kusumoto, T. ;  Hatanaka, Y . ;  

Yokoyama, M .  ibid. 1982, 23, 1353. 
55) Imamoto, T.  et al. J. Org. Chem. 1984, 49, 3904. 
56) Imamoto, T.;  Kusumoto, T. ;  Yokoyama, M. 

Chem. Commun. 1982, 1042. 
57) Ho, T.-L. Synth. Commun. 1979, 9, 241 .  
58) Evans, D.F.; Fazakerley, G.V. ;  Phillips, R.F. 

Chem. Commun. 1970, 244. 
59) Idem J. Chem. Soc. A 1971 ,  193 1 .  
60) Fukagawa, T . ;  Fujiwara, Y . ;  Yokoo, K . ;  

Taniguchi, H. Chem. Lett. 1981, 1771 .  
6 1 )  Asprey, L .B. ;  Cunningham, B.B.  Prog. lnorg. 

Chem. 1960, 2, 267. 
62) Deacon, G.B. ;  Tuong, T.D.  J. Organometal. 

Chem. 1981, 205, C4. 
63) Yokoo, K .  et al. Chem. Lett. 1983, 1301 .  
64) Yokoo, K.  et al. J .  Org. Chem. 1984, 49, 3237. 
65) Yokoo, K . ;  Kijima, Y.; Fujiwara, Y . ;  Taniguchi, 

H. Chem. Lett. 1984, 132 1 .  
66) Evans, W.J . ;  Hughes, L.A.; Hanusa, T.P. J. Am. 

Chem. Soc. 1984, 106, 4270. 
67) Tilley, D.T. ; Andersen, R .A.  Chem. Commun. 

1981, 985. 
68) Boncella, J .M. ;  Andersen, R.A. ibid. 1984, 809. 
69) Watson, P .L .  J. Am. Chem. Soc. 1982, 104, 337. 
70) Idem ibid. 1983, 105, 6491 . 
7 1 )  Idem Chem. Commun. 1983, 276. 
72) Peters, J .A. ;  Vivjerberg, C.A.M. ;  Kieboom, 

A.P.G.; van Bekkum, H. Tetrahedron Lett. 1983, 
24, 3 14 1 .  

7 3 )  Luche, J.-L.; Petrier, C. ;  Dupuy, C .  ibid. 1984, 
25, 753. 

74) Imamura, H.; Ohmura, A.; Tsuchiya, S. Chem. 
Lett. 1984, 203. 

75) lmamoto, T.; Mita, T.; Yokoyama, M. Chem. 
Commun. 1984, 163. 

76) Kanemoto, S.; Saimoto, H. ;  Oshima, K. ;  Nozaki, 
H. Tetrahedron Lett. 1984, 25, 33 17 .  

® Registered trademark of E . l .  du Pont de Nemours & Co. 

Dr. John Long received the B.S. degree from the University of Toledo in 1967 and the Ph.D. degree in 1973 from the Ohio State University where he worked with Pro­fessor Sheldon Shore in the area of boron hydride chemistry. Postdoctoral appoint­ments at the Ames Laboratory (Iowa State University) and the National Bureau of Standards afforded him the opportunity to study the chemistry of rare-earth water­splitting cycles and the synthetic potential of laser-induced chemistry, respectively. Presently, Dr. Long is responsible for most aspects of Aldrich's line of inorganic products. 
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Aldrich offers a full line of products rele­
vant to the chemistry described in Dr. 
Long's article. We also offer all volumes 
of the Elsevier series, Handbook on the 
Physics and Chemistry of Rare Earths. 
Here is a representative selection of the 
chemical products. 26, 102-5 Cerium, chip, 99.90Jo 25g $33.00; 100g $99.75 26,300-1 Cerium, powder, - 40 mesh, 99.9% 10g $26.30; 50g $91. 15 22,893-1 Cerium(Ill) chloride hepta­hydrate, 99.9% 100g $13.90 500g $44.80 23,853-8 Cerium(Ill) nitrate hexa­hydrate, 99.9% 100g $16.30 500g $60.90 28,975-2 Cerium(IV) sulfate, 0.5N solution in 2N sulfuric acid 500ml $ 10.00; 2.51 $37.50 21, 158-3 Cerium sulfate hydrate 100g $ 15.40; 500g $48.90 28,925-6 Erbium chloride hexahydrate, 99.9% 25g $22.40 100g $69.50 21 , 160-5 Lanthanum chloride hydrate, 99.9% 100g $ 14.00; 500g $53.90 28,917-5 Neodymium nitrate hexa-hydrate, 99.9% 25g $9.40 100g $26.00 16,093-8 Resolve-Al EuFOD™, 99 + %,  GOLD LABEL [Eu(fod)i] 100mg $3.40; lg $ 14.00 5g $57.75 22,583-5 Resolve-Al YbFOD™, 99 + 0Jo, GOLD LABEL [Yb(fod)i] 100mg $5.30; lg $21 .40 5g 69.50 26,3 18-4 Samarium, ingot, 99.9% 10g $ 16.30; 50g $51.25 26, 120-3 Samarium, powder, - 40 mesh, 99.9% 10g $27.30 50g $ 101. 10 29,812-3 Samarium(Ill) nitrate hexa­hydrate, 99.9% 25g $12.00 100g $35.00 16,474-7 Tris[3-(heptafluoropropylhy­droxymethylene)-( + )-cam­phorato], europium(III) deriv­ative, 99 + %, GOLD LABEL [Eu(hfc)1] 100mg $5.40 lg $20.70 5g $68.50 26,130-0 Ytterbium, ingot, 99.9% 5g $29.90; 25g $109. 10 

26,129-7 Ytterbium, powder, - 40 mesh, 
99.9% 2g $27.75 lOg $ 106.70 

20,914-7 Ytterbium(III) nitrate penta­hydrate, 99.9% lOg $11.85 50g $47.30 
,.,.Resolve-Al is a trademark of Aldrich Chemical Co., Inc. 

The dramatic growth in the use of rare earths in diverse scientific fields has been catalogued by the Handbook on the 
Physics and Chemistry of Rare Earths, 
K.A. Gschneidner, Jr. and L. Eyring, eds. Beginning in the spring of 1986, Aldrich will offer the full collection of these volumes, which contain comprehensive and critical reviews of research that is in­valuable in applications involving catalysts, permanent magnets, lasers, phosphors, polishing materials, chemical probes and reagents, and much more. 

A summary of the topics of the initial eight volumes is provided below. 
Zl4,852-0 Volume 1, 1978 $180.00 The preparation, chemical and physical properties of metals, including aspects of superconductivity and the Kondo effect. 
Z14,853-9 Volume 2, 1979 $135.00 Alloys and intermetallics, including magnetic properties and resonance effects, crystal chemistry, and valence changes. 
Z14,854-7 Volume 3, 1979 $140.00 Nonmetallic compounds, including mineralogy, geochemistry, separation chemistry and theoretical chemistry; ab­sorption and fluorescence spectra; hydrides; oxides; garnets. 
Z14,855-5 Volume 4, 1979 $130.00 Analytical techniques; shift reagents; bioinorganics and miscellaneous non­metallic compounds; lasers and phosphors. 
Z14,856-3 Volume 5, 1982 $160.00 Thin films; transport properties; absorp­tion and catalysis; fluorides; sesquioxides; spectral properties. 
Z14,857-1 Volume 6, 1983 $145.00 Ternary rare-earth systems; hydrogen absorption; phase equilibrium; organic syn­thesis using divalent ytterbium and samarium derivatives. 
Z14,859-8 Volume 7, 1984 $135.00 Amorphous alloys; organometallic derivatives of rare earths; phase equilibria in systems with rare earths and silicon. 
Z14,860-1 Volume 8, 1986 $100.00 Intra-rare-earth binary alloys; polaro­graphic analysis; inorganic complexes; im­plications in organic synthesis. 
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Data Cards The publishers of this series now have available corrected 6cm x 8cm data cards listing many electronic and physical proper­ties of the rare earths. For a free card, write to: Ms. C. Schilpp North-Holland Physics Publishers P.O. Box 103, 1000 AC Amsterdam The Netherlands 
In addition to serving as co-editor of this handbook series, Dr. Gschneidner is the director of the Rare Earth Information Center (RIC) at Iowa State University. The RIC services the world-wide scientific com­munity by collecting, storing, evaluating and disseminating information on rare earths by use of keyword and/or author search through ca. 25,000 references. While financial support for the center comes from those who use and subscribe to the service, a quarterly newsletter is distributed free of charge; inquiries are welcome. Rare Earth Information Center Iowa State University Ames, Iowa 50011 Telephone (515) 294-2272 

Oxidizing Agent 

The recent availability of sodium bromite (as the trihydrate) has given the synthetic organic chemist a new, mild reagent for his arsenal of oxidizing agents. ' Sodium bromite is the preferred oxidant in the oxi­dative lactonization of a,w-diols, 2 and pro­vides good yields of a-bromo ketones from a variety of olefins.1 
Hoffman degradation of selected amides can be simplified by replacing bromine or chlorine with sodium bromite promoted by sodium bromide.' 

J) Kageyama, T.; Ueno, Y.; Okawara, M.  Synthesis 
1983, 8 1 5 .  

2 )  Kageyama, T. et al. Chem. Lett. 1983, 1097. 
3) Kageyama, T. et al. ibid. 1983, 148 1 .  
4) Kajigaeshi, S .  et al. ibid. 1984, 7 1 3 .  

29,825-5 Sodium bromite trihydrate 
10g $9.80; 50g $40.00 
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4-Acetoxy-2-azetidinone: 
A Useful Heterocyclic Synthon 

There is a constant demand for simple, 

stable, readily available, reactive inter­

mediates in organic synthesis. Such com­

pounds should be easily transformed in a 
minimum number of steps to highly func­

tionalized organic molecules. 4-Acetoxy-2-

azetidinone (1) meets the above criteria. It 

is easily prepared in ca. 60% yield by the 

(2 + 2] cycloaddition of chlorosulfonyl iso­

cyanate (CSI) and vinyl acetate (eq. l). 

(The reaction of chlorosulfonyl isocyanate 

with olefins is a general route to mono- and 
bicyclic /3-lactams. This and other reactions 

of CSI have been reviewed. ' ·6) 

Reaction.� of 
Although there are four reactive sites in 

the ring of the /3-lactam 1, this overview will 

concern itself only with nucleophilic dis­

placement reactions of the 4-acetoxy group. 

The acetate moiety is readily displaced by 
a wide range of nucleophiles under mild 

conditions (Scheme I) .  

Nucleophil ic displacement 
4-acetoxy-2-azetidinone 

Sulfur nucleophiles 
The reaction of 1 with sulfur nucleo­

philes2 is a high-yielding process in aqueous 

or alcoholic solution at room temperature. 

Sulfinic acids can also be used as nucleo­

philes in this displacement reaction afford­

ing 4-sulfonylazetidin-2-ones (2). 

1 + 

Scheme 1 
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oR 
S02R 

2 Asymmetric induction in this reaction has been described. 7 1 was treated with thiophenol in the presence of cinchonidine' providing ( + )-4-(phenylthio)azetidin-2-one 
(3) in 79% chemical and 38% optical yields (eq. 2). (Optically pure material was obtain­ed by crystallization. Absolute configura­tion and optical purity were determined by converting 3 to the known sulfone 4.) This sequence was used in an asymmetric syn­thesis of ( + )-thienamycin (5). 

� 
;-�

�
S'-.../'NH , 

CO,H 
5 The reaction of 2 with thiols is of con­siderable importance as it allows rapid en­try to penicillin and penem ring systems. Notable syntheses employing this approach . have been described. •- 1 1  One example is shown in Scheme 2. The key reaction in this sequence was the trithiocarbonate 6 serv­ing as a carbonyl-like component in a Wit­tig reaction providing the penem nucleus 7. Sulfoxides are known to undergo a vari­ety of interesting rearrangement reactions and this facet of sulfur chemistry has been employed in a novel synthesis of pen ems 1 2  (Scheme 3). The allylic sulfoxide 8 may be considered as both a masked thiol and a sulfonate ester which undergoes smooth re­arrangement and cyclization to thiacephem 9. This interesting compound may be de­sulfurized with concomitant ring contrac­tion to penem (10). It was noted that if water or ethanol was added to the thermol­ysis of 8, a higher yield of 9 was obtained. The reaction of 1 with thiols has also been applied to the synthesis of novel /3-lac­tam ring systems, e.g. , 11" and 12. 1 4 

�
O

P.

� 

11 12 The articles cited in references 15-22 discuss further reactions involving thiols. Two further useful reactions' of 4-thioazet­idin-2-ones are indicated in eqs. 3 and 4.  Azetidin-2-one (13, R = Me) is a stable distillable oil in contrast to the 4-bromo derivative which decomposes above - l8 °C.2 Chloroazetidin-2-ones (13) are also useful electrophiles in functionalization at C-4 of the /3-lactam ring. 
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Carbon nuc/eophiles Carbanions readily part1c1pate in a similar displacement reaction'· 2•-
3 1  (eq. 5). 

It has been noted24 that the reaction of 1 with Grignard reagents was inefficient and low yields of 14 were obtained; however, use of 4-(phenylsulfonyl)azetidin-2-one as the electrophile markedly improved the yields of 14. If 14 has acidic hydrogen atoms in the 4-substituent, then significant ring cleavage occurs" (eq. 6). 
It was observed2

•-
2

• that if further depro­tonation of 14 could be suppressed then yields should be maximized. This may be achieved by utilizing a tertiary stabilized carbanion2•·21 (Scheme 4). This approach was successfully em­ployed in a synthesis of novel 1-dethia­cephems" 17. 

C02R 17 Aluminum enolates of a,{:l-unsaturated ketones also participate in C-4 carbon­carbon bond formation" (eq. 7). Inverse addition of the enolate and the presence of cuprous cyanide (10 mol OJo) result in moderate yields of 18. Lewis acid-catalyzed addition of silyl enol ethers to 1 results in efficient carbon­carbon bond formation'" (eq. 8). Zinc iodide was found to be the most effective catalyst. An analogous reaction has been em­ployed" in an efficient synthesis of thien­amycin from 6-aminopenicillanic acid (Scheme 5). Boron trifluoride is an effective catalyst for the reaction of ally! silanes with 1 (eq. 9). The choice and amount of Lewis acid are important; e.g. , tin tetrachloride is in­effective. Further examples are to be found in the articles cited in references 32-38. 
Oxygen nuc/eophiles Four examples of oxygen nucleophiles were reported initially by Clauss' (eq. 10). Yields of 19 varied from 18% (R = Me) to 15% (R = t-Bu). Phenoxide ions also react; however, the strongly basic reaction conditions lead to low yields of isolated {:l-lactams39

•
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With the discovery of elavulanic acid• 1
••

2 (21), a naturally occurring ,6-lactamase in­hibitor, the reaction in eq. IO became signi­ficant. Lewis acid-catalyzed displacement of acetate from 1 was employed4
3•

44 to pro­duce key intermediates for the construction of the 7-oxo-4-oxabicyclo[3.2.0]heptane ring system 21 (eq. 1 1). Silver is also effective in this type of reaction•s (Scheme 6). Carboxylate anions also undergo dis­placement reactions with 1•• (eq. 12). For further examples of oxygen nucleo­philes, see references 47-52. 
Nitrogen nucleophiles Several nitrogen nucleophiles have been studied: azides, phthalimides and amines.9 The first two afford the expected products 22 and 23 in good yields. Amines give ring­cleavage products, presumably via the pro­cess outlined in eq. 13. 

The 4-azidoazetidin-2-one 22 has been used as a key intermediate in the synthesis of a number of unnatural bicyclic ,6-Iactams of the types 24 and 25. A further study of 
f'=N 

00:X C02R 
25 nitrogen nucleophile displacements was carried out leading to a variety of novel ring systems54 (Scheme 7). The base employed was potassium t-butoxide/18-crown-6, which gave reason­able yields of 26 and 27. It was noted that N-tosylethanolamine also produced small amounts of the 4-alkoxyazetidin-2-one 28. These ,6-lactams were further modified to produce novel bicyclic ring systems. 

0 

oq �NHTs 
28 

Phosphorus nucleophiles Original work by Clauss et al. ' reported only one example of phosphorus nucleo­philes (eq. 14). This reaction was subsequently investi­gated in detaiJ5s-s 7 and extended to include a wide range of trivalent phosphorus esters (Tables I and 2). 

Scheme 7 
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(eq. 14) 

Table 1 Phosphites employed in equation 14 1.  (MeO)aP 3. (PhCH20).P 2. (EtO).P 4. (CCl3CH20)3P - no reaction Table 2 Phosphonites employed in equation 14  1.  MeP(OEt), ?. �P(0Et)2 2. MeP(OCH2Ph)2 3. MeP(OCH2CCl3). 
0 r. :'I 8. � h = -PlOEtJ2 4. �P�>Et)2 5. �P(OEt), 

6. �P(OMe)2 

+ 

These organophosphorus compounds have been utilized to synthesize novel phos­phorus-containing bicyclic ,6-lactams 30, ,. 31," and 32. ,. 
P)o" 

0 

C02R 
31 

H H II 
RCONN" 

C02R 
32 Furthermore, cleavage of the ,6-lactam bond in 29 leads directly to novel amino­phosphonic and aminophosphinic acids"·5 7  which exhibit interesting biological activity. 

9. Me0-0- = - P(OEt), OMe 10. MeO ◊ = -P(OEt), 
OMe 

NaBH, 

Selenium nucleophiles 

(eq. 15) 

One example has been reported" (eq. 15). 
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A. hm,t :he A. utlior 22,577-0 Lithium bis(trimethylsilyl)- I 

Dr. Stuart J. Mickel received the B.Sc. 
degree in 1979 from Heriot-Watt Univer­
sity, Edinburgh, and the Ph.D. degree from 
the University of Bath in 1982, under the 
supervision of Professor Malcolm M. 
Campbell. His doctoral research concen­
trated on the synthesis of novel organo­
phosphorus derivatives of /3-lactams. In 
1982 he studied at Harvard University as 
a Fulbright Scholar, where he worked with 
Professor E.J. Corey. He then returned to 
the University of Bath as a Research Of­
ficer. He is presently a Senior Research 
Chemist within the Central Research Group 
of CIBA-GEIGY PLC, Manchester. His 
current research interests lie in organo­
phosphorus chemistry and natural product 
synthesis. 

27,215-9 

20,826-4 

A7,090-9 

21,660-7 

17,550-1 

C6,270-0 

14,266-2 

C8,040-7 

21,630-5 

27,498-4 

18,062-9 

22,436-7 

4-Acetoxy-2-azetidinone, 
99% lg $12.00; 5g $50.00 

Allyltrimethylsilane, 99% 
10g $ 17.75 ; 50g $53 .25 

( + )-6-Aminopenicillanic acid, 
96% 10g $ 16.50 

25g $30.80; 100g $ 1 10. 70 
Boron trifluoride etherate, pu­

rified, redistilled 
100ml $ 15 .60; 800ml $42.45 

Boron trifluoride etherate 
100g $8.50; 1kg $23 .75 

3kg $54.75 
3 -Chloroperoxybenzoic acid, 
tech. , 80-85% (MCPBA) 

25g $ 12.35; 100g $35 .50 
500g $ 148.35; 1kg $236.90 

Chlorosulfonyl isocyanate, 98% 
25g $ 16.55 ; 100g $45.55 

1kg $309.60 
(-)-Cinchonidine 

10g $7.15 ;  100g $45.90 
Copper(I) cyanide 

100g $7.50; 500g $22.00 
18-Crown-6, 99.5 + % ,  

GOLD LABEL l g  $9. 10 
Diphenyl diselenide, 99% 

5g $20.50; 25g $58.35 
100g $ 159.65 

Lithium bis(trimethylsilyl)­
amide, l .OM solution in 
hexanes 100ml $ 19.35 

800ml $88.05 

29,55 1-5 

15 ,667-1 

20,905-8 

20,836-1 

17 ,643-5 

19,807-2 

23,046-4 

24,024-9 

T6, 120-4 

24,090-7 

T8,440-9 

V l50-3 

23,001-4 

amide, I .OM solution in tetra- I 
hydrofuran 100ml $11 .45 ! 

800ml $62.30 
Methanethiol 

227g $ 124.00 
Potassium tert-butoxide 

100g $15 .85 ; 500g $38 . 45 
Rhodium(II) acetate dimer 

250mg $27.50; l g  $85 .00 
Silver tetrafluoroborate 

10g $39.70; 50g $ 132.30 
Silver trifluoromethanesul­

fonate, 99 + % 
10g $34.50; 25g $68.40 

Sodium borohydride, powder, 
98% 25g $7 . 10; 100g $ 18.50 

500g $53 .00; 2kg $ 167 .90 
Thionyl chloride, 99 + % , 

GOLD LABEL 100g $ 17 .90 
1kg $30.30 

Thiophenol, 99 + % , 
GOLD LABEL 50g $26.40 

Triethyl phosphite, 99% 
100g $4.70; 500g $ 11.80 

3kg $42.00 
Trimethyl phosphite, 99 + % , 

GOLD LABEL 100g $20.00 
Triphenylphosphine, 99% 

25 g $5 .20; 100g $ 12.80 
500g $55.00; 1kg $97.30 

Vinyl acetate, 99 + % 
1kg $5.30; 3kg $ 13.00 

Zinc iodide, 99.99 + % ,  
GOLD LABEL 25g $29.00 

250g $208.60 

"Spy Dust, ,  Ingredient? 

CHD 

As a result of the recent news reports 
(cited below) regarding the use of tracer 
chemicals by the Soviet KGB to track the 
activities of United States citizens in the 
Soviet Union, we have had several inquiries 
for 5-(4-nitrophenyl)-2,4-pentadienal, 
thought to be an ingredient in the tracer 
powder. 
Chem. Eng. News 1985, August 26, p 6. Science 1985, 
229, 952, l07 l .  

30,157-4 trans,trans-5-(4-Nitrophenyl)-
2,4-pentadienal, 99% 100mg $19.00 ! 
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Since 1977, the chemical literature has reflected a dramatic in­crease in research on lanthanides in organic synthesis. Several recent reviews '-' treat the following areas: 
Hetero-Diels-Alder Cataly�is Lanthanide shift reagents mediate an exciting variety of con­densation reactions. 

0 Special features of these systems include distinct chiral-shift­reagent interactions with chiral auxiliaries in hetero-Diels-Alder reactions, as well as compatibility with dienes having sensitive functionalities. 
Aldo/ Coupling Cerium enolates (e.g . ,  1), generated from lithium enolates with anhydrous cerium(III) chloride, give less retro-aldol and cross-enolization products in the aldol reaction; the reaction conditions are quite mild. 1 

,,,-CeCl2 
0 
I 

Ph-C=CHMe 
1 

Low-Valent Red11ctiom 

H,c l  

The high-yield preparation of samarium(II) and ytterbium(II) species in THF' according to the reaction 
Sm + ICH ,C H, I ----- Sml, + C,H , has provided new routes to carbon-carbon bond formation via reductive coupling,' and a variety of functional-group trans­formations. ' 0  

The Sml, reagent i s  also useful as a one-electron transfer re­agent,• and promotes the reductive ring opening of isoxazoles to enamino ketones. 1 1  Low-valent reductions involving cerium reaction systems" and organoytterbium reagents" have also been developed and compared with Grignard methodology. 1 • 

Selective Reductions with Nallll, The cerium(III) chloride/sodium borohydride tandem is well established in the area of selective reductions. ' '  The mild condi­tions have little effect on other functionalities, and the reaction proceeds rapidly under routine atmospheric conditions, with any of several commercially available hydrated lanthanide chloride salts. The selectivity can be inter- or intramolecular, and ketones are reduced preferentially over aldehydes. The selective reduction of a less reactive carbonyl group in the presence of a more reactive one exploits the catalyst's ability to promote the protection of the more reactive carbonyl as a monoketal intermediate." In this case erbium trichloride was effective. 
100 Aldrichimica Acta, Vol. 18, No. 4, 1985 

Ho" used an aqueous mixture of cerium(l 11) sulfate and Nal to produce a Cel, species capable of hydrodehalogenating a-halo ketones in THF. 
H,O 

,,,, __ ,, ____ _ 
Aldehydes, ketones and alkenes can be reduced by reaction with intermetallic compounds containing absorbed hydrogen, 

e.g. , LaNi,H,. " In addition to offering a full line of lanthanide metals and salts for synthesis, the 1986-1987 Aldrich Catalog/Handbook includes a variety of hydrogen-storage alloys featuring rare­earth components. Anhydrous halides and standard solutions are also available . 
References: 
(I) Imamoto, T. et al. J. Synth. Org. Chem. Jpn. 1984, 42, 143. (2) Natale, N .R .  
Org. Prep. Proc. Int. 1984, 15, 387. (3) Kagan, H.B. ;  Namy, J .L.  " Handbook on 
the Physics and Chemistry of Rare Earths," 1 984, North-Holland Publishing Co. :  
Amsterdam; Vol. 6.  (4) Schumann, H . ;  Genthe, W.  ibid. 1984, Vol. 7 .  (See also 
Schumann, H. Angew. Chem., Int. Ed. Engl. 1984, 23, 474.) (5) Long, J .R.  
"Handbook on the Physics and Chemistry of Rare Earths;" Vol. 8, in press. (6) 
Danishefsky, S.; Bednarski, M. Tetrahedron Lett. 1984, 25, 721 .  (7) Imamoto, T .  
et al. Tetrahedron Lett. 1983, 24, 5233. (8)  Namy, J .L. ;  Girard, P . ;  Kagan, H .B .  
Nouv. J. Chim. 1977, /, 5 ;  Namy, J .L .  et  al. ibid. 1981, 5,  479. (9) Girard, P . ;  
Namy, J .L. ;  Kagan, H.B.  J. Am. Chem. Soc. 1980, 102, 2693 . ( 10) Souppe, J . ;  
Danon, L . ;  Namy, J .L . ;  Kagan, H.B. J. Organometal. Chem. 1983, 250, 227. ( I I )  
Natale, N.R.  Tetrahedron Lett. 1982, 23, 5009. ( 1 2) Imamoto, T .  et al. ibid. 1981, 
22, 4987. ( 1 3) Deacon, G.B. ;  Tuong, T.D. J. Organometal. Chem. 1981, 205, C4. 
( 14) Fukagawa, T. et al. Chem. Lett. 1982, 601 .  ( 1 5) Luche, J .-L. J. Am. Chem. 
Soc. 1978, JOO, 2226. ( 16) Gema!, A.L. ;  Luche, J.-L. J. Org. Chem. 1979, 44, 
4 187 .  ( 17) Ho, T.-L. Synth. Commun. 1979, 9, 241 .  ( 1 8) Imamoto, T . ;  Mita, T . ;  
Yokoyama, M.  Chem. Commun. 1984, 163. 

26,102-5 Cerium, chip, 99.9% 25g $33.00 
100g $99.75 

22,893-1 Cerium(III) chloride heptahydrate, 100g $13.90 99% 500g $44.80 
21,158-3 Cerium sulfate hydrate 100g $15.40 

500g $48.90 
28,925-6 Erbium chloride hexahydrate, 99.90/o 25g $22.40 

100g $69.50 
29,161-7 HY-STOR 205® lanthanum-nickel 25g $18.00 

alloy 100g $50.00 
22,583-5 Resolve-Al YbFOD,™ 99 + OJo, 100mg $5.30 GOLD LABEL lg $21.40 

5g $69.50 
26,120-3 Samarium, powder, - 40 mesh, 10g $27.30 99.9% 50g $101.10 
21,763-8 Sodium iodide, anhydrous, 100g $10.70 99 + OJo 500g $42.25; 2.5kg $145.00 
26,130-0 Ytterbium, ingot, 99.90/o 
® Registered trademark of Ergenics, Inc. 

5g $29.90 
25g $109.10 
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The Aldrich FIRST System of Information 
Retrieval An Update 

The Aldrich FIRST (Fragment Informa­tion Retrieval of Structures) system was in­troduced more than fifteen years ago' both as a service to our customers and as a sales­generating tool. Over the years, we have processed many thousands of requests and have mailed many computer printouts of structurally related compounds to our cus­tomers as part of our free Computer Search 
Service. Since these computer-generated listings contain items offered through the Alfred Bader Library of Rare Chemicals as well as those products added to the Aldrich inventory between catalogs, our customers will always have access to those compounds in our complete inventory which meet their requirements in various categories of specific interest to them. From the inception of the FIRST system, it was possible to retrieve certain specifical­ly oriented benzene derivatives.' At that time, the system was most successful for nitrogen-containing benzene derivatives 

Table II 
Benzene Ring Substitution Patterns 

6 0 0 ¢ 
0 ◊ 6 
◊ ◊ ◊ 

Note: In an unsymmetrical multi-substi­
tuted benzene derivative such as 

◊ 
I any computer-generated listing containing 

this pattern will include 2,4- as well as 3,4-
and 2,5-derivatives since the position of 
the "parent" functional group Is not 
specified. 

---�,,.---
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Table I 

David W. Griffiths 
Aldrich Chemical Co., Inc. 

Retrieval of Specifically Oriented Benzene Derivatives 
Class of Compound Structure Fragments Requ i red 

(other than benzene ring) 
1 ,2-phenylenediamines -NH, ,  N-C-C-N 
1 ,3-phenylenediamines - NH,,  N-C-C-C-N 
1 ,4-phenylenediamines 
2-aminophenols 
2-aminobenzenethiols 
2-nitroan i l i nes 
3-nitroan i l ines 
4-nitroan i l ines 
picrylamines (2,4,6-tr initro-

an i l i nes) 

- NH,,  N -C-C-C-C-N 
- N H,, -OH , N -C-C-O 
- NH,,  -SH, N-C-C-S 
-NH,, -NO,, N-C-C-N 
- NH,, -NO,, N-C-C-C-N 
-NH,, -NO,, N -C-C-C-C-N 
-NH,, -NO,, N-C-C-N,  N-C-C-C-N,  

N-C-C-C-C-N 

Table Ill 
Benzene Derivatives 

A. 5-Substituted salicylic acids 

Teoholq,e - ,eq""" ◊ · -OH aod -8-oH 
S37987-5 5-(Aminomethyl)salicylic acid 
S44938-5 5-(Methylth io)sal icylic acid 
S63768-8 5-(Hydrazinosulfonyl)salicylic acid 
1 4,618-8 5-Methoxysal icylic acid, 98% 
1 5,270-6 5-Fluorosalicylic acid, 99% 
F1 ,760-1 5-Formylsal icylic acid, 97% 

B. 3,5-Disubstituted phenols 

Teoholq,e - ,eq,esl 6 aod -OH. 

S59979-4 3,5-Diethoxyphenol 
S65909-6 3-tert-Butyl-5-methylphenol 
S70658-2 3,5-Diethylphenol 
1 3,263-2 3,5-Dimethoxyphenol, 99% 
24,708-1 3,5-Bis(trifluoromethyl)phenol, 96% 
D7,060-0 3,5-Dichlorophenol, 99% 

C. 2,4,5-Trisubstituted phenyl ethers 

Teoholq,e - ,eq,est ¢ aod C-O-C. 

S36019-8 2,4-Dibromo-5-methylanisole 
S41 232-5 4-(2,4,5-Trich lorophenoxy)butyric acid 
S67828-7 2-(2,4,5-Trich lorophenoxy)acetyl chloride 
1 5,205-6 2,5-Dimethyl-p-anisaldehyde, 99% 
16 ,  1 86-1 2-(2,4,5-Trich lorophenoxy)propionic acid ,  97% 
1 9,712-2 2,4,5-Trichlorophenoxyacetic acid, 98% 

ggama
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Table IV 
Pyridine Derivatives 

A. 2,6-Dlsubstituted pyridines 

Table V 
Naphthalene Derivatives 

A. 2-Monosubstituted naphthalenes 
N 

Technique - request O and d isubstitution 
w Technique - request and monosubstitution. 

h 

while e,cl"dlng (} aad Q 
S44633-5 2-Chloro-6-ethoxypyridine 
S65920-7 2-Cyano-6-methylpyridine 
1 5,436-9 2,6-Pyridinedimethanol, 98% 
19,892-7 2,6-Diphenylpyridine, 97 + % 
25,600-5 2,6-Pyrid inedicarboxaldehyde, 98% 
P6,380·8 2,6-Pyridinedicarboxylic acid, 99% 

S561 97-5 2-Ethoxynaphthalene 
S64805-1 2-Naphthyl propyl ether 
S73146-3 2-lodonaphthalene 
1 8,024-6 2-Naphthoic acid, 99% 
27,084-9 2-Naphthalenethiol ,  99 + % 
A6,640-5 2-Aminonaphthalene 

B. 1 ,4-Disubstituted naphthalenes 

B. 3-Monosubstituted pyridi nes 
N 

Technique - request o and monosubst itution. 

Tech,;q"' - "'""" (0 ,ad dlsobstltot;oo 

while excluding � 
� S59655-8 3-lodopyridine 

S66833-8 2·(3-Pyridyl)-2-propanol 
19,666-5 3-Fluoropyridine, 99% 

S39133-6 N-(4-Cyano-1 -naphthyl)acetamide 
S67703-5 4-Methoxy-1 -methylnaphthalene 

28,113-1 Methyl 3-pyridylcarbamate, 99% 1 0,324-1 4-Methoxy-1 -naphthaldehyde, 99% 
22,627-0 4-Dimethylamino-1 -naphthyl isothiocyanate, 98% 
25,061 -9 4-Amino-1 -naphthalenesulfonic acid, 97% 
A4,340-5 1 -Amino-4-bromonaphthalene, 97% 

H5,700-9 3-Hydroxypyrid ine, 98% 
P6,480-4 3-Pyrid inesulfonic acid, 97% 

C. Pentasubstituted pyridines 
N N fN

ll ,Technique - request 0- (]land y C. 1 ,2,4-Trisubstituted naphthalenes 

Technique - request � and � 
� �  

while excluding mono- and disubst itution. 
S44350-6 Diethyl 2,4,6-trimethyl-3,5-pyridinedicarboxylate 
S59731-7 3,4,5,6-Tetrachloropicol inon itri le 

whi le excluding mono- and disubstitution. 
S59591 -8 2,4-Dibromo-1 -methoxynaphthalene 
S62969-3 4-Bromo-1-hydroxy-2-naphthoic acid 13,800-2 Pentachloropyridine, 98% 

15,879-8 Pentafluoropyridine, 99 + % , GOLD LABEL 
22,562-2 4-Amino-3,5,6-trichloropicol in ic acid, tech. 
24,801-0 3,5-Dichloro-2,4,6-trifluoropyridine, 99% 

1 4,354-5 4-Fluorosulfonyl-1 -hydroxy-2-naphthoic acid, 99% 
22,41 6-2 4-Chloro-1-hydroxy-2-naphthoic acid, 95% 
22, 728-5 1 -Diazo-2-naphthol-4-sulfonic acid 
25, 1 97-6 2,4-Dichloro-1 -naphthol, 98% 

because a large number of nitrogen­
containing structural fragments had been 
coded into it (see Table I). 

Thus, this type of retrieval could account 
for only a small percentage of the total 
number of benzene derivatives offered by 
Aldrich. Moreover, it was not possible to 
retrieve benzene derivatives having a speci­
fic substituent orientation without taking 
into account the actual types of substitu­
ents, as were being requested more fre­
quently. Therefore, the need for additional 
structure fragment codes was clearly ap­
parent. 

By  assigning a separate fragment code to 
each of ten benzene ring substitution pat­
terns (Table II), a greater degree of flexi­
bility was introduced into the Aldrich 
FIRST system. It is now possible to pro­
duce listings of such diverse benzene deriv­
atives as 5-substituted salicylic acids, 
3 ,5-disubstituted phenols and 2,4,5-trisub­
stituted phenyl ethers, as exemplified in 
Table III. 

A similar line of reasoning proved useful 
in the areas of pyridine and naphthalene 
derivatives. Separate fragment codes were 
assigned to pyridines substituted in the 2-, 
3- and 4- positions, respectively, and to 
pyridines which are either mono- or 
disubstituted. Thus, it is possible to pro­
duce listings of 2,6-disubstituted pyridines, 
3 -monosubstituted pyridines and pentasub­
stituted pyridines (see Table IV). 

Separate fragment codes were also 
assigned to naphthalenes substituted in the 
1- and 2- positions (since all of the main 
substitution points in naphthalene are 
either the 1- or the 2- position) and to those 
naphthalenes which are either mono- or di­
substituted. Thus, it is possible to generate 
listings of 2-monosubstituted naphthalenes, 
1,4-disubstituted naphthalenes and 1,2,4-
trisubstituted naphthalenes (see Table V). 

These improvements in coding of 
substitution patterns in benzene, pyridine 
and naphthalene derivatives have greatly 
increased the utility of the Aldrich FIRST 

system. 
By using our free computer search ser­

vice as described in our Catalog/Hand­
book, we hope our customers will find this 
system to be to their advantage. 
References. 
1) Buth, W.F. Aldrichim. Acta, 1968, J(l}, 3 .  
2)  Griffiths, D .W.  ibid. 1974, 7(2), 3 5 .  

Trifluoroacetic Acid 
Suitable for Protein Sequencing 

29,953-7 Trifluoroacetic acid, 99 + 0/o ,  
suitable for protein sequencing 

100g $20.00; 500g $80.00 
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Acta 
Archlve 
indexes 
The Acta Arch ive Indexes docu ment 
provides easy access to a l l  of the 
Acta content; 1968 to the present. 

The vo l u m es,  i ssues ,  and content 

a re sorted as  fo l l ows : 

• C h rono log i ca l  

• Authors 

• Tit l es 

• Affi l i at ions  

• Pa i nt i ng  C l ues ( by vo l u me)  

Fro m th i s  i ndex,  you ca n j u m p  d i rect ly  to  a 

pa rti cu l a r  vo l u m e .  Us i ng  the sorted secti ons ,  

you ca n l ocate rev iews by va ri ous  a uthors or  

a uthor  affi l i a t ion . Add it i o n a l l y, the content 

i s  fu l l y  sea rcha b l e ,  a l l owi ng  you to look for 

a pa rti cu l a r  key word fro m the va ri ous  

data ava i l a b l e .  

To access t h e  i n d ex,  cl ick here .  

The l i fe science busi ness of Merck KGaA, Da rmstadt, Germany 
operates as M i l l i poreSigma i n  the U . S .  and Canada.  

M i l l i poreSigma and the v ibrant M are trademarks of Merck KGaA, Darmstadt, 
Germany. Copyright © 2 0 1 7  EMO M i l l i pore Corporation .  

A l l  Rig hts Reserved . 
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