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Biography
Known as Gene among friends, but vT among colleagues
Born July 20, 1925 in Zeeland, MI
Died Decemeber 12, 2009 (84) of cancer

"Sharpless! The only rule is 
'There are no rules!'"

Architecture Aficionado
Owner of the first Frank Lloyd Wright-
designed Marshall Erdman 
prefabricated house, now known as the 
van Tamelen House.
  •Spent $55,000 (base price: $16,400)

Designed two family vacation homes
  •Pajaro Dunes on Monterey Bay 
  •Caribbean island of St. Lucia

Automobile Enthusiast
Childhood dream was to design cars, but 
eventually settled for just owning them.

Drove a classic Excalibur and a Rolls-Royce.

Member of the Rolls-Royce Owners' Club.

Selected Awards and Honors
George I. Haight Travelling Research Fellowship, 1957
ACS Award in Pure Chemistry, 1961
Guggenheim Fellowship, 1964
Leo Hendrik Baekeland Award, 1965
Professor Extraordinarious (University of Groningen), 1967
Elected to the National Academy of Sciences, 1968
ACS Award for Creative Work in Synthetic Organic Chemistry, 1970
Honorary Sc.D. from Hope College, 1970
Honorary Sc.D. from Bucknell University
One of the 2,000 best scientists of the 20th century by IBC

Mentored more than 200 doctoral students and postdocs
Barry Sharpless (Ph. D, now at Scripps)
Kenneth S. Feldman (Ph.D, now at Penn State)
Peter Dervan (post doc, now at Caltech)

Contemporaries (Influences?) at Stanford
William S. Johnson
Carl Djerassi
James P. Collman
Henry Taube

Education
A.B. from Hope College (Gerrit van Zyl) in 1947
  •First undergrad to publish a paper, total of 6 publications

Academic Career
1950: Joined University of Wisconsin-Madision
1959: Full professor
1962: Moved to Stanford
1971: Founded the journal Bioorganic Chemistry
1972–1978: Chair of Stanford Chemistry Department
1987: Retired

Synthesis of cantharidin
(J. Am. Chem. Soc. 1951, 4501)
(J. Am. Chem. Soc. 1953, 384)
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Ph.D. from Harvard (Gilbert Stork) in 1950

Research Interests
1. Valence bond isomerism (e.g., Dewar benzene)
2. Polyene cyclizations and lanosterol biosynthesis
3. Nitrogen fixation and other methodology
4. Alkaloid total synthesis
5. Structural elucidation via degradation studies

Top Cited Publications
1. Bioorganic Chemistry - Sterols and Acyclic Terpene 
Terminal Epoxides. Acc. Chem. Res. 1968, 1 , 111. 
(237 citations)

2. Enzymatic Conversion of Squalene 2,3-Oxide to 
Lanosterol and Cholesterol. J. Am. Chem. Soc. 1966, 
88, 4752. (219 citations)

3. Design and Development of an Organic-Inorganic 
System for Chemical Modification of Molecular 
Nitrogen Under Mild Conditions. Acc. Chem. Res. 
1970, 3, 361. (127 citations)

  •Gene van Tamelen Prize for Creativity in the Sciences 
  •van Tamelen Plaza
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O
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can also be made 
via electrolytic 
decarboxylation
(Tetrahedron Lett. 
1968, 5117)

direct photolysis of 
diacid gave retro 6π

hν

O

OH

O

OH

First synthesis of Dewar benzene (J. Am. Chem. Soc. 1963, 3297).

Dewar bezene behaves as a non-aromatic olefin (J. Am. Chem. Soc. 1967, 3922).
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NaOMe
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O
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0 °C
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+
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(ca. 75%)
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hν

Cl

Cl

hν

Adducts of Dewar benzene can rearrange, but do not readily isomerize to the parent Kekule 
benzene (J. Am. Chem. Soc. 1971, 6102).

H
H

retro 4π
conrot.

H
H

trans
Δ

H
H H

H
retro 4π
disrot.

Dewar benzene is isolable because it's more thermally stable than one might expect.

But:

H

H

H

H

Charged aromatic species also underwent isomerization upon photolysis (J. Am. Chem. Soc. 
1968, 1372).
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(58%)

Although sometimes bizzare reactivity was observed instead of the desired isomerism 
(J. Am. Chem. Soc. 1965, 4964).

Li hν
Et2O

Li0

Li
2 Li0

PhLi +
(>80%)

1. Valence Bond Isomerism

OtBu tBu
hν

pentane
(50% RSM)

11
22

33

tBu

tBu O OtBu

tBu

OtBu tBu
OtBu

tBu

2,3 homolysis

or

tBuH

O
tBu

O tBu tBu

H

1,3 homolysis

+ +

1,2-H• 
shift

4% 9% 9%

Substituted furans were found to undergo valence bond isomerism to give cyclopropenes 
(J. Am. Chem. Soc. 1968, 3894).

OtBu tBu

hν
pentane

(ca. 95%)

tBu tBu

tBu

O

Me
Me

In certain cases, other types of rearrangements occurred.

Mechanism?

(J. Chem. Soc. Chem Comm. 1972, 447).
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3
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Photolysis of the trityl cation in the presence of O2 led to more rearranged products (J. Am. 
Chem. Soc. 1970, 4123).

Used by Barton to 
effect a stepwise 
radical [4+2] 
cycloaddition of O2
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van Tamelen was the first to propose the correct structure of photosantonic acid after numerous 
degradation studies, which was later confirmed by X-ray crystallography (J. Am. Chem. Soc. 
1959, 1666; X-ray of ester: Sheldon, Acta Cryst. 1982, 649).
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Although van Tamelen proposed a mechanism for the conversion of lumisantonin to 
photosantonic acid, a more plausible mechanism was suggested by Chapman (J. Am. Chem. 
Soc. 1963, 3028).
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Although not in synthetically useful yields, the photolysis of enolates generated epoxides 
(J. Am. Chem. Soc. 1970, 5798).

+H+

+H+

HO
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O

OH O

O

O

OH O

OEt

O

OH

OTs

OOOO

Raney Ni
aq. NaOH

H2 (1400 psi)
50 °C
(86%)

TsOH
EtOH
(86%)

1. LiAlH4
2. TsCl, pyr
(56% overall)

NaOH
(66%)

SeO2
AcOH
H2O

A steel hydrogenation bomb was charged 
with... 3 teaspoonsful of W-1 Raney nickel.

van Tamelen was also interested in other non-benzenoid aromatics (J. Am. Chem. Soc. 
1958, 4405).
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OMe

MeO

MeO
MeO
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CN , tBuOK1.

2. BrCH2CO2Me, Zn0

(14% overall)

1. KOH
2. DCC, pyr
3. CH2N2
(38% overall)

Na0, NH3
(10%)1. Cu(OAc)2

2. TsOH
3. NBS, Δ

1:1 mixture of regioisomers
other regioisomer did not react

(70%)
CH2N2

1. NBS, (BzO)2
2. NaN3
3. H2, Pd/C
4. 1 M HCl
(7% overall)

(40% overall)

trimethylcolchicinic acid

other diastereomer was 
major product (1:2)

Completed his synthesis of colchicine one month after Eschenmoser's (J. Am. Chem. Soc. 
1959, 6341 and Tetrahedron 1961, 8).
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Conditions for the selective oxidation of the terminal olefin in various polyenes (Tetrahedron 
Lett. 1962, 121).

HO

OH

Br

Br

O

O

base

NBS
H2O

glyme
(81%)

The selectivity of the bromohydrin formation was influenced by the solvent composition 
(Tetrahedron Lett. 1967, 2655).

glyme, H2O pet. ether, AcOHOMe

a: 95%
b: 5%
c: 0%

a: 98.5%
b: 1.5%

a: 62%
b: 38%

a: 81%
b: 19%
c: 0%

a
b

c

a

b

[O]
favored in more 
polar solvents:
greater selectivity

favored in less polar solvents:
lower selectivity

vs.

2

Me

Me

Me Me
HO

Me

Me

Me

Me
H

14C-labeled 
2,3-oxidosqualene 14C-labeled lanosterol

O

rat liver
microsomes

N2
(10–20%)

Experiments done in collaboration with Clayton showed that 2,3-oxidosqualene was a genuine 
intermediate in the biosynthesis of lanosterol (J. Am. Chem. Soc. 1966, 4752).

aerobic conditions 
gave 14C-labeled 
cholesterol (15%)

At the outset of this work, it was not known how the polyene cyclization that Nature uses to 
convert squalene into lanosterol is initiated (Acc. Chem. Res. 1968, 111).

However, using purely chemical means to cyclize 2,3-oxidosqualene resulted in products 
bearing a 5-membered C ring instead of a 6-membered one (J. Am. Chem. Soc. 1966, 5937).

HO
enzyme 

[O] HO

OH

O
O

HO O

van Tamelen 
proposed:

HO

RHO

R

HO

R

H

R =

+

2,3-oxidosqualene

TiCl4
PhH

However, upon removing the C-15 Me group to rid the substrate of electronic bias, the enzyme 
did not favor formation of a 5-membered ring. This led to the full mechanistic picture of 
lanosterol bisynthesis (J. Am. Chem. Soc. 1982, 6479 and J. Am. Chem. Soc. 1982, 6480)!

O HOHO

H

must be 
in close 
proximity

rabbit 
liver 

cyclase

R RR

HH

R
lanosterol biosynthesis?:

R

lanosterol

This raised the possibility that the lanosterol bisynthesis proceeds by way of a 5-membered C 
ring intermediate, which was initially supported by modifying the 2,3-oxidosqualene precursor 
(J. Am. Chem. Soc. 1967, 7150).

rat liver 
microsomes

O HO

Concluded that the enzyme must hold the 2,3-oxidosqualene in a 
conformation that favors the direct formation of the 6-membered C ring

2. Polyene Cyclizations and Lanosterol Biosynthesis
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HO

O
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HH BnO

OTBS

H

OTs

BnO

BnO

OTBS

O

O

O
BnO

O

BnO HO

OH
(±)-maritimol

1. Li0, NH3

2.  MeOH,
aq. HCl
(51% overall)

1. BnBr
2. LDA;
TBSCl
(quant.)

maleic 
anhydride

1. KOH, H2O
2. Pb(OAc)4
pyr, 90 °C
(21% overall)

1. NaBH4
(85%, 7:3 dr)
2. TsCl
pyr, 40 °C

(77%)

5 steps

(20% overall)

via polyene cyclization
from epoxide (50%)

Polyene cyclizations were also used early in sequences (J. Am. Chem. Soc. 1981, 4615).

ONa
PhH, Δ
(38%)

TiCl4, 2 eq K0 Only works with allyl or benzyl 
alcohols

Formation of 1,5-dienes by a reductive coupling of alcohols (J. Am. Chem. Soc. 1965, 3277).

OH

O O O O
ca. 10 M excess!

Second generation conditions gave much higher yields, but would still give statistical mixtures 
in unsymmetical couplings (J. Am. Chem. Soc. 1968, 209).

TiCl3
3 eq MeLi

–78 °C to 80 °C
(70%)

+

HO

allyl chlorides gave 
5–15% geometrical 
isomerization

(nBu)3P
Br

iPr
HO

(nBu)3P
Br

iPr

iPrHO

iPr
Br

Olefin geometry was often scrambled using the Ti methodology, so a different method that 
preserves olefin geometry was developed (J. Am. Chem. Soc. 1970, 2139).

1. CBr4, PPh3
2. P(nBu)3
(81% overall)

CBr4
PPh3

PhLi, –76 °C

Li0, EtNH2
(63% over 
2 steps)

competitive Ph ring 
reduction occured 
when using PPh3 
instead of P(nBu)3

(RO)2Ti TiO2 2R+ R R

(RO)2TiCl

(RO)2TiCl2
K0 or
NaNp

TiCl4

TiCl3 RO– Li+

RO– Na+

MeLi
failure of (BnO)Ti(O) to give bibenzyl upon heating 
argues for concerted radical expulsion over stepwise

OH

Evidence pointed to allylic/benzylic radical intermediates (J. Am. Chem. Soc. 1969, 1552).

+ +as
above

H
HHO

HEtO2C

Br

HEtO2C HEtO2C
EtO2C

EtO2C
EtO2C

Cl O

CO2EtEtO2C
+

O

SnCl4, 0°C
(8%)

HO δ-amyrin

2. NaBH4; H+
(68% overall)

BF3•Et2O
PhH, rt
(60%)

1. tBuOK, 80 °C

160 °C
(70%)

8:1 dr

1. NBS
(BzO)2

1. H2, 
Pd/C
2. AlH3

(10% 
over 4 
steps)

2. DBN

5 steps

(24% 
overall)

NaCN
DMSO

van Tamelen also used epoxide opening-initiated polyene cyclizations to synthesize numerous 
terpenoids (J. Am. Chem. Soc. 1972, 8229).
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Certain Ti(II) alkoxide species were able to facilitate the fixation of N2 to NH3 at ambient 
temperature and pressure (J. Am. Chem. Soc. 1967, 5707).

(tBuO)2TiCl2
2 eq K0

N2, diglyme
(tBuO)2Ti NH3(10–15% 

based on Ti)

Cp2TiCl2
Ti(II) can be thought of as analogous to a carbene. It would be expected to be so strongly 
coordinating to the point where it could coordinate to weakly nucleophilic molecules like N2.

R2TiR2C + N N R2Ti N N R2Ti N N≈ reductive 
cleavage?

Na0 and NaNP could also 
be used as reductants

Reaction could be made "catalytic" in Ti by the judicious addition of iPrOH to protonate the 
intermediate nitride, removal of NH3, and addition of Na0 to to regenerate the NaNp (J. Am. 
Chem. Soc. 1968, 1677).

340% yield based 
on Ti after 5 cycles

4 NaNp

2 NaNp

4 Na0

2 Na0

Ti(OiPr)2 Ti(OiPr)4

[nitride][Ti(OiPr)2N2]n

N2

2 iPrO– Na+

6 iPrOH

2 NH3

4 iPrO– Na+

nitride = "N3–"

+

Ti(II)N2 + 6 NaNp
+ 6 iPrOH

2NH3 6 NpH
6 iPrO– Na+

+
+

net process:

The naphthalenide could also be 
turned over electrochemically 
(J. Am. Chem. Soc. 1969, 5194).

bubbling N2
weeks

(15–19% based on Ti)

Reducing the amount of NaNP and by decreasing the reaction time to 15 minutes prior to 
iPrOH quench allowed for the isolation of hydazine from the reaction mixture (J. Am. Chem. 
Soc. 1969, 7196).

Ti(OiPr)4
5 eq NaNP; iPrOHN2+ H2N NH2

first TM-catalyzed transformation 
of N2 to anything besides NH3!

Slightly modified conditions allow for the direct utilization of N2 to synthesize amines 
(J. Am. Chem. Soc. 1970, 5253).

1. Mg0, THF

Et

O

Et

Et
H
N

Et

Et NH2

Et
Et

Et
+

2 1
(25–50% based on fixed N2)

2.

Authors propose:

The same system is also capable of H2 fixation (J. Am. Chem. Soc. 1968, 6854).

H2 + 2 Na0 2 NaH
0.1 mol% Ti(OiPr)4

5 mol% naphthalene

via?:
(iPrO)2Ti

H

H
2 NaNP

2 NaH

50 eq Cp2TiCl2
Na sand

PhH; H2OX

O
nDec MenDecnOct

O
X = H, OMe

or or MenOct

(71% from RCHO)
(66% from RCO2Me)

(68–81% 
from epoxide)

Similar system reduces aldehydes, esters, and epoxides to their saturated alkanes (J. Am. 
Chem. Soc. 1974, 5290).

+ N2

Alkene can be isolated if 
the reaction is quenched 
early and is reduced under 
the reaction conditions:

R
Cp2Ti

R

Me

RR

O X

[H] [H]"Cp2Ti"

3. Nitrogen Fixation and Other Methodology

Fe(acac)3
Na sand

PhH
(77%)

N
L2Fe

O

O

HR

Me

N
L2Fe

O

O

HR

Me

2 e–

N
L2Fe

O

O

Me

R H

The reactivity of other low valent metals was also explored (J. Am. Chem. Soc. 1971, 7113).

CN H

proposed 
mechanism:

Elucidated the mechanism of the conversion of epoxides to thiiranes using thiocyanate 
(sole author! J. Am. Chem. Soc. 1951, 3444).

O
O S

C
N

SO

N

O S
C

N
S

independently prepared conjugate acids; 
gave the thiirane under basic conditions

KSCN
(73%)EtOH

H2O
(Org. Synth. 
1952, 32, 39)

isolated
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O

HO OH

O

O

CHCl3, PhNO2
(55%)

Et3N TsCl, pyr: 0%
DCC, TsOH: 13%
Martin's sulfurane: 40%N

N
Me

tButBu
BF4+

The alkylation of carbodiimides yields a very reactive dehydrating reagent (J. Am. Chem. Soc. 
1975, 464).

The method could also be used to convert tryptophan derivatives to quinolines.

N

Ac

H2O, 50 °C
(20%)

2 eq NaOCl
N
H

MeNH2

CO2H

Mechanism?

Found that hypochlorite mediated an oxidative decarboxylation of alpha amino acids 
(Tetrahedron 1968, 687).

N
Me

CO2H N
Me N

Me

N
MeN

Cl Me

OH

O

• HCl

dimerization
H+

H2O, 50 °C
(54%%)

1 eq NaOCl

van Tamelen was the one to discover that azodicarboxylates were useful progenitors for the 
formation of diimide (J. Am. Chem. Soc. 1961, 3725).

N
N

CO2K

KO2C RCO2H
NH
NH – N2

(78%)

OH
Me OH

was the first to show diimide's 
selectivity for symmetric multiple 
bonds (e.g., C=C over C=O)
(J. Am. Chem. Soc. 1961, 4302)

4. Alkaloid Total Synthesis
van Tamelen's alkaloid program took place during the goldern era of Mannich stitching (J. Am. 
Chem. Soc. 1969, 7372).

N

O2C CO2H

N

O2C CO2H

N

HO2C CO2H

N

CO2H

N

HO2C CO2H

N N

OH OH

lupinine
1

epilupinine
4

+

1 eq HCl

Raney Ni
H2, MeOH

LiAlH4

HCl, Δ
(70% over 
2 steps)

no yield 
given

pH ≥ 7
Raney Ni
H2, 
MeOH

Such a strategy was used to achieve an expedient synthesis of (±)-ajmalicine (J. Am. Chem. 
Soc. 1961, 2594).

N
H

N

H

O

O

MeO

N
H

N

H

O

HO

Me

O

N
H

N

H
Me

O

O

O

MeO

OMeO CO2Me
Me

O

tryptamine
CH2O Me

O

CO2Me

tBuOH
(37%)

1. POCl3
2. H2, Pd/C
3. HCl, Δ
(62% overall)

1. NaBH4

2. DCC
(99% overall)

HCO2Me
Ph3CNa

N
H

N

O

Me

MeO

O

H

H

HN
H

N

H
Me

O

OOH

HCl

(±)-ajmalicine
antihypertensive drug

(74%)

MeOH
(37%)

HH

H H

H H

H

H

O

O

H

H O

O

EtO2C
H

H O

O

H

H OH

OHNNH
O

O

H

H OH

OHNNH
HO

HO

H

ONN
H H H

O
HO

H

NN
H H H

MeO2C
OH

8 steps

yohimbine

Cl CO2Et
tBuOK
(81%)

1. NaOH, H2O, Δ
2. Cu, diglycol, Δ
(66% overall)

4 steps

(60%)

NaIO4

H3PO4

He was also the first person to synthesize yohimbine (J. Am. Chem. Soc. 1958, 5006).
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The tandem diol cleavage/Pictet-Spengler became a key strategy that van Tamelen used in 
other syntheses (J. Am. Chem. Soc. 1970, 2136).

ajmaline
antiarrhythmic agent

N
Et

N
Me OH

OH

N

O
Et

H
CO2H

N
Me

HN

Et

CO2H

N
Me

HO

HO

NaIO4
NaOAc
buffer
(53%)

N
Et

N
Me

O2. (+)-CSA 
resolution

1. DCC, TsOH
80 °C, (18%)

N
Et

N
Me

OH

Zn, H+

N
Et

N
Me

OH

I
OPh

O
Cl

O

OPh
LiI

(94%)

1. NaOAc
2. KOH,Δ
3. NCS; 
tBuOK

5. Structural Elucidation via Degradation Studies

N
H

N
H

OMeO

OMe

N
H

N
H

H

H

O

MeO

OH
O

O
OMe

OMe
OMeraunescine

(J. Am. Chem. Soc. 1957, 5256)

N

H Me

MeO

MeO

NHMeO

MeO

H

emetine and related ipecac alkaloids
(J. Am. Chem. Soc. 1957, 4817)
(J. Am. Chem. Soc. 1959, 6214)
(J. Am. Chem. Soc. 1959, 507)

H2N N
H

NH O Me
N

NH

O

Me
N

N
H

O
NH2N

NH2 netropsin
(J. Am. Chem. Soc. 1956, 2157)
(Chem. Ind. (London)  1957, 305)

HN N

H
N

NH

O

OH

H

H

HN
O

NH2

O OH

OHO

NH2

O

NH
OH2N

NH2
streptolin

(J. Am. Chem. Soc. 1952, 3713)
(J. Am. Chem. Soc. 1953, 2029)
(J. Am. Chem. Soc. 1953, 2031)
(J. Am. Chem. Soc. 1956, 4817)
(J. Am. Chem. Soc. 1961, 4295)
(J. Am. Chem. Soc. 1961, 4296)

NH2 NH

N N
N N

H
OH2N

O OH

N MeMe

OH

O OH

Me OH

OH

xanthomycin A
(J. Am. Chem. Soc. 1955, 4327)

antimycin A
(J. Am. Chem. Soc. 1953, 3623)
(J. Am. Chem. Soc. 1959, 750)

(J. Am. Chem. Soc. 1960, 1513)
(J. Am. Chem. Soc. 1960, 1652)
(J. Am. Chem. Soc. 1961, 1639)

O

O

HN

NH OH
O O

O

Me

Me
O

O

O

Me

Me

Me

oligomycins A–C
(J. Am. Chem. Soc. 1958, 6092)

Me

O

OH

MeR1

O

Me

OH

Me Me

O

OH

Me
OMe

Me

O

Me

OH

Me

MeR2

R3

streptimidone
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Note that a lot of these structural elucidations were either done prior to or during the infancy of  
NMR spectroscopy, hence the reliance on chemical degradation.


