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The 14C-2-Deoxyglucose (2-DG) Method

Goal was to label the 2-DG molecule with a radioisotope that 
would maintain its properties; could be imaged in humans.
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Brookhaven 60 inch cyclotron

Ron Finn, 1973

Decomissioned in 2009



Short Lived PET Radioisotopes

carbon-11 20.4 min
fluorine-18 110 min
nitrogen-13 10 min
oxygen-15 2 min

Isotope Half-life

Fluorine-18’s half life was potentially long enough to be 
incorporated into a radiotracer and transported from 
Upton, NY to Philadelphia for imaging on Mark IV.



Where should we label the 2-DG molecule?
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“2-Deoxy-glucose possesses certain advantages over glucose as 
a substrate for experimental studies with crude preparations of 
brain an other tissue hexokinases.  The phosphate ester formed 
from 2-deoxy-glucose is not inhibitory and it is not a substrate 
for either phosphohexose isomerase or glucose-6-phosphate 
dehydrogenase.  Thus the use of 2-deoxyglucose isolates the 
hexokinase reaction.” (J. Biological Chemistry 210: 581, 1954) 

2-deoxy-glucose



[14C]2-deoxyglucose             [18F]Fluorodeoxyglucose
(18FDG)

autoradiography in animals imaging in humans 

18FDG: Design and Synthesis

*

18F: t1/2 110 min; had a long enough half-life to 
make it at BNL and ship it to Philadelphia.



Synthesis of Unlabeled FDG

From KHF2 in 1969

From CF3OF in 1970



2-FDG but not 3 or 4-FDG was a good substrate 
for hexokinase



Sokoloff:  “Will F substitution change its 
behavior in vivo?”

Synthesis of [14C]FDG for comparison to [14C]2-DG

Ido T, Wan CN, Casella V, Fowler JS, Wolf AP, Reivich M, Kuhl D ., J. 
Labeled Cmpnds Radiopharm, XIV, 175, 1978

* *

*



Will 18FDG behave like [14C]2-DG in vivo?

This supported the development of a rapid 
radiosynthesis of 18FDG
The [18F]fluorodeoxyglucose method for the measurement of local cerebral glucose utilization in man, M 
Reivich, D Kuhl, A Wolf, J Greenberg, M Phelps, T Ido, V Casella, J Fowler, E Hoffman, A Alavi, P Som 
and L Sokoloff Circulation Research 1979, 44:127-137



20Ne(d,α)18F 18F + F2 (0.1%) [18F]F2

At the time Brookhaven’s only reliable source of 18F for 
chemistry was as elemental fluorine (18F]F2) which 
Lambrecht and Finn had developed in 1973 (J. Nucl Med 
14; 63-4, 1973). 

Richard M. Lambrecht Ronald Finn                      Ne/F2 target



Tatsuo Ido, Chung Nan Wan and Vito Casella joined the 
Brookhaven group to work on [18F]F2 production and develop 
the 18FDG synthesis

By 1975, the target was producing 600-800 mCi of [18F]F2   
Casella, Ido, Wolf, Fowler, MacGregor, Ruth, Anhydrous F-18 labeled elemental fluorine for 
radiopharmaceutical preparation, J. Nucl. Med. 21: 750, 1980 



Tatsuo Ido’s report and notebook (July 14, 1975): developing 
the radiosynthesis of 18FDG



20Ne (d, α)18F

First 18FDG Synthesis for Humans (1976)

Synthesis time 2 hr: prepared according to a protocol that 
had been shown to produce a sterile, pyrogen free 
product.



Brookhaven National Lab; August 16, 1976

Tatsuo Ido mounts Ne/F2 target Tatsuo Ido CN Wan         Al Wolf     



Brookhaven National Laboratory; August 16, 1976

18FDG measurement packaging 18FDG leaves hot lab

18FDG leaves BNL

Brookhaven Calabro Airport

Bob MacGregor



Philadelphia International Airport

18FDG arrives in Philadelphia

Arrival at Penn

Philadelphia; August 16, 1976



Hospital University of Pennsylvania; August 16, 1976
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Joel GreenbergAngela SylvestroVolunteer in Mark IV 



Hospital University of Pennsylvania; August 16, 1976
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Vito Casella                 Tatsuo Ido Muni Staum

Hospital University of Pennsylvania; August 16, 1976



Martin Reivich David Kuhl

Hospital University of Pennsylvania; August 16, 1976



First Brain images made on Kuhl’s 
Mark IV tomograph in August, 1976

Rates of glucose metabolism ranged from 10.27 mg/100 g/min in visual cortex to 
3.80 mg/100 g/min in white matter. 





Lumped constant:  takes into account differences between 2-
DG or 18FDG and glucose  

Operational equation for estimating glucose metabolic rate (mgglucose/100 
gbrain/min

The 18FDG Method is quantitative





glucose resorption
(active transport) 
requires OH on C-2

HK and facilitated 
transport do not 
require -OH on C-2



Brian Gallagher
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First Report of High 18FDG Uptake in 
Tumors 
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In 1977 Brookhaven acquired PET III from Ter-Pogossian at 
Washington University and collaborations with Penn continued

A rapid synthesis of [11C]2-DG was developed in 1980 by Bob MacGregor
(1944-2009), Chyng Shiue and Robert Lade for serial studies on PET III 
using a subject as his/her own control.

Abass Alavi

Prantika Som

Peter Hand



Yoshiharu Yonekura



Giovanni Di Chiro



• Normal Aging 
• Neurologic disorders
• Psychiatric disorders
• Mapping brain activity
• Cerebrovascular disorders
• Brain development
• Myocardial viability
• Cancer
• inflammation

Some Early Human Studies with 18FDG



Looking Listening

Remembering Working

Thinking

The Active Human Brain
PET Images of glucose metabolism (FDG) in 

performing tasks

Phelps, Kuhl, Mazziotta, Science, 1981



• Whole body 18FDG-PET scan 
showing lung metastases from 
ovarian cancer (Phelps, UCLA)

• PET scans like this stimulated 
need for a high yield production 
of F-18 and 18FDG for 
distribution to institutions without 
a cyclotron and chemists.  

18FDG and Cancer



Ruth and Wolf publish high yield of 18F via the 
18O(p,n)18F reaction (1979)

Tom Ruth

Ruth TJ, Wolf AP: Absolute cross sections for the production of 18F
via the 18O(p,n)18F reaction. Radiochim Acta 26:21-24, 1979



Small volume enriched water targets yielded 
large quantities of [18F]fluoride via the 

18O(p,n)18F reaction

• Small volume (1 mL), 95%  enriched water target (H2
18O) 

(~$100/mL) (Wieland)
• H2

18O could be recovered by anion exchange and reused

Bruce Wieland Dave Schlyer

Schlyer DJ, Bastos MAV, Alexoff D, Wolf AP.  Separation of [18F]fluoride from [18O]water 
using anion exchange resin, IJARA. Part A. Applied Radiation and Isotopes 41: 531, 
1990)



Mannose triflate 18FDG

• 50% yield in 50 minutes
• no added F-19
• amenable to automation 

Hamacher’s rapid synthesis of 
18FDG from [18F]Fluoride in 1986 
was a major milestone. 

Kurt Hamacher

Hamacher K, Coenen HH, Stöcklin G.  Efficient stereospecific synthesis of no-
carrier-added 2-[18F]-fluoro-2-deoxy-D-glucose using aminopolyether supported 
nucleophilic substitution. J Nucl Med. 27, 235, 1986.  



Alexoff 18FDG Box (~1986) Siemens Explora FDG

GE FASTlab MicroCHIP- UCLA

18FDG Black Boxes
Tatsuo Ido first suggested FDG black boxes in 1980, Lake of the Ozarks meeting

David Alexoff



There is a Commercial PET Radiopharmacy within a 100 miles of >98% of the patient 
beds of America (Slide from M. Phelps) 



Synthesis 
from 18F2

Synthesis 
from 18F -

Commercial 
PET scanners

reimbursement

18FDG publications: 1976-2012

Mike Phelps    Ed Coleman

Spearheaded 
efforts to require 
the FDA to approve 
reimbursement for 
18FDG scans



In 2012, the NY Chapter of the American Chemical Society designated the 
Chemistry Department at Brookhaven National Laboratory as a Historic 

Chemical Landmark for the development of 18FDG

Abass Alavi

Mony DeLeon
Joanna

Nora Volkow

Tatsuo Ido

https://www.bnl.gov/newsroom/news.php?a=23446

https://www.bnl.gov/newsroom/news.php?a=23446


Why a rich country should support science

Louis Sokoloff: 1921-2015
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“This is an unprecedented 
achievement that contributes to the 
basic understanding and diagnosis of 
brain diseases.

Dr. Sokoloff’s brilliant contributions 
constitute a prime example of a bridge 
that leads from basic laboratory 
research to clinical application that 
can benefit literally millions of people 
everywhere.”  
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