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OPRD = Organic Process Research & Development = Org. Process Res. Dev.
 - An American Chemical Society (ACS) journal: http://pubs.acs.org/journal/oprdfk
 - Editor: Dr. Trevor Laird, a UK industrial chemist and founder of "Scientific Update", a 
   UK consulting firm
 - Journal began in 1997, co-launched by the Royal Society of Chemistry (RSC) and ACS
 - 1 volume per year, 6 issues per year
 - The journal witnessed an inflation of number of pages throughout the years: 
   438 pages in 1997 versus 1522 pages in 2010.
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Evolution of OPRD 

What is covered in this presentation? This presentation is comprehensive in that I have 
flipped or scrolled through all 13525 pages from 1997 to 2010, but clearly not all of it is 
presented here. Due to personal preferences and other reasons, topics NOT covered are:
 - ASAPs from 2011;
 - Three dozen papers between 1997 and 2006 that are either covered in the Heterocyclic 
   Chemistry class (2009 version) or Richter's "Masterpieces in Process Chemistry I" 
   group meeting (2004);
 - "Highlights from the Literature" sections, as well as reviews;
 - Green chemistry and waste reduction (e.g., OPRD 1998, 2, 86; OPRD 2003, 7, 551);
 - Polymer chemistry (e.g., OPRD 1998, 2, 105; OPRD 2002, 6, 714);
 - Solid-supported chemistry (e.g., OPRD 1998, 2, 221; OPRD 2002, 6, 190);
 - Phase-transfer chemistry (e.g., OPRD 1999, 3, 83; OPRD 2000, 4, 88; "special feature 
   section" in OPRD 2008, 12, issue 4);
 - Kinetics (e.g., OPRD 2000, 4, 254; OPRD 2002, 6, 829);
 - Calorimetric and spectroscopic methods (e.g., OPRD 2000, 4, 357; OPRD 2001, 5, 158);
 - Automated synthesis (e.g., OPRD 2000, 4, 333; OPRD 2008, 12, 967; "special feature 
   section" in OPRD 2001, 5, issue 3);
 - Nucleoside/nucleotide chemistry (e.g., OPRD 1997, 1, 415; OPRD 2002, 6, 798; "special 
   feature section" in OPRD 2000, 4, issue 3);
 - Sugar chemistry (e.g., OPRD 1998, 2, 66; OPRD 2005, 9, 457);
 - Peptide chemistry (e.g., OPRD 2000, 4, 264; OPRD 2003, 7, 28);
 - Semisynthetic endeavors, on erythromycin (e.g., OPRD 2006, 10, 446; OPRD 2010, 14, 
   504), taxol (e.g., OPRD 1997, 1, 387; OPRD 2003, 7, 25), vitamin D (OPRD 2004, 8, 133; 
   OPRD 2007, 11, 200), steroids (e.g., OPRD 2007, 11, 378; OPRD 2007, 11, 842), etc.

438

1522

Process chemistry aims for optimal compound output. Types of processing systems:
 - Batch production: Creating a certain amount of compound at a time, in reactors of various 
                                   sizes, but usually run on no more than ~100 kg at a time. This is exactly
                                   what we do in our lab, although the amounts we use are much smaller.
                                   Best suited for slow reactions! This is the realm of chemists.
 - Continuous production: Creating compound continuously. Traditionally used for the 
                                             production of commodity chemicals (ton quantities of output), but 
                                             is becoming more and more common in the processing of
                                             pharmaceuticals. Run in small reactors for optimal mixing and
                                             thermal control. Best suited for fast reactions (requiring 
                                             minutes or less) or reactions that suffer from slow mixing
                                             problems during scale-up. Safer overall, because only a small 
                                             amount of reaction is happening at any given time. This is the 
                                             realm of chemical engineers, because optimizing flow rates and 
                                             calculating thermal dissipation is not something we do...
                                             Two major types of systems : continuously stirred tank reactors  
                                             (CSTR) and plug flow reactors (PFR). Plug flow = flow chemistry.
 - Semi-continuous production (or semi-batch, batch-flow or fed-batch processes):
   Combines aspects of both batch and continuous operations. Slow addition via syringe is an 
   example of semi-continuous production! The distinction between batch and semi-continuous 
   operations is often blurred, and strictly speaking, many processes used in the pharmaceutical 
   and fine chemicals industries are semi-continuous processes.
(Good OPRD references for this topic: a review on OPRD 2001, 5, 613 and "special feature 
sections" in OPRD 2001, 5, issue 5 and OPRD 2008, 12, issue 5).

Left: 50 liter peptide synthesis that you can buy from Adams & Chittenden Scientific 
         Glass, Inc. (http://www.adamschittenden.com/Peptide%20Synthesis.html)
Right: A "Brighton 2400L 316L SS High Pressure Reactor" (made in 1989; handles 
           up to 1000 psi) that you can buy second-hand for $59000 (http://www.equipnet.com)

(outlet = inlet)

(outlet   inlet)≠
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Process = Scaling up everything (reagents, solvents, purification methods, etc.)
                  but you can't scale up certain things to the kilogram scale!

A typical experimental procedure in OPRD:

Large-scale preparations. a) Reactions that are impressive due to their sheer size:

Process chem uses instead...Process chem prefers to avoid...Type

Reagents

Solvents

Reactions

Purification

CH2N2; COCl2; MeLi; sBuLi, 
tBuLi; toxic metals such as 
Sn, Hg, Tl, Pb; expensive 
metals such as Ir, Pt, Au. And 
lastly, HCN, KCN or TMSCN.

Me2SO4, MeI; CO(imid)2, diphosgene, 
triphosgene; MeMgBr; nBuLi, nHexLi; 
"benign" metals such as Li, Na; 
inexpensive metals such as Cu. An 
amide can be used as a CN surrogate.

Et2O; pentane, hexane; and 
at times, THF.

MeOtBu (MTBE), iPr2O; heptane; and 
at times, 2-methylTHF (see OPRD 
2007, 11, 156).

Reactions at –78 ºC; metal-
catalyzed cycloisomeriza-
tions; Pd coupling (contrary 
to medchem). Organocata-
lysis, C–H activation and 
other "new" methods that 
don't guarantee excellent 
yields.

–55ºC is usually as low as they'd go, 
and they prefer thermal reactions 
(e.g., decarboxylation); condensation 
chemistry; SNAr, Li–X exchange, 
ortho-metallation. No alternatives to 
organocatalysis. C–H activation is 
replaced by 2- or 3-step processes.

Column chromatography (Re)crystallization, distillation

Introduction of chirality is very limited in process chemistry, other than starting from a 
chiral pool source. For enantioselective synthesis:
1) For the most part, they only use asymmetric hydrogenation (on alkenes, carbonyls) or 
    CBS reduction (cannot be run on as large of a scale, however);
2) Super-large resolutions using cheap, chiral alkaloids because recrys. is always needed;
3) But they are trying to introduce new asymmetric methods at the kilo scale: see "special 
    feature section", OPRD 2007, 11, issue 3;
4) Or they run to their biochemical division and run large-scale enzymatic kinetic resolutions.

Pilot-Plant-Scale Preparation of 2f in Toluene. 
2-Bromomalonaldehyde (169 kg, 93.7 wt % pure, 1050 mol), p-toluene 
sulfonic acid monohydrate (1.06 kg, 99.4 wt%pure, 5.54 mols), toluene 
(591 kg) and cyclohexanol (172 kg, 99.8 wt % pure, 1720 mol, containing 
0.1 wt % water) were charged to a 500-gal vessel equipped with a 
Dean–Stark separator. The mixture was heated under vacuum to 
reflux at a pot temperature of 20-35 °C (the pressure was about 40 Torr)

Br

O

O

until no further water was collected (26 h) while adding toluene (50 kg) portionwise; 19.7 kg of 
water was collected (cf. 19.2 kg theory). (CAUTION: ARC testing indicates potential runaway 
decomposition at temperatures as low as 78 °C if the concentration is 50 wt % or greater.) A 
sample of the batch was analyzed and found to contain 2.6% bromomalonaldehyde 1 
(relative to 2f) and 0.03 wt % water. Toluene solvent was replaced with heptane by distilling 
under vacuum to about 666 L, adding heptane (678 kg) and then continuing distillation while 
adding heptane to maintain the volume. The solvent replacement took 36 h and required 
another 3700 kg of heptane to achieve a ratio of toluene/heptane ) 3.7% by GC. The batch 
was cooled -10 °C to induce crystallization and then filtered in three portions, washing each 
portion with 2 × 50 kg of chilled heptane. The product was dried under vacuum at 37 °C to 
obtain 202 kg of 97.1 wt % pure product (80% yield).                    – OPRD 2010, 14, 1506.

2f

OH O
MeO

Br

O

Br

O
O

(224.8 kg, 973 mol)

b) Reactions using reagents that react with water:

1) AcOH (1428.7 kg, 23.8 kmol),
    HBr (210+70 kg, 3.5 kmol),
    H2O (100 L)

(124.8 kg, 56% overall)

2) K2CO3 (216 kg, 1.56 kmol), 
    CH2Br2 (211 kg, 1.21 kmol),
    DMF (916 L)

OPRD 2004, 8, 201

N

OH

N

MeO

N

O

N

MeO

(130 kg, 400 mol)

60% NaH (35.2 kg, 
880 mol), DMF (680 kg)

HCC-CH2Br (57.2 kg, 480 
mol), then 18% HCl (54 
kg) quench, then activated 
carbon (65 kg), then 
crystallization

(106 kg, 73%)OPRD 2007, 11, 609

Synthesis of a chiral agent 
for kinetic resolution:

artemisinin (117 kg, 415 mol) artemether (66% overall)

O

O

Me
O

Me O
O

H
Me

HH
O

O

Me
OMe

Me O
O

H
Me

HH

1) KBH4 (27 kg, 502 mol)
    CaCl2 (15.6 kg, 141 mol)
    MeOH (1290 L)

2) HCl, MeOH; then 
    recrystallization 
    from MeOH–H2O

OPRD 2007, 11, 336

OPRD 2007, 11, 546

O

BocHN CO2tBu

HO

BocHN CO2tBu

Ph

Me

N
H

N
H

Me

Ph
(2.4 eq)

2.5 M nBuLi (19.8 kg, 71.1 mol, 4.4 eq)

(4.80 kg, 16.1 mol)

THF (33 L), –55 ºC to –35 ºC

(3.61 kg, 77%, 97.7% ee)
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d) Reactions using reductants:

c) Reactions using oxidants: e) Reactions using not-so-cheap metal reagents:

f) Reactions using reagents (or a combination thereof) that seem deadly at large scale:

N
Bn

O

Ar2

O

N
Bn

O

Ar2

O

Cp2TiCl2 (334 kg, 1.35 kmol) + 
MeMgCl (3M; 1020 kg, 3.03 kmol)

(250 kg, 474 mol) (227 kg, 91% after recrys.)OPRD 2004, 8, 256

"Cp2TiMe2", 1000 gallon reactor

O
OH

OH

OH
OH

HO

1) To 500 lbs of D-fructose:
    Me2C(OMe)2 (648 lbs)
    TsOH (26 lbs)
    Acetone (314 gal)
    → 379 lbs (53%) intermediate

127 lbs of D-epoxone was then epoxidized 
in situ using 288 lbs of Oxone in 122 gal 
of water; the reaction was run on a 100-lb 
scale of reactant to yield chiral epoxide in 
63% yield, 97% purity, 88% ee.

2) To 220 lbs of intermediate:
    RuCl3•H2O (5.5 lbs)
    NaIO4 (268 lbs)
    Bu4NBr (3 lbs)
    CH2(OEt)2 (556 lbs)
    H2O (26 gal)
    → 157 lbs (72%)
         product

O
O

O

O
OH

HO

Me
Me

OPRD 2007, 11, 44

BnN

Me

BnN

Me

O

(27.8 kg, 123 mol)

1) BF3•OEt2 (22.4 kg, 158 mol, 1.3 eq),
    1 M BH3•THF (171 L, 1.4 eq), THF (62 L); 
    then 17.5% H2O2 (28.4 kg, 146 mol, 1.2 
    eq), 30% NaOH (37 L)
2) 15% bleach (60 L), SO3•pyr (51.5 kg, 323 
    mol, 3.0 eq), DMSO (219 L)

(82% overall; kept as a 
solution for the next step)OPRD 2003, 7, 115

N
Ar

N
Ar

Me

(220 kg, 1.02 kmol)

2) MeI (290 kg, 2.04 kmol)
3) dimethylimidazolidinone (400 L),   
    BH3•pyr (2.2 eq), 104–113 ºC, 2h

1) paraformaldehyde (138 kg, 4.60 kmol)
    Me2NH•HCl (125 kg, 1.53 kmol), 83 ºC

OPRD 1998, 2, 230

Ar1

O

Ar1

(60% overall)

MeO2S

Br
N

Et2B

215 kg (915 mol)

Pd(PPh3)4 (7.1 kg, 
6.1 mol), Bu4NBr 
(26.2 kg, 78.8 mol)

134 kg (912 mol)

+
N

MeO2S

47% K2CO3 in H2O 
(798 kg, 2714 mol)

278 kg (92.5%)OPRD 2003, 7, 385

HO

O

iPr Cl

O

iPr
(105 kg, 904 mol) (107 kg, 88.3%)

SOCl2 (144 kg, 1.21 kmol)

neat reaction; then distill
OPRD 1997, 1, 26

In general, 
process uses a 
LOT of SOCl2!

OPRD 2002, 6, 192

F N
Ts

N

N

N

CN

F N
H

N

N

N
N

F

1) H2 (200 psi), Raney Ni (840 g, 
    "wet"), 2N NH3 in EtOH (12 L)
2) 4-fluorophthalic anhydride

OPRD 2003, 7, 521
(39% overall)

3) 95% LiAlH4 (1.1 kg, 4 eq);   
    H2O, aq. NaHCO3, then HCl

O

O Me
Me

NHNMe
N

HO Me O

MeMe

O

O

O Me
Me

NHNMe
N

HO Me O

MeMe

2 steps

1) Boc2O; 2) 70% Vitride (6 kg, 20.77 mol), 
then NaBH4 (2.62 kg, 69.0 mol) (68% overall)

(4.66 kg, 9.44 mol)

O

iPr
Ph3P

O

iPr

Br

(152 kg, 1.33 kmol) (300 kg, 57% overall)

1) Br2 (185 kg, 1.16 kmol)
    MeOH (850 L)

2) PPh3 (303 kg, 1.16 kmol)
    tBuOMe (562 kg)

OPRD 2003, 7, 851

N

Cl

O R2

R1

R1 or R2 is NO2
(77 kg, 266 mol as a mixture)

N

Cl

O Br

      A one-pot process!
1) SnSO4 (231 kg, 1.1 kmol)
    HBr (77 L, 681 mol)

2) NBS (100 kg, 561 mol)
3) NaNO2 (25 kg, 362 mol)
    H3PO2 (1278 kg)

(67 kg, 75% overall)OPRD 2003, 7, 692
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i) Reactions using enzymes:g) Reactions using reagents that could potentially cause fires and loud bangs:

N
Ph

Me

O

NH2
I

+

N N

Me
O

Ph

(74 kg, 513 mol)

CH2Cl2 (740 L)

(228 kg, 1.1 kmol) (113 kg, 93%, 99% pure)

KOH (72 kg, 1.3 kmol)

OPRD 1998, 2, 320

N N OHN

O

O

N N ClN

O

OH(120 kg, 412 mol) (109 kg, 85%)

POCl3 (69.1 kg, 
450 mol);

then KBH4 (83.3 
kg, 1544 mol)

OPRD 2003, 7, 851

h) Reactions using reagents that are widespread in heterocyclic chemistry:

OPRD 1999, 3, 64

OPRD 1998, 2, 320

OPRD 2003, 7, 904

BnN
O

O

OEt
•HCl BnN

N

O

NH

•HCl

(22.0 kg, 7.39 mol)

formamidine acetate 
(11.4 kg, 10 mol, 1.5 eq)

(14.0 kg, 78 %, 100% pure)

21 % NaOEt in ethanol 
(84 kg, 297 mol, 3.5 eq)

OPRD 2005, 9, 80

j) Reactions using interesting reagents:

Ar
Me

O

(75 kg, 317 mol)

1) HO2C-CHO (58.4 kg, 634 mol)
    AcOH (19.1 kg, 317 mol) 
    DME (150 L), 90–95 ºC, 6h

2) 80% NH2NH2•H2O (79.5 kg, 1.27 kmol) 
    DMA (150 L), 105–110 ºC, 2h

Ar
N

(51 kg, 56%, 95% pure)

O
NH

Me

O N
tBu

OH

(4.47 g, 24.7 mmol, 
only 68.5% ee)

+         1.0M Et2Zn        +
      (2.85 L, 2.85 mol) Me

OH

Et

(200 mL, 2.41 mol) (155.3 g, 64%, 83.0% ee)

OMe
OMe

CN

OMe
OMe

NH2

(8.2 kg, 34 mol)

Na (5.8 kg, 252 mol)
nBuOH (165 L)

kept crude for next reaction
Named reactions?

PhHN

Me OCH2CH2OMe

O PhHN

Me OCH2CH2OMe

O
(racemic; 4 kg × 5)

PhHN

Me OH

O
+

solid-supported 
lipase PS (960 g)

(11 kg recovered; re-racemized 
via butyraldehyde and BzOH)

(5.3 kg, 34%, 
96% ee)

OPRD 2006, 
10, 588

Preparation of Almond Meal. Almonds (230 g) were 
cooled to 4 °C, milled using a kitchen device, and 
extracted 6 times with 160 mL of diisopropyl ether. 
The solids were separated by centrifugation, 
resulting in 300 g of “wet” meal, which was stored at 
4 °C. This wet meal contained approximately 38% 
(w/v) of dry almond meal (OPRD 2003, 7, 828).

Ph

O

Ph CN

OH(R)-oxynitrase 
from almonds
NaCN, citric 

acid, HCl
98%. 90% ee

F

F

H2N divinylsulfone 
(12.96 kg, 109.7 mol)

AlCl3 (12.9 kg, 96.7 mol)
PhMe (92 L), 110 ºC, 24h

(12.44 kg, 96.4 mol)

F

F

N
O2S

(14.7 kg, 62%, >98% pure)

OPRD 2006, 10, 272
Originally a 1949 procedure!

Me

AcO
H

H

F

Me R

H

H
OMs

Me

AcO
H

H

F

Me R

H

H
OH

KO2 (5.4 g, 76 mmol)

DMSO (48 mL), rt, 48 h

OPRD 2002, 6, 665

Tris(2-(2-methoxyethoxy)-
ethyl)amine (9.0 g, 28 mmol)

(10.0 g, 18.4 mmol) (4.15 g, 50.3%)

N
O

Et

N

Et

OH
O

CHO

1N NaOH (843 L), PhMe (896 L), 
78 ºC, 17h

(87.1 kg, 584 mol) (92.3 kg, 57.3%, 5:1 isomeric mix)OPRD 2002, 6, 721

PEG4000 (14.6 kg, ~3.6 mol)
p-HOC6H4CHO (109 kg, 890 mol)

O

HO
OBz

OBz

OMe
BzO

O

OBz
OBz

OMe
BzO

F

(115 kg, 227 mol)

BAST (54 kg, 244 mol)
THF (414 kg), 52 ºC, 3h

(91.7 kg, 79.4%, 97.2% pure)

[bis(2-methoxyethyl)amino-SF3]
also sometimes called MAST
OPRD 2010, 14, 623



Y. Ishihara OPRD 1997–2010 Baran Lab GM 2011-01-15

5

Due to the large size of their reactions, process chem is very concerned with safety:
 - See "special feature sections". Other than individual papers warning readers of safety 
   precautions, since 2002, issue 6 of every volume has a special section on safety. Some 
   of these feature scale-up safety tips, dangerous reagents, dangerous combination of 
   reagents, and reports on actual accidents in industry.

Some safety highlights (events which could potentially take place in academia as well):

"Recently, we received a manuscript that described kilo-lab-scale chemistry 
conducted at 100 ° C without solvent and open to the atmosphere. Further 
inquiry revealed that no prior investigation of possible thermal events had been 
conducted beyond running the reaction many times in the lab , possibly at 
escalating scale, and observing no measurable heat generation. [...]  First of all, the 
fact that a reaction was conducted without incident numerous times at the bench is 
not confirmation of its safety, obvious as this may sound. Many a young graduate 
student has scaled up a Grignard formation that could be adequately cooled when 
conducted at 100-mL scale but was unpleasantly surprised to discover that the 
exotherm could not be controlled at 1 L. This used to be a bigger problem when we 
still used ether as a Grignard solvent, but even the boiling point of THF can be 
exceeded quickly by a vigorous Grignard reaction. The unyielding dictum of the 
inverse square law (surface area does not increase as fast as volume when a 
spherical object is scaled up) can be bitterly learned in such circumstances."

What Is OPRDʼs Responsibility toward Safe Chemistry? 
–Jaan Pesti, associate editor at OPRD, OPRD 2010, 14, 483.

"An explosion of a 2.5-L PVC-coated waste bottle containing reaction distillates of 
phosphorus oxychloride (POCl3) and a mixture of solvents occurred recently in one 
of our laboratories. [POCl3] was being vacuum distilled from a reaction mixture 
[...]. Following the distillation of the reaction mixture, the residue in the 
secondary condenser of the vacuum pump, consisting of approximately 100 
mL of POCl3, was transferred to the 2.5-L bottle. The secondary condenser was 
then rinsed with acetone and ethyl acetate, and the contents were combined in 
the waste bottle and sealed. The contents of the waste bottle were estimated to be 
100 mL of POCl3, 500 mL of acetone, 200 mL of ethyl acetate, and a small amount 
of unknown residue from the vacuum pump trap. After 1-2 h, the waste bottle 
violently exploded, expelling contents throughout the hood and laboratory. The 
explosion was severe enough to shear off the top of an Erlenmeyer flask in the 
hood near the waste bottle without spilling the flask contents.  Glass shards 
were projected across the laboratory, while the PVC coating of the bottle was found 
on the floor; fortunately, no injuries resulted. Conclusion: An incompatibility exists 
between [POCl3] and acetone that results in heat generation and significant 
gas evolution when they are combined. Initially, the combination appears 
uneventful, but a slow self-heating occurs, causing a continuous rise in 
temperature until thermal runaway occurs." – OPRD 2000, 4, 585

F3C NH2

mp 38 ºC

6 months of cooling 
in warehouse

warmed to 50–55 ºC to 
attempt to use, then in 
its reluctance to melt, it 
was again cooled and 
the drum was sealed

trimer + 3 HF (g)
"Approximately 15-30 min after 
sealing the drum it ruptured near 
the bottom and a white gas exited 
the drum with tremendous force." 
– OPRD 2001, 5, 270

"Discussed below is a recent example [...] in which a shorter synthesis was rejected in 
favor of a longer one due to safety considerations." (kudos!)  –OPRD 2003, 7, 1043

"The benzofurazan moiety is not one that is commonly utilized in the pharmaceutical 
industry; therefore, we had relatively little experience with its properties at the outset
of our investigation. Before beginning experimentation, we decided to collect as 
much information as possible regarding its physical properties. One of the first 
analyses we performed was differential scanning calorimetry (DSC) measurements
to gauge the thermal stability of the intermediates and products containing it.  We 
discovered that 5-hydroxybenzofurazan has a relatively low onset temperature 
of decomposition, with a large energy release (2664 J/g, onset @133 °C)."

N

CO2Et
Cl

N
O

NHO
+

neat

170 ºC, 4h
(85%) N

O
NO

N

CO2Et
"laboratory scale"

(they needed the corresponding 
acid, so 2 steps total)

N
O

NO

N

CO2H

N
O

NO

N

CN

O

O

N

CN
NO2

NH2

Cl

N

CN
HO NO2

NH2

+

(25.0 kg, 180 mol) (29.2 kg, 189 mol)

DMSO, 60 ºC

K2CO3

(5 steps, 29 % overall)
NaOCl, KOH, 
EtOH, 0 ºC to rt

1) P(OEt)3, PhMe, 55 ºC
2) DIBAL, PhMe, 0 ºC
3) NaClO2, NaH2PO4,
    2-methyl-2-butene
    tBuOH–H2O, <35 ºC

"The explosive potential of organic azides is well-known among chemists [but is] 
dispersed as part of laboratory folklore with its inherent inaccuracies. A reasonable 
respect for the instability of organic azides can thereby give way to both 
underestimation and overestimation of hazards. The latter condition, nicknamed 
“azidophobia,” prevails [...] to the extent that these versatile compounds are simply 
excluded as synthetic intermediates." – OPRD 2008, 12, 1285.

(1.26 kg, 
4.45 mol)

Formation of CH2(N3)2: After the first reaction, 
the CH2Cl2 solution was "evaporated away" 
with DMF at 35 ºC and 20 torr. After the work-
up of the next step, a liquid had condensed 
inside the rotary evaporator, which exploded 
when a chemist was trying to take it out.

ROH
1) MsCl, Et3N, CH2Cl2

RN3
2) NaN3, DMF, 70 ºC, 
    16h, then cool to rt, 
     then work-up
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In order to ensure safety of their products for human consumption, process chem is 
also very concerned with purification.

a) How to remove trace metals:

b) How to recrystallize "properly", not only to eliminate impurities in the product, but 
    also to avoid crystal forms that may show different physicochemical properties:

Solvent, rates of concentration, cooling rates, seeding... these things all matter. Also see "special 
feature sections" on polymorphism and crystallization, in issue 6 of OPRD 2003, 2005 and 2009.

c) How to remove genotoxins: "special feature section" in OPRD 2010, 14, issue 4.

.

For optimal removal of [Pd], an aqueous acetonitrile mixture of the desired compound 
was stirred with TMT, charcoal, and diatomaceous earth. After cooling to 0-5 °C, the 
Pd-containing precipitates were removed by filtration.     – OPRD 1997, 1, 311.

2,4,6-Trimercapto-s-triazine (TMT) was demonstrated to be the superior agent for 
removing Pd (compared to some resins, PPh3, KI, oxalic acid, sodium metabisulfite, 
NH2OH•HCl. H2S worked well, but its own toxicity precluded its use.

- Removal by passing product through polystyrene-bound TMT derivative: 1500 ppm 
  to less than 10 ppm Pd. (Not from the same authors as above) – OPRD 2003, 7, 191.
- Removal by passing product through a polymer-supported ethylenediamine 
  derivative: OPRD 2003, 7, 191.

Ru: - Removal of Grubbs catalyst by semi-continuous extraction with supercritical CO2 
         (they lose 10% of product though): OPRD 2006, 10, 837.

Pd: - "In the literature, removal of [Pd] from reactions has usually not been considered; 
          however, removing [Pd] from an active pharmaceutical ingredient (API) can be a
          major purity concern. [...] The classic approach for removing impurities by selective
          crystallization of the organic product often fails to reduce impurities down to the 
          [ppm] level, which is highly desirable or even essential for the preparation of the API.

Misc.: - An adsorbent screen for the removal of Rh, Ru, Pd and Fe: OPRD 2005, 9, 198.
           - Using Quadrapure cartridge (functionalized resins: thiourea, carboxylic acids, 
             phosphoric acids, etc.) for the removal of various metals, such as Pd, Cu, Rh,         
             Pt, Hg, Ni, Al, Fe, and Co: OPRD 2007, 11, 477.

Some examples of “alerting” functional groups that are known to be involved in reactions 
with DNA... but obviously, these are guidelines, since some drugs contain these!!!

N

N
R

OH
N R

O

R

N-hydroxyaryls N-acylated aminoaryls

O

aza-aryl N-oxides

N
R

R

aminoaryls and 
alkylated aminoaryls

Group 1: Aromatic groups

R H

O

R
N

R

OH

R
N

R

NO

R
NO2

R
O NH2

O

Group 2: Alkyl and aryl groups

aldehydes N-methylols N-nitrosamines nitro 
compounds

carbamates

O
H
N

O

X

H2N

N
NR

R
R

R

O
O S

O
X

HS R R RR

epoxides aziridines propiolactones/sulfonesnitrogen and sulfur mustards

hydrazines and 
azo compounds

Group 3: Heteroatomic groups

EWG RO
P
O

OR O
S
O

OR X R X

haloalkenes primary halidesalkyl esters of phosphonates 
and sulfonates

Michael acceptors

OPRD 2010, 14, 946

N

OEt
Ar

SO2NR2

SO3H

UK-369,003 free base

N

OEt
Ar

SO2NR2

SO3H

•

UK-369,003-26 salt

R = H, alkyl or aryl; X = halogen; 
EWG = nitrile, nitro, carbonyl

+ PhSO3Et
(95%)

ethyl besylate, 
a genotoxin

The benzenesulfonate counter-anion showed the best physicochemical and 
pharmacological properties for UK-369,003, but... (OPRD 2010, 14, 1027)

In the paper, they discuss analytical methods (GC, MS) to detect ppm levels of PhSO3Et...

(trace)
but...

OPRD 1998, 2, 298

SEM micrographs of crystals of the A modification of 
Abecarnil obtained via an unseeded cooling crystalliza-
tion from MeOH (left), and photomicrograph of crystals 
of the A modification obtained via the seeded cooling 
crystallization (right).

30–40 kg scale 
recrystallizations!

Molecular structure (top) and rendering of the 3-D structure of Abecarnil 
(bottom). The intramolecular arrangement of the A and B modifications 
is identical (full lines), while the C modification (dotted lines) differs in 
the position of the isopropyl and in the tilting angle of the benzyl group.
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Mechanism questions from OPRD!

N

N

O

Me

Me

a) OPRD 2010, 14, 142. Mechanism and Name?

+
EtO

O

EtO

O

20% NaOEt in EtOH 
(19.2 kg, 56.5 mol)

MeCN (15 L), 50–55 ºC N

N
Me

MeO

EtO
HO

O
(anhydrous conditions)

(carried forward without purification)(17.5 kg, 100 mol) (5.0 kg, 40.3 mol)

b) OPRD 1998, 2, 357. Mechanism?

O
OH KH2PO4, H3PO4

H2O, 100 ºC
(pH = 3.8–4.3)

1–2 days

OHO

(53% when using 
0.34 M SM)

BocHN

O

O

N
H

O O
Me

O Me
MeO

Me
Me

c) OPRD 2009, 13, 729. Mechanism?

H2N

O

O

N
H

O OH
Me

O Me

Me
Me

O

(65.5 kg)

1) conc. HCl (116.1 kg);
2) 30% aq. NH3 (137.8 kg)

(55.1 kg, 83%)

Ar H

O
Ar

Me

O

d) OPRD 2008, 12, 111. 
Mechanism and Name?

Reagents: CH3CHClCO2CH3, 
NaOCH3; then 30% aq. NaOH, 
60ºC, 30 min; then conc. HCl, 
95ºC, 4h (ca. 85% yield)

e) OPRD 2007, 11, 414. 
Mechanism and Name?

Ar Me

O
Ar

OH

O

Reagents: 
1) morpholine, S8 (2 eq each)
    neat, 130 ºC, 6h;
2) NaOH (8 eq), H2O
    100–102 ºC, 3h
    (80% overall)

What are the intermediates?

What is the intermediate?

NH2

OH

NO2

H2, Pt/C

H3O+
Cl Cl

Bonus:

OPRD 2003, 7, 459

Onto the synthesis of medicinal targets: "Expedient Synthesis of MLN1251, A CCR5 
Antagonist for Treatment of HIV" (OPRD 2007, 11, 241).

O

O

Me

O

Me
Me

F

HO

Me

+

PhMe
reflux

F

O

MeO

Me

O

3 h

NH3 in MeOH (7 M)
20 ºC, 18 h

F

O

MeO

Me

NH2

O

O

AcOH, iPrOH, 
reflux, 30 min

(1.267 kg, 43% overall)

(1.345 kg, 9.6 mol)(1.5 kg, 10.6 mol)

N
H

HO
Me

O
O

F

Me

Named reaction?

1) Me2NCH2NMe2, AcCl, 
    CH2Cl2, 0–20 ºC
2) HCl, EtOH

N
H

HO
Me

O
O

F

Me
Me2N

• HCl

N
H

O
Me

O
O

F

Me
N

N
BF4

, K2CO3, MeOH, reflux, 160 min
 (70% yield, 1:1 mix of diastereomers)

NH

O

Br

O

OEt

1) NaHMDS,

2) Sodalime, >300 ºC
3) HBF4  (74% overall)

N
BF4

300 g scales...
"WARNING: This reaction 
is potentially hazardous 
and should be examined 
very carefully before using 
it at any scale."
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Interesting differences between medchem and process routes: OPRD 2007, 11, 1015.

H H

O

H H

O

H H

OH
SO3

Interesting "process total synthesis": OPRD 2002, 6, 138.

SO2 (17.4 kg, 272 mol),
(+)-PhCHMeNH2 

(7.30 kg, 60.2 mol)

(6.50 kg, 60.1 mol)

Na2CO3

CH2Cl2

(23% overall , 99% ee)
H3N Ph

Me
CH2Cl2 (86.3 kg), 

H2O (1.2 kg)

1) DBDMH; H2O
2) TBSCl, imid.
(24%, 2 steps)

DBDMH = 1,3-dibromo-5,5-dimethylhydantoin

H H

O

Br

OTBS

KOtBuH H

O

OTBS

O

CF3

OTBS

(rendered enantiopure 
via enzymatic kinetic 

resolution)

Cp2ZrCl2 (459 g, 1.57 mol), 
tBuMgCl (2 M, 785 mL),
PhMe (2 L), 50 ºC; then
I2 (497 g, 1.96 mol)
THF, –40 ºC (72 %)

O

CF3

OTBS

I

tBuLi (1.7 M, 1.0 
L), –70 ºC; then 
Li(2-Th)CuCN, 

then tricyclic ketone

O

CF3

OTBS

TBSO

O

O

CF3

OTBS

H

O

OTBS

O

CF3

OH

HO

HO

CO2iPr

100 g synthesis of Travoprost

OMe

HO
Medchem:

1) Br2, pyr.
2) PPh3, CCl4

3) nBuLi, then 
     CF3COCH3

OF3C
Me

OMe
(±)-9

1) HBr, AcOH
2) AcCl, Et3N
3) Lipase PS

4) K2CO3, MeOH
5) NaH, MeI

(55% overall) (31% overall, 
94% ee)

OF3C
Me

OMe
(R)-9

AlCl3
nBuOCHCl2

(73%)

OF3C
Me

OMe
(R)-13

O

NaBH(OAc)3

(60%)

OF3C
Me

OMe

CJ-17,493 (4)

N
H

NH2

Ph

H
N

N
H

Ph

Note: I actually do not know 
the correct stereochemistry 
at this carbon center, since 
the paper keeps inverting it 
from scheme to scheme... 
and so I place the actual 
compound numbers used in 
the text, for reference.

7

1) ArCOCl, Et3N
2) AcCl, TiCl4

(97% overall)

Me O O Ar

O

OMe

OTMS
O Ar

O

OMe

F3C
Me

CF3TMS (2.0 eq)

cinchonine-derived 
ammonium fluoride 
(4 mol%), CH2Cl2, 

–50 ºC (97%, 76% ee)
tBuOK
THF

(60%, 94% ee 
after purification)

(R)-9
hexamethylenetetramine

TFA, 70ºC, 90 min then 
aqueous work-up (ca. 90%)

(R)-13

7

• 2 HCl

NaBH(OAc)3

(100 g scale synthesis, 
49% total overall yield)

CJ-17,493 (4)

N
H

NH2

Ph

Process:

Named reaction?
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