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Professor Stoddart's publication list (also see his website for a 46-page publication list):
 - 9 textbooks and monographs
 - 13 patents
 - 894 communications, papers and reviews (excluding book chapters, conference 
   abstracts and work done before his independent career, the tally is about 770)
    - At age 68, he is still very active – 22 papers published in the year 2010, 8 months in!
    - He has many publications in so many fields...
       - Journals with 10+ papers:
            JACS 75                          Acta Crystallogr Sect C 26
            ACIEE 67                        JCSPT1 23
            ChemEurJ 62                 EurJOC 19
            JCSCC 51                       ChemComm 15
            TetLett 42                       Carbohydr Res 12
            OrgLett 35                      Pure and Appl Chem 11
            JOC 28
       - High-profile general science journals:  Nature 4     Science 5      PNAS 8
       - Reviews: AccChemRes 8      ChemRev 4      ChemSocRev 6
       - Uncommon venues of publication for British or American scientists:
            Coll. Czechoslovak Chem. Comm.  5      Mendeleev Communications 2
            Israel Journal of Chemistry 5                   Recueil des Trav. Chim. des Pays-Bas 2
            Canadian Journal of Chemistry 4            Actualité chimique 1
            Chemistry – An Asian Journal 3              Bulletin of the Chem. Soc. of Japan 1
            Gazzetta Chimica Italiana 3                      Chemische Berichte 1
            Australian Journal of Chemistry 2          Journal of the Mexican Chem. Soc. 1
            Bull. Sociétés Chim. Belges 2                 Revista de Quím. Ind. (Rio de Janeiro) 1

His current group is quite large – 38 people (according to his website).
Below is a picture of his former group, taken in 2007:

Bibliography (also see his website, http://stoddart.northwestern.edu/ , for a 56-page CV):
 - May 24 1942: Born in Edinburgh, Scotland
 - 1964: B.Sc., Edinburgh University, Scotland
 - 1966: Ph.D., Edinburgh University (with Sir E.L. Hirst, "Some Studies on Plant Gums of 
              the Acacia Genus"
 - 1967–1969: Postdoctoral Fellow, Queen's University, Canada (with Prof. J.K.N. Jones)
 - 1970–1982: Lecturer, University of Sheffield, England
 - 1982–1991: Reader, University of Sheffield, England
 - 1990–1997: Professor, University of Birmingham, England
 - 1997–2007: Professor, University of California – Los Angeles, USA
 - 2008–        : Professor, Northwestern University, USA

An avid traveller: Visiting scientist in 6 countries!
 - 1972: University of Paraná, Paraná, Brazil
 - 1978: University of California – Los Angeles, CA, USA
 - 1978–1981: ICI Corporate Laboratory, Runcorn, England
 - 1980: Texas A&M University, TX, USA
 - 1986–1988: University of Messina, Sicily, Italy
 - 1987: ENS de chimie de Mulhouse, Alsace, France
 - 1988: Universities across Switzerland: Bern, Fribourg and Lausanne

An envied distinction as a British citizen: 
 - 2007: Awarded Knighthood by Her Majesty Queen Elizabeth II
 - However, he prefers that no one in the United States address him as "Sir". 
   "I embrace the informality of American, and particularly Californian, culture".
 - Other knighted chemists:
    - Sir Robert Robinson (1886–1975): Alkaloid chemistry
    - Sir Alexander Todd (1907–1997): Nucleotide and nucleoside chemistry
    - Sir John Cornforth (1917–     ): Stereochemistry of enzyme-catalyzed reactions
    - Sir Derek Barton (1918–1998): Conformational analysis; radical chemistry 
    - Sir Geoffrey Wilkinson (1921–1996): Organometallic "sandwich" complexes
    - Sir Harold Kroto (1939–         ): Discovery of fullerenes

"Chemistry is for people 
who like playing with Lego 
and solving 3D puzzles […] 
 Work is just like playing 
with toys."

"There is a lot of room for 
creativity to be expressed 
in chemistry by someone
who is bent on wanting to 
be inventive and make 
discoveries."

a macro-rotaxane
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1967–1969 (Postdoc at Queen's University)
Synthesis of chiral crown ethers from riboses and cycloamyloses.
 - Professor Stoddart's interests in crown ethers develops, following Charles 
   Pedersen's discovery of crown ethers in 1967 (received the Nobel Prize in 1987).
 - No sooner had I arrived at Queenʼs in 1967 than did Charles Pedersenʼs seminal paper 
   on macrocyclic polyethers appear [...]. This paper inspired me to get involved, during 
   my postdoctoral years, in the synthesis of chiral crown ethers from carbohydrate 
   precursors. It was this activity that was subsequently to dominate my independent 
   research activity as a lecturer in chemistry at Sheffield University from 1970 to 1978.
   (Quote from his account in Pure Appl. Chem. 2005, 77, 1089–1106)

1970–1978 and 1981–1982 (Lecturer at Sheffield University)
Synthetic, conformational and crystallographic studies of crown ethers and 
cryptands; complexation studies with simple cations, early "host-guest" chemistry.
 - "Why not?" One of the pleasures of belonging to our profession is that its membership 
   provides us with a licence to dream. [...] In this context of ʻwhy notʼ, I have a dream, ʻI have 
   a dream that one dayʼ we shall be able to make molecules which will vie with Natureʼs 
   receptor molecules in their ability to exhibit selective binding and to display recognition 
   functions towards chosen target molecules.
   (Quote from his account/review in Chem. Soc. Rev. 1979, 8, 85–142)

Today's topic: Nanoscale architectures

Graphical glossary:

catenane rotaxane pretzelane

catrorotaxane

(Stoddart, ACIEE 1998, 
37, 1913–1916)

catrotane? rotacatenane??

Vögtle proposes 22 rules with which all these compounds could be named "properly".
"Novel architectures have always required new rules and proposals; one of the oldest 
examples is the 'bicyclo nomenclature' by von Baeyer." 
(Vögtle, J. Prakt. Chem. 2000, 342, 437; "IUPAC", Pure Appl. Chem. 2008, 80, 2041.)

[3n1mec3]catenane

[3n1mec3]rotaxane

[31m,2p,3m,1,2,3]cyclopropane[30,33,36,39,42,45,48,81,
84,87,90,93,96,101-tetradecaoxa-105,108,109,112, 
117,120,121,124-octaazaheptadecacyclo[98.2.2. 
42,11.416,25.453,62.467,76.226,29.277,80.05,106.08,107.019,11
0.022,111.056,118.059,119.070,122.073,123]hectahexacosa 
[2(105),3,5(106),6,8(107),9,11(108),16(109),17, 
19(110),20,22(111),23,25(112),26(113),27,29(114), 
49(115),50,52(116),53(117),54,56(118),57,59(119), 
60,62(120),67(121),68,70(122),71,73(123),74, 
76(124),77(125),78,80(126)]tetracontaene]knotane

bonnane

The name "olympiadane" was proposed in 
1960 by van Gulick; its first synthesis was 
accomplished in 1994, the year of the 
Winter Olympics in in Lillehammer, Norway 
(Stoddart, ACIEE, 1994, 33, 1286–1290).knotane

daisy chains

- Guest: PhCHMe-NH3
+ PF6

–

- 0.3 kcal/mol difference
- 62:38 favouring the top 
  form, the bottom form 
  unfavoured due to sterics
  (JCSCC 1975, 835–837.)
- Shortly thereafter, a 
  modified 18-crown-6 with 
  a 97:3 preference for this 
  same guest was discovered 
  (JCSCC 1977, 481–483).
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This is starting to resemble 
some of the catenanes and 
rotaxanes he synthesizes 
later on...
(JCSCC 1976, 979–980)
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 6) A more systematic study on the conformations, bond lengths and bond angles of 
     crown ethers as adducts with diquat and paraquat: 6 back-to-back papers in J. 
     Chem. Soc., Chem. Commun.: 1987, 1054; 1058; 1061; 1064; 1066; 1070.
 7) Almost there... adducts of cyclic electron acceptors and small electron donors, 
     opposite to that of paraquat-crown ether systems (ACIEE 1988, 27, 1547; 1550).

1978–1981 "The Runcorn Revolution" (Imperial Chemical Industries at Runcorn, maker 
of the anesthetic halothane and pesticide Paraquat)
 && the following years at Sheffield University leading up to the synthesis of catenanes

N N MeMe
Cl Cl

Paraquat or methyl viologen dichloride

N NBr Br

Diquat

Q: The story is that the invention of your first molecular switches somehow emerged out of 
pesticide research. Does that have any truth in it?
A: Actually, yes. Back in 1978-81, I was working at Imperial Chemical Industries (ICI). They 
have a commodity chemical that is sold worldwide as a weed killer, a mixture of two 
herbicides, Diquat and Paraquat. These herbicides are toxic: they are not only bad news to 
plants but will also kill people if ingested inadvertently or intentionally. Finding an antidote 
to this poisoning in people was the rationalization for the work in the beginning. It happens 
that one of these herbicides, Paraquat, is a somewhat rectangular-shaped molecule. When 
we saw from solid-state structures its way of nesting inside large ring molecules called 
crown ethers, it looked like a rod passing through a loop. Once we had that picture in our 
minds it didn't take much imagination to think that, if we could feed one molecule through 
another, like a rod through a ring, we could then put big stoppers on both ends of the rod, 
giving us a mechanically interlocked structure.
(An interview conducted at ScienceWatch, September/October 2005)

We've now covered up to 1990... but we have not discussed the two major topics below:
 - Conformational analysis of medium-sized rings, in collaboration with W.D. Ollis: 
   e.g., "Conformational behaviour of medium-sized rings. Part 15. Derivatives of 
   1,9,17-triaza[2.2.2]-meta-cyclophane-2,10,18-triones", JCSPT 1 1982, 1727–1732. 
 - "Molecular LEGO", in which a mega-ring of annulated cyclohexane and benzene 
   rings are created by Diels–Alder reactions: see, e.g., "Towards the making of [12] 
   collarene", ACIEE 1988, 27, 966–969, or "The evolution of molecular belts and 
   collars", Pure Appl. Chem. 1989, 61, 1581–1586.

Evolution of ideas in host-guest chemistry towards the synthesis of a [2] catenane:
 1) CpFe(CO)2NH3

+BPh4
–: First study of transition metal - crown ether adduct.

 2) W(CO)5NH3: First crystal structure of a transition metal - crown ether adduct
    (JCSCC 1981, 612–613).
 3) Moves on to studies in platinum: PtCl2(PMe3)NH3 (JCSCC 1981, 612–613)
     (other studies on cisplatin, Cu, Rh, Ir, etc. have been conducted; see his review
     in ACIEE 1986, 25, 487–507).
 4) Moving toward bipyridine substrates: Pt(bpy)(NH3)2 (ACIEE 1981, 20, 1051–1053).
 5) And then toward non-metal guests that bear similarities to metal complexes:
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(communication: 
JCSCC 1983, 
1140–1142; full 
paper: JCSPT2 
1985, 607–624.)
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concepts

Donors in red; acceptors in blue. 
Prof. Stoddart was the first to 
use colours in supramolecular 
chemistry publications, which 
soon became quite popular...

8) Synthesis of a [2] catenane 
    "made to order" in 70% 
    yield from the crown ether! 
    (ACIEE 1989, 28, 1396–1399).

In general... Stoddart's name is commonly associated with catenanes, rotaxanes and 
the like, but he is NOT the first to propose their concept or synthesis and he never takes 
credit for doing so. Edel Wasserman wrote, back in 1960, that "catenane (latin, catena, 
chain) is suggested as a generic name for systems such as V", where compound V was 
two interlocked C34 chains prepared by acyloin condensation (Wasserman, JACS 1960, 
82, 4433). Although the yield was poor (< 1%, since the catenation occurred by chance/ 
statistics), a much better route using phenanthrolines and Cu(I) was reported in 1983 by 
Jean-Pierre Sauvage in Tetrahedron Lett. 1983, 24, 5095–5098.
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General methods to make the required bonds:
 - Favourable noncovalent interactions, which is at the heart of the supramolecule:
   1) Transition metal templates (work done by J.-P. Sauvage)
   2) Charged π-donor/π-acceptor templates (work done by J.F. Stoddart) 
   3) Neutral π-stacking templates (work done by J.K.M. Sanders)
   4) Hydrogen bonding templates (many, many other scientists..!)
 - Covalent bonds to prevent the 
   interlocked structures from 
   breaking apart – pretty much
   any chemical reaction works.
   A brief, non-comprehensive list 
   of reactions for "clipping" or 
   "stoppering" that have found use
   include (also see the ultra-cited 
   (>1000) review by Prof. Stoddart, 
   Chem. Rev. 1995, 95, 2725–2828):
   1) Acyloin condensation;
   2) Glaser coupling;

General ways to synthesize interlocked structures: Catenanes and rotaxanes

[2] catenane
clipping

2 X

stoppering

pseudorotaxane

[2] rotaxane

clipping

slippage

Stoddart et al., "Templated 
Synthesis of Interlocked 
Molecules", Topics in Current 
Chemistry 2005, 249, 203–259.

magic rings

magic rods

(the thinner lines 
represent reversibly 
formed covalent bonds)

3) SN2 reactions (most common);
4) Generating porphyrins from 
    terminal aldehydes (!)
    (rotaxanes only);
5) Amide bond formation using
    bis-acyl halides;
6) Ester formation using acyl-
    adamantane reagents 
    (rotaxanes only);
7) TIPS protection of alcohols
    (rotaxanes only);
8) Any sort of condensation 
    reaction: carbamates, imines, 
    etc. These reactions must be 
    at times modified further (e.g., 
    reduction) to prevent reversible 
    bond cleavage;
9) Electropolymerization of 
    thiophene ends;
10) Azide-alkyne cycloadditions.

- Reversible covalent bonds to allow 
   for "magic threading" (again, non-
   comprehensive):
  1) Imine C=N bonds;
  2) O-Trityl bonds;
  3) Organometallic linkages, e.g., 
      N-Pd or N-Pt;
  4) C=C bonds under RCM conditions.

Δ

Considering the number of ways you 
could now generate these interlocked 
structures, the possibilities are endless!
The cartoons to the right are only a few 
examples of Prof. Stoddart's "dreams"
(Chem. Soc. Rev. 2010, 39, 17–29).
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Now that "any structure could be made possible", here are interesting architectures to 
consider, created by Professor Stoddart during the decade 1991–2000:

The community, however, did not receive our new mechanically interlocked molecular 
compounds with open arms in the beginning. Referees and reviewers were even prepared to 
contest the very existence of interlocked molecules, and it was in response to a ridiculously 
high level of skepticism and criticism that I enlisted the help of David Williams to carry out 
hundreds of X-ray crystal structures.
 (Quote from his account in Pure Appl. Chem. 2005, 77, 1089–1106)

As we made the move from Sheffield to Birmingham [in 1990–1991], I realized we were 
standing at the entrance to a gold mine. It was an incredible time. It was one when it seemed 
almost like a child could come up with the next idea of what to do – for it was almost like 
playing with toys.
(An interview conducted at ScienceWatch, September/October 2005)

"Molecular Meccano Part 1."
Full paper on his first [2] 
catenanes and [2] rotaxanes. 
(JACS 1992, 114, 193–218; 
cited >600 times!)

"Molecular 
Meccano Part 
52. Template-
directed 
synthesis of a 
rotacatenane."
(EurJOC 1999, 
1295–1302)

receptor site for π-
electron deficient 
aromatic substrates

receptor site for π-
electron rich 
aromatic substrates
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thread another 
ring through

allow it to 
dimerize

"Molecular Meccano Part 59. Self-complementary [2] 
catenanes and their related [3] catenanes."
(ChemEurJ 2000, 6, 2262–2273)

"Olympiadane"
ACIEE, 1994, 33, 
1286–1290 (also 
see p4 of handout)
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(In my opinion) the most interesting architecture created by Prof. Stoddart during the 
decade 2001–2010: "Molecular Borromean Rings", Science 2004, 304, 1308–1312.

"Efficient production of [n]rotaxanes 
by using template-directed clipping 
reactions", PNAS 2007, 104, 17266–
17271; the above is taken from 
Chem. Soc. Rev. 2010, 39, 17–29.

"Template-directed dynamic synthesis of 
mechanically interlocked dendrimers."
(JACS 2005, 127, 5808–5810)

The procedure: 1:1 DFP + DAB, CD3OD, Zn(OAc)2, reflux, 2 days, 90% yield by 1H NMR.
The result: The diagrams below are actual crystal structures!

Towards the future: Transition from the nanoworld to the macroworld...

The Borromean rings have captured our imagination simply because of their sheer beauty. What 
will they be good for? Something for sure, and we still have the excitement of finding out what 
that something might be. (Quote from his account in Pure Appl. Chem. 2005, 77, 1089–1106)
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Another mega-hit (>750 citations): "A [2] catenane-based solid state electronically 
reconfigurable switch", Science 2000, 289, 1172–1175.

But perhaps the heart of supramolecular chemistry/nanotechnology follows Richard 
Feynman's famous lecture "There's Plenty of Room at the Bottom", wherein absolute 
control at the nanoscale would lead to expanded data storage, accelerated data 
transfer, and infinite possibilities for "smart" materials – hence the need for FUNCTION.

Here is a selection of Professor Stoddart's creations designed to incorporate 
controllable switches, during the decade 1991–2000:

"A chemically and electrochemically switchable 
molecular shuttle", Nature 1994, 369, 133–137.
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Chromophoric molecular switch: ACIEE 1996, 35, 976–978.
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How mere on/off switches become "smart" and "functional" materials...
The key words that surface from these formal definitions [of the word "machine"] are 
organization, the power source (fuel), and work of a repetitive – often, it would seem to be 
implied of a cyclic – nature. (Quote from his editorial in Acc. Chem. Res. 2001, 34, 410–411)
Key concepts: reversibility, sensitivity, simplicity, compatibility and amenability to solid-
phase/surface chemistry (and eventually cost and scalability)
Examples of "smart" materials: pH-, light-, electric-, cation- and small-molecule sensors; 
write/erase functions on nanosurfaces; large mechanical motions; macroscopic 
property changes; controlled delivery of small molecules; logic gates.

Here are prototypes of Professor Stoddart's creations, in the decade 2001–2010 (also 
see his review, Chem. Soc. Rev. 2007, 36, 77–92):

PNAS 2005, 
102, 10029–
10034.

A stepwise descent 
of the "molecular 
elevator": Science 
2004, 303, 1845–1849. (Calculated structures)(The concept)

PNAS 2006, 103, 1178–1183.
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