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1. Introduction 

 
The development of oxochromium(VI)-amine reagents as oxidants in organic 
synthesis has evolved since the early studies of Sisler (1-3) which described 
the use of adducts of heterocyclic nitrogen bases and chromium(VI) oxide. The 
later work of Sarrett and coworkers in steroid synthesis soon established the 
utility of chromium(VI) oxide-pyridine adducts (1) as the first selective 
oxochromium(VI)-amine reagents. (4) Several modifications of the Sarrett 
oxidation (5-8) followed Sarrett's original report and varied mainly in solvent 
type and mode of preparation. All had the advantage of providing selectivity for 
the oxidation of primary and secondary alcohols without the undesirable side 
reactions promoted by chromic acid. Subsequently Corey and Fleet (9) 
reported the oxidizing properties of the chromium(VI) 
oxide-3,5-dimethylpyrazole complex which, like the dipyridine complex, later 
proved to be an effective oxidant for allylic alcohols. (10) 
 
The search for a milder and more efficient oxidant than the Sarrett-type 
oxochromium(VI) reagent systems as well as the nonchromium oxidants 
based on dimethyl sulfoxide (11, 12) or dimethyl sulfide (13) led to an 
examination of the utility of pyridinium chlorochromate (PCC) in selective 
oxidations of alcohols. (14, 15) When compared with the Sarrett/Collins 
systems, PCC (2) was superior in terms of ease of preparation, shelf stability 
and economy. Since the introduction of PCC in 1975 the reagent has become 
a commercially available “textbook” compound and is usually the reagent of 
choice for routine large and small scale oxidations of alcohols to carbonyl 
compounds. (16) Unlike the oxochromium(VI)-pyridine adducts, PCC is an 
acid salt, and its properties have proven advantageous in a number of tandem 
oxidative reactions such as oxidative transpositions (17-19) and oxidative 
cationic cyclizations. (20) Several reviews address the versatility of PCC and 
its extension to many different types of oxidative conversions in single and 
multistep organic syntheses. (21) Such reports cover carbohydrate oxidation, 
(21) oxidative rearrangements of tertiary cyclopropyl carbinols, (22) oxidation 
of organoboron compounds to carbonyl compounds, (23) allylic oxidation, (24, 
25) benzylic oxidation, (26-28) oxidation of enol ethers to esters and lactones, 
(29, 30) and oxidative cleavage of substituted furans (31) and oximes. (32, 33) 
 
While PCC was gaining widespread use, the utility of pyridinium dichromate 
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(34) (PDC, 3) in solvents such as dimethylformamide (DMF) and 
dichloromethane was reported. PDC/DMF was useful for oxidizing allylic 
alcohols to the corresponding, α , β -unsaturated carbonyl compounds and 
non-conjugated aldehydes and primary alcohols to the corresponding 
carboxylic acids. In contrast to PDC/DMF, PDC/ CH2Cl2 oxidized secondary 
alcohols to the corresponding ketones, and primary alcohols to the 
corresponding aldehydes. PDC is safely prepared and handled, shelf-stable 
and commercially available. The utilization of PDC has been extended beyond 
the simple oxidation of alcohols, and it is now employed for transformations 
such as oxidative transpositions, (35) catalytic oxidation, (36) conversion of 
aldehydes to esters, (37) allylic oxidation, (38) acetal cleavage, (39) and 
carbohydrate oxidation. (40) 
 
Many other types of substituted pyridines, nitrogen heterocycles and amines 
form chromates, dichromates, and chlorochromates which allow many 
different types of oxidative processes for a wide range of substrate molecules. 
Chlorochromates of 2,2¢-bipyridine (4), (41) 4-(dimethylamino)pyridine (5), (42) 
napthyridine, (43) pyrazine, (44) N-benzyltriethylammonium, (45) 
tetrabutylammonium (6), (46) trimethylammonium (7) (47) and 2-cyanopyridine 
(48) have been prepared and used for the selective oxidation of allylic alcohols, 
furan cleavage, oxidative ether formation, and oxidation of thiols, sulfides, and 
sulfoxides. (49) As with the chlorochromates, the original pyridinium 
dichromate studies prompted the preparation of many more dichromates for 
examination as mild oxidants or oxidants with unique selectivity. For example 
dichromates based on 2- and 4-benzylpyridine, (50) quinoline (8), (51) nicotinic 
acid (9), (52) tetrabutylammonium, (53) tetrakis(pyridine)silver, (54) and 
imidazole (10) (55) were contrived in order to realize modified reactivity as 
compared to PDC. As substituting the ligand species associated with 
oxochromium(VI) produces significant differences in reactivity, so too will 
changes in the nature of the oxochromium species afford reagents of special 
reactivity. Oxochromium(V) reagents (56) and fluorochromates (11) (57) have 
been prepared and are efficient reagent systems for oxidative lactonizations 
and Étard-type oxidations of substituted toluenes. 
 
The present concern with the toxicity and environmental implications of 
oxochromium(VI) has provided encouragement for the study and use of 
catalytic oxochromium reagents in conjunction with stoichiometric co-oxidants 
such as peroxides. (58) Such technology is welcome, particularly when applied 
to the largescale preparations found in industry where the disposal of 
byproducts is a constant problem. 
 
Separation of the reduced chromium species, many of which are intractable 
tars, from the desired products has long posed a problem when using many of 
the “textbook” oxochromium(VI) reagents. A major advantage of the PCC 
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reagent was the usage of less than half the equivalents required of the Collins 
reagent, thus providing less expense and less polymeric reduced chromium 
byproducts to separate and dispose. 
 
Modified oxochromium(VI)-amine reagents on polymer supports (59) have 
been prepared and examined with the objective of providing a regenerable 
reagent system which is serviceable on a practical scale. Chromates, 
dichromates, and chlorochromates of cross-linked polyvinylpyridine resin (60) 
were studied as reagent systems for the oxidation of simple alcohols to 
carbonyl compounds with the primary focus on stoichiometry and regeneration 
of active reagent from the used resin. 
 
A significant improvement in routine oxidations utilizing PCC and PDC entails 
the addition of adsorbents such as Celite®, (61) alumina, (62) silica gel, (63) 
molecular sieves, (64) or zeolites. (65) The distinct advantages associated 
with the use of adsorbents in oxochromium(VI)-amine-mediated oxidations are 
the facile removal of the polymeric reduced chromium byproducts, buffering 
effects, and desiccation effects. The necessity for easy removal of the reduced 
chromium tars which accompany many oxochromium(VI)-amine oxidations 
and may entrain a portion of the desired product has been mentioned 
previously. 
 
The importance of buffers (66) and desiccants in oxochromium(VI) oxidations 
is apparent when considering substrates bearing acid-sensitive protecting 
groups, acid-sensitive E/Z isomerizable double bonds, or aldehyde moieties. 
Reactive aldehydes which form acetals or hemiacetals will undergo further 
oxidation to carboxylic acid or ester derivatives (67, 68) as side reactions, 
thereby reducing yields. 
 
Thus virtually any number of oxochromium(VI)-amine reagents may be 
prepared by varying the amine ligand and/or acid species associated with 
oxochromium(VI), and many of these compounds have been tested using 
simple substrate alcohols for oxidation to carbonyl compounds. More often 
than not the initial investigation stops at the point of evaluating simple 
substrates, and further use of the reagent is encumbered by expense or lack of 
demonstrated applicability with complex substrates. A substantial test of a new 
oxidant's utility is the response of multifunctional intermediates usually found in 
complex total synthesis. 
 
Representative Oxochromium(VI)-Amine Reagents  
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Synthetic chemists engaged in multistep schemes will continue to examine 
and evaluate a reagent's applicability with respect to protecting group integrity, 
reactivity with heteroatoms such as nitrogen, phosphorus, and sulfur, and the 
avoidance of unwanted side reactions such as dehydration, cationic olefin 
cyclization, carbon-carbon bond cleavage, or overoxidation. 
 
This chapter surveys the many applications of oxochromium(VI) complexes in 
oxidative conversions of alcohols to carbonyl compounds. Alternative reagent 
systems based on modifications involving ligands, buffering agents, or 
adsorbents, as well as nonchromium(VI) oxidants are discussed. A variety of 

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � 



substrates have been included in the Tables so as to guide the synthetic 
chemist in selecting reagents and conditions that will be optimal for a given 
transformation. Oxidative conversions of alcohols through transpositions and 
cationic cyclizations giving carbonyl compounds as endproducts are included. 
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2. Mechanism 

2.1. Alcohol Oxidations  
Westheimer first demonstrated the presence of oxochromium(VI) ester 
intermediates in chromic acid-mediated oxidations of 2-propanol to acetone. 
Westheimer and coworkers prepared solutions of isopropyl chromate in 
benzene and observed its decomposition to acetone upon addition of pyridine. 
(69) Based on rate observations, the proposed mechanism involves formation 
of the chromate ester (rapid) (Eq. 1); and base-catalyzed decomposition of the 
chromate ester intermediate to acetone by release of a proton (Eq. 2). 
Chromate esters have also been  
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implicated in PCC oxidations of isopropanol, 1-butoxy-2-propanol (70) and 
substituted mandelic acids (71) in aprotic solvents such as chlorobenzene or 
nitrobenzene with acid catalysis. In contrast to Westheimer's findings, a direct 
hydride transfer mechanism involving delivery from the substrate alcohol to a 
protonated chlorochromate species has also been proposed. (72) 
Intramolecular hydride delivery after prior formation of a chromate ester may 
also occur (Eq. 3). (73, 74) The  
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kinetic isotope effects exhibited for α , α ′-dideuterioalcohols indicate that the 
rate-determining step is C-H bond cleavage. (75) The stoichiometry of the 
PCC oxidation of 1-octanol in methylene chloride at reflux requires only the 
theoretical amount of reagent. (76) While these results are in contrast to the 
original reports of using 1.5 equivalents of reagent, the more vigorous 
conditions presumably minimized the entrainment of PCC in the reduced 
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chromium polymer. Although the ideal conditions provide quantitative 
conversion to the product aldehyde with a single equivalent of PCC, treatment 
of more complex substrates that are sensitive to rearrangement or that bear 
acid-sensitive protecting groups will possibly suffer side reactions at the 
elevated temperatures. (76) 
 
During Collins oxidations the chromate ester may form through a postulated 
monopyridine intermediate that is formed by disproportionation of the 
dipyridine complex upon addition of the substrate alcohol (Eq. 4). (77) The 
second equivalent  
   

 

 (4)   

 
of pyridine may then act as the base which abstracts the α -proton, or the 
proton transfer may be intramolecular. (78, 79) 
 
In summary, the nature and decomposition of the chromate ester intermediate 
may be dictated by the acidity of the reagent, the protic nature of the solvent, 
or the basicity of the ligands associated with oxochromium(VI). (80, 81) 

2.2. Oxidative Annulation of Alcohols  
The acidity of pyridinium chlorochromate may be used to advantage for the 
oxidative annulation of substrate alcohols with suitably disposed double bonds. 
A typical case involves the oxidative cyclization of (–)-citronellol to 
(–)-pulegone. (82, 83) The overall conversion entails the unbuffered oxidation 
of citronellol to the aldehyde, cationic cyclization of the aldehyde to the 
intermediate isopulegol, and oxidation and isomerization of the isopulegol to 
pulegone (Scheme 1). The oxidative cyclization has been extended to a 
number of unsaturated aldehyde substrates but is limited to the formation of 
six-membered rings. Cyclization of the intermediate unsaturated aldehydes is 
observed only in cases in which a tertiary cation is formed as the initial cyclic 
intermediate. 
Scheme 1.  
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2.3. Oxidative Transposition of Tertiary Allylic Alcohols  
The oxidative transposition of tertiary allylic alcohols (84-88) (Eq. 5) may follow 
one of two mechanistic pathways, which are presumably dependent on the 
acidity  
   

 
 (5)   

 
of the oxochromium(VI) reagents employed. The use of the mildly acidic PCC 
may result in the reaction proceeding by Path A (Scheme 2) in which the 
substrate is ionized— either through the initial formation of the chromate ester 
or prior solvolysis of the tertiary alcohol. The resulting carbonium ion then 
recombines with the chromium(VI) ion at the secondary position which is then 
oxidized through the normal pathway to the product enone. Path B may be 
followed in cases in which the basic oxochromium(VI) reagents such as the 
Collins reagent or pyridinium dichromate are used. The formation of an initial 
tertiary chromate ester is followed by a 1,3-sigmatropic rearrangement to give 
the secondary ester, which is then oxidized, to the product enone as in Path A. 
Scheme 2.  
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2.4. Oxidative Cyclizations of Olefinic Alcohols to Cyclic Ethers  
Although oxametallocyclobutane intermediates have been implicated in 
oxochromium(VI)-mediated oxidations of isolated double bonds, (89) the 
formation of the same types of intermediates may be invoked in the 
substituent-directed oxidative cyclization of 4-alken-1-ols to substituted 
tetrahydrofurans (Eq. 6). (90, 91)  
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A plausible mechanism for this type of transformation involves formation of the 
tertiary oxochromium(VI) ester followed by a syn addition of the chromate ester 
across the double bond (Scheme 3). (92) The intermediate 
oxametallacyclobutane thus formed collapses and suffers further oxidation to 
form the bicyclic ketone intermediate. Extensive studies have been made of 
the scope and mechanism of the substituent-directed oxidation with both 
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oxochromium(VI) reagents and other high-valent metal oxidants. (93) Although 
other mechanistic routes considered involve Criegee intermediates or 
epoxidation prior to cyclization, the less acidic pyridinium dichromate is not as 
effective as PCC in promoting the reaction, and the Collins reagent does not 
promote the cyclization. 
Scheme 3.  
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3. Scope and Limitations 

 
Oxochromium(VI)-amine reagents are mildly to moderately acidic oxidants 
with their degree of acidity largely dependent on the associated nitrogen base 
ligands. Reagents with multiple basic sites in the form of heterocyclic ligands 
contain their own internal buffer system. However, large excesses of the 
reagents and extended reaction times are usually required. In contrast to 
active manganese dioxide, oxochromium(VI)-amine reagent systems promote 
the isomerization of Z- α , β -unsaturated aldehyde products to the E isomers 
in the oxidation of allylic alcohols. Notwithstanding the tendency to promote the 
isomerization of double bonds, oxochromium(VI)-mediated conversions of 
allylic alcohols require fewer equivalents of reagent and shorter reaction times 
(94) than do reactions with active MnO2. Although the basicity of the chromium 
trioxide/dipyridine systems allows for the oxidation of many substrates 
containing a variety of protecting groups, amine chlorochromate reagents 
usually require the addition of a buffer to enhance survival of the protecting 
group. (95) The addition of external buffers has facilitated the use of 
oxochromium(VI) reagents with substrates bearing tetrahydropyranyl (THP) 
protecting groups, silyl ethers such as the tert-butyldimethyl-silyl (TBDMS) 
group, and many types of ketal protecting groups. While PCC will promote 
oxidative cationic cyclizations of olefinic alcohols and aldehydes (Eq. 7), use of 
the buffering agent will retard these reactions and mediate only  
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the oxidations of the alcohol to the carbonyl compound. For example, the 
buffered oxidation of citronellol results in its conversion to the corresponding 
aldehyde citronellal while the unbuffered oxidation results in its cyclization to 
pulegols. (96) 
 
Oxochromium(VI) reagents are undesirable for the oxidation of 
carbohydrate-derived alcohols to the corresponding carbonyl compounds. 
However, the addition of molecular sieves (97) or acetic anhydride (98) will 
expedite these conversions in conjunction with PCC, PDC or Sarrett-type 
reagents. The use of additives such as alumina, (61) Celite®, (60) silica gel (62) 
or clays (64) has proven effective in oxochromium(VI)-amine oxidations since 
these materials adsorb much of the reduced chromium tars, which entrain the 
reactants and products thereby lowering yields. In cases where 
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oxochromium(VI) reagents alone are ineffective in oxidizing 
carbohydrate-derived alcohols to the corresponding carbonyl compounds, and 
the addition of molecular sieve or acetic anhydride to these oxidations does 
not promote the oxidation, there are alternatives. 
 
For oxidations in the nucleoside series, Swern (99) or Moffatt (100) oxidations 
have typically been employed for the conversions of 5¢-alcohols to 
5¢-aldehydes (Eq. 8). Again the nucleoside substrates possess a high degree 
of oxygenation,  
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and together with the heterocyclic base portion of these substrates, 
deactivation of the oxidation reagent can take place by complexing with the 
Cr(VI) species at several points in the substrate. 
 
The employment of oxochromium(VI) reagents is usually not successful in 
cases where the substrates contain a heterocyclic or primary, secondary, or 
tertiary amine group as in many types of alkaloid intermediates. In some cases 
the chromium(VI) species may preferentially bind to the substrate rather than 
the ligand, hence an exchange reaction takes place rather than the preferred 
oxidation. The most effective reagents for the oxidation of nitrogen-containing 
substrates are the Swern, Moffatt, or Dess-Martin (101) reagents. 
 
The response of substrate alcohols containing juxtaposed double bonds in 
affording products of functional group transposition or intramolecular 
etherification has greatly expanded the scope of oxochromium(VI)-amine 
reagent oxidations. Tertiary allylic alcohols suffer oxidative transposition 
(84-86) when treated with PCC, Collins reagent, PDC, or 
CrO3/dimethylpyrazole thus giving conjugated carbonyl compounds (Eq. 5). 
The substrates may be generated by 1,2-addition of organometallics to cyclic 
enones or by the addition of vinyl Grignards to ketones. The oxidative 
transposition has been extended to substrates such as tertiary cyclopropyl 
carbinols, allenyl carbinols, dienols, enynols, and dithiane-substituted 
carbinols. (84-88, 102, 103) The yields of the transposed products may be 
enhanced by the addition of buffers, or silica gel, or the application of 
ultrasound. 
 
Oxochromium(VI)-amine reagents have been used to prepare substituted 
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tetrahydrofurans by oxidative cyclization of 5-monohydroxy- and 
5,6-dihydroxyalkenes. (104) The oxidative cyclization of a diol to a THF diol 
using the Collins reagent or PCC with high stereoselectivity has been reported 
(Eq. 9). Oxidative  
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THF formation has been used in preparing a key intermediate from a chiral 
geraniol derivative for the total synthesis of venustatriol. (105) A transannular 
oxidative cyclization (Eq. 6) which occurred in substrates that possessed both 
unsaturated sites for oxidative attack as well as with hydroxylic sites that acted 
as ligands for the oxochromium species has been reported. (90) This putative 
substituent-directed transannular oxidative cyclization of cyclooctenol 
substrates to bicyclic THFs offers examples of syn-alkoxyhydroxylation of 
alkenes with the high level of selectivity characteristic of intramolecular 
reactions. Further advances in the area of syn-oxidative cyclizations have 
been made in the area of hydroxypolyene polycyclizations (106) mediated by 
PCC where a cascade of cyclizations affords two rings (Eq. 10).  
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4. Comparison with Other Methods 

4.1. Manganese Dioxide  
The complexity and sensitivity of the many types of intermediates in a 
multistep synthesis places a high demand on an oxidant with regard to 
mildness and selectivity. Many types of reagents or reagent systems are 
available as alternatives in case the oxochromium(VI)-amine reagent fails to 
effect the desired alcohol-to-carbonyl compound transformation. 
Oxochromium(VI)-amine reagents promote the Z to E isomerization of double 
bonds during the oxidation of primary allylic alcohols to the corresponding 
aldehydes. Active manganese dioxide (107) has largely been the reagent of 
choice for the oxidation of sensitive allylic alcohols to the corresponding 
carbonyl compounds without the undesirable olefinic isomerization. In some 
cases epoxidation (86) is a significant side reaction when employing PCC or 
the Collins reagent for the oxidation of allylic alcohols, and MnO2 is again the 
effective alternative. In contrast to oxochromium(VI)-amine reagents, which 
promote the oxidative rearrangement of tertiary allylic alcohols to the 
corresponding carbonyl compounds, active managanese dioxide is not known 
to effect this allylic transposition and is therefore selective for the allylic alcohol 
oxidation. The drawbacks associated with MnO2 are the requirement for large 
excesses of reagent, extended reaction times, variations in the activity of the 
reagent and the nonpolar hydrocarbon solvents. The workup and purification 
of the products following a MnO2 oxidation is among the most facile in 
oxidation chemistry. 

4.2. Moffatt/Swern Oxidation  
The dimethyl sulfoxide (DMSO)-based oxidants such as the Moffatt and Swern 
reagents are effective alternatives to the oxochromium(VI) reagent systems. In 
general the Moffatt oxidation system employs DMSO in conjunction with a 
diimide, usually dicyclohexylcarbodiimide, while the Swern oxidation utilizes 
DMSO with oxalyl chloride. In cases where primary alcohols are oxidized to 
aldehydes, overoxidation to the carboxylic acid does not take place and 
substrates that are sensitive to acidic or hydrolytic conditions do not suffer side 
reactions. The Moffatt and Swern reagent systems have generally proven 
superior to the oxochromium(VI) reagents for the oxidation of highly 
oxygenated compounds such as carbohydrates and nucleoside derivatives as 
well as compounds containing nitrogen, sulfur, and active methylene groups. 
Since oxochromium(VI) reagents may also promote the oxidation of allylic and 
benzylic (108) C-H sites in addition to the oxidation of hydroxy groups, many 
complex substrates bearing both sites would demand the higher selectivity of 
the DMSO-based oxidant to accomplish the desired hydroxyl oxidation. 
Carbohydrate alcohols with multiple sites protected as acetates, ethers or 
ketals oxidize very slowly or not at all when treated with the chlorochromates, 
and hydrolysis of any acid-sensitive functionality usually predominates over 
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the requisite oxidation of the hydroxyl function. The employment of 
oxochromium(VI)-amine reagents for the oxidation of substrate alcohols 
bearing nitrogen heterocycles or amines has consistently been problematic. As 
in the carbohydrate series little or no oxidation takes place because of binding 
of the substrate to the oxochromium-amine reagent or exchanging of the 
substrate with the reagent's ligands. Amino alcohol derivatives, (109) which 
are otherwise poor substrates for oxochromium reagents, respond well to 
Swern conditions, thus providing the corresponding carbonyl products in fair to 
excellent yields. The major drawbacks encountered with the Moffatt/Swern 
systems are the sometimes annoying odors and the troublesome removal of 
DMSO and byproducts, requiring lengthy purification. 

4.3. Dess-Martin Oxidation  
The Dess-Martin reagent (12) has provided a viable alternative to both the 
oxochromium(VI) and DMSO-based systems. (101) Since its introduction, the  

   

 
reagent has had an ever-increasing frequency of use for the oxidation of 
complex intermediates in multistep syntheses. Like the Moffatt/Swern reagents, 
the Dess-Martin reagent has been effective in oxidizing the alcohol function of 
highly oxygenated compounds with multiple acid-sensitive protecting groups. 
 
The immediate advantages of the Dess-Martin periodinane are ease of workup 
and purification of carbonyl products, shorter reaction times, and the need for 
only one equivalent of reagent. Allylic alcohols are oxidized without 
isomerization of the double bond and are oxidized preferentially in the 
presence of saturated alcohols, as are benzylic alcohols also. (110) Complex 
synthetic intermediates with cumulated double bonds, (111) high degrees of 
oxygenation with silyl ether, (112) benzyl ether, and isopropylidene protecting 
groups, (113, 114) sensitive diene functionality, (115, 116) enediyne 
functionality, (117) trifluoromethyl groups, (118) and sulfur-based protecting 
(119) groups respond well to the Dess-Martin reagent. Substrate alcohols of 
high complexity containing nitrogen heterocycles are converted to the 
expected aldehyde products in good yield. (120) The main drawback 
associated with the Dess-Martin reagent is the potential for detonation during 
its preparation. (121) In summary, employment of the Dess-Martin reagent has 
made possible the completion of many complex multistep syntheses, and it is 
a superior method for the procurement of small amounts of sensitive synthetic 
intermediates. 
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4.4. Catalytic Methods  
The expense, toxicity, and disposal considerations associated with many 
highvalent metal oxidants has prompted the investigation of catalytic methods 
for the oxidation of alcohols. A typical catalytic system employs 0.05–0.1% of 
the metal oxidant and a stoichiometric co-oxidant such as air, oxygen, or 
peroxides such as hydrogen peroxide, tert-butyl hydroperoxide or a peracid. 
With respect to complex substrates an important consideration is employment 
of the stoichiometric co-oxidant— a species that may compromise selectivity 
by promoting unwanted side oxidations such as allylic or benzylic oxidation, 
epoxidation, hydroxylation, or cleavage of sensitive double bonds and 
unwanted oxidation of heteroatoms. Thus employment of even the most “ideal” 
catalytic system may be confined to substrates with only a limited amount of 
sensitive functionality, therefore limiting its versatility in complex syntheses. 
Chromium and ruthenium-catalyzed oxidations of alcohols to carbonyl 
compounds in organic synthesis have been extensively studied. The 
applications of catalytic oxochromium(VI) reagents in many types of oxidative 
conversions such as benzylic oxidation, oxidative cleavage and the oxidation 
of alcohols have been reviewed. (122) Good yields of carbonyl compounds 
from the corresponding alcohols were obtained using catalytic systems 
composed of chromium trioxide/tert-butyl hydroperoxide, (123) pyridinium 
dichromate/bis(trimethylsilyl)peroxide, (124) or chromate esters/peracetic acid. 
(125) These methods were tested only on simple substrates, and their 
selectivity in the oxidation of complex substrates has yet to be evaluated. 
Ruthenium-based oxidants such as tetra-n-butylammonium perruthenate 
(TBAP) (126) and tetra-n-propylammonium perruthenate (TPAP) (127) in 
conjunction with N-methylmorpholine-N-oxide as a co-oxidant have been 
evaluated using both simple substrates and substrates of high molecular 
complexity. Yields of aldehydes and ketones from the corresponding primary 
and secondary alcohols using the catalytic TPAP system have ranged from 
modest to excellent. In evaluating the TPAP system, comparisons were made 
with the Swern reagent. Substrates containing heterocyclic nitrogen, 
tetrahydropyranyl and various silyl protecting groups, benzyl ethers, 
benzylidene acetals, enediynes, and cyclopropanes responded well to the 
catalytic TPAP system, which was a distinct improvement over the Swern 
system on a case-by-case basis. In the interest of cost, environmental and 
toxicity concerns, and expenditure of time during purification, catalytic studies 
will continue to be a focus in new oxidation technology. 
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5. Experimental Considerations 

5.1.1. General  
Commercially available ACS grade pyridine is adequate for the preparation of 
the chlorochromates and dichromates. Dry pyridine is recommended for the 
preparation of the chromium trioxide-dipyridine complexes. The purity of many 
of the commercially supplied substituted pyridines is sufficient for preparation 
of the reagents. The oxochromium(VI)-amine reagents that are isolated are 
stored in a desiccator protected from light. Although many 
oxochromium(VI)-amine reagents darken over time on storage, the loss of 
activity is minimal. Dry technical flake chromium trioxide gives the best results 
for preparation of the oxidants and is best stored in a desiccator. 

5.1.2. Safety  
Care should be taken when adding chromium trioxide to any solvent or 
solution of organic reactants— the ignition of pyridine by its addition to 
chromium trioxide is well documented. Weighing papers with residual 
chromium trioxide adhering to them should never be thrown into the 
wastepaper basket since ignition may occur. The mammalian toxicity of 
oxochromium(VI) compounds is well documented. (128) Gloves should be 
worn when handling the reagents, and one should avoid breathing the dust 
associated with any of the more microgranular reagents. Chromium waste 
should be diligently collected and held for disposal as solid waste (silica gel 
residues from reactions, workups and chromatography) and liquid waste 
components (filtrates from chlorochromate and dichromate preparation and 
aqueous workup extracts). Reduced chromium residues can be removed from 
glassware with concentrated HCl or a rapid rinse with 10–15% HF followed by 
disposal of the washings in the liquid waste container. Chromium(VI) waste 
can also be reduced to chromium(III) for disposal by treatment with aqueous 
sodium bisulfite at low pH. (129) 
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6. Experimental Procedures 

6.1.1. The Collins Reagent (1) (7)  
Chromium trioxide (80 g, 0.8 mol, dried over P2O5) was added (Caution!) 
slowly in small portions to anhydrous pyridine (600 mL) with stirring at 15–20°. 
The orange complex was isolated by washing several times by decantation 
with petroleum ether, filtration, and drying in vacuo at 10 mm (higher vacuum 
causes surface decomposition) while protecting from light. The complex 
hydrates on standing in air and forms pyridinium dichromate, which is less 
soluble in dichloromethane than the dipyridine complex. 

6.1.2. Pyridinium Chlorochromate (PCC, 2) (14)  
Chromium(VI) oxide (100 g, 1 mol) was added to HCl (6 M, 1.1 mol) rapidly 
while stirring. After 5 minutes the homogeneous solution was cooled to 0° 
followed by addition of pyridine (79.1 g, 1 mol) over 10 minutes. Recooling to 
0° gave a yellow-orange solid, which was collected by suction filtration using a 
sintered glass funnel and dried in vacuo. Prolonged exposure to light promotes 
darkening of the material with minimal loss of activity. 

6.1.3. Pyridinium Dichromate (PDC, 3) (34)  
Pyridine (80.6 mL) was gradually added to a cooled solution of chromium(VI) 
oxide (100 g, 1.0 mole) in 100 mL water at room temperature. The solution 
was then diluted with acetone (400 mL) and cooled (–20°). After 3 hours the 
orange crystals were collected by suction filtration, washed with acetone, and 
dried in vacuo to yield 127.2 g (67%) of PDC. 

6.1.4. 2,2¢-Bipyridinium Chlorochromate (BPCC, 4) (41)  
Chromium(VI) oxide (10.0 g, 0.11 mol) was added in one portion while stirring 
to HCl (6 N, 18.4 mL, 0.11 mol). After dissolution of the chromium(VI) oxide 
was complete, 2,2¢-bipyridine (15.6 g, 0.1 mol) was added while stirring 
vigorously. The resultant yellow slurry was filtered using a sintered glass 
funnel and washed with ice cold distilled water (2 × 15 mL). The filter cake was 
dried in vacuo (room temperature) for 3 hours and afforded 26.8 g (92%) of 
BPCC as a yellow powder. The material is best stored protected from light in a 
desiccator over P2O5. 

6.1.5. 4-(Dimethylamino)pyridinium Chlorochromate (DMAPCC, 5) (42)  
Chromium(VI) oxide (3.27 g, 32.7 mmol) was added to 1.65 M aqueous 
hydrochloric acid (20 mL) while stirring. The resulting red-orange solution was 
cooled to 0° and 4-dimethylaminopyridine (4.0 g, 32.8 mmol) was added in one 
portion while stirring vigorously. The yellow-orange slurry was then 
vacuum-filtered using a sintered glass funnel and washed with ice-cold distilled 
water (2 × 10 mL), followed by drying the filter cake in vacuo at room 
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temperature. The yield of the yellow-orange complex, which should be stored 
in a desiccator protected from light, was 7.76 g (92%). 

6.1.6. Tetrabutylammonium Chlorochromate (TBACC, 6) (53)  
Chromium(VI) oxide (5.0 g, 0.05 mol) in concentrated hydrochloric acid (10 mL) 
was added slowly to a stirred solution of tetrabutylammonium hydrogen sulfate 
(16.95 g, 0.05 mol) in 5 N hydrochloric acid at 20°. To the orange solid formed, 
5 N hydrochloric acid (50 mL) was added. The precipitate was isolated by 
suction filtration and recrystallized from ethyl acetate/hexane; yield: 15.1 g 
(80%); mp 184–185°. 

6.1.7. Trimethylammonium Chlorochromate (TMACC, 7) (47)  
Reagent grade CrO3 (100 g, 1 mol) was added with stirring to 6 N HCl (184 mL, 
1.1 mmol) at 0°. To this solution was added slowly trimethylamine 
hydrochloride (99.5 g, 1 mol) over a period of 0.5 hour and stirring was 
continued for 0.5 hour at 0°. The precipitated orange solid was isolated by 
filtration, washed with CH2Cl2(3 × 60 mL) and dried in vacuo for 2 hours at 
room temperature The chromium(VI) content was determined iodometrically to 
be >99%; yield: 178 g (86%); mp 162°. 

6.1.8. Quinolinium Dichromate (QDC, 8) (51)  
To a stirred solution of CrO3 (100 g, 1 mol) in water (100 mL) cooled in ice, 
quinoline (86 mL, 727 mmol) was added in small portions. The solution was 
diluted with acetone (400 mL), cooled to –20° and the orange solid which 
separates was filtered, washed with acetone, dried in vacuo, and recrystallized 
from water to yield 234 g (72%) of quinolinium dichromate; mp 160–161°. 

6.1.9. 3-Carboxypyridinium Dichromate (NDC, 9) (52)  
Chromium(VI) oxide (480 g, 0.48 mol) was dissolved in water (48 mL) followed 
by the addition of nicotinic acid (29.52 g, 240 mmol) at 0–5° to the resulting 
red-orange solution while mechanically stirring. After 15 minutes acetone 
(100 mL) was added to the red-orange suspension and the mixture was stirred 
at 0–5° for 15 minutes. The product was separated by filtration, washed with 
acetone (4 × 200 mL), and then methylene chloride (100 mL) to afford 
3-carboxypyridinium dichromate (47 g, 85%) as a yellow-orange solid; mp 
215–217° (dec). 

6.1.10. Imidazolium Dichromate (IDC, 10) (129)  
Imidazole (13.6 g, 0.2 mol) was slowly added to a cooled solution of 
chromium(VI) oxide (20.0 g, 0.2 mol) in water (16 mL). After 0.5 hour the 
reaction mixture was diluted with acetone (20 mL) and cooled to –20°. The 
yellow crystals were collected, washed with acetone (40 mL), and dried in 
vacuo at room temperature to give imidazolium dichromate (28.3 g, 80%); mp 
130–131° (dec.). 

6.1.11. Pyridinium Fluorochromate (PFC, 11) (56)  
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Chromium(VI) oxide (15.0 g, 0.15 mol) was dissolved in water (25 mL) in a 
polyethylene beaker, and 40% hydrofluoric acid (11.25 mL, 0.225 mol) was 
added with stirring at room temperature. Within 5 minutes a clear orange 
solution resulted. To this solution pyridine (12.3 mL, 0.15 mol) was added 
slowly with stirring. The mixture was heated on a steam bath for 15 minutes, 
then cooled to room temperature, and allowed to stand for 30–35 minutes. The 
bright orange crystalline pyridinium fluorochromate was isolated by filtration, 
pressed between folds of filter paper, and dried in vacuo for 1 hour; yield: 
27.9 g (93.5%); mp 106–108°. 

6.1.12. The Sarrett Reagent ( CrO2·2Pyr) (4)  
Chromium(VI) oxide (3.1 g, 31 mmol) was carefully added in portions to 
pyridine (30 mL, 370 mmol) while stirring or swirling at 15–20°. The addition 
must be in this order or combustion may result. Dissolution of the anhydride 
proceeded first, followed by slow exothermic formation of the yellow complex. 
The temperature was kept below 30° during the addition of the subsequent 
portions of the CrO3. At the end of the addition, a slurry of the complex in 
pyridine remained to which the substrate was added. 

6.1.13. The Cornforth Reagent (6)  
Chromium(VI) oxide (50 g, 0.5 mol) dissolved in water (30 mL) was added 
gradually with stirring to pyridine (500 mL) cooled in an ice water bath. The 
resulting yellow slurry can be used to oxidize up to 165 mmol of substrate 
alcohol. 

6.1.14. 3,5-Dimethylpyrazole-Chromium Trioxide Oxidation of 
α-Phenethanol (9)  
3,5-Dimethylpyrazole (580 mg, 6 mmol) was added to a suspension of 
chromium(VI) oxide (600 mg, 6 mmol) in methylene chloride (20 mL) and the 
mixture was stirred at room temperature under argon for 30 minutes. To the 
resulting dark red solution was added a solution of phenethanol (263 mg, 
2.2 mmol) in dichloromethane (2 mL) in one portion and the reaction mixture 
was stirred at room temperature (30 minutes). The solvent was removed under 
reduced pressure, the brown residue was extracted with ether (50 mL), and 
the resulting mixture was filtered. The filtrate was dissolved in pentane and 
filtered again through a short silica column. Evaporation of the solvent gave 
acetophenone (260 mg, quantitative) identical with an authentic sample by 
NMR, IR and pure by GLC analysis. 

6.1.15. Selective Oxidation of p-(3-Hydroxypropyl)benzyl Alcohol with 
Imidazolium Dichromate (55)  
To a solution of p-(3-hydroxypropyl)benzyl alcohol (165 mg, 1 mmol) in 
N,N-dimethylformamide (3 mL) was added imidazolium dichromate (705 mg, 
2 mmol) and the mixture was stirred at room temperature (4 hours). After 
completion of the reaction, water (30 mL) was added to the reaction mixture 
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and the product was extracted three times with diethyl ether. The ether 
extracts were washed with water and aqueous NaHCO3, dried over anhydrous 
MgSO4, and evaporated to dryness. The crude product was subjected to silica 
gel column chromatography with dichloromethane-ethyl acetate (4:1) as eluent 
to yield p-(3-hydroxypropyl)benzaldehyde (112 mg, 68%); NMR ( CDCl3): δ 
1.8–2.3 (m, 2 H), 2.77 (s, 1 H), 2.93 (t, 2 H, J = 6 Hz), 3.80 (t, 2 H, J = 6 Hz), 
7.4–7.98 (m, 4 H), 10.10 (s, 1 H). IR (film) 1700 cm–1. δ and 
3-(4-Formylphenyl)propanal (4 mg, 3%): 1H NMR( CDCl3) = 2.45–3.21 (m, 
4 H), 7.31–7.85 (m, 4 H), 9.81 (s, 1 H), 9.95 (s, 1 H). 

6.1.16. Selective Oxidation of p-(3-Hydroxypropyl)benzyl Alcohol with 
DMAPCC (5) (42)  
To a suspension of 4-(dimethylamino)pyridinium chlorochromate (1.24 g, 
4.8 mmol) in dry dichloromethane (7.0 mL) was added 
p-(3-hydroxypropyl)-benzyl alcohol (200 mg, 1.2 mmol). Stirring was continued 
(2 hours) at room temperature under a nitrogen atmosphere. The reaction 
mixture was diluted with ethyl acetate (10 mL) and the brown granular 
chromium reduction products were removed by vacuum filtration through a 
Celite® pad. Concentration of the solvent and column chromatography on silica 
gel (hexane/ethyl acetate, 2:1) furnished 121 mg (62%) of 
p-(3-hydroxypropyl)benzaldehyde as an oil. The spectral data were the same 
as those of the product reported above with imidazolium dichromate. 

6.1.17. Ultrasound-Promoted Pyridinium Chlorochromate-Silica Gel 
Oxidation of 3,4-Dimethoxybenzyl Alcohol (Veratryl Alcohol) (62)  
PCC (1.93 g, 9 mmol) was ground with silica gel (70–230 mesh, 1 weight 
equiv.) in a mortar. The resulting free running light orange solid was 
suspended in methylene chloride (20 mL) at 18° (water bath), and the titanium 
probe tip of an ultrasonic processor was inserted 1 cm beneath the surface of 
the suspension. The probe was activated (maximum intensity), and veratryl 
alcohol (1.0 g, 6 mmol) in CH2Cl2 (5 mmol) was added in one portion. After 20 
minutes the probe was deactivated and the brown suspension was diluted with 
ether (20 mL) followed by vacuum filtration through a Büchner funnel 
(60 × 50 mm) packed with Celite®. The granular brown residue was washed 
with ether (150 mL) and the resulting filtrate concentrated, 
flash-chromatographed and vacuum Kugelrohr-distilled to give veratraldehyde 
(0.91 g, 92%) (hexane/EtOAc, 1:1). 

6.1.18. Oxidation of Borneol with the Ratcliffe CrO3/Pyridine Reagent 
System (8, 130)  
Chromium(VI) oxide (2.99 g, 30 mmol) was added to a magnetically stirred 
solution of pyridine (5.0 g, 6.3 mmol) in methylene chloride (150 mL). The flask 
was then stoppered with a drying tube containing Drierite and the resulting 
deep burgundy solution was stirred for 15 minutes at room temperature. A 
solution of borneol (0.77 g, 5 mmol) in dichloromethane (5.0 mL) was then 
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added in one portion whereupon a tarry black deposit appeared immediately. 
The reaction mixture was stirred for an additional 15 minutes and then 
decanted from the tarry residue which was washed with diethyl ether (200 mL). 
The combined organic solution was then washed with 5% aqueous sodium 
hydroxide (3 × 100 mL), 5% aqueous hydrochloric acid (100 mL), 5% aqueous 
sodium bicarbonate solution (100 mL), saturated aqueous sodium chloride 
solution (100 mL), and then dried over anhydrous magnesium sulfate. 
Alternatively the decanted methylene chloride solution was concentrated in 
vacuo and the residue then diluted with ether and filtered to remove insoluble 
chromium salts. The filtrate was submitted to the successive washings as 
above. Evaporation of the solvent then gave the crude material which was 
recrystallized to yield 639 mg (84%) of pure camphor. 

6.1.19. Oxidation of 4-Hydroxytricyclo[5.2.1.02,6]deca-3,8-diene with PFC 
(10) (56)  
In a 250 mL round-bottom flask fitted with a reflux condenser and stirrer was 
placed a suspension of pyridinium fluorochromate (16.15 g, 81.2 mmol) in 
dichloromethane (30 mL). To the suspension was added a solution of 
4-hydroxytricyclo[5.2.1.02,6]deca-3,8-diene (8.0 g, 54.05 mmol) in 
dichloromethane (40 mL) while stirring vigorously. Stirring was continued for 
90 minutes. The reaction was monitored by thin-layer chromatography on 
silica gel using benzene/ethyl acetate (90/10) as eluent. To the resultant 
mixture, dry ether (100 mL) was added and the mixture was filtered through a 
short silica gel column (7 cm × 2 cm2). The filtrate was evaporated on a steam 
bath and the oily residue, which solidified on standing, was recrystallized from 
pentane to yield the bicyclic ketone: 7.3 g (92%); mp 79–80° (lit. 80°). 

6.1.20. Oxidation of n-Butanol with QDC (8) (51)  
To a stirred solution of quinolinium dichromate (23.8 g, 53.5 mmol) in 
dichloromethane (48 mL) was added dropwise a solution of n-butanol (3.7 mL, 
45 mmol) in dichloromethane (7 mL). The mixture was heated at reflux (4 
hours), cooled to room temperature, diluted with ether, and filtered through 
silica gel. The solvent was evaporated and the residue distilled to give 2.24 g 
(69%) of n-butyraldehyde. 

6.1.21. Oxidation of 1-Phenyl-1,3-propanediol to 
3-Hydroxy-1-phenyl-1-propanone with TBACC (6) (53)  
To a solution of 1-phenyl-1,3-propanediol (0.298 g, 2 mmol) in chloroform 
(10 mL), TBACC (2.28 g, 6 mmol) was added at room temperature and the 
solution was heated at reflux for 1 hour. The product was isolated by 
evaporating the solvent at reduced pressure and treating the crude oily residue 
with diethyl ether and Celite®. The suspension was filtered and the Celite®pad 
was washed with ether (3 × 30 mL). Evaporation of the ether afforded 0.09 g of 
product. Additional treatment of the Celite® with hot benzene (3 × 5 mL) 
afforded a further 0.085 g of product which was combined and purified by 
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column chromatography on silica gel (chloroform/acetone, 95:5) to give pure 
3-hydroxy-1-phenyl-1-propanone; yield: 0.152 g (52%); b.p. 80–82°/2 torr. 

6.1.22. Pyridinium Chlorochromate/3,5-Dimethylpyrazole Oxidation of 
Androst-4-ene-3 β ,17 β -diol (66)  
Pyridinium chlorochromate (388 mg, 1.8 mmol) was added to a solution of 
androst-4-ene-3 β ,17 β -diol (174 g, 0.6 mmol) in dichloromethane (50 mL) 
with 3,5-dimethylpyrazole (1.0 g, 10.4 mmol) at 2–3°. After stirring under 
nitrogen (30 minutes), a saturated NaCl solution was added and the mixture 
was thoroughly extracted with chloroform. The resulting extracts were dried 
over anhydrous magnesium sulfate, filtered, and evaporated to dryness under 
reduced pressure to give a brown residue. The residue was subjected to 
column chromatography using a solvent gradient of ether in toluene followed 
by recrystallization to give pure testosterone (151 mg, 87%). 

6.1.23. cis-1-Benzoylmethyl-3-phenoxy-4-phenylazetidin-2-one 
[Oxidation of a β -Lactam Alcohol with NDC (9)] (52)  
To a suspension of 3-carboxypyridinium dichromate (2.32 g, 5.0 mmol) in 
methylene chloride (15 mL) was added pyridine (3.2 mL, 40 mmol) followed by 
cis-1-benzoylmethyl-3-phenoxy-4-phenylazetidine-2-ol (686 mg, 2.0 mmol), 
and the resulting mixture was stirred at room temperature while monitoring by 
TLC (silica gel; ethyl acetate/hexane, 1:1). The mixture was then filtered 
through a pad of silica gel (70–230 mesh) and the filtrate washed with water 
(15 mL), 6 N HCl (15 mL), and saturated NaHCO3 (15 mL). The organic layer 
was separated and dried with sodium sulfate. Evaporation of the solvent gave 
613 mg of cis-1-benzoylmethyl-3-phenoxy-4-phenylazetidine-2-one (90%). 

6.1.24. Oxidation of Geraniol with Pyridinium Chromate on Silica Gel 
(131)  
To a solution of geraniol (770 mg, 5 mmol) in methylene chloride (7.5 mL) was 
added pyridinium chromate-silica gel (7.2 g, 10 mmol) and acetic acid (0.24 g, 
4 mmol). The mixture was mechanically shaken for 4 hours at room 
temperature followed by addition of diethyl ether (15 mL) and shaking (2 
minutes). The suspension was then filtered and the combined filtrate was 
washed successively with 5% aqueous HCl (8 mL), water (2 × 5 mL), and 
brine (5 mL). The solvent layer was then passed through a small bed 
(0.8 × 4 cm) of alumina (Brockmann Grade II) and washed with ether (10 mL). 
From the combined filtrates the solvent was stripped off and the residue was 
distilled to furnish citral (0.678 g, 89%) of 98.5% GLC purity; bp 125° (bath) 10 
minutes. 

6.1.25. Pyridinium Chromate on Silica Gel (132)  
To a solution of chromium(VI) oxide (50.0 g, 0.5 mol) in water (300 mL), silica 
gel (250 g) was added and the mixture was shaken mechanically for 1 hour at 
room temperature (30–35°). The excess water was then removed by a rotary 
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evaporator (90°/80 mm) which provided 312 g of an orange free-flowing 
powder. The entire amount of material was placed in a three-necked flask and 
covered with light petroleum (600 mL). The mixture was cooled to 20°, and 
pyridine (79.0 g, 1.0 mol) was slowly introduced with stirring under anhydrous 
condition while maintaining the temperature between 20 and 24° (30 minutes). 
The mixture was stirred for an additional hour, filtered, and the solid washed 
with light petroleum (2 × 300 mL). Drying under vacuum gave a dark brown 
free-flowing powder (358 g) which was stored in a brown bottle. One gram of 
this preparation was equivalent to 0.1396 g of chromium(VI) oxide. 

6.1.26. (2E,4Z)-2,4,11-Dodecatrien-1-al (BPCC Oxidation of 
2E,4Z-2,4,11-Dodecatrien-1-ol) (133)  
(2E,4Z)-2,4,11-Dodecatriene-1-ol (54 mg, 0.30 mmol) dissolved in 
dichloromethane (3 mL) was stirred with 2,2¢-bipyridinium chlorochromate 
(234 mg, 0.80 mmol) for 2 hours. Preparative TLC on Kieselgel 60 
(ether/petroleum ether, 1:2) provided 50 mg (87%) of the aldehyde product: bp 
58°/0.1 Torr. 

6.1.27. Oxidative Transposition of 1,5,5-Trimethylcyclohex-2-en-1-ol to 
Isophorone with PCC (2) (85)  
To a magnetically stirred slurry of pyridinium chlorochromate (4.3 g, 20.0 mmol) 
in dichloromethane (30 mL) was added 1,5,5-trimethylcyclohex-2-en-1-ol 
(1.4 g, 10.0 mmol) in dichloromethane (10 mL) at room temperature. The 
resulting dark red-black mixture was stirred at room temperature (2.0 hours) 
and then diluted with an equal volume of ether. The ethereal solution was 
decanted from the black resinous polymer, which in turn was washed with 
ether (3 × 20 mL). The combined ethereal phases were washed successively 
with two 100 mL portions of 5% aqueous sodium hydroxide, 5% aqueous HCl 
(100 mL), saturated aqueous NaHCO3(2 × 50 mL), and dried over anhydrous 
magnesium sulfate. The solvent was removed at reduced pressure and the 
residue was bulb-to-bulb distilled to afford 1.33 g (96%) of isophorone of 
greater than 97% purity and whose spectral properties were identical with an 
authentic sample. 

6.1.28. Oxidation of Alcohols with TMACC (7) (47)  
In a 50 mL two-necked flask equipped with a reflux condenser, TMACC (2.93 g, 
15 mmol) and molecular sieves 4Å (200 mg, previously activated at 350°) were 
suspended in CH2Cl2 (20 mL). The alcohol was added to the 
magnetically-stirred suspension followed by the addition of acetic acid (0.2 mL) 
and the mixture was heated at reflux until the reaction was complete. To 
monitor the reaction, an aliquot was quenched with 10% aqueous Na2S2O3 
(10 mL), extracted with ether (3 × 15 mL) and tested for contents by using 
toluene or napthalene as the internal standard. After the reaction was 
complete, the mixture was cooled to room temperature and diluted with 
anhydrous ether (100 mL). The solvent was decanted and the brown solid was 
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washed with Et2O as it becomes granular. The product was isolated by 
filtration through Celite®. The Celite® pad was washed with Et2O(3 × 20 mL), 
the combined organic layer dried ( Na2SO4), and the solvent was removed by 
distillation at reduced pressure followed by distillation of the products. 

6.1.29. Oxidation of 
1,2-O-Isopropylidene-5-O-methoxycarbonyl-D-xylo-furanose with 
PCC/Benzene (134)  
A vigorously stirred suspension of pyridinium chlorochromate (520 g, 2.4 mol) 
in benzene (7.6 g/L) was brought to reflux and 
1,2-O-isopropylidene-5-O-methoxycarbonyl-D-xylofuranose (240 g, 0.97 mol) 
was added. After 2.5 hours, the reaction mixture was filtered through Celite®, 
and the reaction mixture and Celite® were washed with benzene (3 × 400 mL). 
The filtrate was concentrated in vacuo to 800 mL and then passed through a 
pad of silica 60 (300–400 g). The silica was washed with ethyl acetate and the 
combined filtrates were evaporated to provide the crude ketose which was 
recrystallized from heptane in 73% yield: mp 81–82.5°. 
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7. Tabular Survey 

 
Entries are arranged according to increasing carbon count of the substrate. 
 
Yields are given in parentheses, and a dash (—) indicates that no yields or 
experimental conditions were provided in the original reference. 
 
The following abbreviations are used in the table.  

Ac acetyl 
Bn benzyl 
Bz benzoyl 
DMF dimethylformamide 
DMSO dimethyl sulfoxide 
HMPA hexamethylphosphoric triamide 
MOM methoxymethyl 
TBDMS tert-butyldimethylsilyl 
TBDPS tert-butyldiphenylsilyl 
THP tetrahydropyranyl 
TMS trimethylsilyl 
Ts p-toluenesulfonyl  

 

 

Oxochromium(VI)-Amine Reagents: 
BPCC 2,2¢-bipyridine chlorochromate 
DMAPCC 4-(dimethylamino)pyridine chlorochromate 
IDC imidazole dichromate 
NDC nicotinic acid dichromate 
PCC pyridinium chlorochromate 
PDC pyridinium dichromate 
PFC pyridinium fluorochromate 
PVPCC polyvinylpyridinium chlorochromate 
QDC quinolinium dichromate 
TBACC tetrabutylammonium chlorochromate 
TMACC trimethylammonium chlorochromate  
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OXIDATIONS WITH UX~C~R~MI~M(VI)AMINE REAGENTS (Gnrirruud) 

Substrate Conditions Product(s) and Yield(s) (92) Refs. 
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OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (continued) 
Substrate Conditions Product(s) and Yield(s) (c/c) Refs. 
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OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS Kontinrrud) 

Substrate Conditions Product(s) and Yield(s) (c/o) Refs. 
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OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Cmtir~rted~ 

Substrate Conditions Product(s) and Yield(c) (c/r) Ret%. 
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OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Conrimwd) 

Substrate Conditions Product(s) and Yield(s) (c/c) Refs. 
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OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Contimwd) 
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OXIDATIONS WITH OXOCHROMILrM(VI)AMINE REAGENTS (Cotuitnred) 
Conditions Product(s) and Yield(c) (c/r) Ret-s. 
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OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Continued) 

Substrate Conditions Product(s) and Yield(s) (% ) Refs. 
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OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Corztinued) 

Substrate Conditions Product(s) and Yield(s) (%) Refs. 

PCC ( 1.5 eq), CH2C12 

rt, 3 d 
267 

MeOzC 
-0 

OH 
PCC (1.2 eq), CH2Cl2 

25’, 3 h 
MeO$ 268 

269 

270 

.-0 
MeOzCMOH 

CrO3*2Pyr, CH2CI2 

23O, 2 min @*I 

?\ . I 
MeO$Z w 

OH 
CrOp2Pyr, CH$& 

23”. 15 min Me02C + H (96) 
0 

OH 

PCC (I .34 eq), t-t, 24 h 0. 

xn O-- 0 

271 

OMe 

OH 

OMe 

PCC (65) 272 

273 

(94) 274 

(78) I55 

(-) 276 

(48) 277 

(43) 278 

(60) 279 

t-1 

(80) 

(91) 

280 

281 

282 

PCC ( 1.5 eq), NaOAc 

CHzC12 

PCC, CH2C12 

PCC(l.Seq) 
3 A mol. sieves 

CH2C12, rt, 24 h 

-OH 

-OH 

CrOp2Pyr 
-0 

H 

0 

CrOp2Pyr (7.46 eq) 

CH2C12, reflux, 12 h 

7 
0 

PCC, CH2C12 

-+ 
H 

PCC (5.2 eq), CH2C13 

rt. 2 h 

PCC ( 1.5 eq), CH$lz 

r-t, 2 h 

4 
0 

PCC (1.5 eq), CH2Cl2 

rt, 12h 

CT CH*OH r CHO PCC (2.0 eq), NaOAc 

CH2C12, r-t, 2 h 

283 

284 

MCHUGH o-,,, 
PDC (3.5 eq), DMF 

20°, I4 h 
(94) 

(99) 0 CH20H 0 CHO KC (1.5 eq), CH&l2 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Continued) 

Substrate Conditions Product(s) and Yield(s) (%) Refs. .OH a/ 0 CL (74) 
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0 

PCC, CH2C12 

OH 

PCC (2.0 eq), CH2C12,3 h (75) 288 

OH 0 

i-Pr H 

0 0 

i-Pr 
5? 

H 
CrOp2Pyr (6.0 eq) 

CH2C12, rt 
(-4 

t-1 

289 

164 &CH20H J&A/HO PCC 

CH20H Et0 I 

Yr 
PCC (2.0 eq), 1.5 h um 290 

(82) 165 OH 

i-Pr 

0 

7 

0 

i-h 

PCC (I .5 eq), CH2C12 

20°, 3 h 

HO 

OH 

O4-Y 
291 

293 

294 

PCC, CHICI:! uo (51) 
0 

+ 

CHO 
Me0 (70) 

*‘HO (65) 0 0 

X 
(J-y0 (84) 

f-6 
CHO (83 

Me0 
CH?OH PCC ( 1.2 eq), CH2Clz 

eCH20H 0 0 
X 

CrOp2Pyr (6.0 eq) 

CH2Cl2, 15 min 

Q-f OH PCC (2.0 eq), CH#z 
it, 1.5 h 

295 

14 f-6 CH20H 
0 0 

X 
PCC (I .5 eq), CHzC12 

25O, l-2 h 0 0 

X 
(O+,CHZOH CHO PCC (2.5 eq), NaOAc 

CH2C12, 2 h 
(87) 

(97) 

MO 

169 

227 mCH20H 
0 0 

x 

WCHO 

0 0 

x 

PCC ( 1.25 eq) 

3 A mol. sieves, CH& 

O/\/CH20f3 0, 0 OVCHO 

CrOy2Pyr ( 1 I .O eq) 

CH2C12, 25” 
296 

PCC (2.0 eq), NaOAc 

30 min 
(92) 297 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Corztirzuedj 

Substrate Conditions Product(s) and Yield(s) (c/c) Refs. 

OMe 

PCC ( i .O eq), NaOAc 

CH2C11. I .5 h 
105 

299 PCC 

PCC (3.0 eq). 3 A mol 

CHZCI?. rt, 90 min 

sieves 
OMe 

OMe OMe 

300 

d 0 
HO 

OMe 

PCC (I .25 eq), t-t, 24 h (72) 301 

PCC (2.0 eq), CH2Cll 

O”, 2 h BraoH Br-CHO (---I 302 

(47) 303 

c---j 304 

(-) 8 

(IW 77 

(97) 8 

V30) 64 

305 

OH 

&D 
PCC, CHzClz 

PCC 

CrOp2Pyr (6.0 eq) 

CHlC12, 15 min 

PCC (I .O eq), CH$Z12 

reflux 

Cr03*2Pyr (6.0 eq) 

CH2C13, 15 min 

-OH 

xn- L 
PCC. SiOz, ultrasound 

LyC~20H TCHO Cr03*Pyr (6.0 eq), CH&lz (70) 

(40) 

(71) 

(72) 

(-) 

cBuL 

TM/“ 

.BuL 

TMS/= 
CHO 

d 

PCC, CHzC12, rt. 2 h 

PCC ( 1.5 eq), CH&L, 0” 

PCC ( I .5 eq), CH&& 
rt, 3 h 

CrOp2Pyr (6.0 eq) 
CH$b, rt, 45 min 

306 

307 

308 
#CH~~H 

0 b X 

c9 

456 

TBDMSO- CH20H 
TBDMSO- 

CHO (-) PCC, NaOAc, CH2C12, r-t 292 

310 

Br OH Br 0 

f-1 0 \ ( 1 :ri- 0 ’ FCC, CH2Clz. 25O, 2 h 

a “OH a WV 
0 

CrOp2Pyr (3 .O eq) 
CH2C12, 20 h 351 

O- 
.CHO 

PCC (1.5 eq), CH2Cl2,26 h (65) 309 

HOH2C CH20H 

FeKOh 

OHC CHO 

FdC0)3 
(65) 

CrOp2Pyr ( 15.0 eq) 
CH2ClI, rt, 0.5 h 

QDC ( 1 .O eq), CH2C12 
r-t, 4 h 

CrOp2Pyr (6.0 eq) 
CHzC12, 15 min 

311 

sTCHO 170) 52 

8 
,a 

(96) 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Cmrinrted) 

Substrate Conditions Product(s) and Yield(s) (c/c) Refs. 

PCC (2.0 eq), Al203 
benzene. 25min. 

DMAPCC (6.0 eq) 

CH&, rt, 15 h 

PDC (2.0 eq) 

CH$&, rt, 24 h 

PCC (3.0 eq), CH2Cl2 

60-70°, 24 h 

CrOp2Pyr, CH$lz 
rt, 5 min 

PCC (2.0 eq), CH2C12 

r-t, 3 h 

PFC, DMSO 

PCC ( 1.2 eq). CHzC12 

r-t, 3 h 

PFC, DMSO 

(84) 137 

(62) 43 

OH 0 (56) 312 

05 I \ 0 

/ 

(80) 25 

9 
&a 

OH 

e4 (40) 313 

(---I 314 

(--- 76 

(66) 
CHO 

COH 
315 

76 MeCOHNoCHO (--) MeCOHN CH?OH 

8- \ / CHo CH?OH 
316 PCC ( 1.1 eq). CHzCI:! (98) 

ci!T 0 

I 

OH 
PCC ( 1.5 eq). CH,CIz 

r-t. 3 h 
317 

318 

(85) 

t--J 

t--J 

,SEt ,SEt 

cl- \ / CHo CH?OH 
PCC 

v 

0 
/ 

0 

0 

e? 
0 

0 

v OH 
/ 

0 

HO 

319 PCC. CH$&. 4 h 

320 CrOJ*2Pyr i-1 

Me0 

t--\ 

Me0 
DMAPCC (4.0 eq) 

CH$& 14 h (91) 

(90) 

43 

64 

MeoLFCHo 
PCC. SiOz, ultrasound 

Me0 

b 
\ / CHo 

Me0 
CHO 

t-j 

(96) 
0 

Me0 

b 
\ / 

CH?OH 

Me0 

PCC 321 

337 _ -- 
PCC (I .5eq). CH$Zlx 

r-t. 2 h 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Continued) 

Substrate Conditions Product(s) and Yield(s) (%) Refs. 

r”* PCC, CH2C12. 20” 323 

+ (86) PCC 324 

u36) 325 

326 

PCC ( 1.5 eq), CH2C12 
rt. 2 h 

f---J 

(90) 238 

(79) 327 

(50) 87 

C-1 328 

t---j 329 

(95) 330 

(62) 292 

(78) 331 

(47) 

cw 

332 

333 

242 

0 03 \ I PDC, CH2C12, rt, 8 h 2 c PCC (3.0 eq), CH2C12 

PCC, CH2C12, rt, 2 h m--OH 

OH 

CrOp2Pyr 

PCC 

CrO3*2Pyr 

ALI- OH b 0 

CrO3~2Pyr ( 10.0 cq) 

CHzCIz. 3 min 

PK. NaOAc, CHzCIz 

OMe OMe 

COzMe COzMe 

PCC ( I .5 eq). CH,CIz, t-t 

PDC. rt, 3 d 

CH?OH CHO 

PDC (2.6 eq). CH$I-, 

t-t, 18h 

OH 

HO 

(93) PCC ( 1.5 eq). rt, 2 h 

PDC, CH$b, O”, 1 h 334 

(~f--&CH*OH PCC, NaOAc, CH$& [)(-+*O t-1 335 

PCC, NaOAc. r-t, I h 336 I I  (85) 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (contimd) 

Substrate Conditions Product(s) and Yield(s) (%,) Ret%. 

0 

c:: 

0 

0 

PO 

-%J 
OH 

PCC (2.5 eq) 

NaOAc. rt. 1 h 
(82) 337 

A 0 
0 0 

-55 0 ’ 

CrO3*2Pyr (6.0 eq) 
CH$Jz, rt. 15 min 

(77) 338 

(88) 339 
0 0 

w 

-0 

0 F =0 

PCC (3.0 eq) 
3 A mol. sieves 

CH2CIz. r-t, I h 

OH 

O- 
00 XI? 0’ 

0 

CrO3*2Pyr (6.0 eq) 

CH$I1, 20 min 
f--J 340 

CH?OH CHO 
PCC (1.5 eq), CH$Iz 

t-t, 3 h 
(65) 139 

D h 0 

PCC (4.64 eq), NaOAc 

CH$b, rt, 2 h 
(----) 

CQ*2Pyr (6.0 eq) 

pyridine, O”, 15 min 

CrO3*2Pyr (8.0 eq) 

CH3C12, O-20” 

‘CHO (83) 

(841 

PCC (1.5 eq) (65) 

PCC (1.7 eq), rt, 3 h (55) 

341 

-CHzOH 342 

342 

343 

344 

PCC (7.0 eq), Cclitc’“? 

CH2C11. rt. I .7S h -CH?OH 345 

254 

-CHO (61) 

TOH PDC (3.72 eq), DMF, rt. 8 h (56) 

-CH?OH 
PCC (7.4 eq), NaOAc 

CH2CIz, rt. 3 h 
m  CHO (52) 209 

PCC (2.0 t’q), CHzCII 

25", 2.5 h 
(82) 346 

XCHiOH CrOl*2Pyr 347 

ACH?~H PDC (2.0 eq), DMF, O”, 2 h (81) 348 

PDC >=*=&CHO t-1 

OH 

5-‘- 
349 

255 PDC ( I .6 eq). DMF 

rt.6 h 
(701 

- -CHO (73) 
CrO3*2Pyr (6.0 eq) 

CH1C12, rt. 5 h 
350 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Conhzued) 

Substrate Conditions Product(s) and Yield(s) (93) Refs. 
OH 

& PCC ( 1.5 eq), CH2CIz (58) 258 

(83) 257 

t1w 

(73) 

257 

352 

CH?OH CHO 

B CHIOH B CHO 

FHZOH 

CD 

?HO 
PCC (4.0 eq), NaOAc 

CH2C12 

CH20H 

&C02Me &CO*Me (79) 
m (81) 

CHO 

11 
(55) 

PCC (4 eq). NaOAc 
CH$L, rt, 4 h 

353 

FCC ( 1.5 eq), CH$lz 
20°, 1-2 h 

14 

43 

354 

355 

DMAPCC (5.0 eq) 
CH$L, 24 h 

PCC (3.0 eq), 3 A mol. sieves 
NaOAc, CH2C12, rt 

PCC ( 1.5 eq), NaOAc 
4 A mol. sieves 
CH2C12! O”-r-t 

Me0 OMe 

b 

OH 
F’CC ( I .-I eq). CH2C12 

rt. 2 h 

Me0 OMe 

AL7 
0 

PCC 
-‘OH p@Jl,, (--) 

PDC (6.0 eq), DMF 

I-L 24 h 
HOofy~ (-) 

“0 

PCC I I  (86) 

HO “OH 

PCC ( 17 tq). CH2C12 
5-10”. I h 

OMe OMe 

HO& 
NHCOMe 

PCC (2.7 eq), CH?Clz 

3 A mol. sieves 
(60) 

0 

PDC. CH1C12 

(--) 

(55) 

(95, 356 

357 

HOH?C 359 

360 

361 

362 

363 

CHIOH 
0. 

x 
-fi 0 

0-- 
‘-( 

OMu 

CHO 

(75) 364 

OMc 
H 

(86) 338 

CrO3*2Pyr (6.0 eq) 

Ac20. CH2CIz 

PCC (2.0 eq). CH:CI~ 
r-t. 4 h 

365 

OH 
Br 

CrOJ*lPy r 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Conrimed) 

Substrate Conditions Product(s) and Yield(s) (%) Refs. 
OH 0 

o+ (83) 155 

NO2 

(90) 43 

(72) 43 

H 

‘(‘x 
CHO cw 366 

0 

2 / (67) 255 

o+ NO2 

PCC (2.25 eq) 
3 A mol. sieves 

CH$%, rt, 24 h 

DMAPCC (6.0 eq) 
CHzC17, 24 h cOH 

dOH DMAKC (6.0 eq) 
CH2Clz. I2 h 

“f3< CH*OH 
PCC ( I .5 eq), Celite@ 

r-t, 2.5 h 

OH 
PDC ( I.6 eq), DMF 

rt, 6 h 

PCC (2.8 eq), CH2C12, 2 h 367 

TMSbOH PDC, DMF, rt, 6 h TMS \COzH w 368 

LCH 0~ 2 
PCC 

&CHO 
(-) 164 

CrOp2Pyr (6.0 eq). CH&I, 
MeO., . 

-CHO (90) 369 

CrOp2Pyr (98) 

CrOp2Pyr (9.0 eq) 
CH&I?. 15 min (95) 

370 

371 
O-CHO 

PCC (1.5 eq), NaOAc 
CH2C12, 2 h WI 372 

CrO~~2Pyr ( 11 .O eq) 
CH$Z, 25” (75) 296 

PCC ( 1.5 eq). NaOAc 
CH2CIz, 2 h wm 

PDC, DMF >(‘yCOzH (65) 

373 

374 

PDC (1.5 eq), CHzCl2 
CHO 

[I+ 
(70) 375 

O-CH OH 2 

CHzOH 
0 

-++I 
OMe 

CHO 
0 

-+I 
OMe 

PCC, CHzCIz, 12 h (83 376 

TMS 

cc 

‘-Br 

0 

(82) PCC (1.62 eq), 2.5 h 

PDC, DMF 

377 

(61) 378 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Cor~ri/wti) 

Substrate Conditions Product(s) and Yield(s) (c/c) Refs. 

(EtO)2 \ 

(EtO)z \ 

ecHzoH 
0 

(EtOJl \ 

1% 
0 CHO 

(EtO)2 , 

:qcHo 
0 

-CHO 

LCHO 

.,A- 
(75) 

Me$n 
0 

0 (72) 

G 

(5% 

97 

PCC (I .5 eq). CH$ZIz 
rt, 16 h 

(83) 161 

(86) 161 

(85) 64 

(69) 379 

306 

380 

381 

loH PCC, SiO?, ultrasound 

CrOje2Pyr (7.25 eq) 
CH$IIz. IO min 

,.,.L PCC, CHQ. r-t. I I h 

MejSn 
u 

OH 
PCC ( I .5 eq), CH$lz 

16h 

PCC. pentane 

yo”v-k (85) I35 

0 ‘0 

PCC (3.5 eq), C6H6 
reflux. 2.5 hr 

Et 

CH,OH 

Et 
CrOp24/r ( 10.0 eq) 

CH2C12, 20°, I6 h 
403 

OH 
H 

ti 
0 

H 

PCC, CHzClz (42) 438 

Cl0 
i-Bu \(\/\/\OH 

OH r-Bu 7’“” (54) 
0 

PCC. CHzC12 
rt, II h 

306 

PCC, CH2C13. rt 473 

I I  (66) 262 

(93) 275 

PCC ( I .5 eq). Celite@ 

CHIC&. t-t. 2 h 

PCC (1.5 eq). 
3 A mol. sieves 
CH&, t-t, overnight 

HO 0 

33 
F3COCHN OMe F$OCHN OMe 

CH?OH CHO 

(23) 
PCC (I .5 eq), CH,Cl-, 

I5 min 
382 

0 
CH(OH)CH1 / 

0 
FOCb 

PCC (I .8 eq), CH&lz 
rt. 2 h m ’ \ ’ 0 w ’ \/ ’ 0 (-) 383 

139 

384 

QqJCH20H fyyHO (57) PCC ( I .5 eq), CH,CIz 
rt, 3 h 

=OH 
OH 

m. (6% CrOp2Pyr, CH$lz 

0 

;>“; 
I 

\ t-1 

/ o+ I \ / PCC, CH2C12, 2 h 385 3 cc \ K (85) 
\ 

91 
t-1 

PCC (I .5 eq), CH,Cl2 
rt, 30 min 

PCC 

386 

387 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Contirwed) 

Substrate Conditions Product(s) and Yield(s) (%I Refs. 

Ph D 
D- PCC ( I .65 eq), CH2Cl2 

i-t, 1.5 h 
(84) 388 

H D 

0 

(W 

CHO 

(55) 

(53) 

C-1 

(70) 

CHO 
0 

CHO 

OH 

PCC (2.0 eq), CH-KI? 389 

P CH?OH 

::H ‘co’ / CH20H 
2 

\ 
I 

PCC ( I.75 eq). CH?CIz 
II, I .5 h 

DMAPCC ( I .5 eq) 
CH$I?, 2 h 

PDC (5.0 eq), Celite@ 
CH2C12, 25’, 24 h 

PCC (5.0 eq), SiOz 
CH2C12. rt, I I h 

PCC (5.0 eq), CH2Cl2 
r-t, 4 h 

390 

(62) 43 

CH?OH I a I \ / 391 

391 

392 

OH 

OH 

+ 

I I 

OH 

393 PCC, CH2C12, EtOAc 

CH?OH 
PDC ( I .O eq). CH2CI2 

I5 min 
(651 394 

$&CH OH 2 
0 

OH 

(30) 

t-1 

(771 

C-1 

(90) 

394 

395 \ 

o+ / O-/O 

PCC 

,CH,OH 

PCC, NaOAc 

PCC 

396 

397 

H 
PCC (2.5 eq). 4 A mol. sieves 

r-h CH,CI?, 8 h 

Me0 Cm 7 0 

-A- 

398 

003, pyridine, HOAc 399 

400 

315 

CH?OH 

/ Br 

‘3:. 

\ 

PCC, NaOAc, CH&Iz 

PCC ( 1. I cq), CH2C12 

r-t, 3 h 

OH 

OH Cl 0 Cl 

Br 
C-1 

Br 

Br 

Br 

PCC (I .5 eq). CH&‘I,, 2 h 401 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Cotztinwd) 

Substrate Conditions Product(s) and Yield(s) (%) Refs. 

OH 
? ’ 

H 

29 

PCC 402 

i-Pr ---@HzOH i-PreCHO (72) 
DMAPCC (4.0 eq) 

CH2Clz, t-t, 14 h 
43 

OH 0 (69) 
CrOp2Pyr (4.0 eq) 

CH$& 1 h 

Et 

PhS A CH*OH 

Et 

PhS A CHO 

PCC (2.4 eq). CH2Clz 
2.5 h 

(55) 

c---) 

405 

318 

SPr-i 

CH20H 

SPr-i 

6- \ / CHo 

PCC 

HO HO 

PhU 

PDC ( I .O eq), CH2C12 

rt, 3 h 
(59) 406 

PDC M&wCHo t----J 407 

408 
CrOp2Pyr (6.0 eq) 

CH&Iz, 10 min 
1, 

(83) 

PCC ( 1.5 eq), CH2C12 

rt, 1.5 h 
(82) 

Q+ 
OH 

PCC, CH2CIz 410 

41 I 

CH?OH CHO 

CrOp2Pyr, Celite@ 
CH&Iz, 20 min 

PDC (3.0 eq), CHCI3 
reflux, 24 h 

Me0 

(4.0) Me0 
412 

’ ‘C02Me 

COzMe 

CHO 

PDC (2.2 eq), DMF 
rt, 26 h ,e; COlMe 

(63 413 

C02H 

0 

FCC, Celite@, NaOAc 
CH2C12, 24 h 

05 

‘. 
0 - 

t-1 

-_ / 
‘0 

414 

PCC (2.0 eq), CH&Iz phso2ToH 415 (---I 

Me0 
\ 

Me0 
\ 

Me0 

Me0 

CHzOH 
DMAPCC (3.0 eq) 

CHzCI,, 14 h Meo 

Me0 

(86) 43 



OXIDATIONS WITH OXOCHKO~~ILTM(VI)AhlINE REAGENTS (C’o/~tirrrrc4 

Conditions Product(h) and Yield(\) (‘L) Kefs. 

Me0 : (62) 416 

CHO 

Me0 OMe 

CH?OH 

PCC ( I .O eq). CH&‘IJ 

0”. 3 h 

CHO 

0 --OAc 0 
417 

41x 

419 

Cr03*2Pyr, CH$ZIz. 0” t-1 

CrOy2Pyr 

0 

PCC 

AWOH 420 PDC ( I .25 eq), DMF. - 10” 

PCC. NaOAc. CH,C& 

25”. 3 h 
(-) 421 

(61) 422 

(50) 423 

(32) 424 

HO 0 

* 

PCC, NaOAc. CH7C12 

1: 
I 

& 

0 OH PCC. CH3CII. 253, 2 h 

PCC 

c 2 

PDC (1.5 eq) 

PCC (2.0 eq), CH&lz 
4”. 12 h 

6) 

(48.7) 

(12.3) 

159 

159 

159 

PCC (3.0 eq). CH$&, rt t---J 

VW 

425 

238 PCC (3.0 eq), CHzClz 

0 

Y-d- / 

FCC (1.6 eq), Al203 
rt, 3 h m- (93) 137 

y-(-+H20H 
PCC (1.5 eq), NaOAc 

CH2C12, rt, 18 h 
(55) 426 

(8% 427 
FCC ( 1.8 eq), NaOAc 

CH2C12, rt, 3 h 



- 
OXIDATIONSWITHOXOCHROMIUM(VI)AMJNEREAGENTS (Conrirwd) 

Substrate Conditions Product(s) and Yield(s) (c/c ) Ret’s. 

w 

0 
C-J T9 ,-OH 

428 PDC 

0 

ti 

(70) 

\ 

OH 
PCC (2.0 eq). CH&lz 

rt. 2 h 
429 

PCC ( I .5 eq), NaOAc 

CH1C12. 2S”, 1 h 

CHO W 
fH o- CH,OH 

‘H 

431 

(84) 432 

(96) 257 

PCC (1.8 eq), CHzCIz, rt 

w ‘H 

Q3 

0 

I 

if5 
OHC 

0 

+ 
0 

B 

S 

L-Q 

0 

0 

& 
I ._/CHO 

8 

CHO 

/ CHO 

Q3 OH 

/ 
Cr03m2Pyr (6.0 eq 1 

CHIC12, rt. I h 

(-) 

(48) 

(6% 

(86) 

PCC (I .S eq), CH2Clz 

HOH,C 

HO 

+= 

PCC (8.5 eq). CH2Cl2 
r-t. 2 h 

433 

434 
HO 

IQ 

CrOje2Pyr 

_-OH PCC(I.5 eq), CHzCI-, 
rt, 1 h 

435 

436 
0 

PCC (4.Oeq), CHzC12 
rt.2 h 

CH20H 

CHO 

437 PCC, NaOAc 

439 

440 

441 

442 

PCC, CH&12+ rt, 4.5 h 

omo 6-J --OH 
HO- - 

PCC 

(94) 

CHO -i 
X C02Et PCC(2.5 eq), C&Cl2 

i-t, 3.5 h 
‘CH?~H 

OO--o--OH 
PCC 

.,c+o (84) Meo2c+-oH CrO3*2Pyr (6.0 eq) 
pyridine, rt, 30 min 

443 

191 (70) PDC ( I .7 eq), CHzC12 



OXIDATIONS WITH OXOCHROMIUM(V!)AMINE REAGENTS (ContinwJ) 

Substrate Conditions Product(s) and Yield(s) (c/c) Refs. 

.MeO?C - _ - -CH?OH 

K 

MeOIC - _ --CHO 

K 

PCC, CH,C12 (-) 264 

c OH 

0 

62 
CH,OH 

c OH 

0 

a? 
CHO 

PCC (2.04 eq), NaOAc 

CHzCI1, rt, 1.5 h 
(91) 

OH 0 

PCC, CH2C12 (75) 

PCC (78) 

(75) 

445 

446 

OH 5 0 

0 

+% 

0 
0 

CJHg-n 

PCC, CH1C12. t-t, 6 h 447 

AcO. \ 

‘OH 

AcO.. 
S ‘o- \\ 
O 0 

CrOp2Pyr ( 1.8eq j  

rt, 2 h 
448 

449 

(85) 

(92) 
AcO AcO 

PCC (5. I eq), CH$Z12.5 h 

0 

(71) 

0 

PCC (4.2 eq), CH&Jz. 2.5 h 

0 0 

(81) 

PCC (4.2 eq), CHzCL, 30 min 

AcO AcO 

449 (W 

OH 
(98) PCC (2.0 eq). CH$& 

rt. 1.5 h 
450 

t----j 
PCC ( I .O eq). Celite@ 

50°, 8 h 
451 

(0) 452 PCC. 20”. 1 h 

PDC (2.0 eq), 4 A mol. sieves 
(89) 

CH$& rt, 72 h 

N3 
453 

PCC (1.5 eq), CH$& 

rt. 3 h 

OH 455 



OXID;47‘IONS WITH OXOCHROMII MfVI)A.MINE REAGENTS (Cw~!i/rwt/) 

kFckizoH DMAPCC (6.0 t’q) 
CHgJ. I5 11 

‘\ \ --- ,CHO -I--- f8X) 43 

(72) 6-1 

(50) 87 

(-) 457 

(61) 204 

(89) 458 

0 
- -Pr-i 

0 

H 

(81) 

459 

137 

t-1 

(91) 

C---J 

(85) 

(81) 

(79) 

tw 

t-1 

460 

461 

462 

463 

64 

464 

465 

” ‘CHO 

PCC. SiO2 ultrasound 

H”xT--s CrO;*2Pyr 

PCC 

PCC (2.5 eq), CH&Iz 
45 min 

,-CHZOH a PCC, CHICtz 

PCC ( 1 .S eq). CHzCI:! 
II. 2 h 

OH 

-d-s 

PCC (2.5 eq), Al203 
hsxane. 6 h 

PH 
PCC ( I .5 eq), CH2C12 

rt, 2 h =o - -pr-; 
OH 

H 

ti 
H 

PCC ( i .5 eq), NaOAc 

w OH 
PCC 

aoH CrOp2Pyr (6.0 eq) 

CH,C12, rt, 25 min 

25 OH 

KC, SiO,, ultrasound 

PCC(l.Seq),rt, I.5h 

@ 
CH?OH 

I 
I’ CH20H 

OmCHzOH 

FCC 

PDC ( 1. I eq), CH2C12 
rt, 19h 

HO 

(53) 461 

HO 

PCC (2.5 eq), NaOAc 

CH2Cb;dioxane ( I : 1) 



Conditions Product(s) and Yield(s) (c/;) 

HO 
(70) 46X 

HO PCC ( I.5 eq). CHJCIJ 

20 min 

HO$+-+CHO (85) HOmCH?OH 
PCC ( 1.5 eq). CH2C12 

2 11 
469 

470 
HO-+--d 

PCC ( I .S tq), NaOAc 

(‘H&3,, rt. 3 h 

0 

F-6 0 (50) 
OH 

CrOj*ZPyr. rt. 18 h 

2% 
OH OH 

0 

& 

0 (31) 339 PCC, CH$ZI,, 6 h 

0 
0 ’ \ k--d- , (45) 

PH m Cr03*2Pyr, CH?Clz 

rt, IS min 
472 

MeO?C.. ,,CHzOH MeO&I.. ;CHO 
PCC. CHlC12 264 

MeO&+ (63) 475 

OH 
PCC ( I .52 eq). NaOAc 

Celite” * 2 CH Cl?. rt 5 h . - Meo2c-cf 
ou (75) 476 

178 

477 

PCC 

CHO CHzOH 
PCC, CHzCll 

QopCHO t---J 
QonH20~ 

PCC ( I .S eq), CHzCl2 

c 
0 

0 
‘13” 

CHIOH 

63 
MezN HO 

CrO3*2Pyr (6.0 eq) 

CH2C12, t-t, 30 min 
(67) 478 

(---I 

479 

480 

4 

I Me2N 

0 
0 

0 -73 
MeOCHN OMe 

(70) 

PCC, CH$& 

3 A mol. sieves 

R-X, CH2C12 (84) 275 

PCC (3.0 eq), 3 A mol. sieves 

CH2C12, rt, 14 h 
(58) 481 

FCC, CH2C12 
3 A mol. sieves 

(87) 482 

PCC (3.0 eq), 3 A mol. sieves 

CH2C12, 14 h 
(87) 483 

HO 0 

-73 
MeOCHN OMe 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (C’mrir~wf) 
- 

SubstKlte Conditions Product(s) and Yield(s) It/c ) Ret\. - 

(61) 155 PCC (2.25 eq) 
0 .3 A mol Geves . . 

CHzCI1. 24 h 

PCC, CH2CIz woH 278 

u (71) 

PCC (I .5 eq), CHzCIz 
rt. I5 min 484 

485 

0 

Y-3- 
OH 

a- 

PCC (71) 

(82) 

(83 

(83) 

137 

14 

35 

(---I 486 

w-0 487 

(91) 488 

(79) 367 

(97) 

(94) 

14 

137 

(80) 284 

PCC (3.0 eq), Al203 

hexane, 4 h 

PCC (2.0 eq), NaOAc 

CHICi2, 25” 

PDC (3.5 eq), DMF 

25’, 0.9 h --CT 
PCC, NaOAc 

--(-p( PCC ( I .O eq), NaOAc 

CH2C12, 4 h 

PCC (1.5 eq), rt, 1.5 h --_ 
CD0 KC (2.1 eq), C&Cl2 

2h 

t-Bu 0 t-BueOH 
PCC (I .5 eq), CH2Cl2 

25O, l-2 h 

OH 

- -Pr-i 

0 

-c% 
- -pr-i 

PCC (2.5 eq), A1203 

hexane. 2.5 h 

CH->OH 

(2 

CHO 

0 

PCC ( I .5 eq), CH2CIz 

CHO 

PCC, NaOAc, CH,CIz, t-t 6-J 489 

GCH20H PCC LCHO (--) 164 

<w 490 

AcO-CHO (86) 491 

492 

PCC (1.5 eq). rt, 2 h 

AcOhoH PCC 

PCC ( I .5 eq), 3 A mol. sieves 

25’, 2 h 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Continued) 

Substrate Conditions Product(s) and Yield(s) (c/o) Refs. 

WC”” 

I I 

C:@ CHO 

0 

4 

0 
t-1 

OMe 

c&yCH20H 

OMe 

‘--OH 

-OH 

TMS 

OH 

TBDMSO 
e 

CH*OH 

CII 
Me0 

~cH?~H 
I 

t-BuO NH 

7-r 
0 

NHOMe 

BnO 
CH,OH 

Br 
0 

N+CH20H 

(76) 493 

(73) 

(50) 

(93) 

494 

495 

496 

PCC, NaOAc, CH$& 

PCC ( I .5 eq). NaoAc 
rt, 2 h 

CrOy2Pyr ( IO.0 eq) 
CH$lz, O”, 30 min 

PCC, CH2C12, r-t 

376 PCC 

PCC, CH2C12 
4 A mol. sieves 

PCC (1.5 eq), CHzC12 

25’, 1-2 h 

497 

14 

I cCH0 (76) 

--CHO (92) 

-G- Pr-i (80) 
PCC (2.5 eq). A1203 

hexane, 2.5 h 
137 

498 TMS 
t-1 PDC. 0” 

TMS 

--/r 

0 01) 499 

500 

PCC (I .5 eq), I-L 2 h 

PCC. CHICI-, TBDMSO 
/l/l. 

CHO (85) 

(54) 

66) 

Me0 

PDC (3.0 eq), CHClj 

reflux, 3 h 
412 

378 
yCO?H 

I 
t-BuO NH 

v 
0 

PDC. DMF 

NHOMe 
454 

474 

501 

BnO 
CHO 

(68) 

t-1 

(-) 

PCC, CHzC12, rt 

PCC 

CHO 

Br 
0 

, \ 

ti 

N/\/cHo 
/ 

0 

(94) 64 PCC, SiO?, ultrasound 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Continwc.l) 

Substrate Conditions Product(s) and Yield(s) (c/o) Refs. 

BzoxJcH20H 

NAN 
Phq I 

NN 5 
CH20H 

DMAPCC ( 1.5 eq) 
CH,CI,. 24 h BzO -CHO (75) 43 

Me0 Ca (55) 2 
CrOp2Pyr ( 1.3 eq) 

CH$L, 15 min 
502 

u (92) CrOp2Pyr (8.0 eq) 
CH2C12, 3 h 

503 

(50) 
CHO 

PCC (I .5 eq), CH&l2 
rt, 2 h 

504 

PCC ( 1.2 eq), CH2C12 
rt, 2 h 

(48) 505 

0 

at 

I 
\ 

/ 

PCC (5.0 eq), SiOz 
CH2C12, rt. 10 h 

391 

391 

(52) 

(50) PDC (5.0 eq), Celite@ 
CH2C12, 25’, 22 h 

0 

P 

I 
\ 

/ 

PCC (5.0 eq), SiO2 
CH2C12, it, 8 h 

(68) 391 

PDC (5.0 eq), Celite@ 
CH2C12, 25’, 15 h 

(65) 391 

OH 

? \ 03 / PDC (5.0 eq). Celite” 
CH&&. 2Sc, 24 h 

391 (70) 

Bzo-l-r 
0 

PCC. CH$&, rt. 2 h (70) 506 

(69) 391 

(78) 391 

0 

(71) 391 

(76) 391 

(70) 391 

Me0 

(70) 391 

BzO-CHO (60) IS7 

Ph 

(72) 165 

PCC (5.0 eq). SiOl 

CHIC12, I-L 11 h 

PDC (5.0 eq), Cclite” 

CH2C12. 25’, 20 h 

PCC (5.0 eq). SiO? 

CH&&, 25”. 8 h 

PDC (5.0 eq), Celite@ 

CH&, 25O, 15 h 

Me0 

PCC (5.0 eq). SiOz 

CH2Ci2, 25”. 8 h 

PDC (5.0 eq), Celite@ 

CH+&, 25’, 14 h 

PCC ( 1.5 eq), CH&I? 
r-t. 2.5 h Bzo-OH 

Ph 

OH 

PCC ( I .5 eq). CH$ZIZ 

20”. 3 h 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Cotttittwd) 

Substrate Condition\ Product(s) and Yield(s) (c/c) Ref’s. 

507 

COzMe 

a I 0 

I / 
CrO3*2Pyr (73) SO8 

I4 I 
COzMe 

,CH?OH 

PCC ( 1.6 eq). CHzCf-, 

t-t. 1 h 
509 (58) 

Med Me0 

PCC ( I .3 eq).CHzC12 
O”, 5 h 

t---j 

(75) 

145 

510 PCC, NaOAc 

&02Me COzMe 

Me0 Br Me0 Br 

PCC (1.5 eq), t-t, 18 h 

Me0 Med 

PCC (3.0 eq). CH$ZIz 

(77) 511 

238 (90) 

(98) 512 

(57) 

(58) 

(70) 

C---J 

513 

514 

515 

516 

PCC 

OH 
PCC (I. 14 eq), CH2C12 

rt, 1.5 h CHO 

PCC (1.5 eq), NaOAc 

t-t, I .5 h BnO-CHO BnO-OH 

PCC 

CrOp2Pyr 

PDC (7.6 eq), DMF 

rt, 18h 
(90) 409 

CrO3*2Pyr 517 

518 

Me0 

(4 

(--) 
-O-CHO 

c$Qy e-3 

OAc 

(74) 

Me0 
PCC, 3 A mol. sieves 

CH#&, rt, 15 min 

PCC 

PCC (2.0 eq), NaOAc 

Celite@, CH2Cl2, t-t, 2 h 

519 

520 

OH 
OAc 

WH20H 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Continued) 

Substrate Conditions Product(s) and Yield(s) (%) Refs. 

$p;SO 
2 

H 
0 

QT  

OH 
0 H 

AcO H 

C02Me 

H”u&;;Me 
2 

clr, 

CH?OH 

I 

A 
Br 

CH*OH 

c5l 

& 

OH 

dr 
\ 

-C,,,H 

OH 

ok 
CHzOH 

COzMe 

-CH OH 2 

I \ 
OMe 

?Y 

CH*OH 
0 0 

Me0 OMe 

J&q 
/ OH 

PCC 

(15) PCC(ISeq),rt,2h 523 

PCC ( 1.42 eq), CH$12 

O”, 1.5 h 
524 

(95) 525 

CHO 

Br 

PCC ( 1.5eq), CH2C12 
r-t. 2 h 

036) 

(23 

i-c CHO CrO3*2Pyr, CH&& 

23’, 1 h 
526 

PCC 424 

0 

cc, 
\ 

PCC (3.0 eq), CH2C12 cw 238 

*CHO 

PCC ( 1.5 eq), NaOAc 

rt. 2 h (84) 527 

431 c3 - -‘kCHO PCC (1.8 eq), CH2Cl2, rt f-1 

(96) 

(45) 

L53 CHO 

PCC (1.5 eq), CHzCI;! 
rt. 1.5 h 257 

528 
0 ck CHO 

CrOJ*2Pyr 

COzMe 

-CHO 
PCC (---I 529 

CHO PCC, CH2C12, rt (88) 530 

PCC (75) 531 

cr 

0 

0 
. 

Xl 0 

PCC ( I .5 eq), NaOAc 

CH$12, 30 min 
(---) 532 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Continued) 

Substrate Conditions Product(s) and Yield(s) (%) Refs. 

OH 

PCC (2.0 eq), CH2C12 

rt, 16h 

OH 0 
PDC (4.0 eq), CH2Cl2 

rt, 16h 

Me’ 
OH PCC 

Me’ 

PCC ( 1.5 eq), CHzC12 
rt, 48 h 

0 

p” 
CHO 

PCC (3.5 eq), CH2C12 

rt. 1 h 
Br 

x:lqHO 
Br 

FCC (1.5 eq), CH2C12 
rt, 3 h 

Me, 
PCC or 

PDC or 

CrOJe2Pyr OAc 

PCC, CH2C12 

rt. I h 

PCC ( 1.2 eq) 

CH$&, 25” 
UCHO 

CrOp2Pyr (3.6 eq) 
CH2C19. rt, 24 h --,“r-, 

PCC (1.5 eq), NaOAc 

CH$& 20°, 5 h ‘“I,::“-: 0 

PCC ( 1.5 eq), NaOAc 

CH&&. rt. 2 h I% I 
0 

PCC (1.68 eq) 
l--v0 

OH 

H 

* 
0 

PCC (7.0 eq), CH2C12 
x-t, 2 h 

533 

-- 0 oPk “0 

PCC, 3 A mol. sieves 
CH2C12, rt, 10 h 

(9% 534 

OH 

(59) 

(59) 

(16) 

535 

535 

536 

537 (82) 

(75) 538 

(93) 455 

(0) 

(41) 

(75) 

(85) 

539 

54G 

541 

190 

(75) 542 

(97) 543 

544 

545 



OXIDATIONS WITH OXOCHROMIUM( VI)AMINE REAGENTS (Contiiwd) 

Substrate Conditions Product(s) and Yield(s) (c/c) Refx 

, 
PCC ( 1. I eq). CH&Iz, 3 h 

a 

(84) 546 

0 
H 

I I a OH 
H 

0 

63 

CHzOH 

CH?OH 

Me0 LY / 

TBDMSO 

Y T  

OH 

Qofic~?O~ 

a> 

CHzOH 
0 

v-k 0 1 

t 

i-0 
0 

d OH 

\ \ 
r 

0 

bJ OH 

C:dH{ 
-- 

x:DoH 

PH 

Y3(3 

0 

cc 

CHO PCC (2.0 eq.). CH&lz 
rt, 3 h 

(97) 547 

548 

442 

G35) 549 

(72) 178 

(88) 550 

551 

(W 551 

(8% 552 

038) 

6-J 

t-1 

(93) 

553 

554 

92 

334 

Me0 

CrO3*2Pyr (7.0 eq) 

CHICII, 3 h 

TBDMSO 0 
PCC 

QOflCHO 

PDC ( 1.5 eq.). DMF 

0”. 2 h 

FTC, CH2C12 

CHO 
C@2Pyr (6.0 eq) 

CH#&, rt, 15 min 

PCC (2.0 eq), CH~clz 

I.5 h 

PCC (I .25 eq), A1203 

CH&, 6 h 

PCC (3.0 eq), rt, 2 h 

PCC (1.5 eq), rt, 1.5 h 

CrO3*2Pyr 

-+QJ Ac 
OH OH 

CQ*2Pyr 

MeOvOMe 

0 0 

6 

OH 

cf\ N CH20H 
‘C02Et 

PDC (1.5 eq), 3 A mol. sieves 
MeOvOMe 

CH2C12, rt, 1 h 0 

PCC, CH&, rt, 8 h (85) 555 

556 
CrOy2Pyr (6.0 eq) 

rt, 15h 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Continuud) 

Substrate Conditions Product(s) and Yield(s) (c/c) Refs. 

PCC, SiO2, ultrasound 

PCC (2.25 eq), 

3 A mol. sieves 

CH2C12, t-t, 24 h 

PCC, CH2C12 
25’, 2-3 h 

TBDMSO-OH PCC. SiO2. ultrasound 

OH 
CrOp2Pyr ( 10.0 eq) 

CH2C12, t-t, 1 h 

OMe 

CH20H 

CrOp2Pyr (8.0 eq) 

CH&12,45 min 

OH 

CrOJ*2Pyr 

0 OH 

PCC (2. I eq) 

CH2CIz, 2 h 

PCC (5.0 eq), CH2C12 

O”, 3 h 

PDC (7.0 eq), DMF 

0”. 11 h 

PCC ( 1.5 eq), CH&lz 
rt, 15 min 

PCC, CH2C12, 3 h 

PCC (2.0 eq) 

CH2C12, 1 h 

PCC (1.6 eq), SiO2 

CH2C12, 6 h 

FTC 

-. . _ ,CHO 
(90) 

(83 

3 
0 

C02Me 

/ 

cc+ 

0 
0 

OMe 

(95) 

(86) 

(73) 64 

155 

(60) 563 

(W 

0 

0 \ 

( 1 
KY+ 

Ye 
N 

I 
3 

WI 

0 ’ N/ 

367 

557 

559 

(95) 560 

(55) 64 

(98) 566 

(80) 397 

521 

575 

558 

564 

565 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Continued) 

Substrate Conditions Product(s) and Yield(s) (c/o) Refs. 

P 0 
0 

43 

/ 9-f , 

P 
OJO 

CrOp2Pyr (6.0 eq) 

CH2Cl2,20 min 49 / 
0 

567 (8% 

Meo+TcH20H 
0 

PCC ( 1 .O eq) 
CH2C12, t-t, 1 h 

568 

-OH 

PCC (1.5 eq) 

CH$l2, rt, 15 min 
569 (90) 

CH20H I 

(60) 391 P I 
\ / PCC (5.0 eq), SiO2 

CH2C12, 25O, 9 h 

PDC (5.0 eq), Celite@ 

CH2C12, 25”, 18 h 

PDC (5.0 eq), Celite@ 

CH2C12, 25’, 25 h 

391 

391 

9, (63 

yH20H 

WV al I 
\ / 

OH 

O\/=/ PCC (2.0 eq) 

CH2C12, t-t, 4 h (-4 288 

(87) 

(6% 

PCC ( 1.5 eq), NazCO3 

CH2Cl2, O”. 30 min 
570 

391 
0 

PCC ( 1.5 eq), SiOz 

CH2C12, 25’, 7 h 

PDC (5.0 eq), Celite@ 

CH2C12, 25’, 12 h 
(68) 391 

CH20H 0 
PDC (5.0 eq), Celite@ 

CH2C12, 25’, 24 h 
(79) 

(60) 

391 

Me0 

CHzOH 
I 

PDC (5.0 eq), Celite@ 

CH2C12, 25”. 14 h 
391 

Me0 

PCC ( 1.5 eq) 

CH2Cl2, rt, 1 h (80) 571 

H H 

PCC ( 1 .O eq) 

CH2C12, t-t, 4 h (30) 572 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Conrinued) 

Substrate Conditions Product(s) and Yield(s) (‘%) Refs. 

O H, H / 

\ 

w 

\ a (30) 

ilk 
0 

H H 

573 PCC, CH2C12 

PCC ( I .5 eq) 
CH2C12, rt, 2.5 h 

(59) 157 

574 

BzomCHO BzO,,-,,y,OH 

PCC (1.6eq) 
CH2C12, rt, 4 h 

(55) 

C02Et C02Et 

(72) 
PCC (5.0 eq), SiO2 

CH2C12, 25”, 6 h 
391 

PDC (5.0 eq), Celite@ 
CH2C12, 25”, 13 h 

391 (70) 

OMe OMe 

\ 
0 

w 

I 
/ 

OH 
PCC (1.5 eq) 

CH2C12, rt, 7 h 
(46) 576 

OMe OMe 

P 0 
0 

% 

/ 

0 

PCC (1.5 eq), Celite@ 
CH2C12, i-t, 7.5 h 

577 (72) 

0 

0 ii 

OH 

, c- 
S02C6H5 

PCC, NaOAc, Celite@ 
CH2C12 

(74) 578 . .’ u ‘-SO&H5 

OHC OMe 
PCC (2.0 eq), CH2C12 

rt, 3 h 
(89) 579 

(80) 30 PCC (2.0 eq), (CH2Cl)2 
80”, 17 h 

OAc 
D 

D$ = w 
CHO 

D 

D 
D3C = -OH 

D 

(42) 580 

581 

PDC, DMF 

--CHO (0) e -CH20H PDC, Cr03*2Pyr 

-‘OH 

PDC (1.5 eq) 
CH2C12, rt, 4 h 

(89) 582 

& 
0 

PCC, NaOAc 
CH2C12, 25” 

(89) 584 

(66) 529 BnOxOH PCC 



- 

OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Corztinued) 

Substrate Conditions Product(s) and Yield(s) (o/c) Refs. 

0 

+ 

OH 

+ 
CiBn 

PCC (2.2 eq) 
CH-,CI1. rt, I .S h 

(82) 586 

(8N 412 

(-) 587 

OBn 

3 
MeOzC - 

PDC (3 eq). CHClz 

reflux, 24 h I’ 0 a 1 l-0 0 ,’ ai -A 0 0 Cr03*2Pyr (6.0 eq) 

CH& 

0 I 

MeO& 

OH 

/ 

i-I 

Meogy Ll 
PCC (1.5 eq). CH2Clz 

rt, 1 h 
(100) 588 

MeO$ 0 

w \ 
H 

MeOlC OH 

fB 
\ 

H 

PCC (2.5 eq), CH$& 

rt, 2 h 
(87) 429 

h 
/ O 0 
/ \ \ / 0 

OH 589 PCC, CH2C12 (70) 

FTC, rt, 2 h AcO 
AcO 

590 

591 

W) 

(70) 0 Br 

cb 

0 

H 

HO Br 

cb- 
OH 

H 

PDC (3.0 eq) 
3 A mol. sieves 
CH2C12, 20°, 2.5 h 

PCC (1.71 eq), NaOAc 
rt, 1.5 h 

0 

eb 
I ’ 

7 
S 

OH 

Me 

592 VW 

(77) 

(90) 

(4 

(55) 

tie 

t? CHO P CH20H 

593 

238 

PCC (2.0 eq) 

PCC (3.0 eq), CH2C12 

7 0 )2 OH 424 

595 

PCC 

H \ w / H \ Y-o- / 
CrOp2Pyr (6.0 eq) 

CH2Cl2, 15 min 
-CH20H -CHO 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Conrinued) 

Substrate Conditions ,, Product(s) and Yield(s) (%) Refs. 

OH & PDC ( 1.6 eq) 

DMF, r-t, 6 h 
255 (76) 

CHzOH CrOp2Pyr (6.0 eq) 
CH2C12, rt, 15 min 

CHO 
(83) 596 

/OH PCC ( 1 .S eq), NaOAc 

CH2Ci2 
597 

OH 

6b PCC (1.7 eq), rt, 1 h 598 (84) 

OH 

da 

0 d’ (-) 599 PCC 

\ 
Q I’ ’ OI 

0 

600 (85) PDC 

-- w H 
0 CrOp2Pyr, CH,Cl2 601 

LCHzOH LCHO 

0 0 

P 
i-i 

0 

. .CO*H 

0 OH 

P 
i-l 

0 
. ,CH20H 

t-1 602 PCC 

PDC (3.4 eq), DMF 

rt,l2h 
603 (72) 

604 f--j 

(82) 

PCC 

PDC (3.5 eq), DMF 

rt, 16h ch * 0 0 
\(j CL- -+ 0 0 3 L u 605 

606 (42) PCC 

OMOM 

e 

0 

F 
F 

OMOM 

(2 

OH 

F 
F 

CrOp2Pyr (6.0 eq) 

CH$& 25’, 10 h 
607 (72) 

CONMe a C02Me 

i3HO 

CONMe a C02Me 

~H?oH 

PCC, CH2C12 

rt.4 h 
608 (71) 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (continued) 

Substrate Conditions Product(s) and Yield(s) (%) Refs. 

PCC (3.8 eq), 3 8, mol. sieves 
-Joqypo ,-OH 

0 

x 0 --OH 

\ 
ci b X 

CH?OH 

CH*OH 

~nYcH20H 

n-CgH 1 TdCH13r 2 

H 
CH20H 

(fW 609 
CHZC12, rt, 24 h I-L 

0 v” 

PDC (7.0 eq), Ac20, DMF x 0 
CH2C12, reflux, 2 h 

(96) 41 

(95) 610 

(84) 135 

PCC (3.8 eq), 3 A mol. sieves 

CH2C12, rt, 2 h 

PCC (3.0 eq), benzene 
reflux, 3 h 

0 0 

X 

PDC (7.0 eq), Ac20, DMF 

CH2Cl2, reflux, 2 h 
(71) 41 

PCC (5.0 eq) 

CH2C12, rt, 5 h 
(75) 

(8% 

611 

612 
,H 0 

33 N 
I 

PCC, CH2C12 

CHO 
(59) PCC 613 

CO?Et 

,mCHO 

,mCHO 

c- 

\ 

CHO 

.-CgH,TaCHBrp 

H 

a 

CHO 

I; 
bAc 

CrOp2Pyr (6.0 eq) 

CHzCl2, rt. 15 min 
(88) 

(93) 

(94) 

(23 

614 

615 
CrOp2Pyr (6.0 eq) 

CH2Cl2, rt, 20 min 

CrOp2Pyr (6.0 eq) 

CHpCl2, rt, 15 min 
616,617 

618 
PCC ( 1.5 eq) 

CH2C12, rt, 4 h 

CrOp2Pyr, CH2Cl2 -) 619 

PDC (1.65 eq), Celite@ 

r-t, 24 h 
620 (77) 

(42) 
CrOp2Pyr (5.0 eq) 

CH2C12, rt, 4 h 
621 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Continrrrcl) 

Substrate Conditions Product(s) and Yield(s) (c/c) Refs. 

OH 

t-BuO & p0 

8 

\ \ \ OH 

(J? 

/OH 

\ \ 

MeHN CH*OH 

(3 

0 
: 

TV 

OH 

Y  
Me 

IOH 

OH 

TcTMS 

Br: 
OH 

0 

A t-BuO N 
CH?OH 

H 7 
CJH9-n 

+OH 

\ 

EtO*Ca 
‘CH20H 

OH 

A Ph Ph 

OH 

PCC (I.15 eq) 

CH,CII, rt, 2 h t-BuO 
(20) 

PCC, CHzC12 

PDC (1.5 eq), 3 8, mol. sieves 

CH&12, Ac,O 

PCC (2.0 eq), rt, 3 h 

PCC 

PCC 

PCC (3.8 eq) 

CH&&, rt, 1.5 h 

PCC 

PCC (1.6 eq). 3 k mol. sieves 

CHzCIz 

PDC 

PCC ( 1.49 eq) 

CH2C12. 23”. 4 h 

PCC 

CrOp2Pyr (8.0 eq) 

CrOl*2Pyr 

PCC (1.5 eq), rt 

PCC ( I .5 eq) 

CHQ, 25”, l-2 h 

PCC ( 1 .O eq) 

CH2C12, r-t, 4 h 

(8% 622 

(83) 

CHO a (52) 

0 
.’ B-u 0 

(68) 
N 

Me 

UCHO 

0 

e-) 

(81) 

q*“” (-) 

BrOCHO t---J 

0 
A 

-f 
CHO 

!-BuO N (64) 
H C,+H+z 

nCHO C--J 

) (-) 

Eto2cacHo (-) 
H 

0 

+ 

/ 

i-Pr 

6-4 

Qoho (80) 
0 

uw 
Ph Ph 

,, (55) 

256 

334 

623 

624 

625 

626 

627 

551 

628 

629 

630 

630 

635 

664 

684 

14 

52 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Corhmd) 

Substrate Conditions Product(s) and Yield(s) (%) Refs. 

PCC ( 1.625 eq) 
CH2Ci2, rt, 3 h 

CHO (76) CH20H 358 

F02Et F02Et 
N 

HO 

u 

\ 

N 
0 

+ 

(72) 
\ 

536 

561 

PCC, CH2C12 

OAc 

OH PCC (1.5 eq), CH2C12 
rt, 2 h 

PCC (3.0 eq) 
CH2C12, rt, 45 min 

583 

585 

OH 0 

ikr 

(-4 CrOp2Pyr 

PCC (1.5 eq), CH2C12, 2 h CHO (78) 594 OH 

0 

* 

I 
\ 

1 
CHO 

/ 

0 

0 

ox 

I 
\ 

1 
CH20H 

/ 

0 

PCC (3.2 eq) 
CH2C12, rt, 3.5 h 

(92) 631 

(58) 632 

(90) 633 

(36) 636 

(50) 637 

(87) 288 

PCC (7.0 eq), NaOAc 

9 
Q2k7 / \ PCC ( 1.5 eq), CHlC12 

rt, 2 h 

0 CO?H 

PCC (4.0 eq) 
DMF, rt, 9 h 

OH 

er 

0 

I 
\ 

/ 

PCC (I .5 eq), CH2C17 

rt, 15 min 

0 

d- 

0 

I 
\ 

D 
\ 

/ 

OH 
PCC (2.0 eq). CH2C12 

rt,21 h 

0 (98) /OH 
PCC (1 .S eq), CHzCIz 

25”. 18 h 
638 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Continued) 

Substrate Conditions Product(s) and Yield(s) (%) Refs. 

HO 

(79) 

(13 

Me0 
‘COMe 

639 
CrOje2Pyr 

PCC 

CHO 

NO2 

CH20H 

PCC (1.5 eq), CH7C12 
t-t, overnight 

(73) 641 

I  
\  

\  
\  

@ 

0 
/ 

\ 
I 

OH CrOp2Pyr (7.0 eq) 
rt, 24 h 

(96) 642 

6-J 

(97) 

(83) 

643 
FCC, CH2C12, rt 

CHO 

644 PCC, CH2C12, it, 2 h 

I 
0 

/ 

ti 
I 

I 0 

/ s,“) I 

FCC (I 5 eq), Na2COj 
CH2Cl2, O”, 30 min 

570 

0 
BzO (79) 

c-4 

c-3 

, , so2Ph 
CHO 

PCC (2.0 eq), CH$& 
rt, 12h 

288 

645 o”“““r”” 
CH20H 

Me0 , 

ti / 

OH 
BzO 

+ 

6% 
OMe 

OMe 
“CH20H 

HO 

0 

, , a , S02Ph 

/‘-- 

PCC (1.5 eq), CH2C12 
25’, 8 h 

PDC (5.0 eq), Celite@ 
CH2C12, 25O, 22 h 

391 

646 
PCC, CH2C12 

647 
CrOp2Pyr 

578 
PCC 

PCC (4.0 eq), NaOAc 
CH&12, it, 3 h 

649 

238 

(75) 

2 4.73 / PCC (3.0 eq), CH2Cl2 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Conrirrrred) 

Substrate Conditions Product(s) and Yield(s) (%‘G) Refs. 

HO 

: 

a 
COzMe 

mCHzOH 

PCC ( 1.5 eq), CH2C12 
t-t, 30 min 

t-1 650 

COzMe 

=CHO 

PCC ( 1.5 eq), CH$& 
rt. 1 h 

(90) 651 

0 

PCC, CH2C12, I-L 2 h 0 

=QP 

HO 
\ 

652 

653 

653 

(97) 

(73) 

(14) 

PCC, CH2C12, i-t, 4 h 

0 

*I /JQ 
0’ 

0 OH 

PCC (4.0 eq), NaOAc 

rt,20 h 
656 (91) 

0 OH 

/ 

e : 
i>’ 

COzMe 

/  

.  
.’ 

@ 

C02Me 

PCC (4.0 eq), NaOAc 

CH2C12, rt, 2 h 
(99) 

cw 

657 

CrOp2Pyr (5.0 eq) 

CH-#& 5 min 
658 

PCC (1 .l eq), CH2Cl2 

II, 3 h 

OH QT 0 

0 3 

659 (58) 

0 
PDC (1.5 eq), DMF 

rt, 18h 
660 (61) 

(58) 

(60) 

Et02C 0 

0 

w 

0 
0 

CaHy-n 

EtO$ OH 

0 

-i-: 

0 
0 

CJH9-n 

PCC, CH2Clz, rt, 8 h 447 

OH OH 

661 PDC 

OMe bMe 

CHO 

PCC (1.6 eq), CH2Cl2 

rt, 3 h 

H I 
C02Et 

144 W-0 

H -I 
C02Et 

0 OH 

662 PCC, CH2C12 (---I 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Continued) 

Substrate Conditions Product(s) and Yield(s) (96) Refs. 

OH 
i-P; 

P \ I .‘OH 

I 0 

C8H I 7-n 

OH 

CD CH20H 
0 

OH 

Me0 

OH 

3 3 --_ 
0 

‘\ 
OH 

/-? OH 

0 0 

$.. 
CHzOH 

/ 

/OH 

0 
CD 

c 0 H 

OH 
0 

MB 0 
H 

0 0 

w 
0 OH 

0 

A 0 

PCC ( 1.5 eq), rt, 2 h 

Cr03*2Pyr (6.0 eq) 
CH2C12, r-t, 15 min 

PCC (2.0 eq), 4 A mol. sieves 
CH2C12, 30°, 1 h 

, I 
Pr-i 

(45) 663 

PDC (I .5 eq), CH2C12 
rt, 4 h 

(89) 582 

PDC (3.3 eq), CH2C12, 20 h 

PCC (2.57 eq.), NaOAc 
rt, 15 min 

t 0 

C8H I 7-n 

0 

FCC (1.5 eq), CH2Cl2 
rt, 2 h CHO 

0 

PCC, DMF, CH2C12 

Me0 

PCC (2.0 eq), 4 A mol. sieves 
CH2C12, rt, 4 h 

(74) 

(34) 

(4 

(4 

(4 

PCC i.2.0 eq). 4 A mol. sieves 

CH$&. rt. 4 h 
(70) 

(98) 670 

(90) 

PCC (3.0 eq), NaOAc 

CH$&, 8 h 

PCC (5.0 eq). CHlC12 

rt, 6 h 

0 

H 

0 0 

0 0 

0 

CHO 

(74) 

(34) 

(---) 
U-. OMOM 

665 

666 

667 

668 

669 

669 

671 

672 

673 

674 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Continued) 

Substrate Conditions Product(s) and Yield(s) (%) Refs. 

OEt OEt 

PDC ( I.4 eq), CH932 
48 h 

HO ‘-O*CBu-t 

(84) 

(72) 

675 

,,C02Et 

CrOp2Pyr ( 12.5 eq) 
CH2C12, rt, 15 min 

676 

COzMe 

w 

C02Me 

oW 

PCC, CH2C12 
reflux, 4 h 

202 

OH 

0 NO2 

0 

P 4 
OWN,, 

PCC ( 1.5 eq), CH2C12 
rt, 1.5 h 

677 

OH 
Pr-i 

0 
Pr-i 

(83) PCC, CH2C12, rt. 3 h 678 

OH 
H 

al I 

0 
H 

05 

(95) 

I 

CrOpHMPA 679 

CH20H CHO CrOp2Pyr 

PDC 

680 

681 

(71) 

(63 PCC (3.0 eq), 3 A mol. 
sieves, CH2Cl2, rt 

PCC (2.5 eq), CH$lz 
rt, 1 h 

PCC, SiOz, ultrasound 

PCC, CH2Ci2 

PCC, CH2C12 
3 A mol. sieves 

CrOp2Pyr (6.0 eq) 
CH2C12, 20 min 

PCC (5.0 eq), CH&lz 
23’, 1.5 h 

682 

(83) 683 

64 

Me02C2OH Me02CCcHo 

TBDMSOv.. 
--OH 

TBDMSO.,/-. \ 

o= 
0 (61) 

PY OMe 
OH 

TMS OMe 

OMe (63 685 

TMS OMe 

TIPSOd 
(75) 

TIPSOd 
686 

728 (92) \ \ 
OH 

\ \ \ 

8 

0 t-1 801 



OXIDATIONS WITH (~XoCHKOMIUM(VI)A~~INE REAGENTS (Cmrirwc/) 

Subhtratcs Conditions Product(s) and Yield(b) (% ) Kcfs. 

OH 

PCC, CHzCIz. 2O”, 16 h CO$le 

MeO$.Z MeO?C 

BnO CH?OH 
DMAPCC, (6.0 eq) 

CHzC12, rt. 1.5 h BnO CHO 

cl? p: CO*Et PCC (1.6 eq), CH&& 
rt, 1 h 

gQ \ / PCC ( 1.5 eq). CH$L, 8 h 

OH 
PCC (2.0 eq), NaOAc 

CHzCII. r-t, 4 h 

NHC02Bn 

-CH20H 

CrOj*2Pyr ( 10.0 eq) 
Celite@, CHzCIz, 

\/\/OAc 

(68) 634 PDC. CHIC&. 24 h 

(30) 648 

(88) 43 

144 

251 (92) 

(93) 

(67) 

543 

562 

0 4 CdQ2Pyr (32.0 eq) 
reflux. 26 h 

654 

655 

(41) 

(85) PCC ( I .8 eq), CH$&, rt 

(34) 687 
PCC ( 1.5 eq), CH&l2 

rt, I h 

(50) 
0 OH 

688 

689 

PCC 

0 

BzO 

OH 

BzO 
FCC (1.5 eq), NaOAc 

CH2C12 
(58) 

690 

(86) 691 

0 

4 

F 
(93) 

0 
Ph 

\ 
H 

-k? 
N 

0 

OH 

6 t 

HO 

PCC, CH2C12, DMSO 

Ph 

PCC (2.0 eq), CHzC12 

25O, 6 h 

OH 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Cowiuud) 

Substrate Conditions Product(s) and Yield(s) (c/c) Refs. 

SPh OH I PCC (1.5 cq), CHzClz 
rt. 2 h 

SPh 0 

(92) 256 

OH 

/ 
PCC (I .S eq), 3 A mol. sieves ox \ I 0 

CH2CIz, rt, 1 h 0 

MeO, Me0 

(95) 692 

PCC, Celite@, CH$& 
20°, 2 h Q ,--, oncH:6) E:Z - 4: I 693 

OH 0 
C-1 694 PCC 

0 I 
0 

/ 

ti 

OH 

Pr-i Pr-i 

695 CrO3*2Pyr 

PCC (I .5 eq), Cc,Hb 

reflux, 3 h 

PDC (I .5 eq), DMF, rt. 4 h w9 

(96) 

@3 

696 

697 

698 PCC 

rb CH20H \-I t% CHO ’ ’ 

CrOp2Pyr, CH2Cl2,25” (95) 323 

642 

570 

CrOp2Pyr, CH2C12 
rt, 1Omin 

OH 
PCC ( I .5 eq), Na$OJ 

CH$$, 30 min 

OH 0 
0 

a / 
PCC(l.7eq),rt,3h (75) 699 

,CH*OH ,CHO 

CrOp2Pyr (67) 701 

Pee (1.52 eq) (73) 702 

OMe 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Continued) 

Substrate Conditions Product(s) and Yield(s) (%) Refs. 

PCC. 3 A mol. sieves, 3 h 

PDC, DMF t-Bu IGH C-1 

0 

Cr03*2Pyr (8.0 eq) 
rt, 1 h tie 

H 

PCC (2.0 eq), CH2C12 
24 h 

-0 oc ==c 
COzMe 

OMe 

OH 

PCC 

0 

\ 

4 

t-1 

MeoqJ-cH20H 
PCC (I .5 eq). rt, 1.5 h 

CHO 

PcC, CH2C12, 23” 
0 

(92) 

PCC (1.8 eq), 3 w mol. 
sieves, CH$&, rt, 30 min 

CH*OH 
PCC, CH2C12 

OMe 

CrOp2Pyr (8.0 eq) 

CH$lz, rt, 30 min 

Pr-i Pr-i 

PCC (3.0 eq), NaOAc 

CH$&, O”, 3 h 

OMOM OMOM 

--OH 
PCC ( 1.5 eq), 3 A mol. 

sieves, r-t, 2.5 h 

PCC, NaOAc, CH2C12 

(60) 65 

378 

(30) 704 

(46) 705 

706 

CHO 
(66) 707 

708 

709 

710 

(83 711 

(84) 712 

(75) 713 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (C;~t~tit~wd) 

Subwate Conditions Product(s) and Yield(s) (c/; ) 

CrOj*2Pyr. CHzCIz 

rt. 30 min 
714 

0 
H 

cw 

0 

0 0 
H 

0 
cYyb-0 715 PCC (73) 

)nJ=TONM,, /Jaylo,,: CrOj*2Pyr ( 10.0 eq) 

CH$& rt, 3 h 

(65) 

342 

JTJTONMe* j3J=TONMe2 DMAPCC ( IO.0 eq) 
CHzCIz, 3 h 

342 

Cr03*2Pyr (6.0 eq) 

CH2CIx, O”, 1.5 h 
717 

718 

(--> 

(90) 
~CH?OH 

PCC ( I .53 eq). CH,CI1 I 0 m / 
I 

I  OH 

PCC ( I .3 cq), 4 A mol. 

sieves, CHzCl2. 30°, I h 
(65) 663 

(75) 719 

(72) 720 

(85) 721 

034) 722 

(W 

(75) 

e--1 

723 

663 

724 

i-P; 

i-Pr\ . 0 

a 

PCC, pyridine 

OH 

J3 
/ 

PI-4 

0 

G 
/ 

Pr-i 

FCC, NaOAc, CH2Cl2 

PCC, 22’, I .5 h 

CrO3*2Pyr (6.0 eq) 
CHxC12, rt, 10 min 

p-i , Pr-i 03*24/r (6.0 eq) 
20 min I m i-Pr 0 

PCC (1.5 eq), 4 A mol. 
sieves, CH$12,30”, 1 h 

OH 
I !  

w 
l-i H 

PCC, CH2C12 
20°, 0.5 h 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Corz~irwd) 

Substrate Conditions Product(s) and Yield(s) (c/c) Refs. 

P OH 

--- _-- 

@- 
OH 

1 OH 

HOH$ 
I H I -- 

<Q .’ li 
OH 0 

w .H e , ,’ 
HO 

H OH 
Me0 

OH 

0 0 I 

Q H 
OH 

0 0 
: 

03 

OH 

I 
’ I 

0 

m 

OH 

Cr03*2Pyr (4.3 eq) 

0 CH$12,30 min 

0 

PCC, NaOAc, CH&I-, 

PCC, CH$& 

--- _*- &- 0 

PCC (4.2 eq), 4 A mol. 

sieves, CH2C12, O’, 30 min 

THO 
1 H 

PCC, CH$%, Celite’, rt 

PCC, CH,C12, rt, 2 h 

CrOj*2Pyr (8.0 eq) 
rt, I5 min 

PCC (3.0 eq), CH&12 

2h 

PCC (6.0 eq), CHzC12 
rt,2 h 

PCC (2.0 eq), CH2C12 

25”, 1 h 

CrOp2Pyr (6.0 eq) 
CH$Z12, 15 min 

CrOj*2Pyr (2.0 eq) 

0.5-l h 

PCC (3.0 eq), NaOAc 

CH2C12, 5”-rt, 6 h 

0 

0 

0 

(-.I 725 

(86) 726 

(60) 663 

(57) 262 

(85) 727 

(9 729 

H 0 
Me0 

0 0 

Q H 
0 

O 0 
SF 0 

0 

(77) 

(93) 

(63) 736 

(89) 730 

(83) 731 

(92) 732 

w 733 

734 

735 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (C’mtirzued) 

Substrate Conditions Product(s) and Yield(s) (c/cl) Refs. 

t-BuO,C 

(81) 738 
r-Bu02C 

0 

t-BuO& 
7 

t-BuO?C 
,kH CH?OH 

CHzOH 

* 

\ 
OAc 

N\ 
0 TBDMS 

I’ -CHzOH 
Br 

a- 
Pr-i 

%FI; 

PCC (2.0 eq), CH2C11 
r-t, l2h 

PCC (I .5 eq). CH$l2 
rt. 30 min 

CHO 
OAc 

(60) 

PCC (I .5 eq), rt, l h Br 

PCC 

I I I 

co I CH?OH 
i-P; 

PDC (2.1 eq), CH2Cl2 
30”. I h 

I 
i-P; 

HOH,CmH20H 

t-Bu 

+a 

OH 
. 

Bu-t 

CrOp2Pyr (5.0 eq) 
BaO, 5’, 3 h 

PCC (2.4 eq) 

CH?OH 

6 

/ 
f” CHO 

PCC (3.0 eq), NaOAc 
4 A mol. sieves 
CH2Cl2. rt, 25 min 

OH 

CH*OH 
H 

6 
OH 

HO 
L- 

0 # 

ti 
H: I 

/ G-2 
0 

CHO 
H 6 

0 

PCC (2.0 eq), CH&l2,20” 

H 
MOMO. \ 

Q3 

OH MOMO. _ 0 
PDC (2.0 eq.), DMF, O”, 3 h (90) 

OH 0 

TBDMS 

739 

740 

741,742 

(50) 
CHO 

663 

743 

103 

0 Bu-t 

Bu-t 

744 

744 

745 

746 

PDC, DMF, 0” (89) 747 

PDC (3.0 eq), DMF, 10 h 748 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Continued) 

Substrate Conditions Product(s) and Yield(s) (%) Refs. 

%OH PCC ( I .5 eq), NaOAc 
CH2C12 hCHO (80) 749 

@CHO (79) 750 )OH PCC ( 1.44 eq), CH&lz 
rt, 2 h 

QoJ3JH20H PCC (2.8 eq), NaOAc 
CH2C12 QoJ3JH0 

C02H 

VW 751 

TBDMS, 

CH20H 
PDC (5.0 eq), DMF 

rt, 15h 

PCC (1.5 eq), NaOAc 
CH2C12, rt, 6 h 

(91) 752 

OMe 

(63) 826 

(94) 819 
OH PDC (1.5 eq), DMF 

25', 19 h 

0 

,TMS TMS 
0 

I KC, I 

PDC (I .5 eq), CH2C12 
rt,94 h 

(75) 1038 

(91) 
CrOy2Pyr (6.0 eq) 

CH2Cl2, 15 min 
348 

OH / 
PCC (1.5 eq). CH?C12 

25".2.5 h 
(46) 

H w \ / 
\ \ \ 

772 

\OH 

PCC (3.0 eq), NaOAc 

3 A mol. sieves 
to (76) 815 

I;I 
CHO 

Y 
C02H (61) CrO3~2Pyr, r-t. 24 h 700 

Pr-i PDC, CHzCI,, i-t. 6 h 

Me Me 

Pr-i (80) 716 

0 

0 I ’ , ’ ++F 0 t-1 
0 

0 

PDC 737 

CHO 
/ 

PCC (2.0 eq). rt, 1.5 h 
Q---p 

753 (86) 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Continued) 

Substrate Conditions Product(s) and Yield(s) (so) Refs. 
0 

m 

I 
\ 

I 
/ 

OH 0 OH OH 0 OH 

PCc (2.5 eq), CH2C12 
rt, 4 h (76) 754 

6-3 755 

(56) 756 

FH20H FHO 

Cr03-2Pyr (7.6 eq) OqJ-OBz 
CO*Ph 

iI 

0 
+Y 

0 HO 

F”Ph 
N 

OH 
PCC (I .5 eq), Celite@ 

rt, 26 h 

PVPCC, CH2C12, rt, 7 d 

PCC 

HO 0 (82) 

*.Me (0) 

756 

757 

OH 0 

NPh 

SMe 

0 

BH3 0 
Ph.; (72) 

Ph’ 

BnO 

CrOp2Pyr (6.0 eq) 
rt, 15 min (20) 758 

OH 

% 

NPh 

MeOzC 
SMe 

PDC (2.0 eq), CH2C12, 7 d (48) 759 

PDC (I 2 eq), CH2C12 
r-t. 36 h. (98, 

(63) 

(32) 

760 

N .COzBn 

HO 

OH 

FTC ( I .5 eq), CH2CI, 
t-t. 2 h 761 

762 

763 

KC (2.7 eq), NaOAc 

203, 17 h 

FTC, CH&& 

PCC (3.5 eq). CbH6 
reflux, I .S h (82) 

WI 

(68) 

(78) 

13s 

Me0 OMe 

KC (4.0 eq). 40”. 3 h 22 

HO OMe 

OH 

PCC (4.0 eq). CH2CIz. 40” 22 

764 
PCC (2.0 eq). CH2CII. 

rt. 5 h 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Conrhued) 

Substrate Conditions Product(s) and Yield(s) (c/c) Refs. 

OH 

PCC. CHzC12. rt. 3 h (90, 765 

PCC 766 (75) 

\ CHO w \ CH?OH w 767 PCC t-1 

(---I 

(67) 

768 PCC, CH2C12 

\ &!I \ 
0 / 

0 I 

t 

PCC (2. l eq), CH2Cl2 
20°, 1.5 h 

769 

Ho \ xgl / 
0 

PCC ( 1.5 eq), CH2C12 
rt, 2 h 

WV 770 

h--i 

HO 

Pr-i 

0 

0 

429 H’ / 

0 429 I-i / 

PCC (56) 771 

0 

\ 

AcO 
w 

0 
AcOp 

PCC (3.0 eq), DMSO (26) 773 

PCC ( 1.5 eq), NaOAc 
CH2C12, rt, 2 h (@) 

(93) 

(30) 

774 

TsO TsO 
003*24/r (7.0 eq) 

CH#&, r-t, 30 min 
776 

h \ I PCC, CH2C12 777 

+ 
OH 

PCC (2.0 eq), CH2C12 778 c-1 

(26) 43 
DMAPCC (4.5 eq) 

CH2C12, 2 h 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Continued) 

Substrate Conditions Product(s) and Yield(s) (%) Refs. 

PCC ( 1.5 eq), NaOAc 
CH2C12, rt, 3 h 

(89) 779 

CH20H 
(67) 780 PDC ( 1.5 eq), 

CH2C12, 20 h 

OH tEf 1 I 

PCC(l.Seq),rt,2h 782 

c--) 783 

(83 784 

(W 785 

PCC, CH2C12 

PCC (1.5 eq), CH2Cl2 

rt. 3 h 

OH 
003*24/r ( 10.0 eq) 

CH$l2,6 min 

CHO CH20H 

PCC (4.0 eq), CH2Cl2 

O”, 16 h 
786 c-4 

(79) 

(73) 

(91) 

t-1 

(86) 

HO CH?OH 0 CHO 
i-Pr 

PCC (3.0 eq), CHzCl2 

II. 2 h 
787 

i-Pr 
I 

FQ OAc 
i-Pr 

HO 

0 

OAc 
i-Pr 

CrOp3,5-DMP (6.0 eq) 

CHIC12, 30°, 30 h 663 

788 
PCC (3.0 eq), NaOAc 

CH2C12 

789 

791 

CrO.v2Pyr, CH&, 6 h 

0 

5L 

0 
0 

: 

PCC ( 1.5 eq), CH2Cl2 

rt, 24 h 

P OH 

OAc 

PDC, CH2C12, 72 h 784 

785 

792 

OAc 
PDC (3.0 eq), CH2C12 

rt, 10h 
1, 

(95) 

H ,O 

+J?kH 
OHH ’ 

PCC, NaOAc, CH2Clz, 1 h 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Conrimed) 

PCC, CH$&, 25” 

Qco2Me PCC (-3 794 

OH 0 

PCC, CHzC12. rt (84) 

t-4 

(81) 

(51) 

(60) 

(95) 

(91) 

795 

TIE+ 
OMe 

FOzMe 

q)cY 
dMe 

PDC 796 

OH CrOp2Pyr 87 

\ I;” OH 

I I 

PCC, NaOAc, CH2C12 

16h 
797 

mH20H mHo PDC (1.5 eq). CH$Iz 

rt. 15 h 
798 

8 

OH 

69 k 

i-Pr 

CrO3*2Pyr (6.0 eq) 

CH$ZI,. rt, 15 min 

i-Pr Cr03*2Pyr (6.0 eq) 

rt, 15 min 
799 

H 6 \ 
0 ‘\ 

(72) 800 

Hd ‘\ 

4 0 

CrOp2Pyr (6.0 eq) 

CH2Cl2, rt, 15 min 
8 

Pr-i h--i 

CrOp2Pyr, CH2CIz 
23’, 8 h 

106 (90) 

(6.6) A PCC (4.0 eq). CH$ZI? 
IT.  1.5 h 

18 

802 !1 (6.2) 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Continued) 

Substrate Conditions Product(s) and Yield(s) (c/c) Refs. 

CH?OH 0 
I / 

c@ Ii 

PCC (1.7 I eq), CH&Iz 
rt, 25 min 

(72) 780 

(88) 803 

OH 0 

c-:“!‘ 

+ 

/c) 0 0 

CrO~*2Pyr (6.0 eq) 
CH2Cl2, rt, 15 min 

OH \ b 0 

COzMe 

CrOj*2Pyr (5.0 eq) 
t-t, 15 min 

(82) 804 

(71) 805 

COTMe 

KC, 403 
3 A mol. sieves 

(COzMe \COzMe (6 * ) 
PDC (3.6 eq), DMF 

20”. 9 h 
806 

807 

CH20H CO?H 

PCC (6.0 eq), NaOAc 
CH2C12, 11 h 

OH 

(fW CKQ2Pyr (6.0 eq) 
CH2C12, rt, 15 min 

8 

TBDMSO 
OH 

0 

TBDMSO 
0 

0 
PCC, NaOAc, CH2C12 (48) 808 

(98) 810 

(76) 811 

F-3 812 

(85) 813 

c--4 813 

PCC (2.0 eq), NaOAc 
25’. 2.5 h 

CH20H 
/ CHO 

i-Pr CrOp2Pyr 

wCH20H 

NHC02Bu-r 

0 b X 
+C02H 

0 b 

NHC02Bu-r 

X 
PDC 

cCH20H 
aCHIOH \ \ 

cCHO CrOp2Pyr (6.4 eq), 
CH2C12, r-t, 5 h 

PCC (1.5 eq), rt, 15 h aCHO 
a \ \ . , Y cc> \ (61) \ \ , CrO3*2Pyr (8.0 eq) 

CH2C12, rt, 10 min 
814 

I  CH20H I  CHO 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Conrinued) 

Substrate Conditions Product(s) and Yield(s) (‘%‘c) Refs. 

OH CrOp2Pyr (2.0 eq) 
CH2C12,5 min 

I 

CH20H 

PCC 

i-P: 

PCC (2.0 eq), 3 A mol. sieves 
20°, 8 h 

PCC (1.33 eq), CH2C12 
O”, 3 h 

PCC (2.5 eq), NaOAc 
CH2C12, rt, 2 h 

PCC 

PDC (I 5 eq), 3 A mol. sieves 
CH2C12. t-t, 2 h 

OTBDMS 

OH PCC (2.0 eq), NaOAc 
CH2C12, r-t, 2 h 

TBDMSO 

OH 

TBDMSO 
PCC (1.5 eq), CH2C12 

(n-Bo)$n 
-CHzOH PCC 

FCC ( 1.5 eq), NaOAc 
CH2C12, 2 h 

PCC 
CH20H 

CrOp2Pyr (6.0 eq) 
O”, 2h 

cl6 

OBn 

PCC (1.5 eq), Celite@ 
CH2C12, rt, 3 h 

OH 
TBDMSO FCC, CH2C12, 45’, 3 d 

OBn 

PDC, DMF, rt, 24 h (76) 816 

0 
(33) 

/ \ \ ?n% t--j 
i-P: 

xfik 0 

\ 

c5 CHO 

K,~rHz,~cHo 

\ CHO 

+ 

I 
(74) 

OTBDMS 

\ 
0 

TBDMSO Jo 

0 

TBDMSO 
+ y-J- 

(n-Bu)$n 
,,,CHO 

CHO 

/ 

h 
I \ 

N 
O2N 

C02Bu-t 
H 

(-) 

(75) 

(98) 

(99) 

(82) 

(80) 

(55) 

(62) 

t-1 
+CHO 

CHO 

(48) 
0 - -0Bz 

OBn 

rz 

/ 
I 

(77) 

CHO 

0 
TBDMSO 

4 
(80) 

OBn 

817 

818 

820 

821 

822 

823 

824 

825 

827 

828 

888 

934 

1072 

345 

454 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Conhued) 

Substrate Conditions Product(s) and Yield(s) (%) Refs. 

Ph/\/ 
NHTs 

(75) 1054 
CHO 

KC (3.0 eq), CH?CIz 
25”. 3.5 h 

0 

0 I I 325 \ 
0 

PH 
0 I I 

929 

\ 
0 

775 PCC (6.8 eq), CH2C12, 1 h (47) 

(87) 

t---j 

(74.5) 

(--) 

(45) 

/ Jd PCC, CH2C12 781 

CHO 
yO?Me 

CH20H 
YOzMe 

Q 0 “*“OH 
PCC, NaOAc, 3 A mol. 

sieves, CH2C12 
790 

OH 

829 PDC (4.2 eq), DMF, 
r-t, 3 h 

i 
CHO c CHzOH 

830 PCC I \ 0 s \ w / \ 

r;’ 

PDC (1.1 eq), CH2C12 
20°, 18 h 

831 

CN 

0 

* 

I 
/ 

\ 
I 

PCC (2.5 eq), CH2C12 
rt, 4 h 

OH 0 OMe OH 0 OMe 

(74) 754 

0 OH 

OMe 

HO 

0 OH 

OMe e-1 

HO 

PCC(l.1 eq),rt,6h 832 

“,rchg-J +z&o (99- loo) 
Ph 

x- 

CH20H 

Ph CH20H 
PCC, CH2C12 833,834 

&JJo (91) 

B 

PCC (2.0 eq), CH#& 
rt, 2.5 h 

835 

836 :: 
Pho;pLOwCH20H 

PhO 
Pho~pLO/\/\CHO 

PhO 
c--j PCC ( 1.5 eq), NaOAc 

CH2C12, 3 h 

(16) PCC (2.3 eq), NaOAc 
CH2C12, 20°, 16 h 

831 

Me Me 

Bz? 8 , I \ I 
(50) 

PCC (3.0 eq), CH2Cl2 
r-t, 3 h 

837 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Corzhzued) 

Substrate Conditions Product(s) and Yield(s) (%) Refs. 

:: 0 

PhHS 

* 

t-1 838 

0 

Bn‘NccHo t-J 839 

Ph 

(58) 455 

(66) 772 

Ts CHO 
(69) 345 

t--3 841 

1, (30) 842 

0 

(83) 843 

OBn 

(80) 844 

-H;,., (58) 
‘CO2Me 

510 

PCC (8.0 eq), CH2Cl2 
rt, 20 h 

OH 

Bn‘NcH20H 
PDC 

OH 

Ph 

PCC (1.5 eq), CH2Cl2 
t-t, 3 h 

PCC, CH2C12, 25’, 2.5 h 

PCC (7.0 eq), Celite@ 
CH2C12, r-t, 1.7 h 

CrOp2Pyr 

CrOy2Pyr (6.0 eq) 
CH2C12, 2 h 

PCC, NaOAc 
: I;I 

BnOk 

I 0 -- 0 
. 
‘0 

OBn 

PDC (5.0 eq), NaOAc 
rt, 2 h 

mrc 
‘C02Me 

PCC, NaOAc 

348 PDC (2.0 eq), DMF, O”, 2 h 

PDC (27.0 eq), DMF, t-t, 4 h 845 

846 

OH 
PCC (1.5 eq), CH2C12 

25O, 10 h 

0 

(72) 

CP OBn 

OH 

PCC (2.0 eq), CH2Cl2 
rt, 1 h 

OBn (63) 847 

849 
PCC (1.12 eq), NaOAc 

CH2C12, 4 h 

OMe 
(46) 

PCC (1.5 eq), 3 A mol. 
sieves, DMF 

850 

‘OMe ’ 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Contiiwd) 

Substrate Conditions Product(s) and Yieid(s) (%) Refs. 

PCC, CH2CIz, rt. 4 h 

MOM0 

851 (--) 

(91) 852 

t---J 378 

854 

(78) 855 

(75) 856 

(97) 848 

(57) 857 

(82) 858 

(98) 859 

860 

(f-W 861 

G-3 862 

OH 

CrOp2Pyr, CH2C12, 8” 

Ph TCH~~H 

NHCO?Bu-r 

Ph TC02H 

NHCO*Bu-t 
PDC, DMF 

AC? NHCOMe 

Aco+i? 

AcO 
PCC, PDC 

vY6 
OHH OH OH 0 

Ph 
CrOp2Pyr, CHzC12 

O”, 40 min phti 
PhS yoH PhS To 

I PCC (1.5 eq), rt. 2 h 

CH20H PCC (I .7 eq), CH2C12 

r-t, 2 h 

/OH 0 *. 

c 

I - 

ti 

0 

0 
CrOp2Pyr (22.0 eq) 

CH2C12, O”, 6 h 

PDC (3.0 eq), 4 A mol. 
sieves, CH$12, 

23’, 30 min 

/ 
S 

a c S I A I 0 

PCC (2.3 eq), NaOAc 

CH2C12, rt, 3 h 

,OAc 

(66) CrOp2Pyr ( 10.0 eq) 

CH2C12, 16 h 

OH 0 

0 

435 

+--L 
0 k 

PCC (2.05 eq), NaOAc 

CH2C12, rt, 3 h 

OH 

PCC, CH2C12, 25” 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Conriiwrd) 

Substrate Conditions Product(s) and Yield(s) (%) Refs. 

c 
c 
/ 

C6HI 1-c 

HO 
+ 

OH 

ChH, ,-C 

OTBDMS 
HO 

MCHUGH 

=HzOH 

OTBDMS 
/ 

(: 
OH 

OTBDMS 

@ H 
HO 

OTBDMS 

05 
: H 

HO 

OH 

w Ii 
OTBDMS 

CrOp2Pyr, CH2C12, rt 

PCC (I .5 eq). 20°, 3 h. 

PCC (I .5 eq), NaOAc 
CH2C12, rt, 2 h 

PCC, I h 

PDC (6.0 eq), 3.5 d 

PCC (I .7 eq), NaOAc 
CH2C12, rt, I h 

CrOp2Pyr, CH2C12 

PCC (I .4 eq), CH?CI2 
rt, 2 h 

PCC ( I .5 eq), NaOAc 
CH2C12, rt 

PDC 

PDC (2.0 eq), CH2CI2 
O”, IO h 

PDC (I .5 eq), CH2CI2 
O”, 4 h 

PDC (I .5 eq), CH2CI2 
rt, overnight 

CHO I 

c 
/ 

C(jH, 1-c 

0 
+ 0 (95) 

W-h I-C 

OTBDMS 
0 

wm 

(92) 

)CHO 

714 

(78) 863 

G36) 864 

(70) 865 

866 

867 

870 

(84) 750 

GHO (‘I) 
749 

OTBDMS 

i 
0 

OTBDMS 

@ H 
0 

OTBDMS 

P k 
0 

(80) 

(97) 

(98) 

(91) 

601 

871 

871 

871 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (C’onhued) 

Substrate Conditions Product(s) and Yield(s) (%) Refs. 

OH OTBDMS au PCC (2.85 eq), NaOAc 

CH&12,45 min 

OTBDMS 
(83) 872 

cczH20H PCC (I .5 eq), CH2C12 

t-t, 1.5 h 
ccc”,o, (88) 873 

PCC (1.3 eq), CH2C12 

rt,3h t 
874 

CrO302Pyr (6.6 eq) 
CH2C12, rt, 15 min 

G38) 885 

r-Buq , ..W t-Buq , 0 
1 I I 

a 
H: , 

FCC, CH2C12, t-t, 2 h e-3 935 

S02Ph s ** s 

HO 

CrOp2Pyr, rt, 4 h 

SO?Ph 

-I’ ‘$ 
0 

(90) 654 

PCC, CH2C12, rt 840 

PDC (5.0 eq), DMF, 

rt,48h 
848 

Cl7 

CH20H CHO 

Et02C 

4 

NH (65) 
Et02C 

C02Et 

Et02C 

* 

NH 
Et02C 

C02Et 

CrO3*2Pyr 853 

FO,Me COzMe 

c (90) PDC, CH2C12 869 

CHO 

PDC, CH2C12 875 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Conrinued) 

Substrate Conditions Product(s) and Yield(s) (a) Refs. 

NC NC 

PDC (4.4 eq.), DMF, 

r-t, 3 h 

(87) 829 

- 
Ph 70 

Ph 

- 
Ph r3-- 0 

Ph 

CrO3*2Pyr ( 15.0 eq) 

CH2C12 
876 

877 

(84) 

(93) 

(87) 

6-4 

/ \ 
63 0 - \ / 

PCC (2.0 eq), CH2Cl2 

rt, 3 h 

CrO3~2Pyr, CHQ 

rt, 30 min 
878 

OH 4 NC02Bn 

C02Me 

PCC (1.5 eq), CH2C12 
rt, 1 h 

879 

k02Me 

H 

PCC (1 .O eq), CH& 
rt, 4 h 

(77) 880 

(97) 882 

(92) 771 

883 

(65) 884 

(75) 

(86) 

(45) 

17 

886 

887 

OH 

H ,-CH?OH x:ti’:“O 
H ‘bAc 

CrOp2Pyr (6.0 eq) 

rt. 20 min 

COlMe 

C02Me 
CrOj*2Pyr 

(97) 
PCC (1.15 eq) 

CHzClz, t-t, 2 h 

OH 0 
0 

--cs 

-- 0 

BnO “0 

PCC (2.0 eq), NaOAc 

rt, 48 h 

AcO’* AcO= 0 

PDC, Celite@, CH2C12 
45”, 18 h 

Me0 Me0 
PCC (1.4 eq), CH2C12 

20°, 2 h 

OMe 

TsO -- 0 

Hd’ “0 % 

OMe 
Me0 4 PCC, NaOAc, CHzClz 

IT,  7 d 
TsO 

9 

-- 0 

0 ‘b % 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Conhued) 

Substmte Conditions Product(s) and Yield(s) (%) Refs. 

Pee (2.0 eq), l-t 238 

889 OAc PCC (2.6 eq), rt, 3 h 

PCC 890 

PCC (3.0 eq), 3 A mol. sieves 

CH2C12, 2.5 h 
(72) 891 

PCC (3.0 eq), CH$l* 
r-t, 4 h 

892 

OAc Ok 

CrOp2Pyr (6.0 eq) 

CH2C12, rt, 7 min 
722 

PCC (8.0 eq), NaOAc 

CHICi 
(87) 894 

CrO3*2Pyr (6.0 eq) 

CH2C12, rt, 1 h 
895 

OMe OMe (94) 

(50) 

896 PCC 

PCC (2.16 eq), C&C12 

r-t, 3 h 
372 

897 

CHO CH20H 

L-0 
5e (90) ii 0 

PCC, CH2C12 

(76) 898 PCC (3.0 eq), NaOAc 

4 A mol. sieves 

CH2C12, r-t, I h OMe 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Continued) 

Substrate Conditions Product(s) and Yield(s) (%) Refs. 

t-BuC02 OMe 

wa 898 

t-BuCOz OMe 

PCC (2.8 eq.). NaOAc 

rt, 7 h 

PCC, CH2C12 

CrOp2Pyr (6.0 eq) 

CH2Cl2, 20°, 15 min. 

PDC (2.0 eq), DMF 

O”, 2 h 

Pr-i Br 

(66) 899 

(79) 

(63 348 

Pr-i Br 

PCC (72) 902 

(70) 

(72) 

(70) 

903 

904 

905 

PCC (1.5 eq), CH2Cl2 

rt, 2 h 

PCC (2.0 eq), CH2C12 
rt, 1 h 

7T”“” q”” PCC (1.5 eq), t-t, 1.5 h (63) 906 

PCC (2.16 eq), NaOAc 

rt, 1 h 

PCC ( 1.48 eq), t-t, 1.5 h 

(57) 907 

908 (70) 

cz:::,, (---) 909 PCC / r A r-7 0 PCC (1.5 eq), CH2Cl2 
25’, 18 h 

0 7-f OH (98) 910 

TBDMSO& (77) TBDMSO& 

CrOp2Pyr (6.0 eq) 

t-t, 15 min 
911 

OH OH 

PCC (1.45 eq), NaOAc 

t-t, 2.5 h 
931 

TBDMSO- - (75) 

H ?H 
PDC (7.0 eq), DMF 

O”, 6 h 
976 TBDMSO- - 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Conrinued) 

Substrate Conditions Product(s) and Yield(s) (%) Refs. 

Cl8 

(-) 298 

(--) 881 

c--j 901 

PDC 

I0 
2 

f0 PCC 

OH 

Me00 Me01 

CrOp2Pyr ( 12.0 eq) 

,-CH*OH /- CHO 

(23 /\ I\ 
@ 

/\ / \ PCC (4 912 

CH20H 
/ 

CHO 

OMe 

Me0 OMe 

OMe 

OMe 

PCC (1.5 eq), CH#& 

t-t. 2 h 
(85) 

(4 

913 

0 OH 

JCH2”’ 
OH 0 OH 

CHO 
PCC 914 

OH 0 OH 

OH 0 
PCC (2.0 eq), NaOAc 

rt. 53 h 
(67) 915 

OMe 

OMe CHO 

OMe 

PCC (2.0 eq), CHzClz 

rt, 1 h 
(96) 916 

OMe CHO 

\ \ 

:;:::. 
/ / 

PCC (2.0 eq),CH2Cl2 

r-t, 1 h 
(96) 916 

OMe OMe 

MeO&02Me MeO&02Me PCC (1.2 eq), CH&l* 
rt, 2 h 

(15) 917 

“‘O4 Me03 PCC, CH2C12 (65) 

(-4 

918 

919 

OMe OMe 

0 

FCC (1.6 eq), CH&lz 

rt, 3 h 
920 (75) 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Continued) 

Substrate Conditions Product(s) and Yield(s) (%) Refs. 

c)(qg \ / 
H 

2 
rQ9 \ / 

H 

PCC (I 34 eq), CH2C12 cm 922 

(96) 923 

(35) 924 

c-4 925 

(74) 926 

O”, 2 h 

Cr03*2Pyr ( 10.0 eq) 
CH#&, rt, 10 min 

t a-Cg 
H =OH 

, oJ+J& 
H 0 

OMe OHon 

c&Y 

OMe 0 ono 

c#F 

PDC (3.0 eq), CH$12 

6Me OMe O 0 \ 
1 

PCC, NaOAc 

PDC (I .5 eq), NaOAc 

HO 

% 

/ 0 

0 

CrO3~2Pyr 927 

PCC (1.8 eq). CH$12 

rt. 3 h 
929 (-) 

Acd ‘0 

PCC, NaOAc, CH2C12 930 (-) 

(801 
(‘ CH20H f\ CHO 

PCC (1.5 eq), NaOAc 

CH2C12, t-t, 15 h 
932 

933 
PCC (1.5 eq), NaOAc 

rt, 2 h 

PCC, NaOAc, rt, 25 h 936 

CHO 

937 CrOp2Pyr. CH2CIz (6% 
MeO$ 

(87) CrOp2Pyr ( 10.0 eq) 

CH&!z. 6 min 
784 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Continued) 

Substrate Conditions Product(s) and Yield(s) (SC) Refs. 

HO 

BPCC t-1 938 

939 PCC(ISeq),rt,2h (73) 

(78) 

OMOM 

CrOp2Pyr ( 12.0 eq) 

CH2C12, O”, 90 min 
940 

OMOM 

*- 0 

-_ (99) 
> 

-- 

@ 

,-0 

9 x --0 
.H 

PDC, CH2C12, 20°, 4 h 941 

a 
CH20H 

\ (90) 

CHO 

CrOp2Pyr, 1.5 hr 942 

PDC (2.0 eq), DMF 

O”, 2 h 
(69) 348 

OH 

i-Pr 

0 
I;I 

i-Pr 

d@ \ 

CrO3*2Pyr, 5’, 15 min (97) 945 

\ \ 

0 
v 

HO 

s \ \ 

OH 
? 

HO 

‘- \ 

PCC (2.7 eq), CH2C12 

rt, 3 h 
(93) 946 

(40) PDC, DMF, r-t, 4 h 947 

(91) PCC, NaOAc, CHzClz 948 

o- B(Bu-s)2 CHO (67) PCC, CH2C12, 2 h 950 

nCH,OH +CHO (-) 
PCC 951 



OXIDATIONS WITH OXOCHROMIUM( VI)AMINE REAGENTS (Conrirlrrd) 

Substrate Conditions Product(s) and Yield(s) (%) Refs. 

OH 

--_ 

\ 

c.i iI 

\ \ CH?OH \ 

e \ ’ 
MeOzC ‘\ 

/OH 

BnO 

CrOj*2Pyr. CH$l? 
20 min 

(69) x7 

CrOi*2Pyr(7.0eq) 

CH$ZIz, 15 min 
893 

921 

925 

BnOm’ (79) PCC (2.0 eq) 

0 

\ 
\ CO?H 

;:r:::; 

t-1 PDC, DMF, rt. 4 h 

OH 

AcO 

6G 

\ 
OMe 

/ 

HO 

(84) 
AcO 

PCC or PDC, CH2CIz 

rt. 22 h 
928 

CHO 

0 ‘. 

@ 

. 

Y  

0 

t---j 944 CrOp2Pyr 
0 

PDC (6.0 eq), CH2Cl2 
15 min 

(92) 949 

CrOp2Pyr (6.0 eq) 
CH2C12, 1 h 

(84) 953 

(76) 954 

(98) 954 

FTC ( I .7 eq), NaOAc 
CH2C12, 25’, I h 

PCC ( 1.6 eq), NaOAc 
CH2C12, 25’, 1 h 

Me0 

--OH 

Me0 
CrOp2Pyr (6.0 eq) 

CH&i2,30 min 955 

(86) CrOp2Pyr (8.0 eq) 
CH2C12, 15 min 

956 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Conriimetl) 

Substrate Conditions Product(s) and Yield(s) (X ) Refs. 

CH?OH 
/ 

,CHO 

OMe 

Me0 OMe Me0 OMe 

PCC (1.5 eq), CHlCI:! 

rt, 3 h 
957 (98) 

(70) NHCOPh 

CHO 0 

o-N>NHCOPh 
PCC ( 1.5 eq), NaOAc 

CHzC17, r-t, 1 h 
958 

(691 959 

(71) 

t---j 

(71) 

(4 

C-1 

961 

- 
Me0 

Bnw~CHO 
I 

BnO$ 
,r;JH 

0 

NHCOPh 

MeO’ 

CrOp2Pyr (6.0 eq) 

CH$Z12, 15 min 
BnOIC 

,NH 

OH MeO$Z I 

CD 
iI : 

NHCOPh 

PCC (2.11 eq), CH2C12 
25O, 1.5 h 

Cr03*2Pyr 962 

0 0 

CrOp2Pyr ( 10.0 eq) 
CH$&, I h 

963 

OH 

PCC 

&& 
*‘OH 

\ 
0 

CrOp2Pyr (7.0 eq) 
23’, 10 min 965 

(82) 
PCC (2.0 eq), CH2C12 

rt, 8 h 966 

0 0 

PCC G--) 

(86) 

e-3 

967 

OH 

/ 
CH20H 

0 

PCC (2.0 eq), CHQ 968 

OMe 
0 

0’ 
iy 

OMe 

BnO I \ 
6 b X 

PCC, NaOAc 969 
BnO’ I 

6 b X 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Corzrinwd) 

Substrate Conditions Product(s) and Yield(s) (c/c) Refs. 

PDC (6.65 eq), DMF 

rt, 5 h 
(71) 970 

PDC ( 1.1 eq), CH&lz 
rt, overnight 

(83) 641 

HO J3P \ 

HO 

0 

& 

t-1 

0 
\ 

LP 

(4 

\ 
0 

CrOje2Pyr (4-6 eq) 

CH$& 10 min 
971 

971 

HO 

\ 

& 

w 

0 

CrOj*2Pyr (8.0 eq) 

CH$lz, 22’, 30 min 
972 

OH 

/e 

Bu-t 

\ OBn 

(71) 
PCC (7.0 eq.), NaOAc 

rt, 5.5 h 942 

942 
CrOp2Pyr (7.0 eq) 

CH$I,, 8 h 
11 (72) 

OH OH 

HO & / 

OH 

DMAPCC (4.0 eq) 

CH2C12, 6 h 

OH 

DMAPCC (3.0 eq) 

CH2C12, 4 h 

HO 

43 

43 

PDC ( I .5 eq), DMF 

25”. 14 h 973 

MeOzC 

Y CHO 

PCC, CH2C12, rt (71) 974 

PCC ( 10.0 eq), CH2CIz 

rt, 20 h 975 



OXIDATIONS WITH OXOCHROMIUM( VI)A.MINE REAGENTS (C~id/wd) 

Subbtrrrte 

mCH?OH 

Conditions Product(s) and Yield(s) (‘k) 

-CHO 
0 0 I:‘-)_= PCC (4.0 cq), NaOAc 

4 W mol. sieves 
CH?CIz. r-t, I h 

0 0 
ub 

977 

(65) 744 

(87) 

(87) 

(57) 

978 

1041 

OH 
HO 

\ 

4Q ../OTBDMS 

0 

./OTBDMS 

PCC, CHZCI?, rt, 40 min 

PCC (2.5 eq), CHzC12 
rt, 40 min 

0 0 

0 CtzP , 
N3’ Ii 

PCC (2.0 eq), NaOAc 
r-t, 2 h 

c20 

HO dP 0 
\ 

Cr0302Pyr (4-6 eq) 
CHzCl2, 10 min 

C---J 

(75) 

971 

‘;’ ’ 0 
t-Bu- - 

R:” 
0 

-- ’ 
i H 
OH 

PDC ( 1 .O eq) 
3 A mol. sieves 
HOAc, CH&lz 

868 

0 , t 

0 --- 

w 

0 

0 

w 

_*- 

0 

PCC (87) 943 

\ OH 

PCC (4.64 eq), NaOAc 
EtOAc, 18 h 

WV 960 

C&OH CHO 

0 0 
/ 

I 
\ I / 

\ I 
I 

0 
0 

PCC t---j 979 

OH 
CrOpPyr(6.0 eq) 

rt, 45 min 
(93) 980 

PCC (67) 981 

OH 0 OH OH 0 OH 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Conrinwd) 

Substrate Conditions Product(s) and Y ieldc s) (c/c ) Refc. 

PDC (3.0 eq.). DMF. 16 h (88) 982 

Cr03*2Pyr, CHICI 
rt. 1 h 

t-1 983 

(26) 984 

985 

(95) 986 

OH 0 CHO 

CrOp2Pyr, rt, 1 h 

gnop 
OH 

Bnop (90) 

0 

PCC (1.9 eq), C6H6 
reflux, 5 h 

Me0 Me0 
CHO CO?Me 

PCC (1.5 eq), 25”, 7 h 

\ .O / \Ho \ 

8? 
/ \ 

/\ / 8-Y / \ PCC, SiO2, CHzC12,6 h i85) 987 

Ph Ph 
(78) PCC, CH2C12 763 

988 
OH 0 

(67) PCC (1.5 eq), CHzC12,9 h 

Ph 
OH 

Ph 
PCC (2.5 eq), CHzCl2, rt (77) 989 

BnO 
J- 

CHO --_ A 
&I4 \ I’-- (24) 

-\ I \ I \ 

PCC, NaOAc, CH2Cl2 
r-t, 30 min 

990 

ad / \ / CHo (50) 
0 2 

PCC (1 .O eq), CH& 
0-25O, 1 h 

PCC (1.6 eq), CH2Cl2 
22-24’, 16 h 

991 

992 TBDPSOmoH TBDPSO-CHO (78) 

OH 

’ : 
OBn 

0 

CKQ2Pyr (6.0 eq) 
CH2C12, r-t, 15 min 

(94) 

bBn 



Substrate 

OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (cwzrinued) 

Conditions Product(s) and Yield(s) (a) Refs. 

0 

Cr03*2Pyr (6.0 eq) 
CH?CI1, 15 min (88) 993 

(50) 994 

(---I 995 

(88) 996 

e-3 997 

H .*’ I \ 
--- 0 

@ 

\ 

AH 

CrO3*2Pyr. CH$&, 15 min 
#p 

w 
PCC 

CrO3*2Pyr (5 .O eq) 
CH$Zlz, 3 min 

CrO3~2Pyr (20.0 eq) 
CH$& I min 

0 

& O\/ 

PCC (2.0 eq), CH$ZI,, rt f-1 998 

(80) 421 

(80) 858 , CHO 

PCC, NaOAc, CH2C12 
25’, 25 h 

PDC (3.0 eq), 4 A mol. 
sieves, CH2C12, 
23O, 0.5 h 

H 

CQQPyr, CH2C12 
23”, 30 min 999 (86) 

PCC (2.0 eq), CH2C12,2 h (90) loo0 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Continued) 

Substrate Conditions Productt s) and Yieid( s) ( %) Refs. 

/\gAom \ 

OMe 

PCC, CH2C12, 25O, 2.5 h ronosbb (95) 1002 

OMe 
n H 

PCC (4.2 eq), 4 A 

mol. sieves, 

CH2C12, rt, 30 min 

CrOpPyr, t-t, 19 h 

(95) 1003 

W3) 1004 

1005 

036) 1006 

(59) 1007 

(-) 1008 

(60) 1009 

(52) 1010 

101 I 

OH 0 

-f@ / .,OH . OHC \ 

Y  
PCC, CH2C12 (40) 

OH PCC, CH2C12, 2 h 

CrOJ*2Pyr, r-t, 3 h CHIOH 

PDC, DMF, 25” 

PCC ( I .5 eq), CH$ZII 
rt, 15 min 

/QypH20H PCC (4.0 eq). KOAc 
rt, 15 min 

H 

CHO 

MeOzC 
I 

:(‘i 

OTBDMS 

/ 

PDC (3.0 eq), DMF, 18 h 

PCC 1012 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Continwd) 

Substrate Conditions Product(s) and Yield(s) (5%) Refs. 

TBDMSO 

OMe 

CH20H 
OMe 

OMe 

TBDMSO 
(87) 

CHO 
OMe 

MeOk 

0 t--j 

r-BuO 

fia NMe2 (-) 

1013 

1014 

1015 

I I I 

2 

(91) 

/ CHO 

1016 

uw 1017 

(82) 1068 

(83) 815 

0 

(96) 1001 

0 

BnO 

F 

’ \ CHO (93) 1018 

BnO 

Q-&D (73) 1019 

Me0 a<;HO (90) 1020 

PDC (I .5 eq), 

CH2C12, I2 h 

MeOk 
I;’ !  

w 

OH 

t-BuO 

CrOp2Pyr 

PCC 

c+ / CH*OH 

PDC, CH2C12, rt, 24 h 

PCC 

-- \ 
CrOp2Pyr (3.0 eq) 

CH2C12, 2.5 h 

PCC ( I .O eq), NaOAc 

CH&Iz, 10 min 

OH 

CrOp2Pyr (6.0 eq) 

CH&lz, rt, 20 min 

BnO 
\ 

CH?OH 

BnO 

PCC ( I .5 eq). NaOAc 

CH2C17, rt, I h 

PCC (3.0 eq). NaOAc 

CH2C12, rt, 3 h 

PCC (I .5 eq), CH2C12 

rt, 2 h 

PCC (1.6 eq). CH$& 
rt. 3 h 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Continued) 

Substrate Conditions Product(s) and Yield(s) (c/c) Refs. 

0 OH 

PCC (3.0 eq), CH?C& 
rt,3h (p&Q+ (82) 

0 OH 0 

1022 

0 OH OH 

H CH*OH 

Iti 
--0 

0 
H F- Ar 

0 
0 

1023 

418 

0 CrO3.2Pyr (---I 

(90) 

0 
Ar = 4-biphenylyl H Ar’ 

H CH20H 

56 

-- 0 
N 
H H Ar 

CQ*2Pyr (9.0 eq), Celite@ 
0 0 

CH2C12, 24 h 
k 0 

0 1024 
0 

Ar= 4-biphenylyl H H Ar’ 
,CH*OH 

t-4 

I I O \ ( 1 
d 

i / 
0 ’ N J3 \ PCC 1025 

OMe OMe OMe OMe 

I 
\ \ 0 

PCC (2.0 eq), CH2C12 

6 

/ / 

0 I 

I \ \ OH 

2 / / 

0 I 

0 

(80) IO26 

0 

$IMe OMe 

(80) IO26 

Ph 

Ph 

Ph 

Ph 

PCC ( 1.3 eq), NaOAc 

CH2C12, rt, 4 h 
(87) 543 

(77) IO27 

(67) 22 

BnO OMe 

WC”” 
OBn 

BnO OMe 

WCH20H 
OBn 

PCC ( 1.5 eq), NaOAc 

Celite@. CH&l2, 2 h 

PCC (4.0 eq), CH$12,40” 

BnO OMe 

(46) 581 PCC ( I .5 eq), 

CH2C12, 2.5 h COzBn 

Me0 CH20H 

0 

Meo \ / - ‘r 

2 
Me-N 

\/ O 

PCC vm 1028 

(99) IO29 
Cr@*2Pyr (4.0 eq) 

CHlC12 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Continued) 

Substrate Conditions Product(s) and Yield(s) (%) Refs. 

(1 
N CH20H 

r-l 

Bn’ 
N-N, 

Bn 

0 OH 

BnOzCHN 0 

Me0 

OH 
v w 

OBn 

MeO, PH .‘ 

i-Pr w 

Me0 

i-Pr 

PCC (1.5 eq), 4 A mol. 

sieves, t-t, 15 h 

PCC (10 eq),CH$& 

i-t, 1 h 

PCC, CHQ, t-t, 5 h 

PCC (2.0 eq), CHzClz 

rt, 1 h 

CrO3*2Pyr, CH&12 

O”, 1 h 

Me0 

PCC ( 1.54 eq). CHzCll 

rt, 1.5 h 
i-Pr 

PCC (1.6 eq), CH2C12 
rt, 1.5 h 

Me0 

i-Pr 

CrOp2Pyr 

0 

PDC, CH2C12, 25’, 10 h 

L 

\ : 
H H 

(60) 

Me0 
/ 

(W 1031 

Bn’ 
N-N. 

Bn 

0 OH 

BnOzCHN 0 

1032 

1033 

PCC (85) 1030 

(89) 1034 

1034 

MeO+ H , 

[I@0 (8% 

HO” CHO 

1035 

CQ*2Pyr (6.0 eq) 

CH$&, rt, 15 min (99) 8 

OBn 

(78) 1036 

(69 1036 

(80) 1037 

(61) 1037 



Substrate 

OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Continued) 

Conditions Product(s) and Yield(s) (%) Refs. 

HO 

OH 

HO 2 \ 

CHIOH 

-0TBDMS 

OTBDMS 

OH 

CrOp2Pyr (4-6 eq) 

CH$&, 10 min 

PCC 

CrOp2Pyr (5.0 eq) 

CH2C12, t-t, 6 h 

PCC (1.7 eq), CH#2,2 h 

CrOp2Pyr (4-6 eq) 
CH$&., 10 min 

PCC (4.0 eq) 
4A mol. sieves 

CH2C12, rt, 30 min 

PCC (4.7 eq) 

4 A mol. sieves 

CH~CIZ, rt, I h 

(70) 

(71) 

m 

e-4 

(82) 

(92) 

PCC (1.4 eq). CH2C12 
3h 

3CHO (67) 

PCC 

PCC. CHzClz 

PCC 

0 

-0TBDMS 

(91) 

(91) 

CHO 

OTBDMS (79) 

PDC (3.0 eq), CHzCI-, 
r-t, 24 h 

-. . 
H 

i 
OMe 

il 
0 

(100) 

1039 

1040 

10 

971 

1003 

1003 

IO43 

1044 

1045 

771 

IO46 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Conrimed) 

Substrate Conditions Product(s) and Yield(s) (c/c) Refs. 

‘-./ 0 
TBDMSO 

PCC, NaOAc, CH-&lz 1047 

,OTBDMS 

C-1 Cr03~2Pyr 1048 

0 

PCC (7.0 eq), Ac20, 
CH2CI;?, DMF, 

reflux, 2 h 

(89) 

(----> 

(74) 

(93) 

41 

i-Pr 

CrQp2Pyr 1049 

0 OMe 0 OMe 

0 OMe 0 OMe 

PCC (2.26 eq), CH2C12 

Celite@, rt, 3 h 
1052 

TsO OMe TsO OMe 

PCC (7.0 eq). Ac20, DMF 
CH2Cl2, reflux, 2 h 41 

c22 

Meo&JcH20H CQ*2Pyr (6.0 eq) 

CH2C12 614 

CQ*2Pyr (6.8 eq) 

CH2C12 (92) 615 

(96) 952 

Br” Br” 

PCC, CH2C12 

OAc OAc 

OHC/“ 
e-4 

PCC (4.1 eq), CH2C12 

rt, 3 h 1042 

(-) PCC, NaOAc 1050 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Continued) 

Substrate Conditions Product(s) and Yield(s) (%) Refs. 

Bn , -CHzOH 

Bn 

Hd 

PhS 
/ 

I 

-1-I-‘. 

\ 
OMe 

PCC (1.5 eq), Celite@ 

CH2C12 

PhS 
/ 

::sI’ 

\ I 
OMe 

OH 0 

OH 

e 
0 

dP 

0 

HO \ 

OAc 

OH OH 

CrOy2Pyr 
TPh (-) 

PCC (10 eq), CH&12 

1.5 h 

Bn , -CHO 

(38) 

PDC (2.0 eq), DMF 

3.2 h 

CrO3*2Pyr, CHzCl2 

r N 

;::-;R 
/ \ '\ 

0 
N 0 

Hd 

PCC (1.5 eq), CH2C12 
rt, 45 min 

PCC, NaOAc, CH2C12, rt 

(74) 

(8) 

(74) 

(45) 

(68) 

PCC ( 1.5 eq), NaOAc 

CH2C12, t-t, 3 h 

* 
0 

0 dP 

0 

(45) 

\ 

OAc 

PCC, NaOAc, CH2C12 

PCC 

0 

CHO 

(85) 

1051 

1055 

1056 

1057 

1058 

1059 

1060 

1061 

1063 

1064 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Continued) 

Substrate Conditions Product(s) and Yield(s) (%) Refs. 

i-Pr 

OTs c---j 1065 

(1 (4 1066 

OTs 

J H 

(4 1067 

i-d H 

i-Pr 

(4 971 

0 

(92) 1003 

t--j 1069 

(95) 1070 

(84) 1071 

OH 

THPO 
OTHP 

(96) 1073 

i-Pr 

OTs 
CrOp2Pyr 

CrOp2Pyr, rt 15 min 

OTs 

I H 
PCC (2.0 eq), CH2C12 

rt, 2 h 

i-pr’ H 

i-Pr 

HO 

CrO3*2Pyr (4-6 eq) 

CHQ, 10 min 

PCC (5.0 eq), 4 A mol 

sieves, CH2C12, rt, 1 h 

PCC, NaOAc, CH2C12, rt 

PCC (2.0 eq), NaOAc 

CH2C11, 4 h 

OH 

CrOp2Pyr (6.0 eq) 

rt, 15 min 

THpoloTHp 
0 

OH0 1 TBDMSO \ 

H 
OMs 

PCC ( 1.5 eq), NaOAc 
CH2C12, 2 h 

CrO3*2Pyr 

-N 
0 

0 
0 0 

\ 

TBDMSO \ 

H 
OMs 

OTBDMS 

h 
\ (85) 

W-b 1-n 
CHO 

(96) 1074 

1075 

(60) 1076 

OTBDMS h \ 
W-4 1-n 

CH20H 

PCC, CH2C12 

PCC, CH2C12. 3 h OHC OH 
HO 

TMS TMS 

(75) PCC, CH2C12. 15 h 1077 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Continued) 

Substrate Conditions Product(s) and Yield(s) (%) Refs. 
c23 

PCC (2.2 eq), CH2C12, 3 h 
Me0 x w 

0 Me0 1053 

/ ‘C02Me 

PCC, NaOAc 
CH2C12, 4 h 

PDC (1.5 eq), CH2C12 
30 min 

C-J 1054 

Ph Ph 

C-1 1078 

\ +-CH20H \ \ \ 

\ 

CHO 

(-4 

AcO \ AcO 

PCC 1079 

PhO$S\ Bn 
N 

Bn’ 
< 

CH20H 

PhO$\ Bn 
N < 

Bn’ CHO 
(75) 

PCC (1.5 eq), CH2C12 
25”, 3 h 1080 

1081 
Ar = p-MeOC6H4 

(93) CrOy2Pyr, CH2C12 
rt, 15 min 

/ ORn 
/ OBn 

(90) 
PCC (2.8 eq), CH2C12 

20’. 24 h IO82 

Ph2P0 Ph2P0 PCC, CH2C12 (60) 1083 

OH 

OTBDPS OTBDPS 
(92) PCC, NaOAc 1084 

OH OH 

PCC (1.5 eq). 25’, 2 h 1085 

BnO 

Ph 

(---I 
OTMS H”dc-oTMs CrOy2Pyr 1086 

(50) 
PCC (1.5 eq), NaOAc 

rt, 3 h 1087 



Substrate 

OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Cunrinued) 

Conditions Product(s) and Yield(s) (%) Refs. 

HO COzMe 

& 

COzMe 

MeO$ 
/ 

MeO$ A 

PCC, CH&%. 25” (80) 1088 

Meo2cw 
MeO$ ii 

,OAc 
b’ ,OAc 

PCC. CH2C12. rt. 3 h (83) 

uw 

1089 

PCC (1.5 eq), CHzC12 
rt, 30 min 1090 

4P 
OMe 

e-1 
OMe 

Cr03°2Pyr (6.0 eq) 
CH2C12, 15 min 1091 

c OTBDMS 

PCC (5 eq), Celite@, NaOAc 
Florisil, CH2C12, r-t, 1.5 h 1092 

OTBDMS 
,CHO 

PCC (3.0 eq), CH2C12 
reflux, 24 h 

HO 0 

PCC (2.0 eq), NaOAc 
rt. 2.5 h (94-96) 1093, 

1094 

06) 809 

c24 

PDC (1 eq), CH2C12 
38’, 5 h (97) 1062 

Me0 PDC (1.5 eq), CH2C12 
30 h 

Me0 
1095 

PCC (1.5 eq), NaOAc 
CH2C12, t-t, 2.5 h (23 1096 

1097 

Ph$n /OH 
PCC 

Ph$n 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Continued) 

Substrate Conditions Product(s) and Yield(s) (%) Refs. 

CHO 

BnO 0 

+v- 
C-1 

BnO OAc 
OAc 

CH20H 

BnO 0 

-=G- BnO OAc 
OAc 

1098 PCC 

,,,;;> (59) 

0 

MOM;;/. 
0 

CrO3*2Pyr (9.0 eq) 
CH2C12, t-t, 47 h 

1099 

(20) PDC (2.5 eq), CHzClz 

rt,216h 
1100 

\cO LOH \ 1 (80) 
0 

c 

\ 
0 

PCC (1.7 eq), CHzClz 
t-t, 1 h 

1101 

CHO CH*OH 

PCC (60 eq), CH$lz 
25O, 4 h 

1102 (68) 

1103 PCC. NaOAc 

PDC, CH2C12 
4 A mol. sieves, 25O, 6 h 

1104 (90) 

PDC (2.0 eq), DMF 

0°,2h 
348 

1105 PCC 

(95) 1048 PCC, Celite@ 



Substrate 

OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Continued) 

Conditions Product(s) and Yield(s) (%) Ret%. 

,OBu-r 

Ph 

CH20H 

OAc OAc 

HO, \ , -COzMe 

Me02C 
OH 

PCC (2.0 eq), CH$& 

2h 

PCC 

PCC ( 1.16 eq), CH2Cl2 

rt, 15 min 

PCC (1.52 eq), CH2C12 
l-t 

PCC (3.0 eq) 

3 A mol. sieves 

PDC (5.0 eq), DMF 

PCC (1.1 eq), t-t, 32 h 

PCC, CH2C12, t-t 

CrOp2Pyr (6.08 eq) 
CH2C12, 3 h 

PCC(I.Seq),rt, 1 h 

PCC (1.6 eq), 1.5 hr 

1106 
t I 

WV 1107 

(89) 1108 
Ph 

CHO 

1109 

(89) 1110 

1112 

(59) 1113 

C-1 1114 

W) 322 

fiO/\/O 

-COzMe 

(84) 194 

(88) 1116 



OXIDATIONS WITH OXOCHROMIUM(VI)AMINE REAGENTS (Cor~rimwd) 

Substrate Condition\ Ret-s. 

6 I OBn 

“OBn 

bH 

PDC, CH&& 
3 A mol. sieves, 25” 

OBn 

P 
“OBn (73) 1104 

0 

c26 

HOH$ 
-7 MeO$, , 

-- Y 

OAc OAc 

0 

CrOp2Pyr TMsxg& (--) 1117 

PCC (2.0 eq), CH$I? 

t-t, 3 h 

PCC (4.0 eq), NaOAc 

Celite@, rt, 1 h 

PCC, CHICIz 

0 

(91) 

(80) 

(79) 

1118 

1111 

1115 
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The Retro–Diels–Alder Reaction Part II. Dienophiles 

with One or More Heteroatom 

 
Bruce Rickborn, University of California, Santa Barbara, CA 

1. Introduction 

 
This review (Part II) is topically organized around the dienophile that is 
generated in a retro [4 + 2] reaction, and to the extent possible follows the 
principles adopted for Part I, which covers reactions in which both dienophile 
bonding centers are carbon atoms. (1) The present chapter encompasses 
retro–Diels–Alder (rDA) reactions in which one or both of the dienophile 
reaction centers are heteroatoms, as illustrated.  
   

 
 
 
 
Any of the other atoms in the starting material (cycloadduct) may be carbon or 
heteroatom. Substituents on all positions are encompassed, and any bond 
order available to any oxidation state of an element is included, as is bonding 
to non-nearest neighbor atoms (e.g., bicyclics). 
 
The reader is directed to Part I for general discussion of the rDA reaction, the 
features that affect rates and outcome, and the use of acids, bases, other 
catalysts, and scavengers. Certain subclassifications (e.g., processes 
proposed under MS conditions, polymer applications) of rDA reactions have 
been omitted from both sections; these topics are listed in the Introduction to 
Part I. Citations to over 100 reviews on various aspects of the rDA reaction are 
collected at the beginning of the References to Part I. Those that are especially 
pertinent to Part II will be repeated here, in the context of the particular 
dienophile under discussion. 

1.1.1. Literature Coverage  
The decision to split the review of the rDA reaction into two parts was based on 
the volume of literature encountered, as outlined in the Introduction to Part I. 
Active literature searching was concluded for both Parts in April 1995, although 
occasional more recent references have been included. 
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2. Mechanism 

 
The expelled dienophiles described in this chapter include some very stable 
species such as CO2 and N2, for which there are no known examples of 
reversibility, i.e., no DA reactions have been described for these species. 
There is relatively little mechanistic information on the rDA reactions of these 
simple dienophiles, but the studies that have been carried out are discussed in 
the context of the particular dienophile. To the extent that generalization is 
possible, heteroatom-containing dienophiles are expelled more rapidly than 
their all-carbon analogs in rDA reactions. 
 
The polarity of functional groups such as nitrile and carbonyl is such that one 
might expect a significant effect on mechanism when these groups are formed 
as dienophiles. However, there is no evidence to suggest that the commonly 
accepted rDA reaction mechanism, a concerted but usually nonsynchronous 
bond reordering, is altered by the inclusion of a heteroatom in the expelled 
dienophile. The more extensive discussion of Mechanism in Part I also 
pertains to the topics of this section. 
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3. Scope and Limitations 

 
The discussion in this section follows the order chosen for the Tables, with 
subsections on each major dienophile or general reactant type, beginning with 
the several classes of rDA reactions that generate nitriles (Table I). To assist 
the reader in locating the tabulated information on a particular kind of rDA 
reaction, comments about organizational principles are included in the 
introductory comments of some sections, in addition to the general discussion 
in the Organization of Tables section. The general order is: dienophiles with 
one C-atom are treated first, with heteroatom N (starting with nitriles) before O, 
then other heteroatoms in order of increasing atomic number, and finally those 
reactions in which both dienophile centers are heteroatoms. 

3.1.1. Nitriles as Expelled Dienophiles  
The cyano functional group rarely serves as a dienophile in DA reactions, and 
then generally only under forcing conditions. In contrast, rDA expulsion of HCN 
and RCN from cycloadducts (usually prepared by non-DA or alternative DA 
routes) is quite common, and of considerable synthetic value. The large 
number of such reactions suggested that further subdivision of the tabulated 
data would be useful. This has been done in four parts, as shown in the Table 
of Contents and by the headings below. 

3.1.1.1. Nitriles from Miscellaneous Reactions (Table I-A)  
Although only a few examples of (formal) cyclopentadiene (CP) adducts of 
nitriles have been described, the parent HCN analog has been prepared and 
shown to decompose readily at 25°. (2)  
   

 
 
 
 
The alkyl(aryl)sulfonyl cyanide analog has recently been described, and is 
reported to give reversible DA-rDA reaction with CP. (3)  
   

 
 
 
 
Low temperature irradiation of pyridine leads, presumably via the bicyclic 
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intermediate depicted, to HCN and cyclobutadiene. (4) As usual, the distinction 
between an r[2 + 2] and r[4 + 2] reaction is lost when cyclobutadiene is formed.  
   

 
 
 
 
High temperature pyrolysis or irradiation of maleic anhydride derivatives may 
lead to loss of CO and CO2, with concomitant formation of new unsaturation. 
When applied to a highly arylated pyridine, the presumed aryne intermediate 
gives a formal rDA reaction, a conclusion supported by the product specificity. 
(5)  
   

 
 
 
 
Most of the remaining examples of “miscellaneous” rDA reactions that 
generate nitriles involve pyridines that contain additional ring heteroatoms. A 
few reactions of aza-azulenes with acetylenic dienophiles complete the 
relatively short Table I-A. 

3.1.1.2. Nitriles from Oxazoles and Related Ring Systems (Table I-B)  
The general process described in this section utilizes a DA reaction between a 
five-membered ring aromatic heterocycle and an acetylenic dienophile to give 
a (reactive) intermediate that expels a nitrile or HCN to form a new heterocyclic 
product. The process is shown in simplest form for dienes in which X = NR (no 
NH examples are known), O, or S.  
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Reactions of this kind are unknown for the parent heterocycles imidazole, 
oxazole, and thiazole with any acetylenic dienophile. Very few examples have 
been reported for imidazoles (found at the beginning of Table I-B), and 
similarly very few examples, mostly intramolecular reactions, involve thiazoles 
(end of Table I-B). In contrast, numerous substituted oxazole reactions have 
been described. This very useful sequence is limited primarily by the 
occasionally difficult preparation of the starting oxazole. (6) 
 
The relative stability of the bicyclic intermediate remains of interest. Many 
(most) of these sequences require heating to effect the DA step, and the 
temperatures used are such that the second rDA step occurs too rapidly to 
allow isolation or observation of the intermediate. Both steps are affected by 
substituents, although relatively little information on the rDA step is available. 
To illustrate, in an early example, 5-ethoxyoxazole was found to react with 
dimethyl acetylenedicarboxylate (DMAD) in “cold ether”, to give the final 
products with no indication of detection of an intermediate. (7)  
   

 
 
 
 
Clearly in this instance the 5-ethoxy substituent enhances the rate of the DA 
reaction, but only a lower limit on the temperature needed for rDA reaction is 
provided by this experiment. Most of the entries in Table I-B are similar in this 
regard. 
 
A few claims of isolation of bicyclic compounds analogous to the intermediates 
proposed for these reactions are found in the literature. In some instances the 
product structures have not been rigorously proven, and others may be 
suspect on different grounds. For example, an intramolecular DA reaction of a 
nitrile to a furan reportedly gives an isolable cycloadduct, but the products 
have been characterized only by IR and combustion analysis. (8)  
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Reactions of rare 2-aminooxazoles with DMAD have similarly been reported to 
give isolable cycloadducts, along with smaller amounts of the bis-dienophile 
adduct expected from further rDA-DA reaction. (9) The isolation of the 1:1 
cycloadduct in this instance is unexpected, based on comparison with 
reactions of other electron-donor substituted oxazoles and the inherently 
reactive nature of the functionality present in this structure, which one might 
expect to ring open to form an aniline derivative.  
   

 

 
 
 
No such reservations attend the structures of the cycloadducts obtained from 
certain reactions of oxazoles with benzyne. When this very reactive dienophile 
is generated at sufficiently low temperatures, the 1:1 cycloadducts of a number 
of oxazoles can be isolated, and some have been fully characterized. (10)  
   

 
 
 
 
These cycloadducts are undoubtedly more stable thermally than analogous 
furan derivatives because of the disruption of benzene aromaticity that 
accompanies the formation of isobenzofuran in the rDA step. A study of three 
related aryl adducts (Ar = p-O2NC6H4,p-MeOC6H4, or Ph) showed modest 
substituent rate effects, as well as the relatively low activation entropies that 
characterize most rDA reactions. (11)  
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Examination of the complete list in Table I-B reveals that almost all reactions of 
imidazoles, oxazoles, and thiazoles require (or have utilized) temperatures 
³100°, with no evidence of cycloadduct detection. A few lower temperature 
reactions involve electron-donor substituted oxazoles; again, these occur 
without detection of the intermediate when common acetylenic dienophiles are 
used. In general, very electrophilic (EWG-substituted) alkynes react at lower 
temperatures than alkyl- or arylacetylenes. No direct comparisons have been 
made, but it appears that thiazoles require much higher temperatures than 
imidazoles, which in turn may be less reactive than oxazoles. 
 
The reaction of oxazoles with benzyne generated in situ at 101° leads to the 
formation of bis-benzyne adducts, showing that the cycloadduct undergoes 
rapid rDA reaction at this temperature. The good yields of 
9,10-epoxyanthracene derivatives obtained from these sequences reflect the 
high reactivity of isobenzofuran as a diene in DA reactions. (10-12)  
   

 
 
 
 
Bis-dienophile adducts are also potential products from reactions of oxazoles 
with simpler acetylenes, but have been reported in only a few instances. The 
unexpected formation of symmetrical tetraphenylphenol, albeit in low yield, in a 
high temperature reaction is believed to occur via the bis-dienophile adduct. A 
reduction is formally required to give this product instead of the anticipated 
hydroquinone analog. (13)  
   

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���������������

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � 



 
 
 
 
An interesting bridgehead methoxy ketal bis-adduct was isolated, along with 
the expected 1:1 adduct, in a reaction with DMAD that occurs at much lower 
temperature. (14)  
   

 
 
 
 
Little is known about the relative reactivity of oxazoles vs. furans as DA dienes. 
The formation of these bis-adducts shows that in general the use of excess 
dienophile in reactions with oxazoles should be avoided when the simpler 
furan product is desired. 
 
Substituents clearly play a role in determining the rate of the rDA step of 
initially formed cycloadducts. The very facile expulsion of LiCN came to light 
during attempts to generate benzyne at moderate temperature under strongly 
basic conditions, in which the 4-position of the oxazole is completely lithiated. 
The major product, triphenyloxazole, is thought to arise from nucleophilic 
addition to benzyne, but partial DA-rDA reaction of the lithiated oxazole also 
occurs, leading ultimately to the bis-benzyne adduct. A rational alternative 
mechanism involving DA reaction of triphenyloxazole followed by expulsion of 
PhCN was ruled out by demonstrating that this independently prepared 
cycloadduct is moderately stable under these reaction conditions. (15)  
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Several furanoid natural product analogs have been synthesized by 
intramolecular oxazole-acetylene reaction sequences, often in excellent yield. 
One example, from among many listed in Table I-B, is illustrated. (16)  
   

 

 
 
 
A review of this general synthetic approach has appeared. (17) 

3.1.1.3. Nitriles from Pyrimidines and Pyrazines (Table I-C)  
The reactions of pyrimidines with acetylenic dienophiles usually occur by DA 
reaction across the 2,5-positions followed by expulsion of a nitrile to form 
substituted pyridines. The process is quite versatile. Pyrimidines bearing EWG 
groups react readily with electron-rich acetylenes, as illustrated. (18)  
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Many of the reactions listed in Table I-C appear to involve inverse electron 
demand DA steps. These include reactions with electron-rich olefinic 
dienophiles, in which the substituent serves the dual purposes of activating the 
olefin, and as a leaving group (masked alkyne), leading to the aromatic 
product. (19)  
   

 

 
 
 
In general, 5-nitropyrimidine is well-behaved in such reactions, although the 
very similar reaction with 1-(diethylamino)propyne is anomalous. (20) 
 
Electron-rich pyrimidines give analogous DA-rDA sequences with 
EWG-bearing dienophiles, as exemplified by DMAD. (21)  
   

 
 
 
 
Pyrimidines bearing a tethered alkyne, usually at the 2- or 4-position, have 
frequently been used in intramolecular variants. Several interesting bi- and 
tricyclic heterocycles have been prepared in this manner. (22)  
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The intramolecular sequence applied to 4,6-dihyroxypyrimidines leads to 
pyrimidone products. The expelled dienophile is formally HNCO (see also 
Isocyanates, Table II-B), but examples are included in Table I-C to stress the 
relationship with other pyrimidine reactions. (23)  
   

 
 
 
 
N-Alkylated pyrimidines appear to give relatively facile DA reactions. 
Subsequent formation of HCN is favored over expulsion of the alkylated 
(isonitrile) species. (24)  
   

 

 
 
 
This observation suggests that pyrimidine DA reactions may be susceptible to 
acid catalysis. Although some reactions have been carried out in acidic media, 
and in some instances protonation leads to alternative reactions, this topic 
remains relatively unexplored. (24) 
 
Pyrazines enter into similar DA-rDA sequences to form nitriles and pyridines; 
the cyclization takes place at the 2,5-positions. Only one study of the 
intermolecular reaction has been reported; mixtures are formed, with both 
overall yield and product ratio highly dependent on substituents. (25)  
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In contrast, numerous intramolecular pyrazine reactions have been reported. 
All involve alkynes tethered at C-2 of the ring (i.e., no N-tethered examples 
have been reported). These inherently unsymmetrical systems typically give 
rise to mixtures of products in ratios that depend on the nature of the tether as 
well as the presence of other ring substituents. A relatively simple example is 
shown. (26)  
   

 
 
 
 
Reaction conditions can strongly influence both the rate and outcome of these 
reactions, as a comparison of thermal and acidic conditions illustrates. (27)  
   

 
 
 
 
The trifluoroacetic acid solvent is almost certainly providing acid catalysis for 
the DA step of this sequence. The rate and product selectivity effects may be 
due to preferential protonation of the N atom distal to the 2-tether. Control of 
regiochemistry has also been achieved by N-alkylation. (27)  
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Other pyrazine reactions similarly affected by TFA solvent are included in 
Table I-C. The regiochemical control is often striking, and the use of acid 
avoids the need to remove the N-alkyl group if the free base is desired. 
 
The products of reactions of alkynes with both pyrimidines and pyrazines are 
pyridines, which can undergo further reaction with dienophiles. Typically these 
require appreciably higher temperatures than the diaza analogs. An 
intramolecular example involving a nitropyridine is shown for comparison 
purposes in Table I-C. In related fashion, the use of a doubly tethered 
substrate gives a DA-rDA-DA-rDA sequence at high temperature; this reaction 
is effectively halted after the first DA-rDA sequence when carried out at lower 
temperature (120°). (26)  
   

 
 
 
 
Interception or isolation of the presumed bicyclic intermediate has not been 
reported in any reaction of either pyrimidines or pyrazines with acetylenic 
dienophiles. Thus the temperature needed for overall reaction reflects the 
activation energy for the DA step, and no information is available on the rates 
of rDA loss of nitriles from the presumed bicyclic intermediates. 

3.1.1.4. Nitriles from 1,2,4- and 1,3,5-Triazines (Table I-D)  
Unsymmetrical 1,2,4-triazines can in principle react in several ways as DA 
dienes with an acetylenic dienophile. An early report suggested that 
pyridazines are formed, (28) but this was rapidly corrected to show that in fact 
pyrimidines are generated. (29, 30) Pyrimidines result from cycloaddition 
across N-2 and C-5, followed by loss of N-1 in the nitrile that is generated in 
the rDA step. Only a handful of examples are found in Table I-D, reflecting the 
small number of reactions in which this is the major pathway. Far more 
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common are the sequences that begin with cycloaddition across C-3 and C-6, 
followed by loss of N2 to give pyridine products. These useful reactions are 
addressed in a later section and listed in Table VI-D. The two processes 
compete, and many examples of formation of both pyrimidines and pyridines 
from 1,2,4-triazines are known. Substituents play a major role in determining 
the preferred pathway, as noted in some early work. (29)  
   

 
 
 
 
The reactions of 1,2,4-triazines to give pyrimidines as major products occur 
especially readily with electron-rich dienophiles, and usually exhibit useful 
regiocontrol. 
 
An unusual reaction of a 1,2,4-triazine with N-cyanoamines as dienophiles 
yields mixtures of symmetrical and unsymmetrical triazine products. (31)  
   

 

 
 
 
The reactions of 1,3,5-triazines commonly also involve electron-rich 
dienophiles; these invariably lead to the formation of a pyrimidine product after 
expulsion of a nitrile. The DA step necessarily involves cycloaddition across an 
N,C-1,4-diene. Dienophiles employed to initiate the sequence include 
aminoalkynes, enamines, ketene acetal analogs, and amidines, which usually 
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react via the tautomeric enamine double bond. These reactions often lead to 
good yields of single isomers. Consequently, sym-triazines have found use in 
a number of synthetic applications. To avoid mixtures of products, most 
reactions have been carried out with either 1,3,5-triazine itself or symmetrically 
trisubstituted derivatives. 
 
Most of the reactions of 1,3,5-triazines listed in Table I-D occur at or below 
100°, and further reaction of the pyrimidine product is not commonly 
encountered. 
 
Enamines have been extensively employed as dienophiles. One example is 
shown to illustrate the general reaction. (32)  
   

 
 
 
 
As noted above, amidines typically react via the enamine tautomeric form. (33)  
   

 
 
 
 
When tautomerism is precluded, the imine double bond itself can serve as the 
dienophile (a masked nitrile). (34)  
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In contrast to all of the other six-membered nitrogen heterocyclic “dienes” 
described above, some sym-triazine reactions allow isolation of the bicyclic 
intermediate. For example, reaction of the triester derivative can be carried out 
directly at 101° to give the pyrimidine, or at room temperature to generate the 
bicyclic compound. (35)  
   

 
 
 
 
The cycloadduct of tri(thiomethyl)-sym-triazine and an aminoalkyne proved to 
be exceptionally stable. It required heating ³150° to effect rDA expulsion of 
MeSCN. (36)  
   

 
 
 
 
In the presence of strong acid (p-TsOH), this rDA reaction occurs under 
somewhat milder conditions (100°). Interestingly, peracid oxidation to the 
trisulfone analog affords a much more reactive species, which expels 
MeSO2CN at or slightly above room temperature. (36) 
 
Reviews that describe the use of triazines and other heterodienes in multistep 
syntheses of natural products have appeared. (37-41) 
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3.1.2. Heterodienophiles Expelled (C = X), Other than CO2 and COS  
This section is devoted to rDA reactions that expel a double-bonded dienophile 
in which one reaction site is carbon and the other a heteroatom. The order of 
tabulation is N, O, S, and finally miscellaneous heteroatoms in order of 
increasing atomic number. Discussion of reactions that generate CO2 or COS 
are deferred to later sections. 

3.1.2.1. Imines (Table II-A)  
The simplest heterocyclic rDA reaction gives methyleneimine (formimine) and 
butadiene. (42) The activation energy is lower for this reaction (51.4 kcal/mol) 
than that of the all-carbon analog (ca. 66 kcal/mol; see discussion in Part I of 
this review). (1)  
   

 
 
 
 
Imine adducts of other common dienes have been examined under typical rDA 
conditions (heat, FVP, UV). Although quantitative rate data are generally 
lacking, it is safe to conclude that these materials constitute a well-behaved 
class of substrates for rDA treatment. Reactive diene coproducts can be 
generated, as shown by the formation of o-xylylene. (43)  
   

 

 
 
 
No direct comparison has been made between imine and nitrile formation in 
rDA reactions, but an inference can be drawn from the conditions used to 
crack the formimine-CP adduct, (44) when compared with the room 
temperature expulsion of HCN from the CP adduct discussed previously.  
   

 
 
 
 
A different situation exists in a reaction in which the choice to form 
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imine + aromatic is strongly favored over the prospective formation of 
nitrile + diene. (45)  
   

 
 
 
 
The discovery that the rates of rDA reactions to generate imines are greatly 
enhanced by acids has opened a new chapter in the utility of these reactions. 
Attention has been focused mainly on CP adducts. Protonated N-alkyl adducts 
react readily in aqueous solution near ambient temperature, to give (note 
hydrolysis of the imine) an alkylamine, formaldehyde, and CP. In order to 
prevent back reaction with the very reactive iminium cation dienophile, a 
scavenger for CP (N-methylmaleimide, NMM) was employed. (46)  
   

 
 
 
 
When very similar substrates are treated in a mixed TFA solvent containing 
Et3SiH, the iminium salt is reduced to the corresponding N-methylamine. This 
procedure has been applied to a series of amino acid derivatives, giving 
products in good yield without racemization. (47) Other related examples, 
including one study on the efficacy of Lewis acids, are shown in Table II-A. 

3.1.2.2. Isocyanates (Table II-B)  
Perhaps surprisingly, rDA reactions that generate isocyanates are the most 
numerous of the mono-heteroatom double bonded dienophile types. This 
frequency is mainly due to two general reactions, DA reactions of acetylenic 
dienophiles with 2-pyridones or with various mesionics, respectively. 
 
Although far less commonly encountered than the CO2-producing reactions 
with 2-pyrones (see Table III), 2-pyridones behave similarly in many 
applications. A recent review covering synthetic applications has appeared. 
(48) The isocyanates that are formed from the initially produced cycloadducts 
are usually not the products of interest. An exception is used to illustrate the 
general reaction type. (49)  
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Some 2-pyridones exist primarily in the enol form, but these give analogous 
reactions, as shown by several entries in Table II-B. Bicyclic intermediates are 
usually inferred, but some have been isolated and examined for rDA reactivity, 
as shown by a few examples in this Table. 
 
Mesionics, mainly five-membered ring heterocyclics, behave in an analogous 
manner. Again, reactions that generate CO2 (Table IV) are far more numerous, 
but mesionics that give isocyanates are well represented, with many subtle 
differences in substrate type and outcome shown in Table II-B. A moderately 
complex example is presented to illustrate the process. (50)  
   

 

 
 

3.1.2.3. Carbonyl Compounds (Table II-C)  
Formaldehyde and acetone are the most commonly expelled carbonyl group 
dienophiles, but other aldehydes and ketones are represented, in both intra- 
and intermolecular variants. The “parent” reaction leads to formaldehyde and 
butadiene. This process was reported in early work to occur at high 
temperature, (51) but the activation parameters for this process have 
apparently not been determined, unlike the previously discussed rDA reaction 
of the nitrogen analog.  
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Alder-Rickert-like DA-rDA sequences are also encountered in this section. The 
oxadiene ring system may exist in equilibrium with the open-chain dienone 
isomer, but still gives reactions ascribed to the cyclic form. The reaction of 
methyl propiolate exhibits useful regioselectivity. (52)  
   

 

 
 
 
Substrates containing a second heteroatom in the ring are commonly 
employed in carbonyl-forming rDA applications. These reactions in general 
occur at easily attainable temperatures, although uncharged substrates 
require heating. The 1,3-dioxene ring system is relatively reactive, presumably 
because of the formation of two new carbonyl groups. The position of the 
double bond relative to the substituent determines whether the “diene” 
fragment is an unsaturated aldehyde or ketone. (53, 54)  
   

 
 
 
 
An α -pyrone analog has been widely employed to generate an acylketene 
intermediate. The ketene functionality reacts with a range of in situ 
nucleophiles to form acetoacetyl derivatives in a useful synthetic procedure. 
The activation parameters for the rDA step have been determined. (55)  
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Carbenoid organometallic analogs react with electron-rich dienophiles in an 
apparent DA-rDA sequence to form a new substituted cyclohexadiene, with 
the metal carbonyl as the expelled dienophile. (56)  
   

 
 
 
 
Cycloadducts of the reactive diene CP with simple aldehydes and ketones are 
unknown, perhaps because of facile rDA reaction and equilibria favoring 
educts. However, the very electrophilic hexafluoroacetone forms a cycloadduct 
with CP at room temperature. The adduct undergoes rDA reaction on 
attempted distillation. (57)  
   

 
 
 

3.1.2.4. Thiocarbonyl Compounds and Oxidized Analogs (Table II-D)  
The carbonyl dienophile fragment is usually not of primary interest in the 
reactions described in the preceding section. The opposite is true for rDA 
reactions that generate highly reactive thiocarbonyl compounds as expelled 
dienophiles. Evidence for the formation of these species usually takes the form 
of interconversion of stereoisomers, or trapping by an added diene. A review 
indicates that the rDA reaction is one of a very few general methods to 
generate thioaldehydes. (58) 
 
Few simple alkyl thioaldehydes have been formed by rDA reactions, although 
thioformaldehyde is presumably generated in the FVP (650°) reaction of the 
anthracene adduct, (59) and thioacetaldehyde is formed on modest heating 
(130°) of the corresponding 9,10-dimethylanthracene cycloadduct. (60, 61) 
Thiobenzaldehyde is generated readily by heating the anthracene adduct, as 
shown by trapping with 2,3-dimethylbutadiene. (60, 61)  
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Thioaldehydes bonded to electron-withdrawing groups (CN, ester, amide, 
ketone, aryl and other unsaturation), as well as diaryl thioketones, are common 
dienophile fragments of rDA reactions. Substrates are often CP or anthracene 
adducts, although more complex dienes are represented. An example is 
thebaine; one regioisomer is formed in a low temperature DA reaction, but 
interconverts, presumably via rDA reaction, as the temperature is increased. 
(62, 63)  
   

 
 
 
 
α , β -Unsaturated thiocarbonyl compounds tend to undergo DA dimerization, 
which may be reversed by heating. The C = S double bond may participate 
either as dienophile or part of the diene, or both. Interconversion of a dithiane 
to a thiocarbonyl isomer may result. (64)  
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Sulfoxide derivatives may also give rDA reactions, and for one isomeric pair 
the reaction has been shown to be stereospecific. (65)  
   

 
 
 
 
Related sulfones are less susceptible to rDA reaction, tending instead to give 
rearrangement with loss of SO2. (66) However, the generation of CH2SO2 from 
a benzenoid cycloadduct has been improved by phenyl substitution. (67, 68) 
The sulfene must be scavenged by an in situ reagent, or it rapidly decomposes 
to SO2 and undefined polymeric material.  
   

 
 
 
 
As expected, anthracene adducts are less reactive than substrates that 
generate benzenes. The formal anthracene adduct of CH2SO2 gives no rDA 
reaction, instead expelling SO2 and forming 9-methylanthracene in unspecified 
yield. (69)  
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3.1.2.5. Miscellaneous C = X Dienophiles (Table II-E)  
Expelled dienophiles that contain one carbon atom double-bonded to Si, P, Se, 
Sb, or Bi are encompassed in this section, and discussed in order of increasing 
atomic number. 
 
Evidence for double-bonded silicon was long an elusive target, recognized as 
a very reactive functionality, susceptible to rearrangement (70) and 
cyclodimerization. (71) Trapping at liquid helium temperature, however, allows 
isolation of the parent CH2SiH2 and some simple derivatives. (72) Successful 
rDA reactions almost universally involve formal (substituted)benzene 
cycloadducts under FVP conditions with temperatures ³350°.  
   

 

 
 
 
More highly substituted derivatives give rDA reactions under milder conditions, 
which allows use of anthracene cycloadducts. The reaction is stereo-specific, 
as demonstrated by use of both stereoisomers. (73)  
   

 

 
 
 
To the extent that this effect can be isolated from other structural factors, an 
increase in atomic number of the dienophile heteroatom results in greater rDA 
reactivity. For example, the relatively simple bicyclic phosphine decomposes 
near room temperature. (74)  
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Phosphacyclopentadiene dimers exhibit reversible rDA reactions. The 
presence of substituents clouds interpretation, but the DA dimer structures 
imply preference for inclusion of P at the terminus of the diene, and dienophile 
reactivity of the P-terminus double bond, leading to the head-to-head 
cycloadduct. (75)  
   

 

 
 
 
Selenabenzaldehyde is generated at a somewhat lower temperature than the 
sulfur analog described in the preceding section. Unfortunately no direct 
comparison of rDA rates has been made. (76)  
   

 

 
 
 
Only a few examples of higher atomic number heterodienophiles are found in 
the literature. The antimony- and bismuth-containing “benzenes” are very 
reactive, and exist in facile equilibrium with their head-to-head DA dimers. 
Thermodynamic parameters have been determined for a few related cases. A 
bismuth example illustrates the general conclusion; the rDA reaction is highly 
endothermic, but dissociation is favored by the typically large △ S°. (77)  
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3.1.3. Carbon Dioxide from α -Pyrones  
The large number of applications of α -pyrones in cycloaddition chemistry 
dictated subdivision of the Table dealing with this topic. The categories, as 
listed in the Table of Contents, were made according to the substitution pattern 
on the pyrone. They range from reactions involving the unsubstituted parent 
through alkylated, arylated, electron-withdrawing group (EWG)-substituted, 
heteroatom-substituted, to aza- and oxa-(ring substituted) α -pyrones. These 
subdivisions are more or less arbitrary, made to help locate specific reactions; 
they do not reflect fundamental differences in reactivity, or the kinds of 
reactions encountered. 
 
Several common themes are found in the reactions of α -pyrones that include 
rDA expulsion of CO2:  
a. direct thermal reaction of monocyclic dihydro derivatives; 
b. reactions with alkynes to give aromatics; 
c. reactions with alkenes bearing an easily eliminated substituent, leading to 

aromatics; 
d. reactions with quinones under oxidizing conditions, also leading to 

aromatics; 
e. reactions with olefins under conditions that may lead to both loss of CO2 and 

possible addition of a second equivalent of the olefin. 
An attempt has been made to follow this order in each of the Tables dealing 
with α -pyrones. In the discussion to follow, representative examples are 
illustrated without a focus on substituent. 
 
Two early reviews dealing with the preparation and reactions of α -pyrones are 
useful sources for older and relatively inaccessible Russian work. (78, 79) A 
thorough recent review on “Diels-Alder Cycloaddition of 2-Pyrones and 
2-Pyridones” provides extensive discussion of chemistry beyond the scope of 
this review. (48) 
 
α -Pyrones can in principle serve as either diene or dienophile in DA 
applications, but the vast majority of reactions utilize the diene role. Although 
the rDA reactions of the products have apparently not been examined, the 
parent molecule itself undergoes triplet-photosensitized [4 + 2] cycloaddition to 
give at least two formal DA dimers. (80)  
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Direct UV irradiation of α -pyrone leads to the formation of CO2 and 
cyclobutadiene. The reaction occurs via a bicyclic intermediate, which can be 
isolated by careful irradiation of α -pyrone at low temperature. (4) Further UV 
absorption converts the intermediate into the final products. Mechanistic 
insights were obtained by carrying out the reaction with specifically deuterated 
α -pyrones, (81) these reactions are listed among “unsubstituted” α -pyrone 
reactions in Table III-A.  
   

 
 
 
 
The (formal rDA) conversion of the bicyclic intermediate to CO2 and 
cyclobutadiene has also been accomplished thermally by FVP at high 
temperature (³400 – 850°). At lower temperature, reversion to α -pyrone is 
favored. (82) 
 
Scores of DA reactions of α -pyrones with acetylenic dienophiles have been 
described. In no instance has the presumed intermediate bicyclo[2.2.2]octane 
been isolated, attesting to the facile expulsion of CO2 in this variant of the 
Alder-Rickert reaction. The temperature needed for the rate-determining DA 
step is usually modest. An alternative approach used in an attempt to isolate 
the bicyclic intermediate shows that it loses CO2 below 0°, but does not 
disclose the temperature below which it might be isolable. (83)  
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In addition to mono- and disubstituted acyclic alkynes, many cycloalkynes, 
including reactive species such as benzyne that must be generated and 
trapped in situ, have been employed in DA reactions with α -pyrones. 
Polyacetylenes react in similar fashion to form the corresponding aromatics; 
the formation of a novel silacycle illustrates the point. (84)  
   

 
 
 
 
The only reported failure of an alkyne to react with α -pyrone involves 
di-t-butylacetylene. (85) Instead of alkyne incorporation, cinnamic acid is 
formed in unspecified yield, presumably from an intermediate DA dimer of α 
-pyrone. (85)  
   

 
 
 
 
In contrast to the alkyne reactions, the DA cycloadducts of α -pyrones and 
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alkenes are often isolable, although the temperature needed for rDA loss of 
CO2 may be only slightly higher than that needed for cycloaddition. The adduct 
of ethylene has been prepared and shown to lose CO2 with formation of 
cyclohexadiene at 115°. (86)  
   

 

 
 
 
Many structures of theoretical or synthetic interest are accessible from 
reactions of alkenes with α -pyrones. Cyclopropenes, which are generally quite 
reactive in cycloadditions, may give stereoisomeric adducts that differ sharply 
in the ease of loss of CO2. One such reaction, carried out at 25° under high 
pressure, yields a mixture of the exo DA adduct and the cycloheptatriene 
formed by homo-rDA loss of CO2, presumably from the endo isomer. (87) The 
isolated exo cycloadduct required heating to 140° to give the same rDA 
products. Similar reactions with ester-substituted α -pyrones appear to give the 
corresponding cycloheptatriene products even more readily. (87)  
   

 
 
 
 
Benzocyclopropene reacts with α -pyrone (88) and with some 
EWG-substituted derivatives at moderate temperatures to give novel 
1,6-methano[10]annulene derivatives. (89)  
   

 
 
 
 
Dienes can be used to generate interesting structures by sequential 
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DA-rDA-DA reactions, and many such processes have been examined. It is 
difficult to generalize about the selectivity of these reactions; they vary from 
high to quite modest levels of regio- or stereoselectivity. Various tether lengths 
and types, all-carbon or heteroatom-included, have been employed. Even 
simple dienes such as butadiene give, usually in low yield, quadricyclic 
products derived from intramolecular second DA reactions. The second 
dienophile site may also be introduced after initial cyclization. Several 
examples are found in the Tables, and only a few are discussed here. A 
reaction that exhibits little selectivity is used to illustrate the range of structures 
that can be accessed. (90)  
   

 
 
 
 
Other diene/ α -pyrone reactions give high yields of single products, or 
generate structures that may be difficult to access by other means. For 
example, the reaction of α -pyrone with 1,5-cyclooctadiene affords the 
symmetrical quadricyclic product in a one-pot reaction. (91)  
   

 
 
 
 
DA reactions of maleic anhydride with α -pyrones are the most numerous of 
the many cycloadditions that this diene class undergoes. As with other olefinic 
dienophiles, if the reaction can be carried out at a sufficiently low temperature, 
the initial cycloadduct can often be isolated. Further heating then causes 
evolution of CO2 to give either the cyclohexadiene, or if carried out in the 
presence of a second dienophile, the mixed bis adduct. Alternatively, initial use 
of higher temperatures, often with ³ two equivalents of maleic anhydride, 
results in the symmetrical bis-adduct. The latter reactions are especially 
common in early studies of α -pyrones, and cover a wide range of α -pyrone 
substitution patterns, as reflected in the Tables. 
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The stereochemical course of both DA steps is of interest, although this 
feature was usually not addressed in any but recent studies. Although 
stereochemistry is commonly inferred by analogy even in recent work, there 
are only a few instances in which this feature has been experimentally 
demonstrated. α -Pyrone itself reacts with maleic anhydride to give, at least 
predominantly, the endo isomer (endo and exo are defined as distal and 
proximal to the heteroatom-containing bridge, respectively). The kinetics of 
expulsion of CO2 from this isomer have been studied, and activation 
parameters have been determined. (92, 93)  
   

 
 
 
 
Mechanistic details of this reaction were explored by examining the isotopic 
composition of products after partial decomposition, making use of natural 
abundance 13C and 18O material. It was concluded that the C-C bond cleavage 
precedes or is more advanced than C-O cleavage in the transition state. (94) 
 
Maleimides often give DA reactions that parallel those of maleic anhydride, as 
one would expect based on the similarity of structures. The bis 
(N-phenyl-maleimide) cycloadducts formed in good yields by DA-rDA-DA 
sequences have been shown to have the endo,endo configuration for several 
substituted α -pyrones as well as the parent. (95)  
   

 
 
 
 
Intriguing peroxide cycloadducts result from 1O2 addition to α -pyrones. These 
adducts undergo rDA loss of CO2 just above ambient temperature with 
concomitant scission of the peroxide O-O bond. The unsubstituted parent 
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gives the predicted (Z)-2-butenedial, (96, 97) and some phenyl, carboxy, and 
ester-substituted α -pyrones afford analogous dicarbonyl products. (97)  
   

 
 
 
 
A metastable tautomer of toluene is isolated when the cycloadduct of α 
-pyrone with allene is heated. The rate constant for the reaction was 
determined at 100°, the lower limit for useful rDA loss of CO2 from this material. 
(98)  
   

 
 
 
 
The dihydro benzolog of α -pyrone, 3,6-dihydro-4,5-benzo-2-pyrone, is an 
excellent source of o-xylylene, as shown by the yield of the ring-closed isomer 
dihydrobenzocyclobutene. (99) Several aryl-ring substituted analogs are found 
in Table III-C.  
   

 

 
 
 
The parent unsaturated benzopyran itself is too reactive to be used as an 
isolated starting material, but it can be generated from an acyclic precursor, 
and trapped by in situ dienophiles such as DMAD. (100) As expected, the 
3,6-diphenyl analog is less reactive and can be isolated. It has been used in 
similar DA-rDA sequences. (101)  
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Homophthalic anhydrides provide rich and synthetically useful chemistry. The 
thermal reaction is analogous to that of dihydrobenzopyrone, yielding 
benzocyclobutanone and the interesting decarbonylation/rearrangement 
product fulvenallene. The allene is favored by higher temperature FVP. (99)  
   

 

 
 
 
Reaction of homophthalic anhydride in the presence of a reactive dienophile 
gives a product that can be rationalized by DA cycloaddition to the ketene 
intermediate generated by loss of CO2, followed by enolization to the phenol. 
However, the steps may be reversed, with enolization preceding DA-rDA 
reaction. This alternative mechanism seems likely given the moderate 
temperature used for these reactions, typically 150–200°. The naphthol 
derivative is formed in moderate yield when DMAD is used as the dienophile, 
while with ethyl propiolate the reaction appears to be regioselective, but the 
yield is low. (102)  
   

 
 
 
 
The utility of homophthalic anhydrides was enhanced by the finding that a 
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base-induced DA pathway is easily accessed. Conversion to the sodium 
enolate is usually accomplished by treatment with NaH. Reactions with 
traditional EWG-substituted dienophiles and the enolate occur readily at 
0 – 25°, and the yields are often significantly higher than those of the neutral 
thermal reaction. For example, the ethyl propiolate adduct just described is 
formed in 50% yield via the sodium enolate. (103) Many complex products 
have been formed using this methodology, including several tetracene 
quinones of medicinal interest. One example, (104) from among many in Table 
III-E, is illustrated.  
   

 
 
 
 
Heteroatom-substituted derivatives, including homophthalic and related 
anhydrides, comprise the largest subcategory of α -pyrone DA-rDA substrates 
(Table III-E). Many nitrogen-linked substituents are represented, ranging from 
simple amines to heterocycles, with indolo- α -pyrones especially numerous. 
The typically non-selective dienophile 3-pyridyne is used to illustrate the 
reaction of an indole system. (105, 106)  
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In general, heteroatom-linked substituents lower the temperature needed to 
initiate the DA-rDA sequence with EWG-bearing dienophiles. Similar or even 
greater reactivity is exhibited by α -pyrones with one or two additional 
heteroatoms in the pyrone ring. These are mainly oxazines (azapyrones), with 
3-aza- (carbamates), 4-aza, 5-aza-, and 3,6-diaza-2-pyrones all represented; 
along with a few related systems these are collected in Table III-F. The 
reactions are similar in all respects to those of simpler α -pyrones, but the 
products are usually pyridines or analogs. 
 
The 4- and 5-aza-2-pyrone reactions presumably occur via the usual bicyclic 
intermediate, which in principle could expel either CO2 or a nitrile. Only the 
former pathway has been described. These reactions occur very readily, even 
when sterically demanding substituents are present. (107)  
   

 
 
 
 
Brief mention is made here of 4,5-diaza-2-pyrones, which are treated in 
greater detail in a later section. In reactions of these compounds, the rDA 
competition in the bicyclic intermediate is between loss of CO2 or N2, and the 
latter is invariably expelled. Loss of N2 generates a new α -pyrone, which may 
react further in the usual fashion. An example of such a sequence is illustrated 
for a reaction with benzyne. (108)  
   

 
 
 
 
Although few examples exist to demonstrate the point, conversion of the 
diazene to the analogous amine oxide could in principle result in expulsion of 
N2O (a topic treated in greater detail in a later section), but instead results in 
the “normal” loss of CO2. It is clear that N2O is a much poorer rDA dienophile 
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than N2, but to the extent that this generalization is appropriate, N2O is also a 
poorer rDA dienophile than CO2. (109)  
   

 

 
 
 
A few novel cyclic carbonates that may be viewed as dihydro- α -pyrones have 
been prepared. These heterocycles rapidly undergo loss of CO2 at room 
temperature, and this reactivity makes them difficult to isolate. (110)  
   

 
 
 
 
In the reactions of mesionics to be discussed next, CO2 is the most commonly 
expelled dienophile. However, there are enough substrates that eject COS to 
warrant a separate table. The situation is quite different for α -pyrones; sulfur 
analogs are far less frequently encountered, and only one example of rDA loss 
of COS has been located. (111)  
   

 

 
 

3.1.4. Carbon Dioxide from Mesionics  
The term “mesionic” is used to describe a class of heterocycles, mostly 
five-membered rings, for which aromatic zwitterionic 1,3-dipolar resonance 
forms can be written. Mesionics undergo dipolar [3 + 2] cycloaddition reactions 
with dipolarophiles, presumably to form bicyclic intermediates that decompose 
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typically without isolation. The expelled minor (dienophile) fragment is most 
commonly CO2, COS, or an isocyanate. These sequences can be divided into 
two major categories based on the nature of the dipolarophile employed. With 
acetylenic dipolarophiles, the last step is formally an rDA reaction, and thus 
these sequences are appropriate for inclusion in this review. The reaction of 
acetylene itself with N-phenylsydnone is shown. (112)  
   

 
 
 
 
Formation and reactions of mesionics was an especially active field of 
research in the period 1960–1980, and some reviews covering this period 
have appeared. (113-115) 
 
The reactions of mesionics with alkynes that lead to isocyanates (and a few 
carbodiimides) are included in Table II-B. Those that generate CO2 are 
included in Table IV. And finally, reactions of mesionics that expel COS are 
listed in Table V. The generalizations made here will for the most part apply to 
all such reactions. 
 
With olefins, the final step is a retro[3 + 2] reaction, as illustrated for the 
reaction of styrene, again with N-phenylsydnone. (116) Since no rDA step is 
involved, the reactions of mesionics with olefinic dipolarophiles are not 
compiled in the Tables.  
   

 
 
 
 
Readers who wish to pursue the extensive literature on reactions of mesionics 
with olefins are directed to some especially informative papers (117-124) and 
the reviews mentioned previously. (113-115) Both reaction types (alkene and 
alkyne) have been thoroughly studied from a mechanistic standpoint, and 
numerous kinetic data are available. (125, 126) Since the DA step is typically 
rate-controlling with acetylenic dienophiles, these data do not provide 
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information on the rDA stage of the sequence. 
 
The numerous reactions of mesionics with acetylenic dipolarophiles that expel 
CO2 lead primarily to pyrroles (in mono-, bi-, and polycyclic structures: Table 
IV-A) and pyrazoles (Table IV-B), but several different ring systems including 
imidazoles, furans, thiophenes, and pyridines have been generated (Table 
IV-C). The mesionics used in these reactions may be prepared in advance or 
formed in the presence of the dipolarophile. A particularly simple approach to 
substituted pyrroles utilizes an α-amino acid heated with an anhydride and 
dipolarophile. The N-acylamino acid is formed initially, and can also serve as 
the starting material in analogous reactions. (127)  
   

 
 
 
 
In rare instances the cycloadduct is isolated, usually in conjunction with the 
decarboxylated final product. Further heating causes loss of CO2 to complete 
the reaction. (128)  
   

 
 
 
 
Pyrazole-forming reactions are typified by the reaction of acetylene with 
N-phenylsydnone described previously. EWG-substituted dipolarophiles are 
most commonly employed; regioselectivity with unsymmetrical reagents tends 
to be modest, as shown by several examples in Table IV-B. Arynes and 
bis-acetylenic substrates have been successfully employed. An example of the 
latter is illustrated. (129)  
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Nitriles can serve as dipolarophiles with some mesionics. The usual products 
are imidazoles. (130)  
   

 
 
 
 
Sydnones and a few related mesionics react with cyclopropenes and 
cyclopropenone analogs to give dihydropyridines by a route involving a 
homo-rDA step. Some highly substituted products have been formed in this 
manner. (131)  
   

 

 
 
 
A similar reaction with EWG-substituted cyclobutenes has been reported. An 
interesting example of the process that illustrates preferential reaction at the 
EWG-substituted site (in modest yield) is found for a Dewar benzene derivative. 
(131)  
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3.1.5. COS from Mesionics  
The reactions of mesionics with dipolarophiles that, after initial cycloaddition, 
generate COS are listed in Table V. These processes parallel those of 
mesionics to form CO2. The heterocyclic products that result likewise depend 
upon the heteroatom(s) present in the mesionic. Typically pyrroles, furans, and 
thiophenes are formed. Most reactions utilize aryl- or EWG-substituted 
substrates. A reaction that illustrates several of these features leads to a thia 
analog of isobenzofuran. (132)  
   

 

 
 

3.1.6. Dinitrogen as Expelled Dienophile  
Reactions that evolve N2 in rDA processes are numerous and varied. The 
large number of such reactions dictated further subdivision, which has been 
done by treating first aliphatic diazenes, followed by the various aromatic 
diazines, triazines, and tetrazines that enter into reactions that result in 
formation of N2. The extreme stability of N2 is indicated by its failure to enter 
into DA reactions. Conversely, rDA reactions that expel N2 tend to be more 
rapid than for other dienophiles. Diazenes that can form simple conjugated 
dienes upon loss of N2 have not been isolated. They are generated as reactive 
intermediates. 

3.1.6.1. From Aliphatic Diazenes  
Diazene intermediates that lead to simple dienes are most commonly 
generated by oxidation of the corresponding hydrazine. The parent 
dihydropyridazine has apparently not been examined experimentally. Alkylated 
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derivatives exhibit stereospecificity that is in keeping with “normal” rDA 
processes that form carbon-carbon and carbon-heteroatom dienophiles. (133)  
   

 

 
 
 
Efforts to isolate diazenes that can yield simple conjugated dienes by rDA 
reaction established that decomposition occurs rapidly even at –78°. (134)  
   

 
 
 
 
Homo-rDA reactions are also stereospecific, as shown by the formation of the 
less stable Z,Z non-conjugated diene from the all-cis substrate. (133)  
   

 
 
 
 
Although related homo-rDA processes occur at modest temperatures, these 
reactions are clearly slower than similar reactions that form conjugated dienes. 
For example, the tricyclic substrate that yields 1,4-cycloheptadiene upon 
expulsion of N2 requires modest heating to react at a reasonable rate. (135, 
136)  
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In spite of the higher activation energies for homo-rDA compared to related 
rDA reactions, the exo cyclopropane ring strongly activates the system relative 
to the unsubstituted derivative. It has been estimated that the homo-rDA 
reaction occurs 1017 times faster than loss of N2 from the saturated diazene 
analog to give a 1,4-diradical. (135) 
 
o-Xylylene formation occurs at low temperature, (137) although the diazene 
has been formed and isolated at –90°, and activation parameters for loss of N2 
have been obtained. (138)  
   

 
 
 
 
Substrate stereochemistry is critical to the outcome of some reactions, as 
expected from orbital symmetry considerations for concerted processes. A 
useful illustration is provided by the trans- and cis-epoxide substrates for a 
prospective homo-rDA reaction. The trans isomer gives the expected 
dihydrooxepin in a facile reaction at 0°. The cis isomer is much more thermally 
stable, eventually losing N2 at 180° to form cyclohexenone, presumably by a 
stepwise process. (139)  
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An alternative route to diazenes utilizes Si2Cl6 to deoxygenate the diazene 
N-oxide. The success of this method relies on the N-oxide being more 
thermally stable than the diazene. While clearly the case, N2O can also serve 
as the expelled dienophile in rDA processes, as described in a later section. 
The deoxygenation method is illustrated by a reaction that leads to 
semibullvalene. (140)  
   

 
 
 
 
A novel group transfer of H2 precedes rDA loss of N2 in systems of appropriate 
geometry. (141)  
   

 
 
 

3.1.6.2. From Pyridazines and Analogs  
Pyridazines can serve as dienes in DA reactions to give intermediate bicyclic 
diazenes, which in turn lose N2. Most commonly the pyridazines bear EWG 
groups, and electron-rich dienophiles such as aminoacetylenes are employed. 
The reactions occur at the 3,6-positions of the pyridazine. The regioselectivity 
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of intermolecular reactions is strongly dependent on substituents and on 
temperature (see Table VI-B). (142)  
   

 
 
 
 
Numerous intramolecular pyridazine DA-rDA reactions are known, and several 
heterocyclic systems have been generated in this manner. These reactions 
often require fairly high temperatures, but they are reasonably tolerant of 
substituents and give respectable yields in many instances. (143)  
   

 
 
 
 
The reaction of luminol with O2 under basic conditions may involve an rDA step 
to form the photoactive species. (144)  
   

 
 
 
 
The furan analogs of pyridazines are 1,3,4-oxadiazoles. Although relatively 
little explored, some EWG-substituted derivatives have been shown to react 
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with electron-rich or strained acetylenic dienophiles to give DA-rDA sequences 
with evolution of N2. (145)  
   

 

 
 
 
The 4,5-diaza-2-pyrone ring system invariably behaves like a pyridazine in 
DA-rDA processes, i.e., N2 rather than CO2 is expelled from the presumed 
intermediate to form a new carbocyclic pyrone. The reactions tend to occur 
under mild conditions that allow isolation of the pyrone. (108)  
   

 
 
 
 
With the more reactive dienophile benzyne, the loss of N2 is followed by a 
second DA-rDA sequence with expulsion of CO2. Some complex polycyclic 
aromatic compounds have been prepared in this manner. (146)  
   

 
 

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���������������

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � 



 
 
Diazapyrones also react with strained olefins, and the intermediate bicyclic 
compounds lose N2 with surprising ease. A zwitterionic process has been 
suggested to account for the facile loss of N2, (146) which may thus be 
regarded as an rDA reaction. IR evidence for a ketene intermediate has also 
been reported, (147) in further support of this mechanism. The isolated 
products are usually proton-shifted dihydropyrones (see Table VI-B).  
   

 
 
 

3.1.6.3. From 1,2,3-Triazines  
Although few examples are available, 1,2,3-triazines can react with 
electron-rich dienophiles, typically enamines, to give pyridine products that 
may arise by cycloaddition followed by rDA loss of N2. (148) Yields are usually 
modest (see Table VI-C).  
   

 
 
 
 
At higher temperatures, isomeric products are also formed that cannot arise 
from a straightforward DA-rDA sequence. These have been rationalized by 
direct thermal loss of N2 from the triazine, followed by azacyclobutadiene 
formation, [2 + 2] cycloaddition, and rearrangement. (149) There is direct 
evidence to support this mechanistic suggestion from studies of related 
reactions. (150, 151) 

3.1.6.4. From 1,2,4-Triazines  
As noted previously, 1,2,4-triazines are known to undergo two fundamentally 
different DA-rDA sequences. A relatively small percentage follow, as a major 
pathway, N2-C5 cycloaddition, with subsequent loss of a nitrile and formation of 
a pyrimidine. These reactions are collected in Table I-D. The far more common 
mode of cycloaddition takes place across C3-C6, followed by loss of N2 to form 
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a pyridine (Table VI-D). The two modes of reaction compete, and mixtures of 
pyridines and pyrimidines sometimes result, as shown by entries in both 
Tables. 
 
The 1,2,4-triazine system has been extensively studied and utilized in 
synthesis, and several reviews describe various aspects of its chemistry. A 
lengthy and comprehensive review published in 1978 contains relatively little 
on DA-rDA applications, (152) reflecting minor use prior to that time. 
Subsequently, numerous syntheses have made use of this methodology, and 
it is a major focus of several more recent reviews. (37-41, 153) 
 
Unsubstituted triazine has been used with enamine dienophiles, and in an 
especially direct pyrrolidine-catalyzed reaction of enolizable ketones to form 
substituted pyridines. (154) The regioselectivity observed in this reaction is 
common for process involving substituted triazines with electron-rich 
dienophiles, although the direction of addition depends to a significant degree 
on the nature and location of the substituent(s), as will be evident from many 
examples in Table VI-D.  
   

 

 
 
 
Regioselectivity can also be determined by the solvent, although this feature 
has not been widely explored. In a reaction with 1,1-di(dimethylamino)ethene, 
the ratio of 3- to 4-dimethylaminopyridine changes from 100:0 to 37:63, 
depending upon whether methanol or acetonitrile solvent is employed. (155)  
   

 
 
 
 
Many substitution patterns on triazines have been successfully employed in 
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cycloadditions. Aryl groups and esters predominate, but alkyl, halo, and 
several other substituents are represented. In general, EWGs increase triazine 
reactivity, although counterbalancing steric effects may lead to only modest 
changes in rate. (156) With electron-rich dienophiles, temperatures between 
ambient temperature and 100° are usually sufficient for reaction. Simpler 
dienophiles such as phenylacetylene require somewhat higher temperatures 
(150°), and many intramolecular reactions have been successfully carried out 
above 200°. The 1,2,4-triazine ring exhibits considerable thermal stability. 
Complex polycyclic products have been formed by both inter- and 
intramolecular DA-rDA sequences. (157)  
   

 

 
 
 
Simpler substrates also provide interesting and useful reactions. Although 
acetylene itself has apparently not been used as a dienophile in reaction with a 
triazine, its surrogate norbornadiene has found several applications. (158)  
   

 
 
 
 
Of course enamines also serve as acetylenic equivalents in reactions with 
triazines; the amine activates the double bond for the DA step, and then 
functions as a leaving group to convert diene to arene. A novel reaction 
utilizing diethylamine is thought to occur via air oxidation to the enamine. (159)  
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Cyclopropenes react readily with triazines to give azepines, which are in facile 
equilibrium with the bicyclic diene tautomer. (160)  
   

 

 
 
 
At elevated temperatures (ca.150° higher than needed for the analogous 
acetylene) the nitrile functional group can act as the dienophile in 
intramolecular applications. The products of these reactions are pyrazines. 
(161)  
   

 
 
 
 
The numerous entries in Table VI-D attest to the generality and utility of these 
reactions. 

3.1.6.5. From 1,2,4,5-Tetrazines  
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A comprehesive review of preparative methods and reactions of 
1,2,4,5-tetrazines, including many DA applications, appeared in 1978. (162) A 
review devoted to the “Carboni-Lindsey Reaction”, as the DA-rDA sequence is 
sometimes labeled after its discoverers, was published in 1981, (163) and 
several examples are found in reviews devoted more generally to the use of 
heterodienes in synthesis. (37-41) 
 
The 1,2,4,5-tetrazine ring system has proven remarkably versatile in 
cycloaddition reactions, as reflected in the longest Table (VI-E) of this review. 
Essentially all work involves either mono- or disubstituted tetrazines, and the 
vast majority of substituents that have been employed are 
electron-withdrawing, either by inductive or resonance effects. Alkyl and 
dialkyltetrazines have however also been used, as have alkoxy, thioether, and 
amine-substituted derivatives, although few examples of DA applications of the 
latter have been reported. The most commonly encountered tetrazines are 
symmetrically disubstituted, with di-phenyl, -2-pyridyl, and -esters (methoxy- or 
ethoxycarbonyl) being especially numerous. The di(2-pyridyl)tetrazine owes its 
popularity at least in part to fairly easy access. (164) 
 
The original DA application work was done with fluorinated alkyl substituents, 
and these tetrazines are still occasionally used. (165, 166) The reaction with 
unsubstituted allene reflects the double bond rearrangements that occur quite 
readily in the dihydropyridazine products when olefinic dienophiles are 
employed.  
   

 
 
 
 
The bis-ester is significantly more reactive than the bis-aryltetrazine; with 
some simple dienophiles, the reactions require temperatures of 30° and 120°, 
respectively, according to an early relative rate study. (167) Additional details 
on relative dienophile reactivities are given in Table VI-E, but some 
generalities emerge: olefins are more reactive than similar acetylenes, and 
one EWG on the dienophile slows, but does not prevent, the reaction. (167) 
Terminal olefins appear to be more reactive than disubstituted alkenes, (167) 
but steric effects do not prevent facile reaction of tetramethylethylene with 
di(trifluoromethyl)tetrazine. (168)  
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Tetrazines are good oxidants ( H2 acceptors), and a common side reaction 
when olefinic dienophiles are used is redox disproportionation, transfer of H2 
from the dihydropyridazine cycloadduct to form the dihydrotetrazine, which is 
illustrated generically.  
   

 

 
 
 
Since the disproportionation consumes an equivalent of tetrazine, it must be 
taken into account in carrying out experiments; unfortunately, relative rates 
and disproportionation equilibrium values are in general not known. Although 
the phenomenon is widely recognized, dihydrotetrazines have been isolated 
and yields reported in only a few studies. An effort has been made to include 
this information in the Table. 
 
With acetylenic dienophiles, the DA-rDA process forms pyridazines directly. 
These aromatics are usually isolated without concern for further reaction with 
dienophile. Although pyridazines can serve as dienes in DA reactions (section 
VI-B), they require significantly higher temperatures than tetrazines. When 
olefinic dienophiles are employed, the initially formed product is a relatively 
DA-reactive 1,3-diene. If it is not stabilized by double bond rearrangement to 
the 1,4-diene or consumed by disproportionation, a second mole of dienophile 
could in principle add. In practice, this second DA step is rarely observed 
under the conditions needed for the reaction with tetrazine, again reflecting a 
large difference in activation energies. Unusually reactive dienophiles are 
exceptions. Examples are certain cyclopropenes (169) and cyclobutadiene. 
(170, 171)  
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The intramolecular nature of the second DA reaction presumably favors the 
formation of substituted semibullvalenes. (172)  
   

 

 
 
 
As previously noted, similar reactions take place with pyrones and 
1,2,4-triazines as the diene component in DA reactions with bis-cyclopropenes, 
but higher temperatures are needed for these less reactive systems. 
 
Quantitative rate data have been obtained for some tetrazine reactions. The 
presumed bicyclic tetra-aza intermediate has never been isolated, and it is 
clear that the rate-determining step is the DA reaction. A nearly 103 range in 
rates was found for the reaction of di(methoxycarbonyl)tetrazine and a series 
of 1- and 1,1-substituted ethylenes. (173) 
 
Interesting solvent-dependent remote substituent effects were uncovered in a 
kinetic study of di(2-pyridyl)tetrazine with a tetracyclic olefin (R1,R2 = H, OH, 
OMe, carbonyl); (174, 175) the data are displayed in Table VI-E. These 
reactions have high negative activation entropies, as commonly encountered 
in traditional DA reactions.  
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Tetrazine DA reactions are clearly inverse electron demand processes, and 
electron-rich dienophiles typically react quite rapidly, even at –78° for the 
di(alkoxycarbonyl)tetrazines. The breadth of reactivity is nonetheless 
impressive, since even mono-EWG substituted dienophiles react. However, 
the literature is nearly devoid of reactions with dienophiles bearing two or more 
EWGs. A curious exception involves maleimide and dimethyltetrazine. (176) 
Surprisingly, the analogous reaction with maleic anhydride does not occur, 
(176) although these two dienophiles rarely differ by more than a factor of two 
in relative rate with other dienes. (177)  
   

 

 
 
 
Formation of the aromatic pyridazine product in the maleimide reaction 
requires an oxidation. The oxidant was not identified, but may have been the 
tetrazine, via the disproportionation mentioned previously. The methyl groups 
may alter the reactivity of the tetrazine, but it is unlikely that they change the 
intrinsic inverse electron demand nature of the reagent; for instance, the 
reaction of this tetrazine with 1-(diethylamino)propyne at 0° is exothermic. (176) 
 
Although data are sparse on this point, reactions of tetrazines are likely to have 
thermal limitations. The diphenyl derivative decomposes to N2 and benzonitrile 
at 225°, (165) and analogous decomposition occurs with UV irradiation of 
bis(trifluoromethyl)tetrazine. (168)  
   

 
 
 
 
Norbornadiene can serve in its commonly encountered role as an acetylene 
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surrogate in reactions with tetrazines. Both di(trifluoromethyl)tetrazine, (168) 
and di(2-pyridyl)tetrazine exhibit this behavior. For the latter system, the 
intermediate has been shown to form rapidly and survive at –20°, but it loses 
CP above –10° to form the pyridazine. (178)  
   

 
 
 
 
In one instance the second olefinic site of norbornadiene reacts with a second 
mole of tetrazine before CP is expelled. (165) Insufficient detail is available to 
determine if this altered reaction course is due to an experimental variable or 
inherent reactivity differences.  
   

 
 
 
 
Tetrazines, along with pyrones and cyclopentadienones, have proven very 
useful reagents to effect the formal rDA expulsion of acetylene from bicyclic 
dienes, and this property has been used to prepare some reactive and unusual 
dienes. A synthesis of isobenzofuran illustrates the overall sequence, which 
consists of a DA reaction followed by two rDA steps, generating N2 and the 
aromatic pyridazine, respectively. The second rDA step generates a C-C bond 
in the pyridazine, and has been discussed briefly in Part I of this review. In 
many applications all three steps occur without isolation of intermediate, but in 
DMSO, in spite of an exotherm at room temperature, precipitation of the 
dihydropyridazine as a solid stabilizes it sufficiently for isolation. It undergoes 
the second rDA step near room temperature in solution. (179)  
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Analogous sequences have been applied to the preparation of several 
polycyclic aromatic analogs of isobenzofuran, (180) isoindoles, (181) and 
arsenic-containing aromatic rings; (182) several additional examples of 
unusual dienes are listed in Table VI-E.  
   

 
 
 
 
The simple aromatic heterocycles (furans, pyrroles, thiophenes) generated in 
some reactions with tetrazines are normally regarded as stable end products. 
However, the high reactivity of tetrazines can induce these aromatic 
heterocycles to enter into DA reactions, surprisingly as the dienophile 
component. Thus N-methylpyrrole reacts with di(methoxycarbonyl)tetrazine at 
moderate temperature to form a bipyridazine. All four carbon atoms of the 
pyrrole ring are incorporated in a sequence that presumably involves two 
DA-rDA steps and two distinct elimination steps leading to the formation of 
methylamine and the bipyridazine. (183, 184)  
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Some electron-rich nitriles react with tetrazines, even in intermolecular fashion, 
to form 1,2,4-triazines, (185) but these reactions do not appear to be general.  
   

 

 
 
 
Enamines are among the most frequently employed dienophile partners of 
tetrazines. These reactions are unexceptional, leading either to the 
dihydropyridazine or the pyridazine formed by elimination of the amine. Imines 
and their analogs that cannot tautomerize react directly with tetrazines to 
generate 1,2,4-triazine derivatives; those that can tautomerize to the related 
enamine almost invariably react through the latter form. This generalization 
holds for simple imines and derivatives such as N,N-dimethylhydrazones and 
oximes. For example, acetone oxime yields the methypyridazine, presumably 
by reaction through the enamine tautomer followed by elimination of 
hydroxylamine. (186)  
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The unusual reaction of diethylamine with 1,2,4-triazines (previous section) 
has also been observed with a tetrazine. (159) An analogous reaction leading 
to the methylpyridazine (no yield given) has also been reported. (187) The 
detailed mechanism of these reactions remains unclear, but presumably 
involves oxidation of the amine to the imine = enamine, which then undergoes 
the expected cycloaddition-elimination. The oxidant that initiates this process 
may be the tetrazine.  
   

 
 
 
 
This view is reinforced by the observation that lithium diethylamide and lithium 
diisopropylamide (LDA) give analogous reactions at –70° (188) These bases 
are known to serve as reducing agents, and facile redox reaction with the 
oxidant tetrazine seems likely. The use of LDA for other purposes will clearly 
be problematic in the presence of a tetrazine ring because of this reaction. 
 
Enolates are good dienophiles in combination with tetrazines, and both in situ 
generated potassium enolates (189) and preformed lithium enolates have 
been successfully employed. (190)  
   

 
 
 
 
An unusual reaction of tetrazines occurs with benzyl isonitrile to form pyrazole 
products. The process works equally well with di(trifluoromethyl)-, diphenyl-, 
and di(methoxycarbonyl)tetrazine. A mechanism involving [4 + 1] cycloaddition 
has been proposed. (191)  
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Pyrazoles may also be formed when tetrazines interact with thiocarbonyl 
derivatives, although thionoformate esters allow isolation of the DA 
cycloadduct. (192) Similar adducts are thought to be intermediates that 
undergo desulfurization with ring contraction to pyrazoles in related processes.  
   

 
 
 
 
Interestingly, when thiobenzaldehyde is generated by thermal rDA reaction of 
its cycloadduct with anthracene in the presence of a tetrazine, the expected 
pyrazine is formed along with the oxidized adduct from anthracene and the 
tetrazine in an uncommon involvement of this aromatic hydrocarbon as a 
dienophile. (192)  
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Although both species may be regarded as highly electrophilic, tetrazines react 
readily with benzyne to form the expected benzopyridazines. (173) A related 
but more exotic use of diphenyltetrazine is to trap dehydrocyclopentadienyl 
anion. (193)  
   

 
 
 

3.1.7. Expelled Bis-Heterodienophiles (X = X, X = X′, Other than N2)  
3.1.7.1. Diimide and Derivatives  
Early attempts to hydrolyze/decarboxylate the cycloadduct of CP and diethyl 
azodicarboxylate provided indirect evidence for the formation of diimide 
( N2H2); either starting material or organic coproduct was reduced, presumably 
by this active species. (194, 195) Only recently has the intermediate hydrazine 
been isolated, and the rate of rDA expulsion of diimide determined. (196) In 
order to prevent reduction of the starting material in this kinetic study, 
norbornadiene was added as a scavenger for the diimide.  
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The analogous anthracene cycloadduct was introduced as a synthetically 
useful precursor of diimide, since neither the starting material nor the 
anthracene coproduct reacts readily with N2H2. (197) Under the same 
conditions used for the CP adduct, the anthracene adduct was found to give 
rDA expulsion of diimide about three times faster. (196)  
   

 

 
 
 
N,N¢-Dimethylhydrazine analogs were examined to see if stereochemical 
information for the rDA process could be obtained. (198) The trans diazene 
was favored relative to cis (93:7) from the butadiene adduct, which required 
the highest temperature of the systems examined, and it was the exclusive 
product from the anthracene adduct, which expelled product at the lowest 
temperature. Conversely, cis diazene was slightly favored (40:60) from the CP 
analog, examined at intermediate temperatures. These data indicate that there 
is a relationship between the precursor and product configurations, even 
though the precursor is stereochemically labile because of N-inversion.  
   

 
 
 
 
When the N-alkyl groups form a ring, constraining the system to cis geometry, 
rDA reactions occur much more readily. For example, whereas the 
N,N¢-dimethyl analog requires heating to above 200°, (198) the cyclic analog 
that also forms CP undergoes rDA reaction at room temperature. (199, 200)  
   

 
 
 
 
Interesting pH dependence of the DA/rDA equilibrium position was 
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demonstrated for the CP and some related systems, one of which is illustrated. 
The educts are favored under neutral or basic conditions, while the 
cycloadducts are formed rapidly and favored under acidic conditions. This 
thermodynamic effect is attributed to the considerably higher basicity of the 
hydrazine than the diazene. (199)  
   

 
 
 
 
The effect of acid on the rates of the DA and rDA reactions has not been 
established, although catalysis appears probable. 
 
In this context, it is noted that the related N-oxide undergoes rDA reaction very 
rapidly; (201) the equilibrium constant has not been established for this 
reaction, but it is clear that the educts are favored under the conditions used to 
determine the rate.  
   

 
 
 
 
The 2,3-diaza analog of cyclopentadienone has never been isolated, and one 
might expect, based on analogy, that it would decompose readily to N2, CO , 
and acetylene. For example, attempts to generate the benzolog have instead 
resulted in benzyne formation, as shown by the formation of [2 + 2] dimer. 
(202)  
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The relatively high temperature used in this pyrolysis sheds little light on the 
stability of intermediates. However, the sulfone analog in solution is reported to 
lose CP reversibly at 75°, a temperature also sufficient for decomposition to 
SO2, N2, and benzyne. Generated in solution, the benzyne undergoes rapid 
DA reaction with the CP formed in the first step. (203)  
   

 
 
 
 
The 2,3-diaza analogs of benzo- and naphthoquinone are known, highly 
reactive dienophiles that have been prepared by low temperature oxidation of 
the corresponding hydroquinones. These and related quinone systems have 
also been generated by rDA reactions involving fairly high temperature 
vacuum pyrolyses. Under these conditions, N2 is also lost, and the presumed 
o-xylylenyl diketenes then undergo [2 + 2] cycloaddition to give 
benzocyclobutandiones. (202)  
   

 
 
 
 
Insufficient information prevents generalization regarding the effects of 
substituents on rDA reactions that generate diazenes. The classical dienophile 
diethyl azodicarboxylate is one of the few acyclic substrates for which 
evidence is available; early work set some (presumably upper) limits on 
temperatures needed to carry out the DA and rDA steps with anthracene. 
(204)  
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It is not clear that temperatures above 200° are in fact needed to carry out this 
rDA reaction. The related N-cyano-N¢-ethoxycarbonyl adduct decomposes to 
educts ³150°, (205) the same temperature needed for rDA reaction of the 
N,N¢-dimethyldiazene-anthracene adduct mentioned previously. (198) 
 
N-Phenyltriazolinedione (PTAD) and its N-methyl analog (MTAD) are well 
known very reactive dienophiles, and PTAD especially has been extensively 
used as a diene protecting group for steroids related to ergosterol. Attempts to 
remove the PTAD have led to several recipes; many of these use hydrolytic 
conditions that may result also in decarboxylation with formation of the 
hydrazine followed by loss of diimide. In general, mechanistic details and even 
the fate of the PTAD fragments are unknown. One example is illustrated, (206, 
207) from among many included in Table VII-A.  
   

 
 
 
 
Direct thermal rDA expulsion of PTAD may occur under mild conditions if the 
diene that is generated is stabilized, e.g., as an aromatic. Thus, 
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[7]paracyclophane forms an adduct with PTAD by DA cycloaddition at a 
temperature a few degrees lower than that needed for rDA regeneration. (208)  
   

 
 
 
 
An even lower temperature is sufficient to release PTAD along with an 
unstrained aromatic ring. This point is nicely illustrated in a sequence in which 
MTAD adds at very low temperature to an open diene to generate the 
precursor bicyclic diene for an aromatic ring, which in turn expels PTAD at 
–10°. (209) This net migration of dienophile can be carried out by addition of 
catalytic dienophile at higher temperature. (209)  
   

 
 
 
 
A novel application of the rDA reaction utilizes optically active 
N-(2-bornyl)triazolinedione to prepare diastereomers of 
1,2,3-trimethylcyclooctatetraene, which differ only in the ring-fusion binding 
site of the allylic methyl group. Careful hydrolysis affords enantiomeric 
hydrazines, which upon oxidation lose N2. The resultant cyclooctatetraenes 
are enantiomeric, a result that requires that the COT ring be nonplanar. (210)  
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3.1.7.2. N2O  
The rDA reactions that expel N2O comprise a small but distinct class of 
reactions, warranting separate tabulation (Table VII-B). Most of the azoxy 
substrates have been prepared by oxidative hydrolysis of MTAD cycloadducts. 
Although the azoxy compound is orders of magnitude more thermally stable 
than the corresponding diazene, loss of N2O can still occur readily if the 
substrate is strained or the coproduct diene is stabilized. The reaction of the 
MTAD-CP cycloadduct illustrates this point. (140)  
   

 

 
 
 
The relative stability of the azoxy function is apparent from the temperature 
needed to effect the expulsion of N2O with formation of 1,3-cyclohexadiene. 
(140) The corresponding diazine (Table VI-A) loses N2 rapidly at –78°. (134) 
As already noted, the azoxy function can also serve as a protecting group; the 
oxygen can be removed by treatment with Si2Cl6 to give the much more 
reactive diazene.  
   

 
 
 
 
The azoxy derivative of a 3,4-diazacyclopentadienone reacts rapidly with an 
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electron-rich acetylenic dienophile in what appears to be a simple DA-rDA 
sequence. (211)  
   

 

 
 
 
The related bis-oxides that have been examined do not behave in a similar 
manner, but instead give rearranged products, some of which have lost the 
elements of N2O 2. (212)  
   

 
 
 
 
In a related vein, the azoxy derivative of a 4,5-diazapyrone in reaction with an 
EWG-bearing acetylene might have shed further light on the interesting 
question of preference for rDA loss of CO2 vs. N2O , but instead rearranged 
products thought to arise by r[3 + 2] reactions were obtained. (213)  
   

 
 
 

3.1.7.3. NO and NS  
Nitroso compounds are typically reactive free radicals, that either dimerize, 
enter into other reactions, or if the NO is bound to carbon bearing a hydrogen, 
tautomerize to oximes. In spite of this high reactivity, nitroso compounds are 
generated relatively easily in rDA reactions. 
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Only the 9,10-dimethyl derivative, among anthracenes, has been used in rDA 
processes to generate nitroso compounds. The nitrogen is, with very few 
exceptions, substituted by aryl, acyl, or similar EWG. N-Formylation slows the 
rDA reaction, but apparently not by a large factor. (214)  
   

 
 
 
 
The nitrosobenzene cycloadduct of CP has been prepared at 0°, but 
decomposes to educts at room temperature. (215, 216) The cyclohexadiene 
analog requires moderate heating. (215) Nitrosobenzene is thus expelled more 
readily than N2O ; based on comparison of the CP adducts, PhNO is also 
formed more rapidly than diimide. Nitrosobenzene is also ejected relatively 
easily in non-rDA reactions that generate diradicals. (217)  
   

 
 
 
 
The N-O single bond appears to be fairly robust, as judged by early work in 
which the DA reaction of PhNO with 1,3-diphenylisobenzofuran is reported to 
be reversible at 270°. (218)  
   

 
 
 
 
However, the similar adduct of AcNO with 1,3-diphenylisobenzofuran, which is 
presumably formed when the nitroso compound is generated in the presence 
of this reactive diene, gives products at milder temperature that suggest 
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homolytic cleavage. (219) The similarity of furan cycloadducts to ozonides is 
evident.  
   

 

 
 
 
The nitroso functionality enters into ene reactions readily, perhaps reflecting its 
radical character. Hydroxamic acids and related esters may be formed in high 
yields (Table VII-C), given appropriate substrates. (220, 221) Some interesting 
heterocyclic systems have been prepared using this methodology. (220)  
   

 
 
 
 
Simple sulfur analogs (N = S) of nitroso compounds have apparently not been 
generated by rDA reactions, although sulfoxide analogs have been generated 
in this manner. These reactions appear to follow the stereochemical features 
of common rDA processes. In one instance, facile low temperature reversible 
DA-rDA reaction was observed, along with higher temperature regioisomer 
conversion. (222, 223) The relative stereochemistry (Ph, O: cis or trans) was 
not examined in this instance.  
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3.1.7.4. Oxygen  
The endoperoxide of rubrene was shown in 1926 to evolve O2 upon heating, in 
a luminescent rDA reaction. (224-226)  
   

 
 
 
 
A review of cycloaddition reactions published in 1967 contains an extensive list 
(over 150 entries) of polycyclic aromatic endoperoxides. (227) Many bear a 
notation that O2 is evolved upon heating. Since little additional information is 
available, these are not repeated in Table VII-D, which instead focuses on 
more recent applications and detailed studies. 
 
Simple diene endoperoxides give rearrangement products rather than rDA 
reactions. Cyclohexadiene endoperoxide, for example, rearranges thermally to 
the isomeric cis-diepoxide. Alternative methods are therefore required to effect 
a formal rDA loss of O2 from such substrates, and low-valent Ti has proven 
useful for this purpose. (228)  
   

 
 
 
 
Orbital symmetry rules require that the initially formed O2 from a concerted 
thermal reaction be in the singlet state, 1O2. A stepwise process that allows 
intersystem crossing to the more stable triplet state ( 3O2) is also feasible. The 
formation of singlet oxygen, sometimes in high yield, has been demonstrated 
in several endoperoxide rDA reactions. A substituted 1,4-anthracene 
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endoperoxide, for example, generates 1O2 in over 90% yield; this reaction has 
△ S‡ = ± 3 eu, a value much like many other concerted rDA processes. The 
yield of singlet oxygen is not affected by a strong magnetic field in this instance. 
(229)  
   

 
 
 
 
The 9,10-diphenyl-9,10-endoperoxide affords significantly less 1O2 (32%) in 
the simple thermal reaction, and in this instance the yield is diminished (23%) 
when the reaction is carried out in a strong magnetic field. (229) The magnetic 
field effect has been ascribed to interaction with magnetically active 17O, 
increasing intersystem crossing at a stepwise intermediate peroxy radical 
stage. (230)  
   

 
 
 
 
Some oxazoles react with singlet oxygen to give high yields of products that 
appear to arise from DA cycloaddition to form an ozonide, followed by 
homolytic O-O bond cleavage coupled with expulsion of a nitrile. Although not 
formally an rDA reaction, the analogy is clear. (231)  
   

 

 
 

3.1.7.5. Silylene and SiO Analogs  
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Materials with Si double-bonded to C are discussed in an earlier section, and 
listed in Table II-E. Silylenes (Si = Si derivatives) and their Si = O analogs that 
have been generated by rDA processes are found in Table VII-E. Silylene itself, 
Si2H4, has not been formed in this manner, but some tetraalkyl (mainly 
tetramethyl) analogs have been generated as reactive intermediates in rDA 
reactions. These materials have not been isolated directly, but formation of 
either [2 + 2] cyclodimer or [4 + 2] cycloadduct with an added diene provides 
strong evidence for these intermediates. The cycloadduct precursors are 
formally derived from aromatics, and the formation of these aromatic 
coproducts is an important driving force for the rDA step, which nonetheless 
requires moderately high temperatures. Data in Table VII-E allow the expected 
conclusion that the order of thermodynamic stability of the adducts is: 
benzene < naphthalene < anthracene. Thus if the benzene cycloadduct is 
heated in the presence of naphthalene, the naphthalene cycloadduct is formed 
along with benzene. (232) There is too little information to allow firm 
conclusions about the relative kinetic rDA reactivity of these cycloadducts.  
   

 
 
 
 
Attempts to carry out rDA reactions by UV irradiation are only partly successful, 
because of side reactions including competing rearrangement. (233)  
   

 
 
 
 
It appears that the Si = O linkage can be generated more easily than Si = Si by 
rDA reaction, although no direct comparisons have been made. The 
cycloadduct formed from a silyl ether analog of cyclohexadiene and 
hexafluoro-2-butyne undergoes apparent rDA generation of Me2Si = O under 
mild conditions; the reactive species is trapped in this instance by another silyl 
ether. (234, 235)  
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At higher temperature, the same dienophile is expelled along with a diene 
coproduct, from a substrate that cannot directly form an aromatic. In the 
absence of a trapping agent, the reactive intermediate forms the cyclotrimer. 
(234)  
   

 
 
 

3.1.7.6. Phosphorus = X 
Reactions that generate P = C educts are found in Table II-E. Bis-heteroatom 
dienophiles that contain phosphorus consist mainly of RR¢P = O examples, in 
addition to two reactions that generate P = P dienophiles. These are listed in 
Table VII-F. 
 
There is some variation in the oxidation state of phosphorus in these reactions, 
but the expelled P = O species is always a reactive intermediate, and evidence 
its for formation typically involves isolation of a new cycloadduct or a 
solvent-trapped product. Studies utilizing optically active substrate or solvent 
allow the conclusion that the reactive intermediate is planar, attacked with 
equal probability from either face. (236, 237)  
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A phosphono analog of α -pyrone behaves in the same manner, yielding 
dimethyl phthalate when heated with DMAD, and the characteristic bis-adduct 
when heated with maleic anhydride. (238)  
   

 
 
 
 
The cis-trans isomerization exhibited by an unusual diphosphacyclohexene is 
attributed to reversible DA-rDA reaction, with interconversion occurring at the 
intermediate P = P species. (239)  
   

 
 
 

3.1.7.7. Sulfur and its Oxides  
Table VII-G lists the rDA reactions that emit SO2, SO3, S2, or S2O . The 
cycloadducts that emit SO2 are in some instances proposed intermediates that 
rapidly undergo rDA reaction, and in others isolated and characterized starting 
materials. An interesting example of the latter demonstrates that the kinetically 
controlled reaction of SO2 and an o-xylylene affords the DA cycloadduct. Upon 
heating, reversible rDA reaction occurs, followed by [4 + 1] cheletropic addition 
of the educts to form the more stable sulfone. (240)  
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The expulsion of SO3 in rDA reactions has been documented in only a few 
cases, involving initial DA reaction of an electron-rich dienophile to a 
heterocyclic diene. (241)  
   

 
 
 
 
The formation of S2 as a reactive intermediate has been proposed in a number 
of rDA reactions in which the co-educts are CP, (242) cyclohexadiene, (243) 
and anthracene. (244) Evidence for the formation of S2 has been obtained by 
trapping with an in situ diene. (242)  
   

 
 
 
 
Absent an added trapping reagent, the S2 is converted to stable S8, which has 
been isolated in some instances. (243) Interestingly, in the presence of 
norbornadiene, a novel trithia cycloadduct is formed in good yield by an 
unknown mechanism. (242)  
   

 
 
 
 
Very few examples of proposed S2O formation in rDA reactions exist. One of 
these involves the coproduct 2,3-diarylbutadiene. The reaction occurs under 
mild thermal conditions, and appears to be susceptible to acid catalysis. (245)  
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3.1.7.8. Miscellaneous Expelled Bis-Heteroatom Dienophiles  
This final section is relatively brief, since Table VII-H contains very few 
examples. An unusual reaction that generates o-xylylene and a Co = Co 
species has been studied in detail. (137, 246)  
   

 
 
 
 
Tetramethylgermylene, (Me2Ge = GeMe2), has been generated from several 
substituted naphthalene cycloadducts, as shown by trapping with added 
anthracene. (247, 248)  
   

 
 
 
 
A (Zr = O) bond is presumably formed in the Alder-Rickert-like reaction of an 
oxazirconadiene. The expelled dienophile is stabilized by formation of 
cyclotrimer. (249)  
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4. Experimental Conditions 

 
As pointed out in Part I of this review, (1) rDA reactions are first-order 
processes whose rates are influenced primarily or only by internal energy. The 
energy is most often introduced by heating, or occasionally by UV or other 
irradiation. For the vast majority of related rDA reactions, structure of both 
adduct and educts is the most important feature in determining the ease of 
reaction. Very often temperature is the only variable cited for a reaction, and 
there are no experimental procedures that can be regarded as typical (hence 
the usual Organic Reactions section by this name has been omitted). 
 
In comparison with the carbon-carbon dienophiles covered in Part I, a greater 
percentage of highly volatile “dienophile” educts ( HCN, CO2, COS, N2) are 
encountered in Part II. Many of these reactions are functionally irreversible in 
any event, but may be further facilitated by removal of the volatile product. 
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5. Organization of Tables 

 
The Tables, and the like-numbered subsections of the Scope and Limitations 
section, are arranged to the extent possible in the manner adopted for Part I. 
Each Table deals with a single or related class of expelled dienophiles. Those 
containing carbon at a dienophile reaction site are listed first; the order of 
presentation of heteroatom(s) follows atomic number. The decision to list 
nitriles (Table I) before imines (Table II) illustrates the general organizing 
principle to list triple- before double-bonded dienophiles. In general, acyclic are 
presented before cyclic dienophiles within a Table, and intermolecular 
reactions are treated before intramolecular analogs. 
 
For a given dienophile, the order of listing is generally in terms of increasing 
complexity (substituents— atomic number, oxidation state, etc.). Many of the 
Tables are subdivided by dienophile type within a class, or diene fragment 
formed; this method was chosen to help the reader locate material of interest. 
Many of the Tables and sub-Tables are relatively short, which will also assist in 
locating materials. The longest Table (VI-E) deals with expulsion of N2 from 
reactions of tetrazines; the order used here, by tetrazine substituent is: 
unsubstituted, monosubstituted (H, alkyl, aryl, ester, heteroatom linked), 
disubstituted (same order). Reactions of diphenyltetrazine are listed before 
those of di-(2-pyridyl)tetrazines in the diaryl grouping, and methyl esters are 
listed prior to ethyl analogs. For a given tetrazine, the order is determined by 
the “diene” educt, using the factors listed previously. To the extent that they 
pertain, these same principles were used in other Tables. 
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6. Tabular Survey 

Abbreviations used in Tables. 
Bn benzyl 
Bz benzoyl 
Cp cyclopentadienyl 
CP cyclopentadiene 
CPBA m-chloroperoxybenzoic acid 
DBN 1,5-diazabicyclo[4.3.0]non-5-ene 
DBU 1,8-diazabicyclo[5.4.0]undec-7-ene 
DCC dicyclohexylcarbodiimide 
DMAD dimethyl acetylenedicarboxylate 
DMF dimethyl formamide 
DMPS dimethylphenylsilyl 
DMSO dimethylsulfoxide 
GLC gas-liquid chromatography 
MA maleic anhydride 
MOM methoxymethyl 
NCS N-chlorosuccinimide 
NMM N-methyl maleimide 
NPM N-phenyl maleimide 
(OC) Oxidative Conditions. This notation is used in some 

entries after the conditions to indicate that a balanced 
reaction would require oxidation. In most cases, the 
oxidizing agent was not specified in the reference, and 
may have been air. In other examples, 
dehydrogenation may have occurred without a specific 
oxidant. 

PTAD 4-phenyl-1,2,4-triazoline-3,5-dione 
RTAD 4-R-1,2,4-triazoline-3,5-dione 
TBDM t-butyldimethylsilyl 
TCNE tetracyanoethylene 
TFA trifluoroacetic acid 
THP tetrahydropyranyl 
TMS trimethylsilyl 
Ts p-toluenesufonyl 
FVP flash vacuum pyrolysis  
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TABLE I-A. NITRILES FROM MISCELLANEOUS REACTIONS 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

I 1 1’111, - HCN + 1111 - UV, Ar, -265” 6) 4 

t1/2 (25”) = cu. 0.5 h; E, = cu. 23 HCN + CP 2 

S02R 

l-t 
- RS02CN + CP R = Me or p-tolyl 3 

Ph 

Ph 

- PhCN + Ph X X Ph G--3 5 FVP, 900” 

PhCN + 

240” ArCN + 

l-t ArCN + 

ArCN + 

5 Ph X = GjD5 c--3 

R’ R2 
C02Me 

C02Et C02Me 

Ar 

250 

0 
t 

R3 /S 

M R2-N 0 

H H ” 

R’ R2 R3 

(-3 
Me Ph H 

-tCH2)20KH2)2- ” 
Me Ph Ph 

--tCH2)20tCH2)2- ” 

251 

Ar = p-tolyl 

Ph 

t-J 251 

N 5s + R’-__-R? 

0 

R’CN (-) + 
S\ R’ 

M 

t-1 252 

0 R’ A R’ 0 

R’ = Me. FBu. orp-tolyl 

R’ = H. Me. Ph. SiPh+ SnPhl, or PPhz 
R’ = OEt. Ph. Wmorpholino. NMePh 

NMez 
I 

MeOlC 

CN 

NMez 
(65) + DMAD I IO” CICN + 253 

180-2 IO” HCN + 

NC CN 

NO, NO2 82 

H NO2 72 

NO2 H 75 

254 
CN 

Ph + Ph---=_---Ph 350” PhCN + dph (30, + aph (5) 255 

aPh + 0, 170” 



TABLE I-A. NITRILES FROM MISCELLANEOUS REACTIONS (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

N 

250” PhCN + 255 

[,&-$I - [&N] - HCN + 0 (--) 256 

a The diene product was not isolated. 



TABLE I-B. NITRILES FROM OXAZOLES AND RELATED RINGS 

Starting Material Conditions Product(s) and Yield(s) (SC) Refs. 

SR’ 
+ DMAD 145” 

Ph + DMAD 138” 

DMAD 

R~$T>R~ 

R’ 

0 

Substit KL + 0 
Ph 

Ph 

+ DMAD 

+ DMAD 

RI-R* 

?’ 
R3CN + 

Me02C 
(47-87) 

R’ = Me, Ar, NH*, or enamino 
R* = Me, Bn, or ally1 

R” = aryl 
257 

PhCN + 258 

PhCN + Et02C (63 258 

rt, or reflux in 

MeCN, DMF, or xyiene 

R’ R* R3 vu 
C02Et Me Ph 9-63 

R3CN + R’ COzMe H ” ” 20-50 259 
C02Et ” t-Bu 0 

R2 H ” ” 12-76 
,COzMe 

138’, 5 h MeCN + C02Me (2% 

- Hiickel Calculations ” 

Ph 

25” HCN + C-J 

Ph 

259 

260 

I1 



TABLE I-B. NITRILES FROM OXAZ~LES AND RELATED RINGS (cried) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

Ph 

HCN + (55) 

RCN + gin + QBn (12-15) 

H02C major minor C02H 

phfY Ph + / [Ol II 101” 
N \ 

Bnp + r2H 130” 

R = H, Ph, or C02Me 

261 

OBu 
e-4 

C02Et 

+ 
II 

80-l 15’, 5-10 h HCN + 

Et20 RCN + 

Heat R’CN + 

‘-“‘fr + DMAD 80” HCN + 

190” MeCN + 

Hydroquinone. 170°, 24 h MeCN + 

170°, 24 h MeCN + 

262 

/x\CO Et 2 

Me02C C02Me 

+ DMAD 

R=HorMe 

(5 l-53) 

R’ R2 (%‘c) 

+ DMAD 

R’ Me02C C02Me 

Me OEt 85 
(1 OPr 90 

II OBu 76 

H ” 77 

Me Me 44 

t-Bu H 71 

Me C02Et 35 

(21) 

263 

Me02C C02Me 

264 

0 

J \) + 
N 

CF.J 
III 

HOCH;! CH20H 

(67) 

(67) 

V30) 

265 

CHzOH 

4 
CH20H 

CH20Ac 
I 

266 

267 

262 

+ 

R’ 

AcOCH2 CH20Ac 
CH20Ac 

CO?Et 

+ 

4 

80-l 15’, 5-10 h 

R3 

R’ R2 R3 (o/c) R’ 
MeCN + 

Et02C R3 

OPr H H 50 

Me ” ” 35 
H Ph ” 30 
C02Et H ” 45 

COMe ” ” 58 

OPr ” Me 65 

OBu ” ” 70 
H Ph ” 35 

OPr H Et 50 

OBu ” ” 55 
H Ph ” 62 

R (W I:11 

MeCN +NC Q ,“‘R zo2Et zi 365:1 

c5l-h R R w-4 I CH(OEt)2 29 4.5: 1 
I II 

200” 268 

MeCN + 
CH20Ac 

+ 
Ill 

170-220” 269 

AcOCH2 



TABLE I-B. NITRILES FROM OXAZOLES AND RELATED RINGS (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

R2 

R* 
R3 

+ 

Ph 

Ph 

C02Et 

i’h 

R2 
R3 

+ 

CHO 
OEt 

+ 

I  

CHfOEr)? 

Heat 
R’ R’ R* R3 (W 

MeCN + Opr CHO H 65 270 
OBu ” ” 60 
OPr AC ” 65 

255” 

BFyEt20 cat., 1 12”. 60 h 

170-220” 

OBu ” ” ” 
OPr ” AC ” 
OBu ” ” 68 

OPr x x 32 

OBu ” ” 40 
Ph H AC 24 
,t x x 35 

X = CH(OEt)* 

MeCN + 

R’ R* R3 Temp Time (%) 
H 
1, 

H 
I, 

Ph 
1, 

200” 70 h 28 
0 11 67 

,1 CN C02Me 160” 8h 91 
,t II C02Et ” 5 h 80 
11 C02Et C02Me ” 8 h 62 
11 I, C02Et ” ” 73 
1, CN CH20Ac 180” 22h 44 
8, C02Et ” ,* 11 31 

Me CN ” 190 45 h 27 
,1 C02Et ” II 1, 21 

MeCN + ErcGph + 

2 

Et~h~co Et I + II (54) 

I II 2 

271 

13 

13 

MeCN + R’ R* R3 R4 (%) 269 

R’ H H 25 

CH(OMe)z ” 85 

CH20H CH20H 63 

CH?OAc CH20Ac 84 

C02Et 68 
CH20Ac 44 

Ph 89 

CH?OAc 82 
CH(OMe)z 83 

CH20Ac 62 

CH(OMe)I 79 

Me$Z=CH ” ” CHzOAc 100 

H CN C02Et CO?Et 88 
0 AC CH?OAc CHzOAc 61 

11 OEt CO?Et C02Et 86 
II C02Et CH?OAc CH?OAc 79 

Bn 11 H CH(OMe)z 55 

Me Me Ph Ph 39 

OEt 

MeCN + (-1 

(Et0)2HC CHO 

272 



TABLE I-B. NITRlLES FROM OXAZOLES AND RELATED RINGS (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

(73) 273 

OH 

274 Me 71 
Et0 

R 

+ DMAD 100°, 10 min RCN + 

80-l 15’. 5-10 h t-BuCN + 
C02Et 

+ 

t-Bu 

NH2 

+ DMAD 

R 

rt, exotherm RCN + 

t-Bu 50 14 
Ph 37 19 

C02Et 
(17) 

COTMe 

130” BnCN + 261 

CH20Me 

Ph CH20Me MeOCH2 

(89) 

CH20Me 

170-220” PhCN + 269 

CH20Ac 

Ph CH20Ac 

PhCN + (70) 

AcOCH2 CH20Ac 

205” 275 

Ph 

Ph 
R’ 

+ 

PhCN + 

Ph 

(38) 255” 

Heat 

13 

276 

0 

R R’ R2 Temp Time (%) 
PhCN + \ / Ph H 220” 20 h 83 

R’ R2 CH20H ” 200” 24 h 50 
CH20Ac ” 180” 16h 90 
TMS CH20TMS 190” 48 h 66 

1, C=CTMS 210” 16h 95 
(CH2)0Ac H 220” 48 h 70 

TMS 

PhCN + (80) 
TMS TMS 

277 

278 

279 

TMS 

115” PhCN + 
R tw 
C02H 24 

R AC 32 

PhCN + (73) 

OHC R 
R = Me02C(CH&- 

200°, 3.5 h 

CHO 

+ DMAD 80” 

+ DMAD 112” 

PhCN + tw 
Me02C C02Me 

264 

PhCN + (69) 

PhCN + (13) 261 + DMAD 130” 

Me02C C02Me 



TABLE I-B. NITRILES FROM OXAZOLES AND RELATED RINGS (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

R’ 

Ph 

NH2 

+ Pb(OAc)4+ -60” 
0 

R’ R’ R2 Pm 

PhCN + H H 57 
0 Me H 20 

Me Me 30 

280 

+ DMAD 

Ar = p-02NCbH4 

1 IO” 

Heat 
0 

G \‘il + 
N 

263 DMAD 

C02Me 

/ Dl \ II 

Me02C C02Me 

ECN + 

[A~OCN] 

Bn 
+ 3:2 (10) 

‘C02Me C02Me 

Ph R (%) 
+ C02Me 50 

R R Bz 30 

ArCN + 

PhCN + 

R2CN + 

LiCN + 

HCN + 

HCN + 

HCN + 

Ar H” SZ 

p-02NC6H4 26.6 2 
Ph 28.1 5 
p-MeOCb& 28.9 6 

R’ R’ R” (%‘c) 
Ph Me 
11 11 

Et ” 

Ph 273 
Me 270 

Ph 268 

Ph ” i-Pr 267 
(1 -(CH2)4- 265 

+ 

Me02C 

130” 

Ac20, 138” 

261 

281 

0 

6 Y Ph 
I + 
N 

0 

11,lO 40-70” 

Ph 

10 101” 

R’ 
12 

15 

Ph 

Ph 

(27) 

136”, 96 h (76) 282 

0 

136”, 30 h a) cis (76) 

b) tram (74) 

282 

H 

136”, 26 h 283, 
284 

(80) 



TABLE I-B. NITRILES FROM OXAZOLES AND RELATED RINGS (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 
I 0 H 

136’, 26 h HCN + (87) 283, 
284 

OMe 

Me04 136” 284, 
285 

0 

MeCN + 630) 

0 

80” 284 

MeCN + 136’, 11 h 286, 

287 

158” 

TMSAR 
H 55 16 
CH20TBDMS 50 

136” MeCN + 

110” MeCN t 

MeCN t 

MeCN + 

112’,4.5 h MeCN + 

0 

+ 112”, 16h 

Ph Ph 

RCN + 

R’ 

R’ R’ (%) 

TMS 
0 

H Me 81 

Me ” 85 
II n-Pr 74 

H H 20 

290 

(91 290 

R’ R2 m  
H TMS 58 

Me H 50 
290 

.R’ 

MeO& 

(90) 291 

Ph 

0 
R VW 

Ph ~ 
H 10 

Me 71 
OEt R 



TABLE I-B. NITRILES FROM OXAZOLES AND RELATED RINGS (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

240’3 20 h RCN + 

H. Ts 

164”, 72 h 

0 

6 

S 

\) N 
R 

Ph Ar 
+ 

OH 

325’, 21 h 

350”, 21 h 

MeCN + 

HCN + 

R = H, Ts 

RCN + 

DMAD 115” (HNCO) 

0 

H 
S 

m 

1 / 

0 

S P 1 / 

0 

(48) 

(81) 292 

R (‘W 

292 

292, 
293 

H 74 
Ts 10 

Ar Time (%) 

294 

Ph 48 h 28 
p-CIC6H4 120 h 10 

295 

” Hiickel calculations to predict regiochemistry are in “good agreement” with experimental results. 



TABLE I-C. NITRILES FROM PYRIMIDINES AND PYRAZINES 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

R’ 
NC 

CN 

NEt2 

II 

R2 

NCR312 
N& / + II 

N 
R2 

rt or heat 

1-t-65” 

Heat 

R’ R2 R3 R4 Temp I(%) II(%) 
H C02Me H H 101” 10 - 
It H C02Me ” 81” 90 - 
81 C02Me ” ” l-t 80 - 

C02Me ” H ” 101” - 81 
H ” ” C02Me rt 25 64 

HCN + 

R’ R2 (W 
H Me 97 
II Ph 20 

Me Me 36 

HCN + R’ R2 

R’ R2 R” Temp Time (%) 

C02Et Me Et 80” 1 h 64 

S02Me ” ” 35” 3 h 66 

(1 Ph Me 101” 24 h 29 
II 11 -(CH2)3- ” ” 43 

18 

297 



TABLE I-C. NITRILES FROM PYRIMIDINES AND PYRAZINES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

R’ R2 R3 vu 
NMe2 NMe2 NMe2 53 

N /N Y 
+ DMAD DMF, 150” R’(R’)CN + H 19 21 

R2 OMe 70 
1‘ OMe NMe2 30 
II 9, OMe 55 

OMe ” ” 12 
,I NMe2 ” 40 

II 11 H 16 

Me2Nlmc* 
N /N Y 

NMe2 

+ DMAD 

y2 

r? I’ + N*N 
R3 R* 

Y  
I 

R’ 

t-t-78”, EtOH 

A + R2N\/rNR2 rt 

N+N 

NO2 n ’ ’ + Q N*N (c&-fN 0 
+ 
+ 

P 0 
N 

+ d 

Ph 

+ 
Le 

SMe 

SMe 

(82) 21 

HCN + 

R3 Temp (%) 

N-morph N-morph 20” 57 298 

N-pip ” 52 

Me OMe OMe 78” 17 

-(C&h-- N-morph 70” 80 
II 1‘ N-pip ” 60 

N-morph = N-morpholino 

N-pip = N-piperidinyl 

HCN + 

HCN + 

HCN + 

HCN + 

HCN + 

HCN + 

HCN + 

HCN + 

HCN + 

X 

CL 
I 

\ 

/ 
N NR2 

X NR2 VW 

NO2 morpholino 57 
11 piperidinyl 52 

MeSO morpholino 20 

02NTJ332~n 

02N I \ n3 / 
o*NA \ / 

N 

n (%) 

02N \ W Ph 

I (28) 
/ 

N 

3 60 

4 80 

5 75 

6 76 

(49) 

(21) 

02N@ (80) 

“q (14) 

““a (2) 
Me 

19, 
299 

19 

19 

19 

19 

19 

19 

19 

19 



TABLE I-C. NITRILES FROM PYRIMIDINES AND PYRAZINES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

NO2 02N 02N 

h 

Bn 

I’ + R NH 
>= 1-t-78” HCN + + 300 

NwN I II 

NH2 86 - 
NMe2 17 36 

NEt2 - trace 

OEt*HCI 63 - NO2 

h I ’ + Bn)=~~ 
N /N Y R 

SMe 

20”. 50 h MeSCN + 1 (43) 300 

NO2 

h \ HCN + 1 (-) ca. 5% 15N 
N ,N* 

Y R = Me, t-Bu, or Ph 
R 

NO2 

h 
*NH 

I’ + 
R-c rt-78” 

K&J NH2 * = 15N (ca. 8%) 

301 

HCN + 

EWG EWG = CN, PhS02, 

(13 - 75) 4-02NC6H3, 3-CF3C6H4, 302 

NH2 COzEt, etc. 

+ (EWG)CH2CN O-70” 

R2 

R’ R2 (%) 
HCN + H H 92 

NO2 H 96 

130” 254 

_ - 
H CN 94 

HCN + 

R’ R’ 1O’k (175”) s-’ 

4-02NC6H4 H 3.7 
(-) NO2 CN 48oh 303 

H H 4.3 
II CN 77h 

175” 

180”, 1 h 

180-2 loo, 12-24 h 

304 HCN + t N,j(CN (CCL. 100) Ar = Ph, p-XC6H4 
X = Me, Br, OMe, Cl, NO;! 

X R VW 
0 H 52 305 

11 NO2 55 
S H 57 

11 NO2 75 

NAc H 85 

,1 NO2 87 

X R’ R2 R3 R4 (%) 

0 H H H H 52 
180-2 1 O”, 12-96 h NO2 9, t1 55 306, 

H Me ” 68 305 

II H ” 60* 
1, H 
,v 

NO2 

NAc H I, ,1 H 85 

NO2 ” ” 87 

s ” 
II I, 

H ” ” 57 
NO2 ” ” 75 

H Me ” 51 
,1 H ” 69* 

Ph ” ” 75 
H ” ” 63 

Me 
1, 11 

II H 

so;! ” 

* mixture 



TABLE I-C. NITRILES FROM PYRIMIDINES AND PYRAZINES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

II n I’ N NN 
Im 0 0 

22 180°, 24 h HCN + 

170°, 4 h HCN + 

Ph 

ph \ 
PI I N 

/ 
N 

22 (30) 

R’ R* (%) 
H H 87 
Cl ” 83 
Ph ” 66 
H Me 80 

R Time (%) 

H 2h 63 
Cl 1.5 h 84 
Ph 3h 65 
P-02NC6H4 ” 81 
NO2 0.5 58 

R’ R* Temp Time (%) 
H H 130" 24 h 92 

NO2 " " 6 h 96 

H CN " 4 h 94 

Ph H 140” 15h 100 

22 R*CN + 200°, 4 h 

R 

II 
n I’ 

N NN 

b 

R \ 
‘03 I / 

N 
307 HCN + 

HCN + 

210” 

CN 
NC 

307 Heat 

R’ R2 Temp Time (c/c) 

NO2 NO2 180" 10h 82 
11 H 210” 3 h 72 

H NO2 " 12h 75 

R’ R’ Time (%‘c) 

H H 96 h 72 

NO2 " 21h 93 

H CN " 94 

R’; 
CN 

CN 

307 

307 

Heat HCN + 

210" HCN + 

PhNEt2, reflux, 1 h HCN + 

CN 
NC 

Br 
I OH 

fi I’ + \ ’ 
N HN Y 6- I / 

Cl 

(8) 308 

X [i/2 (h) 
0 0.47 
NAc 0.30 

w (‘95) ;H2 A:;; co co.05 

309 160” HCN + 

R” 
R’ R2 R3 e-4 
H H H 63 
II Ph ” 87 

0 
Me H ” 92 
(1 I, TMS 53 

310 140” R’CN + 

180°, 15 min HCN + 

Ph 

phm Thm :H2 ::, “’ 24 

I N x s 1:1.5 - 
h ‘I 

+N, N 11 Et ’ 
y I Et 

I II 0 -- x2 



TABLE I-C. NITRILES FROM PYRIMIDINES AND PYRAZINES (CmrinuecC) 

Starting Material Conditions Product(s) and Yield(s) (c/c) Refs. 

N\ 
Y  

N 

R 

HO OH 

N\ N 
Y  

R 

HO OH 

NwN 

N\ N Y 
R4 

R’ 

R’ 

C02Me 
+ 

Ill 
250” 

DMAD DMF, 100” 

1 IO’, 2 h 

180°, 12-34 h 

TFA, reflux, 24 h R*CN + 

HCN + 

HCN + 

200” 

200” 

140” 

(HNCO) 

(HNCO) 

R’ R’ X Z (%‘c) 
Z Ph H SO CH2 36 24 

H Me ” ” 55 
(1 (1 CH2 0 65 

/ 

e 

0 

+ 
\ NH 

R 

+ 0 

Ph high 

24 

Ph 85 

NHAc 64 

N(Ac)* 60 

R (%b) 

306, 
305 

Me 46 

Ph 40 

23 

(87) 23 

R* 

R’ R’ R3 R4 (%I 
H H H H 90 
Me II 81 11 84 310 
Ph ” ” ” 81 
Me Me ” ” 68 

--(CH*)4- ” ” 81 
H H Me ” 70 

11 ,1 H t-Bu 59 (160”) 

R2 

R’CN + 
I 

\ 

.-:I: 

N\ 
R3 (40 - 60) 311 

I 
/ / R’ = H or Me; R* = C02Me or CN 

Me02C R4 R3, R4 = C02Et or CN 

R’CN + R3 (80) 311 

Me02C 

R’ = H or Me; R* = C02Me or CN 

R3, R4 = C02Et or CN 



TABLE I-C. NITRILES FROM PYRIMIDINES AND PYRAZINES (cbh~d) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

140” 

Ph R’ R2 X t1/2 (h) 1 (%I 11 (%) 
H H CHS 5.1 47 33 
11 Me ” 0.8 83 - 

Me H ” 3.2 79 5 

1, Me ” 3.1 89 - 
H H (CH2)* 7.9 - 83 
It Me ” 0.7 - 92 

11 H no bond 18.5 - 77 
0 Me ” 4.5 - 81 

II Et CH2 1.5 78 - 
II Ph ” 1.2 82 - 

Me Et ” 4.7 85 - 

1, Ph ” 1.5 93 - 

R 

155O, 2.5-4h 

TFA, 100°, 4-5.5 d 

195" 

R’ R* R3 R” I(%) II(%) 

H H H H 3 -‘ 

Me ” ” ” 10 - 
C02Me ” ” ” 72 - 

1, C02Me ” ” 8 75 

11 H C02Me ” 15 16 
II I, H C02Me 90 - 
11 C02Me ” ” 78 - 

,I ,1 C02Me ” 29 159 

HCN + &=J + !A.& 
I II 
X R I(%) II(%) 

0 TMS 76 7 

11 CH20H 72 6 
NAc TMS 67d 21d 
II CH20H 55 d 22d 

S TMS 27 62 

11 CH20H 23 68 

X R I (%) II (%) 

0 TMS 71 23 
II CH20H 58 17 

NAc TMS d 43d 
II CH20H 42d 48 d 

S TMS 9 87 
8, CH20H 8 83 

HCN + +R2 +39* 

R3 

I’ 
R2 

N/ 0 

R’ 
I II 

R’ R2 R3 Time I (%) II (%) 

25 

314 

314 

315 

H H H 135 h 40 22 
11 ,I TMS 280 h 28 23 

Ph ” H 36h 38 13 
I, I, TMS 160 h 34 14 

H Ph H 135 h 31 20 
11 H TMS 28Oh 33 31 



TABLE I-C. NITRILES FROM PYRIMIDINES AND PYRAZINES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

R’ R2 

aR, + Nm,, 

195” HCN + 315 

I II 

R’ R* Time I (%) II (%) 
H H l9h 21 31 

t, TMS 65 h 16 61 

Ph H 15 h 30 53 

It TMS 32 h 20 50 

Heat, 4 h HCN + 26 

I II 

X Temp I(%) II(%) 

NAc 165” 17 83 

0 210” 12 44 
S 180” 24 68 

so 120” 57 - 

so2 150” 88 - 

“ac(53) +Nc&cN (35) 26 120”,2 h HCN + 

NC 
CN 

(60) 210°, 25 h HCN + 26 

NC 

\ 
I N\’ 
(L \ / 0 

N 

I/11=4/1 27 

II 

27 

130°, 2.5 h HCN + 

TFA, 72O, 20 min HCN + 

100°, D20 HCN + 

HCN + 

HCN + 

Et 

(88) 27 

Et 
X Time v-3 
0 7h 65 
S l5min 71 

SO <<l min 65 

X Time @Jo) 
TFA, 72” 0 20h 5 

S 25 min 73 
SO <5 min 55 

SO2 70 min 46 II 
N 

\ 
I’ n/ / 0 

N 

(85) 27 

(75) 27 

TFA, 72’, 45 h HCN + 

D20, lOO”, 8 min HCN + 

” The reaction of the chloride is abnormal, with a ring-opening route leading to this product. 

b MNDO calculations and X-ray data suggest that the rate effect of CN is due to conformation and inductive effects. 
L’ The reaction was carried out with BF3 at 81”. 

’ Yields are those of products after amide hydrolysis. 



TABLE I-D. NITRILES FROM 1,2,4- AND 1,3,5=lXIAZINES 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 
R2 + 

N /N (4 29,30 

Y 
R’ 

Heat R*CN 

R’, R* = H, alkyl, or aryl 

NEt, 
+ 

(---) 

NEt2 

II 
HCN 

R*CN 

316 

R’ R* (%) 
mt2 H H 40 

+ 
y&N Me ” 72 316 

I Ph ” 71 
Ii’ p-tolyl ” 62 

Me Ph 70 

N 
+ 3 

N-N 
MeO&-N MeO$-N 

90” HCN + 317 

- R,l--R3 :: R’ R2 : (7 318 p-tolyl Ph 
I!  MeS ” Et 38 

235”, 2-3 d R*CN 

S p-tolyl ” H 18 
II MeS various ” 33-59 

C(CN);! p-tolyl Ph ” 82 (156”) 

TMS 40 

Ph Ph 37 

176” PhCN 319 

NEt2 
R’ R* cm 
H Ph 36 

R*CN 

Ii’ 

II Me 36 
Ph Ph 45 

7F3 

Me ” 

ZCN 
A N ‘N 

Ch 
II I + 

32 

7F3 

I\! A N. /,N 
Z = CF3 or MeS MeS’ ‘N’ ‘R Y 

R 
I II 

R I (%) II (%) 

R2 

1. it, 8h 
2. Reductive workup 

320 

+ RCN 
N / N 

Y 

31 190°, 2 d 

SMe 

Me2N 40 36 
N-pyrrolidinyl 3 1 21 
N-piperidinyl 45 22 
N-morpholino 34 21 

I R’ R* R” (%I 
R” NEt2 H H H 97 

Me ” ” 96 321 
N\ N 

Y 
1, Me ” 80 

R2 NEt2 

+ 
II 

R3 

N-N Me2N OEt 

0 / + 
N 

Heat R”CN + 

HCN + 

k” C02Et C02Et C02Et 88 

(86) + (5) 321 
NMe2 OEt 



TABLE I-D. NITRILES FROM 1,2,4- AND 1,3,5TRIAZINES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

N-N 

LJ 1, + mso4, l-t HCN + 
N NAr 

(3) 322 

Ar = 4-t-butoxycarbonylphenyl 

R2 
R’ 

-n ‘I 
N+JJ 

R’ R2 (%) 
90” HCN + Et Me 80 

-(CH2)3- 72 

-tCH&-- 47 
--4CH2k- ‘6 

c-c&, I-I 66 
Ph 11 80 

32 

(25 1) 

(250) 

0 N + II 
I 

‘3 

+ 

Me02C 

N’ 

ixD 
\ I 

N 
HCN + 32 

32 

323 

,COzMe 
HCN + 

Ph 

NH2 W) 

K.&N 

w 

+ 120” HCN + 

+ 125” HCN + 323 

(36) 
SMe 

120” HCN + 323 

HCN + (20) + DMAD DMF, 100” 311, 
324 

Me02C CN 

HCN + (1% 31 I, 
324 

MeCN, 8 1 O 

Me02C 

Ph 

C02Me 

ArCN + A N ‘N (63) 
NH 

+ 
K 

112’,9Oh 
Ph NH2 

Ar = 2-pyridyl 

34 

PhANA Ph 

Et02C 

EtO$CN + 
N /N 

030) 
Y 

C02Et 
A H2N 

Y 
NH*HCl 

N ‘N + DMF, 100” 33 

Et0 2 C 1 N&O 2 Et C02Et 

R R tw 
Et02C NH2 H 85 

Et02CCN + Me 85 
N /N 

Y 
SMe 90 

C02Et Ph 82 

H2N 

+ DMF, 80- 120” 323, 

325, 

326, 
35 

n (%) 
Et02C 3 32 

Et02CCN + 4 75 
N /N -Y 5 28 

NH*HCI 

4 + (CH2)” NH 
b 

100” 323 



TABLE I-D. NITRILES FROM 1.2,4- AND 1,3.5-TRIAZINES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

C02Et 

A MeS 

Y  

NHeHCl 

Et0 2 C&&O it 2 

100" EtO&CN + 
F.t02yyMe (73) 

323 
N ,N 

Y  
C02Et 

Et02C 
It Et02CCN + (11) 

N /N 
Y  SMe 

323 

R2N C02Et R Time (%) 

Et02CCN + 
N /N 

Et 2h 83 

Y Bn 21h 95 

NR2 

+ ‘I I 101” 36,35 

C02Et 

C02Et 
/ (Bn)zN C02Et 

C02Et lo1 z Et02CCN + N , N (-1 327,35 

Y 
C02Et 

NBn2 

+ II 

R2N C02Et 

DMF, 100” Et02CCN + 
N /N 

(-4 

Y 
327 

CH2C12, HOAc, 100” Et02CCN + 

R2 R’ R2 Time WJ) 
C02Et -(CH2)3- llh 62 

-CH2)4- 20 h 72 36 
N /N Y Ph H 13 h 31 (90”) 

C02Et 

c 
0 

+ N 

4 

J 

R’ R’ 

0 

R2 R’ R2 Time w 

R’ C02Et -dCH2)3- llh 26 

EtO&CN + 12 h 32 36 
N /N 

-tCH2)4- 

Y +CH2)5- 16 h 75 (90”) 

C02Et 

+ 0 N 

MeS 
MeSCN + 

N /N 
(86) 

Y NEt, 

150-230" 36 

MeS 

p-TsOH, 100” MeSCN + 1, (76) 36 

NBn2 

m-CPBA, it MeS02CN + 
N /N 

(50) 36 

Y NBn2 Me!@ 



TABLE II-A. IMINES 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

NH CJ 377-l 177”; E, = 51.4 H2C=NH 

UV, 185 nm 

+ pi./ G-3 42 

+ I, (-3 328 

+ ,, (-3 328 

+ cp c-3 44 

/ 
+ 0 c-3 44 

\ 

/ 
+ 0 t-3 328 

\ 

H&=NMe’ 

b 
H2C=NH 

H2C=NH 

HzC=NMe 

H2C=X 

RNH2 + 

NMe CJ 
FVP. 450-600” 

UV, 185 nm 

/ + Kxl t-1 \ X = 0, NH, or S 
500-750” 43 

CH20 + CP-NMM 46 Aqueous solution 

NMM scavenger (1.3 eq) R 
H 
Me 

Time Temp RNH2 (%) 
5 h 50” - 
2h ” - 

n-Bu I, I, 81 
CH2C02Me 5h ” - 
CH(Bu-i)COzMe 4h 23” 95 
3,4-(MeO)lBn 11 50” 61 
Bn 2h ” 81 
CH(Bu)CONHCH(Bu-i)COzMe 4 h 23’ 97 

46 

328 

H20, NMM scavenger (1.3 eq ) 
50°, 4 h 

BuNH2 (85) + CH$HO + CP-NMM 

Me 
N 

- , NMe (52) UV, 185 nm 

Et 

(61) + 

Bn 

329 BF3*Et20, toluene, 100°, 2 h CP 

Bn 

- Ph,// + 
N N\+ 

c-3 
H’ H 

Ph R = Me, Ph 

330 PPA 

Me027 Ph 
A 

N 

,x,‘i, 
+ DMAD 80” 

Ar 
H 

Ph C02Me 

Ar\=~~ + (60-80) 
N\ N 

‘I 

45 

Ph 

f~ = Ph, 4-Mec&, 4-Brc6&, bMe2NC&h+, 2-Meoc6H4, or 2-HOC6H4 

ArN 
* 

Ph 

I 
‘3,1 OTMS 

AlC13 (1 eq) ‘, rt 
w e 

331 



TABLE II-A. IMINES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

A- 

0 

Y  

NBn 

Ar 

112” (1580) 

0 
Ar = Ph, 4-Cl, 4-Me, 4-MeO, 4-02NC6H4,2-furyl, 2- or 3-pyridyl 

332 

TFA:CHClj (1: 1), Et3SiH, rt MeNHR + CP R (no racemization) (Q/o) 47 
Leu-OMe (TFA) 91 
Phe-OMe 92 
Val-OMe (TFA) 78 
Tyr-OMe 75 
phenylGly-OMe 88 
Lys(Prot.)-OMe 76 
Ser-OMe (TFA) 83 
Leu-Phe-OMe 78 
Ala-Ala-Ala-OMe 67 

Sulfonic acid ion exchange resin RNH2 + CP R Time Temp (%) 
n-hexyl 5 h 73” 97 

333 

c-hexyl 7.5 h ” 94 
(CH&NHC02Et 3.5 h ” 87 
4-(CH2)sNC02Et 1.25 h 71” 91 
Leu-OMe 1 h 73” 98 
Phe-OMe 1.5 h 45” 93 
Ser-OMe 11 73” 87 
Ala-Leu-OMe 1 h ” 82 
Leu-Leu-Leu-OMe 2 h 70” ” 
Phe-Phe-Phe-OMe 1.5 h 45” 86 
Phe-Leu-OMe 2 h 40” 80 

Meo * ND Me0 

cuso4 (0.05 eq) 
aqueous EtOH, 70” 

Me0 

333 

334 CCJ I NR 
FVP, 450” CH2 =NR (22-77) + CP 

R = CHO; COMe; COPr-i; C02Et; MeSO 

C02Me 

+ DMAD 
N 
l? 

/ 

m  
N (-) + CP 

0 

334 

CH2=N 
‘C02Et + 6) BF3 335 

tR’ + 
CH2=N (low) MeCN, reflux 336 

R’ = CN, CONH2, or COzMe 
R2 = Me, Bn, or Ph 

Pyridine-ds, 75”, 4 h Cl& Ts 
\=N’ + CP (4 337 

Jb CN 
/ 

N C02Et 
‘OTs 

80” TsO, CN 
4 N* + CP (4 * C02Et 

338 

R’ 0 
Y 

R’ R2 (W 
Me n-CsH, r 72 c-Cd I 1 

‘N’ 0 R2 

L 
+ 

CHClR’ Ill 
1. AgBF4 in SO2 
2. Basic Al203 

c-C6H I I NHCHO + 



TABLE II-A. IMINES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

w-4 1-n n-w-4 1 0 

c-C6H 11, 
NA + 1. AgBF4 in SO2 c-C6H l *-NHCHO + (80) 339 

L 
I  
W-6 1-n 

2. Basic A1203 n-cd-h I 
XI 

’ 

CHClEt Et 

40”; t1/2 = 0.5 h + 

GLC. 225” 

339 

340 

‘I The imine reacts further to form a cyclotrimer. 

’ The imine decomposes at 2 -80”. 

’ The Lewis acid efficacy in this reaction is as follows: Tic14 > AlClj > ZrCl4 > EtzAlCl > BFj*EtzO. 



TABLE II-B. ISOCYANATES 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

:: 
0 C 

+ 
1 

‘SO*CI 

/ 0 
8 + E \ N 

‘SO~CI 

/ 0 if 
C + 

\ ii 
'SO*CI 

156” 

0 CO*Et 
+ 

Ill 

II 

cl CN 
+ 

K 

11 

+ DMAD 195” MeNCO + 

86 

“SO*CI - 
N heat 

Lb 
0 

/ (4 86 
N 

‘SO*Cl 

N heat 
& 

0 

-3og - 
/ (4 

N 
‘SO&l 

86 

HNCO + w*:(y) + %x46) 341 

HNCO + wit (12) + wcozE;27) 341 

HNCO + 341 

, COzMe a I 
/ COzMe 

0 

(low) 342 

0 



TABLE II-B. ISOCYANATES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (‘%) Refs. 

R vd NC0 
0 ~ 

Me6 - + 

Ph 22 R 

t-1 

i-Bu-0 
7-r 

0 (22) + t--i 
KP-- COzMe 

+ DMAD 335 

+ DMAD i-BuOH, 108” 335 

RNCO + COzMe 

COTMe 

Me 75 
OMe 8 

49 80°, 170 h 

Me 42 
Ph 51 

49 + DMAD 138” 

OMe 11 

+ DMAD 

Rt,R2,R3=H,Me,orPh 

343 I. 80” 
2. 140” 

MeNCO + 

I. 80” 
2. 145” 

MeNCO + 

190-225” MeNCO + 

200” MeNCO + 

60°,5d HNCO + 

SiO2 gel, MeOH HNCO + 

81” R’NCO + 

+ DMAD 
R1 = H or Me; R’ = H or Ph; 
R3 = H, Me, or OMe 

(2 I -96) 344 

R’ 

R* 
w m  345 

R’ 

R2 
+ + 

TMS 

R’, R*, R3 = H or Me; R4 = Ph, COzEt, or Bz 

Me 

346 naphthalene (-) 

0 

““‘rf’y”” + ,-,MA,, N /N 
Y 

347, 
348 

0 

347 

R’ R* (%6) 
0 

+ DMAD 

NH2 

H OMe 13 
,, SMe 28 

Me OMe 85 
0 SMe 60 

349 

+ DMAD 

R’ R* (%) 
OMe H 81 

YOzMe 

n OAc 87 
SMe H 77 
9, OAc 75 

MeNCO + 

NH-sacc. 

349 

OAC OAc 



Starting Material 

TABLE II-B. ISOCYANATES (Continueci) 

Conditions Product(s) and Yield(s) ($4~) Refs. 

,-W-W n R (%o) 

198’, 72 h HNCO + 347 

347 
N\ NH Y 

Ph 

198O, 48 h HNCO + 

/-- 
(CH2h, I 

R 0 

N\ NH 

Y 

HNCO + 
N-, NH 

Y 

N\ NH 

Y 

3 Me 65 
3 Ph 51 
4 Me - 

180-200” (oc) HNCO + 

198”, 20 h (OC) HNCO + 

180” HNCO + 

350 

R 0 
YY I 

N 

Y 

NH 
Me 65 
Ph 51 

347 

CN 

N\ NH 

Y 

347, 

350 

350 

O c-4 180” HNCO + 

PhNCO i 

Heat R’NCO + 

54” PhNCO + 

350 
N, NH 

Y  

(90) 

R’ R2 (“/cl 

351 

H2NYYo N\ y Y + DMAD 
R’ 

R2 H2N 

H OMe 13 
II SMe 25 

Me OMe 79 
II SMe 64 

352 

+ DMAD 

R2 ’ 3 R- 

R’ R’ (c/c) 
Ph H - 

Me Ph - 
351 

yn(Me) 

CO$Me 100” HNCO 

COzMe 

HNCO + 

Bn 

0 

Bn 

+ DMAD 
MeOIC&O + 
MeO$ 

(-) 348, 

353 
kIe(Bn) 

CN. 1: 1 mixture 

Bn N 

xx 

OH 
\ 

+ DMAD 
/ 

HO N Bn 

150” (95) 353 



TABLE II-B. ISOCYANATES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

C02Me 

R3&;;Me + z&-I I + R’NCO; II + R3CN Xl, 

I II 

R’ R2 R3 I (%) II (%) 

140°, 0.3 h 

Me Cl 
Ph to 

4-CH30C& ” 
Me OMe 
Ph II 

4-CH30C6HJ ” 
Me CN 
Ph 0 
II OMe 
,t Cl 
1, CN 

Cl 10 56 

,, 78 5 
1, 76 3 
I, 2 80 
1, 77 15 
1, 92 8 
II 26 33 
1, 73 2 

H - 80 
11 - 74 
11 - 63 

R3 

R’ R2 R3 I (%) II (%) 

354, 
Me OMe ” - 62 355 

Ph ” ” 30 39 

C02Et 
+ 

I// 
140°, 0.5 h 

I + R’NCO; II + R3CN 
Me CN ” 26 60 
Ph ” ” 74 21 
,, OMe H - 58 
0 Cl ” - 71 

+ 

R2 R’ R2 R3 I(%) II(%) 46 
0 Me Cl Cl - 69 

Ph ” ” 56 19 354, 
R’ Me OMe ” - 25 355 

Ph 
+ 

Ill 
140°, 1 h 

I II 

I + R’NCO; II + R3CN 

Ph ” ” 18 18 
Me CN ” 2 91 
Ph ” ” 77 23 

R’ R2 R3 (%) 
Ph C02Me COpMe 95 
Me ” ” 93 
Ph C02Et H 85 
Ph Ph ” 89 

60”. 3-12 h 356 

NC. ,O. /,o I v / NEt2 
R 

R Time (%) 
C02Et 
Ph 

lh 75 
40h 34 

Ar VW 

rt, 3-12 h 

Ac20, reflux 

356 

357 

Ar 
HNCO + 

Me02C C02Me 

O Ar 
6 

Y I 
N + DMAD 

0 
Ph 26 
4-ClC&, 29 

+ DMAD Sulfolane, 125” 

9, 

HNCO + 

Me02C C02Me 

Ph 
HNCO + 

(45) 357 

357 

Bz 

Bz 

(30) 

0 

6 Y I 
N*HBr 

0 

+ DMAD Sulfolane. 105” HNCO + 

Me02C C02Me 

(19) 357 



TABLE II-B. ISOCYANATES (Cmtimred) 

Starting Material Conditions Product(s) and Yield(s) (%I Refs. 

Ar ’ Ph 

5 
Y  I 
N 

+ DMAD 

0 Ar = 4-ClC6H4 
HNCO + 

Ar 

MeOzC 

c-3 

COzMe 

358 

R’ 
Ri R’ R’ R” 

RJ H H H AC 
n Vd 

MeNCO + Rh(II), I IO” 

I 
R’ 

OBz ” ” ” 2 63 
11 0 1, COzMe 2 60 

H Me Me ” 2 49 
0 0 0 

i; 

N 
‘KI 

Iiu N2 

II 
0 0 0 

A 
R N + 

I 

Ac 
BUNCO + (90) Rh(II), 80°, 2 h 

Rh(I1). 80°, 2.5 h 

360 

MeNCO + 
AC 

MeO$ 

R 

COzMe 

R w 
Me 82 

Et 86 

DMAD 361 

Me 

PhNCO + + DMAD 361 

361 

MeOzC 

MeOzC 

(CH2)3NC0 

C02Me 

0 0 

N G iKI 
+ DMAD 

N2 

0 0 0 

K 
Bn2N N + 

I 
(46) 361 DMAD 

Ph Nz 

From Reactions of Mesionics 

Qzp + il’ Heat 
Bz 

MeNCO + 

Bz Solvent (%o) 

Bz MeCN 9 

t-BuC6HS 60 

MeNCO + 
Solvent cw 
MeCN 9 

r-BuC6HS 2 1 

362 

+ DMAD 9, 362 

363 
COzMe 

//I 
110” 

-COzMe 

HNCO i 

P 
PhVNVPh 

Me02C C&Me 

Ar c-m 
Ph 80 

3-Cl~H4 73 

4-MeOC6H4 55 

+ D?+j4D * 1 363 

Ph 
I 

280” PhNCO + yNyph (cu. loo) + 364 

RI-R* 

7’ 

R’, R* = COzMe, C02Me; H, C02Et; or H, Ph 

R’ = H, Me, or Aryl R2 R3 
Ph 

+ R*NCO + 
R’ R*=MeorPh 

R3 = H, Me, Ph, C&Me, or Bz 
R4 = Ph, COzMe, or Bz 

80” 365 

yh R’ R* R3 R4 (W 

R3NC0 + 
R’ MeS Ph Ph C02Me 81 

,I 1, tt C02H 87 366 

Ph C02Et ” C02Me 55 
tt I, Me ” 72 

MeS Ph Ph Bz 72 
Ph C02Et ” ” 60 

R* + 



TABLE II-B. ISOCYANATES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (G/o) Refs. 

kOCF3 

+ 

R ’ + Ar = 4-02NC6H4 
DMAD 101” 

R’ 

4 
R’ 

R 

//I 
A? 

EtOH, CHzC12. 4 1 O 

Ph 

4 
Ph 

DMF. 153” 

CF&ONCO 

HNCO -t 

HNCO + 

HNCO + 

HNCO + 

HNCO + 

HNCO + 

HNCO + 

HNCO + 

MeNCO + 

ArNCO + 

BzNCO + 

MeNCO + 

367 

R2 R’ 
R’ R2 VW 

Ph COzMe C02Me 90 

C02Et Ph - 

+ 368 

(-4 
= Ph. 4-MeOCsH4, or 3-CIC6H4 

369 

Ar’ = Ph, 4-MeOChHb, or 4-02NCbH~ 

R = COzMe or COzEt 
HN 

+ 

Ph Ph 

(28) 370 

R2 

R’ R2 

Ph (65-80) 230” 

HCI, DMF, heat 

371 
R’ = COzMe or COzEt 

NH R2 = Me, COzMe, or Ph 

+ DMAD (10) 371 

R’ R2 R3 (So) R3 R’ 
Ph 
,, 

H 
Ph 

Ph 57 
” 28 372 

Me 

i-Pr 

COzMe COzMe 64 

I, ,1 26 

c-C3HS ” 11 47 
I-naphth ” ” 40 

150” (72) 50 

+ DMAD 100°, DMF 50 (82) 

Me Me 

+ DMAD 

Me02C C02Me 

80” (W 373 

Me’ + 

Ar Me 

+ DMAD 

MeO& C02Me 

(75) 374 

Me’ + Ar = 4-CH3C6H4 

Ph 
.O 
T 

&Bz 
N 

I 
+ DMAD \’ 

N 
Ph’ + Me02C C02Me 

138” 

O-I IO” 

(67) 375 

R’ 
Ph 

(27-9 1) 

R’ = H, Me, Ph, or COzMe 

R’ = Ph, COzMe, Bz. or n-Bu 376 
Ar = 4-02NCbHJ 



TABLE II-B. ISOCYANATES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

R (%) 
Bz 42 

R R Ch 90 

80” PhNCO + 377 

CN 95 
Bz 

+ 
II/ 
Bz 

(42) 378 PhNCO + 

PhNCO + 

PhNCO + 

R’ 

MeS 

H02C 

uw 

C02H 

379 

C02H 

R’ 

Me02C 

R’ R* VW 
SMe Ph 67 

C02Me SEt ” 63 

+ DMAD 379 

SPr ” 46 

NMe2 ” 69 
I, C02Me 16 

+ DMAD 
Ph 

Me02C C02Me 

380, 

377 

PhNCO + 

MeNCO + 

PhNCO + 

+ DMAD 

+ DMAD 

O- 

Ph 

Me02C 

(80) 

C02Me Ar = 4-MeOCbHA 
381 

Ph 

MeO& 

(28) 
C02Me Ar = 4-MeOCbHa 

140” 381 

+ DMAD 80” (70) 377 

135” 

(S) + 

R’NCO + 382 

R1 

MeO$ 

+ 

C02Me 

R’ 
+ DMAD 

Ar = 4-XC6H4 

X R’ R2 I(%) II(%) 

OMe 
H 
Cl 

NO2 

Ph Ph 
,1 ,t 

80 
99 

80 

97 

94 
98 

92 

59 

98 

Me 1, 

NMe2 ” 
Ph Bn 
1, 1, 

N(Me)CH=CH- 
11 11 - 

- 
- 
- 
- 
- 
- 
- 
32 
- 

80 
80 

60 

52 

e-4 382 

Ts 
N 

PhNCO + Ph (82) 383 

H 

NO2 
,I 

Cl 

NO2 

Cl 
Ar 

DMAD 135’, 0.5 h 

Ar = 4-02NC6H4 
NMe2 

Ph 

112” 

Me02C C02Me 



TABLE II-B. ISOCYANATES ~Cor~riruwtC) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

Ph 

Heat 
Ph 

PhNCO + furan + (84) 384, 

MeOzC COzMe 385 
1 COIMe 
Ph 

Ph 

S 

Ph 

(67) 
0 

138O PhNCO + 132 

MeO,C R (c/c) 
H 83 

Ph Bn 67 

!‘h 

0 

386 

COzMe 

COzMe 

(63 387 

PhNCO + + DMAD 132” 

0 

+ DMAD EtNCO + 61” 

R’ R* 
R2 

Pm 

R 

R 

COzMe C02Me 64 
CN CN 33 

COzMe H 47 

R VW 

Me 
O- 

135” MeNCO + 388 

0 

Me 

C02Me 51 

Bz 47 

CN - 

140” MeNCO + 389 

Formation of Curbodiirnides 

Me Me 
N 

.Ac 

N.Ac 
- 

+ DMAD 
Ph 

MeO$ C02Me 

80” 390 (45) 

N 
Ph’ 

Me Me 
N 

.Bz 
II 

+ DMAD 
N Ph 

Me02C C02Me 

C 

ii 
Ph’ 

+ 390, 

375 
(38) 

.Bz 
N 

138” i! ii + + DMAD 

Ph 

MeOzC C02Me 

C---J 375 

N 
Ph’ 

” Note change in mechanism to non-rDA. 



TABLE II-C. CARBONYL COMPOUNDS 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. \ 0 0 

02 
I 

\ 0 

/ 

600” CH20 (66) + # (38) 51 

FVP, 685” CH20 + t-1 391 

o.+ / 
CA r - CH20 + (co. 60) NaH, rt 392 

CH20 + NEt (280) 

R’ R* 
Bn H 
H Bn 
Bn Me 

Me3N 393 

Me Bn 

Pf 
/ R 

R = alkyl, alkenyl, Bn, hydroxyalkyl 
OvO 

R&CHO (45-83) CH20 + 

CH20 + 

CH20 + 

CH20 + 

CH20 + 

CH20 + 

112” 53 

53 

OHC OTBDMS 

a. (61) 
b. (50) 

OTBDMS 

a. 150°, 72 h or 
b. Et2AlCl, 40°, 1 h 

112” q” 630) 
w-47 

54 

54 

394 

mcgH” v” 
iY G3H27 

OvO 

To (6% 
C8Hl7 

R Time (%) 
395 112” H 5h 90 

OMe 4 h 86 
C02Et 16 h 88 
NO2 17h 82 

0 FVP, 610” 

CHO 
Heat 

II . 
II 

c: 
\\ . 

~ j 

j&-.: - 0 
0 

0 

CH20 (60) + ~.~O- 

(30) 
396 

MeCHO + 397 

MeCHO + 
R VW 

C02Me ~ H 70 52 

Me 60 

R R 

MeCHO + 
AC C02Me 

(65) 52 

C02Me 

MeCHO + 
AC COzMe 

(6% + DMAD 110” 52 



TABLE II-C. CARBONYL COMPOUNDS (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

120-140” R2CH0 + 
R2 I(%) 
H 60 
Me 41 

398 

I ,t Et 61 
0 Ph 51 

4-CHsCbH4 Me 48 
4-C&H4 ” 81 
2,6-C&H3 ” 16 

CHO 
FVP, 400” 

d 
(>58) 

Ph 

Aqueous K&03 PhCHO + 

OEt 

BF4- DBU 

R Temp 1%) 
Ph 250” 80 
4-BrC61-Lt 210” 78 
2-fury1 275” 40 

[aR]-o + R 
402, 
403 

MeCHO 

Ph 
Bz 

(32) 1. 200” 
2. H20 

402, 
403 

1. O”, K2CO3 
2. i-t-80” 

(78-95) 

R’,R”,R3=HorMe 

-0 WPhh- 404 

CHO 

Melt, cu. 100” 
* 

w 
It 

Ph CHO 
t--j 405 

+ 
C02Me 

(73) 52 104” 

Ph Ph 

Ph 

+ 

Ph 

Air oxidation 

0 
+ e-1 + DMAD 235 

0 

0 / 

A 
+ & 0 c-3 

\ 

0 

180” 

240” 

235 

COzMe 

Rm + rMe + (5) 

R R=HorOMe 

407 



TABLE II-C. CARBONYL COMPOUNDS (Conrinuud) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

R’ 
+ ( 14-23) 

R’ R’,R2,R3=HorOMe 

MeOzC, ,COzMe 

DMAD 
0 

180” 
A 

0 

407 ( 15-20) 

(87) + 

(50) + 

R (%) 
H 54 

Me 75 

A DMAD 170-300” t-1 408 

F R=HorOMe 
R 

0 OMe 
R’ 

0 OMe 

+ DMAD 210” COzMe (6) 407 

COlMe 

0 

A 

0 
DMAD 175-300” A 409, 

410 

+ 

C02Me 

(70-82) Ar = Ph, 4-Cl, 4-Br, or 4-MeC& 411 

R = C02Me or C02Et 

DMF, 153” 

t), + [ )-po] C-1 412, 

413 

55 

2120” 

82- 107”; Hz = 30.4 + 1, 

S’ = 6.4 
C-J 

j( + [ )po] - u,,, (--) 414, 

415 
+ Nut-H 

Nut-H = alcohol, phenol, thiol, amine 

Heat 

c-1 416 + RCONH2 138” 

R = various alkyi, aqi, aikanoyi 

+ 
0 

R = various alkenyl 

n = 1,2,or 3 

140” 
0 

A 
+ 360 

,X 0 
HOH2C 

0 0 

K 

417 112” 

X = (CHz),,; n = 1,2, or 3 or (CH=CH), E or Z 

% 
/ 0 

0 0 

x 

0 .//O A + La 1 (-4 
0 

2120” 412 



TABLE II-C. CARBONYL COMPOUNDS (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

0 0 FVP, 380-500” 

0 

K 

0 I I “go -e j, + [ M;2H ] (---) 418 

0 0 

K 

200” (oc) 
0 

Ar Ar (W 

Ph + Ph 80 419, 
Ph 4-CH3C6H4 72 420 

Ph 
Ph Ph 

Heat solid 

Heat to distill * 
4 

rt 

4-ClC6H4 - 65 -Ar 

cp 6) 
0 

K 
C-1 + 

CF3 CF3 
57 

R 
Y 

NH - 
FiCFTo+?F3 

N, NH 
Y 

R 

0 

K CF3 CF3 
422 180-225”. 80 Torr N\ CF3 

Y 
CF3 

OH 0 

x3- / \ 

0 

0 
II 

+ Ii 
500” 423 

CH2 

R’ 
R’ (33-80) 424 80- 132” 

R’ = Ar or COzEt’; R’ = H, Cl, or Ph: 

R” = H, Cl, or N02; R” = H or NO2 

X Temp t1/2 (W 

Heat CH2 80” 3.5 h 35 
NR 

R = cyclohexyl 0 0” - 76 

425 

425 

56 

Heat 
NR 

R = cyclohexyl NR 

n Temp (%) tl/l 
1 0” 81 - 

2 45” 82 1Omin 

3 80” 56 1.5 h 

r: 

R OEt 

il 
+ (78-97) 

X MeOzC 
25” 

R = Me, Ph, or f Bu 

X = Cr(CO)S, W(CO)s, or Ph2Sn(CO)JMn 

OEt 

OEt 

R X (W 
Me Cr(CO)s 98 

Ph ” 85 

56 

R X <%‘c) 
Me Cr(CO)T 80 

Ph ” - 

56 



TABLE II-D. THIONES 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

Ph 

Ph 

SPh 

/ S 

i% 
I 

\ ‘A 

\ / \ I / 32 S 

/,- /; 

0 
0 

Cl 
Cl 

/ S 

-% 

Cl Cl \ 

I 
\ / 

CHR? 
-N’ 

/- 

& R=HorMe 

S 

\ \ 

/ / 

2 

S 

/ 

FVP, 650” 

130”, 24 h 

400” 

99O, 1 h 

20-50” 

112” 

FVP, 500” 

100”. DMF 

S [ 1 EH* C-1 + C14ho uw 59 

(49) + (69) 6O,61 

m,s c---9 426, 
427 

Ph 
(92) + C14H10 60,619 

192 

Ph S Ph 

* w 

I Ph 

Ph S 

(-4 64 

(4 428 

S kbJ ‘\ I’ 

1 

C--J 

+ cp G-4 429 

+ G4Hto f-----J 

Cl 
Cl , 0 

+ 

@ 

e-1 
Cl ' 0 

Cl 

428 

429 

429 

* 

I 
\ \ A 

+ t-1 430 
/ / / 

R R 

431 



TABLE I -D. THIONES (Corltir?rred) 

Starting .Material Conditions Product(s) and Yield(s) (%) 
S 

120” T  I 7 (79-84) + cp t-1 433 

434 

435 

-R R = C02Et, CONHPh, Bz. CN, or 4-02NC6H4 

L-b- / CN 
S 

FVP, 515” 

Melt, ca. 120” * 
e 

cool 

1’,2” 

K‘,,,,, = [ .x,,:, ] + ” =- &&O$t 
2.3 at I 12” 

436 

EtO$Z 

2 ’ & ? 

1; 

t1/2 (100”) = 109 min + Cd-h t-1 437, 
62,63 

,C02Et 

(86) + & + thebaine I IOc, 5 h 

NMe 110°,8h 

62,63 

62,63 

438 

(4 - 

80’. 16 h 

110” 

11 

cc13 
S [ 1 + N\ (80) 

H K CO*Et 
ClX a A 

N 0 a 

H 

+ cp (4 439 

+ 
’ ‘COzEt 

S iA 
L C02Et 

[ 

S 

R A CO*Et 

rs 
R = Me, Et, Bn, or ally1 

+ w-h4 t-1 439 

m ene and other products + CP (4 440 FVP 500” 

‘-ci- / S 111” 
CO*Et e 

M 

C02Et 

Et02C C02Et 

S 

Et02C A C02Et 

S 

Et02C 04 co9 

+ cp C-1 

+ w-h4 C-1 

437 

437 t,n(loo”) = 
35 min 



- Starting Material 

TABLE II-D. THIONES (Conhmed) 

Conditions Product(s) and Yield(s) (%) Refs. 

cis 

J&+x 

J+- 
.A) / S 
C02Et 

CO?Et 

S Y0 b I I Cl 

Cl 

C02Me 

\ 
C02Me 

02s Ph 
0 

37 / / 
0 

0 

FVP, 650” 

cu. 190” 

190” 

I50- 180” 

60” 

80” 

111” ) 
M 

80” 

225” 

220” 

Heat 

x0 ! 1 z + CMHIO ( W 
CH2 

+ G4ho (-1 

+ CI4hO (---I 

z 

(78) + C14H10 (----) 

+ C14HlO C-1 
+ G4HlO (-1 

I- 
CP 

Et02C 

+ C14H10 (4 
Et02C 

0, 
A I 

+ CP (-) 

Cl Cl 

442 

443 

437 

[ CH2=S02] + 

, C02Me a 1 (4 66 / 
C02Me 

Ph 
CH2=S02] (>80) + 67,68 

CH2=S02] + $JJ + ffql + so2 445 

I O II 

Temp Time I (%) II (%) 
120” 210min 16 15 
155” 25 min 34 25 
190” ” 28 21 



TABLE II-E. OTHER C=X DIENOPHILES 

Starting Material Conditions Product(s) and Yield(sj (%j Refs. 

R! ,R* 
‘Si 

R2\SiAS;R2 + 
\ CF3 

FVP, 350-650” 
R” v ‘R’ a I 71,446, 

/ 
-3 447 

II I 
R’ R* I (c/o) II (%) 
H H 85 20 
DD - - 

Cl Cl 79 36 

H ” 65 - 

I, Me 39 28 
H X 

Si’ 

X=H,MeorCI 
FVP + 1 c-3 72 

H 
‘Si’ 

Me 

FVP, 550” 448 

Me Me 
‘Si 

2400°, flow (94) + 1 (76) 

FVP, 520” [ CH2=Sif ] + I (83) 448 

Cl ,Cl 
‘Si 

C02Me 
, C02Me 

+ a I C-J 
/ 

COzMe 

FVP, 400” .F’ [ I CH2=S1 
‘Cl 

447 

‘C02Me 

+ CP - J5 / 
si’ Ph 

\ 
zRMe 

FVP, 500” 
R = neopentyl 

450 

R = neopentyl 
(-4 + C14H10 300” 73 

73 

451 

74 

R = neopentyl 
G-3 + C14ho 

Me ,TMS 
‘Si 

[ CH2,dPh ] 

C---J + w-bj 

CO?Me 
, C02Me 

(4 + a 1 
/ 

COzMe 

40”, 5 h 

‘C02Me 

30” (---) + w-4j 

(---I 

74 

2100” * * 
endolem interconverted 

75. 
452 



TABLE II-E. OTHER C=X DIENOPHILES (Cmtin~ted) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

75 

(35) 75 

Ph 

Ph 
Ph 

Ph 

452 (-) 

* 

COzMe 

I 
\ 

+ c-1 
/ 

COzMe 
Ph 

+ 

-R COW 
S COzMe 

PBu3, 150” (25) 453 

F 

F 

CF3 

454 

F 

c+ 
I 

F 

p\ 
-3 

610” tt t---j + CP 

F 

F 

CF3 

/ + 0 \ 700” 454 11 
e-4 

rt, 3 d 455 

k. 
PNS 

C02Me 112” 456 

‘COzMe 

G- 
I 

Se 
CF3 

CF3 

i’h 

GW + C14Hio 

Se & L- 

80°, 40 h 457 

76 
H [ 1 > Se C-4 + G4ho Ph 75”, CHC13 

4 / Se [ ,,,z*se] + cp - &,,,, Keq (I 12”)= 3-3 112”,40h * 458 

tiOzEt 

4 / Se (85) + CP 
CO*Et 

458 

80” 
459 

458 (87) + C14H10 

C02Et 
80”, 64 h 

Heat 458 



TABLE II-E. OTHER C=X DIENOPHILES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

& + x Heat 458 

-20” * 

-10” -t 
M 

(-) AH0 = 7.3; AS0 = 23 

t---j AHO= l2;.&?=23 77,460 

I) I \ t-4 AH0 = 9.9; AS0 = 24 
/ 

Bi 

77 

77 

” This intermediate is isolable at -263”. 
’ This intermediate was trapped by in situ dienophiles. 



TABLE III-A. CO2 FROM UNSUBSTITUTED PYRONES 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

0 
/ 

c \o 

+ WCOh 

0 

ti ’ 0 
+- 

bo(CO)* 

wC02Me 

+ ~o(co)2 

/ 
AT \o 

D 
0 

/ 

@ 
\o 

D 
D 

0 
/ 

-:1 
\o 

D 

P 

UV, Ar, -265” 

uv 

rl (-4 4 - 

- 
0 (-4 461 - 

FVP, 400-850” co2 + 1 Ll (-4 

uv co2 + WC% 
u -- (4 - 
a 

co2 + 
,L; 

(17) 

q+02Me 

I co2 + 
,227 

UV, Ar, -265” 
D 

0 

T - I o uv 

D 

D 
0 

4f 
I o = 

D 

(17) 

co2 + 

co2 + 

- P - 
D 

(-) 

- P - (4 
D’ 

D 
co;! + - (-) 

P 
- 

D 

82 

462 

463 

463 

81 

81 

81 



TABLE III-A. CO, FROM UNSUBSTITUTED PYRONES (Cotzrinued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 
0 / 

T 
\o 

D 
UV, Ar, -265” 81 

D 
D 

0 
/ 

r?i \o 
D 

81 

D 0 
/ 

‘7 
\o 

D 

D 0 D 

T  
I 

uv 
0 - co* + I 

P 
(--) 

D D 
81 

0 
/ 

0 

4 

/ 
NH2 

83 NaN02, HOAc, 0” 

H202, HOAc, 0” 

0 

- co2 + (-4 83 

85 
Et 

(12) 
Et 

Et 

Et 

180°,5d 

t-Bu 

I 
t-Bu 

210”,5d 85 - co2 + ph&C02H c--j 

N2 + so:! + co2 + (36) 210” 

I 50- 170” (OC) 

203 

464 
\ \ co (4) 
/ / 

co2 + 

co2 + 

co2 + 

co2 + 

co2 + 

co;! + 

co2 + 

cx 

N 
+ I “N 

S/e 

\ 

CD 
I / w 464 

464 + 0 I/ \ 
a3 (88) / 

cx 

N 
+ I “N 

S/e 
150- 170” 464 11 (74) 

+ ON I “N 
S/e 

464, 
465 

I 
iI / \ 

N 
"N 

.S'e 
I \ / P / \ (58) 

(4) 

I ’ 
B 

N 

I “N 
S/e 

\ / 

I ’ 

80 
I \ / ’ \ 

150- I 70” 



TABLE III-A. CO2 FROM UNSUBSTITUTED PYRONES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (o/o) Refs. / \ B N 
I "N 

S/e 
/ \ 

R’ 

+ 

Ii 
R2 

150- 170” 

DMF, 150” 

150” 

200” 

co;! + 

co;! + 

co2 + 

/ \ 

@ 

I 
\ 
/ 

/ \ 
W) 

/ 
(CH2) 10 33 I WV \ 

a,“: + 6.., + +III I II 

R’ R2 I (%) II (%) III (%) 

MezHSi MezHSi 52 0 0 
MejGe Me3Ge 54 0 0 

I, TMS 74 0 0 

MejSn ” 50 0 0 

TMS ” 30 41 2 

Me2HSi ” 48 13 0 

Et Et 12 0 0 

co2 + ;+co2Me + ;;+co2Me 
I II 

R’ R2 R3 R4 I:11 VW 
H H H 

C02Me ” ” 

H C02Me ” 
I, H C02Me 
I, (1 H 

OMe ” ” 

H OMe ” 
1, 1, Me 

Me ” H 

Et ” ” 

H ” ” 
II I, (1 

Me C02Et 

OEt H 

H 
(1 

C02Me 
H 

Me 
C02Et 

OMe 

Me 

H 

56 

68:32 95 

65:35 56 

42:58 98 

63:37 100 
12:88 65 

74126 45 

49:51 53 

58:42 95 

69:31 96 

88:12 44 
82:18 41 

85:15 14 

35:65 86 

23:77 64 

464 

466 

467 

468 



TABLE III-A. CO;! FROM UNSUBSTITUTED PYRONES (Conrinued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

R’ R’ R’ R* R3 R4 
0 R’ , C02Me 

cx 

VW 
H H H H 84 

+ DMAD 200” co* + I C02Me ” ” ” 92 469 

R3 ’ C02Me H C02Me ” ” 95 

R4 II H C02Me ” 98 
,1 1, H C02Me 88 
II OMe ” ” 70 
II Me C02Et Me 96 

OMe H H H 96 

H OMe ” ” 83 
9, 11 89 Me 90 
I ,  11 Me H 97 

Me ” H ” 94 

Et ” ” II 92 

Me ” OMe 100 
OMe -(C&)3- 84 

I ,  
+CH2)4- 86 

11 -KH2)5- 94 
,t 

-KH2ho- 88 

Br ” H Me 40 

Do + I;” co* + (53) 145” 470 

TMS 

, Si(Me)$GMe3 
Si(Me)$iMes 

co2 + a 1 (42) + t-4 
/ 

Si(Me)ESiMe3 
Si(Me)zSiMej 

Si(Me)$3iMe3 
I + ‘I’ Reflux 471 

Si(Me)zSiMej 

Me, Me 
Si 

Heat 

‘Me 

84 
Me-ii 

/ Me 

Tyle ?yle 
Me-si-Si-Me 

Me Me 

472 

Me-!fji-yi-Me 
Me Me tie Me 

R’ R’ 
R’ 

R’ ’ ,o ‘P 

(60-70) 473 

R’, R’. R’. R’ = Ph or OEt 

I 80” 

SnMe3 
I SnMe; 

Ph 

155” 474 + ‘I’ 
SnMe3 
I SnMe3 

NMez 

474 

SnMe3 

Rt R’ R3 R“ 
(%) 

H H H H 49 
I, COzMe ” ” 25 
11 H COzMe ” 58 
11 (1 H COzMe IO 

469 

R’ 

0 Me0 NMq 
+ 80” 



TABLE III-A. CO2 FROM UNSUBSTITUTED PYRONES (Conthud) 

Starting Material Conditions Product(s) and Yield(s) (so) Refs. 

0 

0- 

0 

0- 

/ 0 t---j \ 115” 

180” 

220” 

275” 

230” 

80” 

6.2 kbar, 25” 

140” 

Zn, DMF, 156” 

2110” 

1.65” (adduct) 

2. 165’, vacuum 

140” 

co* + 

co* + 

co2 + 

co* + 

co2 + 

co2 + 

co;! + 

co2 + 

co2 + 

86 

cl \ e--4 86 

B (91) 
/ 

475 

0 

NV 

Lb / 

475 (93) 

475 (95) 

0 

0 

d?G 

+ 

/ 

1:3 (87) 475 

o”;,J 
0 

0 & (70) 

/ 

A / 05!b+o$?+oB 
475 

/ 
0 

c 
+ 

\o 
1:II:III = 43: 11:37 90 

I II III 

I 
\ \ 

CD 
C-4 

/A 

0 

88 

87 0, I 10 ’ 0 t-1 + &T 0 0 (- 

/ 0 (-3 87 

(58) 476 

WV 476 

co;! + 

co2 + 

co2 + 

co* + 

co2 + 

/ 0 

P + 
\o 

0 

0 

/ 

5 

/ 

\ 
I 

030) 477 / 0 

(7 + 
\o 

P 

478 

0 
1 g&Y +co;i.! 

2 

@ (15) + q (18) 

CO*Et CO*Et 



TABLE III-A. CO2 FROM UNSUBSTITUTED PYRONES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

EtO$’ 

125” co2 + aN (23) + “LN (32) 
\ 
CO*Et 

478 

/” 
0 %& 0 

/ 

co* + m  (2 1) + C4H40 (-) 478 170” 

/ 0 

c s, 

+ 
\o / 

co2 + - & c-9 \ 80” 

112” 

479 

03 I \ + N 
/ 

j-R co2 + c6H6 + m:m (49) + @yk& (8) 480 

R = C02Bu-t 
R 

/ 

0 
\ 

1 0 o=c.o ( 

R 

c6H6 + R Temp (%) 

H 130” - 

Me 150” - 

481, 

482, 
483 

Heat co2 + 

co2 + 

co;! + 

/ b (35) 
\ 

91 Reflux \ a I (4 /, ‘- + 0 I 484 140” 

0 

R’ R2 

C--j H H 

H D 

485 140” co2 + 

co2 + 

co;! + 

co2 + 

co;! + 

co;! + 

u D H 

/ & AC (19) 
AC endo, endo 

/ 

& 
C02Me 

Me02C 
(27) 

0 

/( I 
I( 

N-Ph (24j 

486 

486 

157” 

90- 178” 
C02Me 

487 + PhNO 

‘N-OH 
Ph’ 

111 + NPM 80” c-1 

R’ R’ R2 R3 R4 R’ 

0 
+ NPM 

HH H H 85 
I, I, C02Me ” 95 

” Me H Me ” 

” H ” ” 99 

95 140” 

endo, endo Ph 97 
4-B<6H4 95 

1, I I  11 

0 Br 85 

NPh (98) 

0 0 

488 196”,0.1 h co2 + 



TABLE III-A. CO;! FROM UNSUBSTITUTED PYRONES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

R’=HorMe 
R’ = H, COzMe, or C02Et 

(-) R3=HorMe 
R4 = H, Ph, 4-MeOCbH4, 

or b&NC&j 

489 + Heat 
R2 

MA 112’, 10 h 490 / 
0 0 & / 0 

0 

+ MA 

+ MA 

150” co* + 

co* + 

co* + 

490 

490 

491 

/ 0 P \o 

9, 
6) 

0 

/ 

04 

0 c-4 
\ 

0 

/O 
0 0 

4 / 0 

0 
0 0 

/ 

% 
0 

0 
0 

60” 

0 

/ 

Gi 

0 c--) 
\ 

0 

Heat co* + 

k ( 128”) = 2.73 x IO+-’ 
AH$ = 33.2 f 0.2 
AS* = 2.69 + 0.05 

128-160” co* + 1, 
(4 92,93 

co* + 

R2 R’ R* R’ R” (“/c) 
H H H H 55 
C02Me ” ” ” 37 
H ” C02Me ” 14 
I, II H C02Me 35 

c1\ 0 

R’ 
0 

+ MA 468 

492 

493 

494 

494 

494 

160” 

fJ” + q$ 160-170” co* + (46) 

co* + PhCH2S03H + BnS02SBn (-) 

‘0 

+ Go2 140” 

/ 

C--J + 
Me02C. N 

P N’C02Me (26) 
Me02C’N 

‘Ai 
‘C02Me 

,COzMe 

i !  
,ti 

80” 

Me02C 

/N 
,C02Et / 

co* + C 4J (-) + Et02C. 

Et02C-N 
P- JN N .c&Et (22) 

‘CO?Et dLco Et 
2 

,C02Et 

+ $;’ IS 
/N 

Et02C 

,C02Ph 

+ $;’ 11 
IN 

Ph02C 

co* + (60) 

co* + [C 1 
CHO 

/O d w 
CHO 

96 (-) 

R’ R’ R’ R4 (76) 
H H H H 85 
Ph Ph Ph Ph 98 

H C02H H H 90 
,t COlMe ” ” 84 

30” 

r R’ 1 R4 

97 80” 



TABLE III-A. CO2 FROM UNSUBSTITUTED PYRONES (Conrinucd) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

S 
+ NPM 80” 111 

100-140” 

k (lOO”) = 

9 26 x 10%’ . 

140” co* + 0 (58) 

98 

495 



TABLE III-B. CO2 FROM ALKYL-SUBSTITUTED PYRONES 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

SnMe3 

R2 

Ill 

155” 

SnMe3 

SnMe3 
(39) 476 

160-170” 

[r R2 
+ 150” 

110”,20h 

1 loo, 1 h 

co2 

R’ 

co;! + 

co2 + 

co;! + 

I ’ 1 . 
!F / 

AC 52 43 

C02Me 36 50 

R2 160) 

I AC 68 

C02Me 78 

NPh (98) 

0 

(98) 

II 

,R2 

496 

496 

488 

488 



TABLE III-B. CO2 FROM ALKYL-SUBSTITUTED PYRONES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

0 

+ 

G 

I X 

0 

R’ R* Temp (%) 
Heat co2 497 H Me 

Me H 
80” - 
110” - 

X = 0 or NPh / 0 & 0 

i-Pr 0 

m  
/ 0 

112” 498 + MA 

+ MA 1 loo, 14 h 

e-9 
i-&&O / 6 

0 

\o 499 

/ (7 0 

\o 

Pr 

+ MA Heat 500 co* + 

co* + 

co* + 

co* + 

/ 0 k \o 
+ MA 140” 501 

R’ 

+ 

Ii 
R2 

R’ =Horn-Pr (6 I-99) 502 
R* = COzEt, AC, or Bz 

52 

Et / 
XT 

0 

\o 

/ 

T  

0 

\o 

95- 170” 

104” 
YOzMe + Ill 

n (96) 

R2 = -(CH&- or 

-W-bhO(W)2- 

4 70 
5 71 
6 59 

10 31 

X Temp (%) 

Heat co* + 466 

0 

0 
0 

& 

/ X 

0 

0 

/ & X 
\ 

0 

0 / 

d? 
X 

0 kN 

co* + 503 NH 70” - 
0 40” 100 

X WJO) CN 
+ 77” 503 co* + NH - 

0 - 

0 

+ 

4 

I I 

0 

X w 
80” co* + NH 96 

0 70 
503 

0 + 
syn isomer 2185” co* + 

co* + 

co, + 

504 

+ MA 150” 490 

491 

(4 

80” ” w 



TABLE III-B. COP FliOM ALKYL-SUBSTITUTED PYRONES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

0 
COzMe 

+ 

COzMe 

c-4 + [2 + 21 adducts 505 uv co* + 

Zn, DMF, 100” co* + 

240” co* + 

a Br 

I 
\ 

+ 
/ 

‘Br 

476 

466 

491 

0 
/ -cl:l 0 c-4 
\ 

0 

90” co;! + 

(4 120” co, + 491 

0 

& 

/ 0 + DMAD 

0 

0 

0 / sQ 0 / 
C02Me 

0 C02Me 

140” co2 + (28) 506 

(86) 506 

0 / 0 

* 

0 
/ 

0 
0 

140” co2 + 

co2 + 

co;! + 

co;! + 

co* + 

co* + 

co2 + 

0 / 0 
CP + & 0 (40) 

0 

0 0 

0 / 0 

& 

PhN NPh 

0 
0 

(76) 

506 

507 + NPM 138” 

cog3 R (G/o) 
Pr 90 

R C02Et Bu 75 
Et 73 

130-190” 508 

509 
0 A 100-120” 

/ 
R C02Me 

C02Me 
R = Me or CH20Ac 

C02Et 

(---> 
C02Et 

0 / 0 A 0 
(80-85) 

0 R = Me, Et, Pr, or Bu 
0 0 

140” 510 

R’ R2 
Me Me 

(--> Et ” 
Pr ” 

-(CH2)4- 

/ O 
R* \ 0 + MA Y 

112” 

R’ 

511 



TABLE III-B. CO2 FROM ALKYL-SUBSTITUTED PYRONES (Conhued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

+ MA 
R 

CHzOAc 

140” 512 co* + 

co* + 

co* + 

co* + 

co2 + 

R = Me, n-Pr, or Ph 

0 

0 

& 

0 / 0” 
0 0 

0 0 

CHzBr 

+ MA (45) 512 

n (%) 
4 20 
6 I1 
IO 2 

n (%) 
4 50 
5 13 
6 4 

n R’ R2 % 

200-240” 466 

NR2 

Heat 466 

R2 = -tCH2)4- or ---WM2O(CH2)2-- 

4 COzMe C02Me 85 
6 ” ” 95 
” AC TMS 85 
” C02Me r-Bu 56 
4 TMS TMS 15 
6 ” ” 24 
,t 

-CH2)10- 55 

513 

4 50 
5 49 
6 48 
10 25 

n (%I 

+ MA Heat 513 

3 84 
4 72 

514 112” 

0 / 0 
co2 + & 0 

0 
(69) 

/ 0 

G \o + MA 140” 515, 
516 

+ 
R 

Heat 
R = CO2Et or AC 

516 

/ 0 J-3’; + DMAD 
\o 

co2 + (80) 145-190” 517 

Et 0 
R’ 

+ co;! + 
Et 

R’=Horn-Pr (54-98) 
R2 = CO& AC, or Bz 

502 125-2 10” 

R’=Horn-Pr (85-95) 
R2 = C&Et, AC, or Bz 

502 100-75” 



TABLE III-B. CO2 FROM ALKYL-SUBSTITUTED PYRONES (Cmrinued) 

Starting Material Conditions Product(s) and Yield(s) (5%) Refs. 

+ MA 

0 
+ MA 

R’ 

Heat 518 

138” 

X=ClorOAc 
R’=MeorPr (--) 519 

R2 = Me or R’,R2 = -(CH&- 

” When R’ = TMS in the reacting acetylene, R’ = H in the product. 



TABLE III-C. CO2 FROM BENZO- AND ARYL-SUBSTITUTED PYRONES 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

565” co2 + (81) 520 

t-1 391 

(85) 99 

R’ R’ (%) 

FVP, 570” co2 + 

FVP, 565” co2 + 

OMe H 70 
0 OMe 40 

521, 
99 

NP, 500” co;! + 

-OCH20- 90 Meoyy.yo HOho 
0 

99 co2 + 

R (W 
OAc 21 

Me0 
OMe 10 

R 

99 co2 + 

Ii 
OMe OMe 

0 w 99 co2 + 

0 

\ 

aL 

(I 

I 
0 

/ 
0 

0 

Q-J+0 (W + @*= (30); (71)at 570” 99 NP, 5 15-545” co2 + 

(63 99 a I \ 0 

/ 
0 

NP, 560” co2 + 



TABLE III-C. CO2 FROM BENZO- AND ARYL-SUBSTITUTED PYRONES (Conrinued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

NPM Heat co2 + 

R = Me, Et, n-Pr, or Ph 

[+R2] - & 523 
N 

+ NPM 157” co2 + 

R’ R2 
\ 

Time (%) R’ 
H H 5h 58 
C02Me ” 26h 19 
H Me Ih 50 
C02Me ” 6h 86 
H CSHr r 0.5 h 78 / 

(CH2)n I 
FVP, heat co2 + 524 

I II 
n Temp I (%) II (%) 
3 600” - 30 30 
It 450” SiO2 25 35 
4 600” - 10 58 
II 410” SiO;! ” 60 

+ DMAD Ac20, 138” co2 + 100 

C02Me 

C02Me 

C02H 
+ DMAD AqO, 138” co2 + 100 

R = H, Me, or Ph 

(--) 525 co2 + uv 

(-3 100 PhN02, 2 10” co2 + 

/-NPh 
0 

DMAD 140” co;! + TCNE + 

Ph 
C02Me 

(55) 

C02Me 

100 

Ph 

b-4 

Ph 

Ph 

526 co;! + 

Ph 
Ph 

CO?Me 
(77) 

C02Me 

101 + DMAD 140” co2 + 

Ph 



TABLE III-C. CO2 FROM BENZO- AND ARYL-SUBSTITUTED PYRONES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

Ph Ph 

so + NPh t---J 

Ph 

+ f0 
N=S 

Ph’ 
BF3*Et20, heat co* + 

2mp (ca. 250”) co* + 

AqO, 138” co* + 

80°, 6 h co* + 

210” co2 + 

,I co2 + 

2112” co-, + 

140” co2 + 

101 

Ph 

Bz 

Ph 
Bz 

(20) + PhCHO t-) Bz 101 

Ph 

:::I+,,. (72) 527 

0 

528 

Ph Ph 

,aph + phnph I:II=2:1 (69) 

I II 

I + II I:11 = 1:9 (loo) 

phuo + fy 529, 
530 

529, 
530 / 

0 k 0 
+ MA 

/ 0 
Ph 

0 

531 (---I 

/ P 0 

R, \ 0 + MA (65-80) 
R’ R2 
4-Me&H4 H 
Me Ph 
Ph Me 

532 

C02Me(H) (-4 

1: 1 mixture 

533 150°, 3 h co2 + 

‘H(C02Me) 

C02Me (W + DMAD co2 + 533 

‘C02Me 

(68) 

0 
CH2CI 

175” 534, 
533, 
535 

co2 + 

0 0 0 

180” 533 



TABLE III-C. CO? FROM BENZO- AND ARYL-SUBSTITUTED PYRONES (Conrimed) 

(60) 210” co* + 536, 
537 

(70) 536 HOAc, aqueous THF 
100” 

CO? + 

Ph Ph 

[fJ] + :::qJ t-1 537 200” co* + 

co2 + 

co* + 

co* + 

WV 
NC 

140” 538 

t-1 

R=HorMe 

e-4 

+ MA 
R 

Ph 

I IO” 491 

Ph 

+ MA 539 230” 

+ MA 140” 540 co2 + (83) 

Ph 

+ MA co2 + 540 (70) 

Ph 

+ MA co* + 

co* + 

co2 + 

540 (70) 

I Ph 

Ph 

Ph 

Ph 

Ph 
(68) 300” 

150” 

541 

Ph 

Ph 

r P 

542, 
543 

544 

+ DMAD 

uv * co2 

Ph l- Ph 

+ 
DPh I I Ph 

Ph’ 



TABLE III-C. CO2 FROM BENZO- AND ARYL-SUBSTITUTED PYRONES (Continued) 

phq-o + [ 
Ph 

Ph Ph 
(74) 

Ph 
Ph 

300” co* + 

210” co* + 

541 

541 

545 

7°2Me 
PhpCo2M+ phTco*ML = 7:3 (70) 

Ph Ph 
I II 

+ Ill 

R2 
R’ R* R3 R4 (%) 
Ph Ph Ph Ph 16 

TMSCI + 
R3 

H ” ” ” 9 
Ph 1, 11 H ” 14 

0 
+ 

A I Ph TMS 

KF, 18-[cl-6,220” co* + 

8, I ,  PhH 16 
,* H H Ph 10 

Ph 
ph/ O 

r?’ 
\o 

Ph 

0 

+ 

c 
J 

240” 
N 

Ph 
(72) 

Ph 

co* + 

co* + 

co* + 

466 

, I  (45) 466 + 11 
U’hM’ 

Ph 

Ph 

Ph 

;;qph + ;qrn I:II=83:17 (40) 

i’h 
I 

i’h 
II 

Ph + III 210” 529, 
541, 
546 

COzMe 
+ 

III 
co* + 

300” co* + 

i38̂  co* + 

300” co* + 

529, 
541 

f’h 
I 

i’h 
II 

Ph 

+ 

II 
Ph 

Ph 

Ph 

Ph 

(54) 
Ph 

Ph 

541 

C02Me 
I 

Ph YYco2Me (75) 
PhyC02Me 

Ph 

+ l’l 
C02Me 

54i 

Ph 

wm 546 

Ph 

Ph \ 
Ph 

Ph 

Ph 
0 

Ph 

(15) 476 Zn, DMF, 100” co* + 

” See also Table III-E. 



TABLE III-D. CO2 FROM EWG-SUBSTITUTED PYRONES 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

Bz 
0 

+ NPM 

Ho2cyJo + () 
0 

0 

+ MA 

Ph 

+ c \ 
H0.a’ + x 

2 

excess RI 

+ MA 
H02C 

+ MA Heat 

C02Et 

&+lr 

140” 

210” 

112” 

Cold 

- 

150- 170” 

100” 

100” 

150- 170” 

180-200” 

DMF, i53” (OCj 

140” 

210” 

NPM + 

Bz 
NPh (15) 

CO2 + H2 + NPh (80) 
Bz 

0 

co2 + (58) 

0 
H02C 

co2 + (15) 

co-, + (4 
\ C02H 

co;! + m (30) 
/ 

(270) 

H02C , 

* 
(15) 

co;! + oh I , C02H 
(49) 

/ 

C02R2 

CO2 + 2 (25-30) z 

R’ R2 
(30-35) H H 

,t Me 

0 / 0 co2 + & 0 e---1 
0 

0 
0 

CO2 + 6Ph + CPh 1:11=2:1 (60) 

547 

547 

547 

548 

539 

464 

549 

549 

464 

550 

550 

490 

490 

529, 
541 

I II 



TABLE III-D. CO-, FROM EWG-SUBSTITUTED PYRONES (Conrinued) ~~ 
Starting Material Conditions Product(s) and Yield(s) (G/c) Refs. 

COzMe 

/II 
210” co* + 

COzMe NEt2 

II 
(79) co2 + 551 

541 co;! + 

R’ R’ Temp I (c/c> II (76) 

C02Et H 138” 10 40 
Ph ” 300” 40 20 
I, Ph 250” 21 0 

R @Jo) 
NEt2 ~ 

Me 53 

TMS 72 
SiPh3 32 
SnMe3 77 
SnBu3 70 

552 co;! + 

C02Me ,Me \ N,Ph 

b I 
(24) 

/ Si(Me)#h 

552 co;! + 

Si(Me)zPh 

NPh2 

II 
+ II - 553 co2 + (81) 

Ph2 
N 

0 0 

C02Et 

/ 

cp 

0 
+ 

\o 
C2H4 

R 

R (G/o) 
H 60 

Me 40 
Ph 10 

554 3000 psig, 120-165” co2 + 

150” co2 + / e O + 4-9 10 555 

Me02C 
\ 0 

+ 
D(3 0 

co2 + 10 
01 I ’ 0 

(84) 87 6.2 kbar, 25” 

0 

+ 

I:: 

/ 

0 co2 + 556, 

557 

150” (25-40) 

rt, exotherm co2 + Et 
(89) 558 



Starting Material 

TABLE III-D. CO2 FROM EWG-SUBSTITUTED PYRONES (Conhues) 

Conditions Product(s) and Yield(s) (%) Refs. 

w 558, 
559 

CH(OH)Me 

+ 
II 
CH(OH)Me 

AC 
+ 

rt co2 + 

(54) 200” 

150” 

co;! + 560 

(yJ;yMe(43) + ~co2~~) 560 

AC 

co2 + 

(57) + DMAD 

NEt2 

+ 
II 

0 

+ 
c 

N // 

+ -JOE’ 

4 
OMe 

+ 
OMe 

560 
I ,  

, ,  

160” 

145” 

110” 

co;! + 

co2 + 

co2 + 

co2 + 

co2 + 

eO2Me 

(43) 560 

mco2Me (98) 561 

t, (51) 560 

560, 
561, 
562 

0 
+ I o= 

0 
0 

C02Me 

(8% 

OH 

180” co2 + 560, 
561 

((3) 560 

OMe 

Me0 OMe 

+ 
Y 

I 
OMe 

110” co;! + 

(57) 561 150” 

560 

co2 + 

OMe 
C02Me 

Me0 

K 

OMe 
120” 

R = 4-MeOC6H4C0 

co2 + Meo2c‘NyJyJQ; (80) Me0 OMe 

K 
11 

317 

0 
Me0 

K 

OMe 
+ 95” co2 + qy-JI;eMe (90) 562 



TABLE III-D. CO2 FROM EWG-SUBSTITUTED PYRONES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

MeO 
2 

c@J+J;“: .&yoMe mz; 
Me02C’ 

120” 

I 

+ I 

+ I 140” 

co2 + 

co2 + 

co2 + 

+ I co2 + 

+ I co2 + 

+ I 120” co2 + Me0 

MeO, ,OMe 
,OMe 

1. 150”,5h 
2. DBU, 100” 

co2 + 
‘OMe 

(80) 562 

(78) 562 

(59) 562 

(75) 563 

(75) 562 

(83) 564, 
560 

Me0 
+ 564 (98) 

R’ R2 R3 VW 
H H H 58 
II ,, OMe 61 
11 OMe H 51 

0 
300” co2 + 565 

/COzMe 

OMe H ” 47 

&, + Meo2& 1.7:1 (38) 555 
0 

150” co2 + 

co2 + 

co2 + 

co2 + 

co2 + 

C02Me 
/ x g$ (-) + “‘o* (-) 555 

0 

“““‘9 Ph -“‘:‘Q Ph 3:2 (39) 
Ph 

111 
566, 
567 

566, 
567 

Heat 

CF3 -3 

C02Me 

(67) 
C02Me 

CF3 

+ DMAD l1 

NEt2 

+ II (68) 566 0” 



TABLE III-D. CO? FROM EWG-SUBSTITUTED I’YRONES (Conrimed) 

Starting Material Conditions Product(s) and Yield(s) (55) Refs. 

0 

CF3 

200” co2 + (91) 566 

CF3 

150” co2 + CP + ” (87) 567 

30” 180” * adduct - (90) 567 

+ C2H2 

AcOH + 

LF3 

MeOzC 
(60) 

0 

2180” 566 co;! + 

co2 + 

co2 + 

co2 + 

CF1 
0 

MeOzC 

Ph 

III 

Ph 

I// 

Ph 

‘I’ 
Ph 

COzMe 

/I/ 

300” 

210” 

541 

529 
EtO& 

Ph 

VW 
Et02C 

MeOzC MeOzC 

250” 541 

MeOzC 

CO*Me 

(12) + 
MeO$ 

(10) 541 
COzMe 

138” 

210” 

co2 + 

co* + 

80” co* + 

co* + 

(1 co* + 

>155” co* + 

8, + ” 3:2 (40) 529 

(59) 568 

(59) 568 

(59) 568 

+ DMAD 

q02Et + ‘I’ 
C02Et + DMAD 

Et02C 

569 

F02Et + ‘I’ 
C02Et 

G-4 

Meo2cao + r13 & sic13 6-l 
Ma2cu + M&2C~siC;‘55 @O) 570 175” co2 + 

Me, ,Ph 
N 

R w 
Me 71 
TMS 31 
SiPh3 4 

+ ‘I’ 
R 

552 co2 + 

SnMe3 50 
SnBu3 17 
DMPS 14 

SnMe3 
I SnMe3 

SnMe3 
(59) + ‘I’ 474 142” co2 + 

co2 + 

SnMe3 

Q-Jco2Me (75) 
/ + 101 \ II 75” 568 



TABLE III-D. CO2 FROM EWG-SUBSTITUTED PYRONES (Conrinued) 

Starting Material Conditions Product(s) and Yield(s) (o/c) Refs. 

MeO$ 
(56-93) 

Ar = various 
571 PdK, 140- 160” co* + 

Ph/- PdK, 140-2 IO” co* + 

Ph R’ R’ (‘%) 
H H 81 
II Me 77 

Me ” 85 
R 

(5 l-90) 
R = 4-pyridyl, 2-pyridyl, 2-thiophenyl. 

5-(4-methylthiazolyl), or n-hexyl 

571 

571 
Me02C 

PdK, 160- 190” co* + 

Ph 

Pd/C, 210” 
Ph 

Ph 
(56) 

PdK, 160” co* + 

571 

571 

Ph’ 

(55) 

i-Pr 0 
Pr-i 

(86) 572 

MeOlC 

110” co* + 

Me02C 

100° 573, 
574 

+ R’ 

C02Me 

TJJo 2000 JMeo2c-Jo + y ] - co2 +Meoa 574 

575 

576 

MeOzC 
l/l / 

R (W 
Me 26 
OMe 28 

co* + 

co* + 

co* + 

co* + 

co* + 

140” 

MeO$ 

0 
+ - 180” 

(4 576 

(4 576 

+ /bO\/\\ *fa” 

180” 

MeO$ 

170” c-1 576 

MeO& 

0 
+ CP 574 loo” 



TABLE III-D. CO2 FROM EWG-SUBSTITUTED PYRONES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (so) Refs. co2 + Me02C a (---) 100” 574 

577 co2 + (37) 120” 

(47) 576 

6.2 kbar, 25” 87 

R2& + 0 550 R’ R2 (So) 
H C02Me 16 
11 C02Et 18 

Br C02Me 32 
,I C02Et 35 

co2 + 89 

Cl ” 
H Bz 

0 

34 

5 

(9) 577 

(27) 577 

CP + 140” co2 + 

0 

OEt 
+ 

MeO j&!IEt + 09 
2 0 

140” co* + 

Flame (exotherm) co* + Me02Cao + () 
0 0 

568 

0 

0 

4 

0 
/ 

NPh 

0 

C02Me 

MeOzC , 
0 

2 NPh 0 

PhN 0 
0 

(98) 488 

(71) 568, 

490 

co2 + 

co2 + 

co2 + 

195O, 7 h 

Me02C 

MeO& 

0 
+ MA Flame heat 

C02Me 
/ 

Et02C, 
+ N=N 80” 

‘C02Et 
(41) 568 

Me02CTph + MeOzCTPh4” (-) 

Ph 
+ 578 Reflux co2 + 



TABLE III-D. CO? FROM EWG-SUBSTITUTED PYRONES (Conrim&) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

180-200” 

150- 170” 

NO2 

+ 

Ph 

200” 

+ 

Ph 

+ 

+ 1. 112” 
2. 220” 

+ 200” 

0 

+ MA 150” 

+ Et02CCH2CN 209” 

0 

+ --JOE’ 
Et02C 

160” 

OR 165” 

Et02C R = Me or Et 

0 

+ --OEt 78’, 6 d 

Me0 OMe 
+ 82”, 24 h 

co* + 

co:! + 

co:! + 

co2 + 

co2 + 

co2 + 

co2 + 

co2 + 

co2 + 

co2 + 

co;! + 

t---j 

(56) 

Meo2cqp: Meo2c~ph ca.4:1 (--) 

Ph 
(45) 

Ph 

(50) 

R (W 
Me 81 

R i-pr ” 

Et02C 

ROH + 

Et02C 

G-4 

(20) 

(77) 

(69-75) 

()Et (48) + Co2 + 

Me02C 

(10) + CO2 + (63) 

Me02C 

569 

464 

578 

578 

578 

578 

578 

579 

580 

581 

581 

582, 
583 

582, 

583 



Starting Material 

TABLE III-D. CO2 FROM EWG-SUBSTITUTED PYRONES (Contimed) 

Conditions Product(s) and Yield(s) (%) Refs. 

(54) + CO? + (28) 582, 
583 

Et Et 

Me0 OMe 
+ 78”. 48 h 

R= ?Bn c 

MeO$ 

aq. H+, THF, 75” co* + 

co* + 

co2 + 

co* + 

co* + 

co2 + 

co2 + 

co2 + 

co* + 

582. 
583 

+ RCN 2 15-230” 

R VW 
Ph 20 
2-CIC6H4 10 
Bn 19 

DMAD 215” 

584 

COzMe 

COzMe (70) 585 

COzMe 

OMOM 

Bn 

140” c-1 586 

Bn 

MeO, 

OMe 
R tw 
Me 53 
Bu 50 
cyclopropyl 67 

R 
0 

215” 587 

(94) 588 112” 

( 638) / 
H 

Q 

R 
/ 

’ ‘\ 
/ 

0 
0 

0 

@ 

I 
\ 

0 
/ 

R 

(66 - 72) 589 

R (%o) 
H 86 
Me 72 
Ph 85 
COzMe ” 
C02Et 87 ( 140”) 

588 

R = H, Ph, or COzMe 150” 

180°, Pd/C 590 



TABLE III-D. CO? FROM EWG-SUBSTITUTED PY RONES (ConrijzueLl) 

Starting Material Conditions Product(s) and Yield(s) (c/c) Refs. 

I 80°, Pd/C CO? + 

+ m  

COzMe + x 
O + 

150” 

150” 

105” 

CO? + 

CO? + 

co2 + 

R 

H 

Me 
Ph 

(%) 

71 

86 
55 

2-fury1 87 

3-pyridyl 77 

CO*Et 100 (140”) 

BozEt + mixture (536) b 

MeO$ 

MeOzC 

(-) 591 

Ar = 4-MeC6H4 

590 

555 

555 

CO? + 

Et02C 

R (%I 
Me 84 

TMS 82 

SiPh3 67 

552 



TABLE III-E. CO2 FROM HETEROATOM-SUBSTITUTED PYRONES 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

NHAc 

0 
+ MA 

Ph 
R 

0 

Ph 
0 

Ph 

Ph 

0 

/ I \ 
:I /O 

\ 
Et2N 0 

OEt 

OEt 

NEt, 

II 

/ LO1 \ II 

/ LOI \ II 

140” co2 + 

160” co2 + 

co-, + 

co2 + 

co2 + 

R 

Ph 

Ph 
Ph 

(60) 592 

R VW 
H 73 
NO2 28 

(42) 

581 

581 

146 

146 



TABLE III-E. CO2 FROM HETEROATOM-SUBSTITUTED PYRONES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

R3+lo2Et + R&$fT 593 

mixtures (6-90) 
R’ = H, Me, Ph; R* = H, COzBu-i 
R3 = H, CHO, Bz; R4 = H or TMS 

C02Me 

C02Me 

+ DMAD 1, co* + 593 

:: 
S-Ph (20-9 1) 

i-BuO& 
\ 

(84) 

593 

i-BuO$ 

~+ [81] - co* + 593 

594 1320 
R2 

Rr=HorMe;R*=HorBOC; 

(24-90) co* + 

R3 = H, Ph, COzMe, or TMS; 
E = C02Me or COzEt 

0 i 

CA- 

\ /O 
\\ 

1-1 . OR 

ii 

H 

0 :: Qa I’ /\ 

N 

R (%‘c) 
H 92 
Ph 86 

156” co* + 595 
.R 

H 

N 

H 48 
Ph 43 

595 156” (OC) co* + 

157” co* + 

0 ii 

:a 

I ’ 
\ Ar 

N 
H 

(48) 596, 
595 

2-02NC6H4 

9 N c ‘no + NPM 112” (-4 597 co* + 

132” co* + 
R3(C02Et) 

C02Et(R3) 

R’=HorMe 
R” = Me, i-Pr, or n-CSH 11 
R” = H, TMS, or C02Et 

598 

Ph02S ;(2 

(5 l-80) 



Starting Material 

TABLE III-E. CO2 FROM HETEROATOM-SUBSTITUTED PYRONES (Conhued) 

Conditions Product(s) and Yield(s) (%) Refs. 
R’ 

0 

cc;- 

/ ’ 
/ + \o LO1 \ II N phqs/ R2 

+ 
S(O)Ph 

R3 R3 
+ 

K 

+ Cl R2 

R’=HorMe 

(49-77) R2 = Me, i-Pr, or n-C5Ht t 598 81” co, + 

R3 = H, TMS, or CO@ 
Ph02S 

132” co2 + (20-W R’=HorEt 

R2 = Me, i-Pr, or n-CsHr 1 
598 

R’ R2 R’ 
Heat co;! + 

R’ 

QQ 

I ’ -L-x3 (-) 
\ / 

ii R2 

R’ 

QG 

I ’ -LR~(R~) (-) 
\ / 

ii R2 

H Me C02Me or 
Me H C02Et 

599 

Heat (OC) co, + 

R3 R4 

CN H 
,, Cl 

C02Me H 

599 

Heat co, + 

R’ R2 R3 Temp 
H H or C02Me or 156” 
Me Ph C02Et 82” 

66- 156” co;! + ( 16-80) 
R’=HorMe 

R2 = CN, COzMe, 

or COzEt 

600 

600 

66- 156” (OC) co2 + 11 (1 I-80) 600 

0 

K C02Et 
Heat co2 + 

R Temp (%) 
H 660 87 

COzMe 
157” co2 + 601 

R’ R2 R” (%,) 

co2 + 
H Me COlMe 81 

Me ” ” 67 

H ” Bz 78 
Me ” ” 52 

602. 

601 

Q---&f + [Ql] R (%) 
83” co2 + H 44 602. 

Me 38 601 

CHO ,TMS 

Ii 
TMS 

157” co2 -I- 

157” co2 + 

CHO (39) 603 

qg” + iMS 
R 

(74) 604 

H \ 

0 

I’ / 

w 

0 

fr’ 

R = C7H,5 



TABLE III-E. CO2 FROM HETEROATOM-SUBSTITUTED PYRONES (Conrimed) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

0 

w 

I’ / 0 

!  R 

0 

I’ / 

w 

0 

z 

0 

w 

I’ / 0 

N 
H R 

,TMS 

w CO,Et 5 

TMS 

C02Et 

/I/ 

DMAD 

/ [Ol \ II 

157” co2 + 

,1 co2 + 

I, co2 + 

! I  co2 + 

83” co;! + 

81” co2 + 

605 

H R 
,C02Et 

Q$=J + q+,: a,ky, 
R R -9’ 

606 

major (23-78) minor 

,R’(R’) R’(R’) (8-93) 

R’ = Ph. CO?Me, Bz, Ph, or alkyl 
R2 = H. Me, alkyl, R(CO), or Ph 

,COzMe 

606 

R = H or alkyl + QP I’ - / \ / ii (45) 607 

+ Q--F I’ - /N \ / 
N 
H (20) 

105, 

106 

Qf& r: 2n 

n R P4 
3 H 79 

3 TMS 82 
4 H 53 
4 C02Me 63 
5 H 35 (190”) 

157” co2 + 608, 
609 

Q-&I& / / \ qQ 157”. Pd/C co;! + 

co2 + 

(43) 608, 
609 

0 

4 

I I 

0 

0 

Q 

I I 

0 

0 

66” (oc) 

78” co2 + 

66” (oc) co2 + 

co2 + 

607 (31) 

VQ) 607 excess 

(62) 
\ + I 0 / I 

0 

I 

R 
+ 

I 
R 

607 

R c-1 

R = C02Et or SO2Ph 

Heat 610 



TABLE III-E. CO;? FROM HETEROATOM-SUBSTITUTED PYRONES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

0 

w 

I’ ’ 0 

“k, R2 

i 

R3 
+ 

I 
R3 

R 

l-r 

Cl 
+ 

+ 
0 

ii 

OEt 
+ 

ii 

OAc 
+ 

OAc 
+ 

AC 

ca. 110” 

-N‘ \ 
I R2 

R’ 

R4 = H, Ph, 2-pyridyl, AC, CN, CHO, 
C02Me or C02Et 

R3-R4= ---CONPhC&; ---(CH2),CO-; 
-CO(CH&-- (n = 2 or 3) 

0 

I’ / 

w 

0 

Li! 

CHO 76 
AC 78 

80”, collidine/THF co2 + 

120°, (OC) co2 + 

80” co;! + 

120” co2 + 

co2 + 

612 

0 

I’ / 

w 

0 

Y  

(93) 

R’ R2 (%o) 

527 

tie 
0 

w 

I’ / 0 

N 
I R2 

I’ . w \ / N 
I R2 

R’ 

527 Me Me 44 
H Ph 45 
1, C02Et 50 Ii’ 

Me Me 

(97) 527 

Me 

0 

w 

I ’ \ 

N 
527 

t ’ (18) 
Me 

n (%) 
+ 120” co;! + 

co2 + 

2 58 
3 27 

527 

lPh I ’ w . \I 
N 

Ike 

NO2 + 100” 
Ph 

527 

+ 

ii 

N 
3 

100”, Pd/C 

0 

N 

/ ’ 

T  

\ ; 
0 (27) 

N 
ILIe 

co2 + 527 

R 0 
Y 0 R 

Y R (%) 
OBn 34 
Me 25 

Heat 527 

C02Et 
+ 60” (95) 613 

AC AC 
+ 

Y 
I 

I, 

N 

AC 

--_ (67) 613 

Et it AC 



TABLE III-E. CO;! FROM HETEROATOM-SUBSTITUTED PYRONES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

MeOIC 

Y 

COzMe 

I 
Et 

Me 

Me02C 

Y 

COzMe 
+ I 

MeO& 

C02Et 
+ 

+ 

0 

CHO 
+ 

0 

+ 

n- I 

NPM 

80” co2 + 

loo” co2 + 

60” co* + 

60” co2 + 

80” co* + 

100” co* + 

THF, t-t co2 + 

150” 

NPM or MA t-t-65” 

0 

a 

I’ ’ 0 

N 

MA 

H \ 

TCNE - 

co2 + 

Et 

(92) 613 

tie 

(96) 613 

tie 

Q /\ - CN 
\ 

Y 
C02Et 

--_ (97) 613 

CHO 

tie 

(97) 613 

t---J 613 

(68) 613 

614 

614 

522 

X = 0 or NPh 
R = Me, Et. Pr, or Ph 

(41) 

(4 

614 

341 



TABLE III-E. CO2 FROM HETEROATOM-SUBSTITUTED PYRONES (Cmtinueti) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

(95) 

0 

PhN02, 2 10” 615 

0 

OH OH 

O + DMAD 78” 

(56) 

(50) 

(85) 

(-3 

(73) 

(68) 

b-1 

R (%) 

469 

rt, 20 kbar co* + 

170” 

616 

617 

OH 
, COzMe 

b 
I 

COIMe co* + 

OH 
C02Me 

200” co2 + 617 

COzMe 
COzMe co* + 617 

OH 

+ co* + 617 

OH 

, CwJe 

b 
I 

C02Me 

,COzMe 
+ II 115” 

80” 

co, + 617 

618 

b02Me 

C02Et 

+ . 

Et02C 
I’ 

OH 

co2 + 

AcO OAc 0 

+ 0 I I 
0 

Ac20 617 co2 + 

6Ac 
OR 0 OR 0 OH 

OR 0 

+ 

OR 0 

H 27 

AC 52 
w! + 1. MeCN,81” 

2. Pbo2 

619 

AcO o OAc 0 OH 

+ 1. MeCN,81” 

2. Pbo2 
6-J co2 + 619 

AcO 0 

+ 
YG 

I \ 
I 81” 

/ 

AcO 0 

OAc 0 OH 

(52) co2 + 619 

HO 

t-1 170-200” co, + 569 

I C02Et 



TABLE III-E. CO;! FROM HETEROATOM-SUBSTITUTED PYRONES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

R’“qro + [ 
Ph 

Hoqro + Gx 
Ph 0 

AcO 

DMAD Heat 

ak I \ 0 / 
0 

R’ + II 
R2 

0 

+ I I 

;I-c;l 

I 

0 

0 OH 

+ 

150” co* + 

150” co* + 

co* + 

530” co* + 

150” co* + 

200” (oc) co* + 

+ NPM 200” 

ONa 

tie + 1: 

OMe ONa 

DMAD 

ao+ &J 
0 

rt, THF 

l-t 

i-t (W 

co* + 

co* + 

co* + 

co* + 

co* + 

co* + 

R’ R’ R3 

RI’- R2 

(W 
H C02Et CO?Et 81 1, 11 H 88 620 

R” Me ” C02Et 89 
Ph ‘9 $1 H 91 

0 
X v4 
0 81 

NPh 79 

OH 

(20) 621 

AcO 

620 

99, 
622 

R’ R” (9%) , 
OH C02Me H 9 

R’ 
C02Et ” 19 102 

R2 
COpMe C02Me 65 
C02Et CO?Et 63 

OH 0 

&y$J (a) 
0 

OH 0 OH 

q (49) 

0 

OH 0 OH 

(38) 

(48) 

OMe OH 
C02Me 

(79) 

C02Me 

R OH 0 

&y@ b, 
0 

102 

102 

102 

102 

103 

103 

103 



TABLE III-E. CO? FROM HETEROATOM-SUBSTITUTED PYRONES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

?Na 0 OH 

&Lo + (Q 
0 

0 OMe 
Br 

+ 

0 
0 OMe 

+ 

Br 

OMe ONa / bk A0 + 11 

\ \ 0 

ONa 

/ A0 

* 

+ 
\ \ 

0 
OMe 

ONa 0 OMe 

R ONa 

/ 

ti 

A0 + 11 
\ \ 

0 

ONa 

OMe 

OAc 

NaO 

(-J-p0 + FzEt 
NaO 

\ TOzEt 

Q-p0 + 111 
CO*Et 

It (CO) co* + 

rt, THF co:! + 

11 co* + 

1, co2 + 

,t co:! + 

0” co.2 + 

rt co* + 

O-25” co* + 

0" co* + 

THF co* + 

65” co2 + 

rt co* + 

OH 0 OH 

0 
OH 0 

&& 
0 OMe 

Me0 

)$y$q 

0 OMe 
OH 0 

OMe 0 OMe 

OMe 0 OH 

0 

0 

OH 0 

q)-yyJ? 

OMe 0 

R OH 0 

ql@---J 
OAc 0 

HO 
CO*Et 

Le 

(20 

(45) 627 

N 
Me 

(83 103 

WV 

(73) 

103 

103 

(73) 623 

(87) 623 

(78) 104 
624, 
625 

R VW 
H 95 10% 
OMe 62 624 

R w 
H 92 104 
OMe 73 624 

(77) 104, 
624 

R (W 
H 75 
OMe 62 

626 

627 



TABLE III-E. CO2 FROM HETEROATOM-SUBSTITUTED PYRONES (Conrinued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

Me 

ONa 

CO*Et 
+ 

CO*Et 

+ 

/Ii 
C02Et 

+ 65” 
Cl 

0 

OMe 

+ DMAD 150” 

0 

65” 

kO( OMe)2 

C02Me 

Heat 

OMe 0 

&+ Q) Ag20, 101” 

0 

0 

@ 

N 
+ I 

‘\ 
S \I 

N 

0 

+ 80” (CO) 

co* + 

co* + 

co* + 

co* + 

co* + 

co* + 

co* + 

co, + 

co, + 

1, (27) 627 

(17) 627 

OH 

627 

(31) 627 

OH 0 
OMe 

C02Me 
(74) 628 

C02Me 

R’ R* R3 R4 (%) 
CO$4e H H 74 

OMe H ” ” 90 469 
OMe Me ” 62 

H ” 79 

I II 

R’ R* R3 Temp I(%) II (%) 
H H C&Me 200” 32 6 

469 

OMe ” ” 
H OMe Me 
Me ” H 

0 

Me0 0 

/ '\ 

w 

N 
I S 

\ \/ 
N 

0 

9, 97 - 
140”40 2 

11 48 ” 

(80) 629 

629 

Ma Mw 630 

cu. 1 :l regioisomers (55) 



TABLE III-E. CO? FROM HETEROATOM-SUBSTITUTED PYRONES (Conhnued) 

Starting Material Conditions Product(sj and Yield(s) (G/r) Refs. 

R2 R’ R* R” R4 (%%) R’ 
0 

+ MA 140” co* + 
OMe H 
H OMe 
II 11 

H H 90 
11 11 27 

Me ” 43 
H I, 95 
,, 11 89 

Me 17 
1, OMe 37 

C02Et Me 84 
-(CH&-- 5 I 

--(CH2)4- 17 
-(CH+- 40 

--WH,k- 38 

468 

Me ” 
Et ” 
H ” 
,1 11 

C02Et 

3:2 (84) 631, 
632 

c-4 633 

0 

+ 
C02Et 

180-200” co* + 

co* + 

co* + 

MeOvO + r Me0 

I C02Et 

0 

+ DMAD 

R’ 
0 

R*O 

R’ 0 

R’ R* (%) 
Me Me 66 
Et n-Pr 65 

634 

R’ R* R3 (SE) 

140°, Pd/C co* + 469 H H Me 60 
I, Me H 51 

Me H ” 55 

’ Me0 NMe2 
+ 

R’ R’ R2 R3 R4 VW 
H OMe H C02Me 68 
I, t, 11 Me 30 
,t II Me H 93 

Me ” H ” 39 
Br ” ” Me 10 

200” co;! + 469 

,OMe 

Meoqro + 4 
Ph 0 

0 
/ 0 

a 

X 
X 

0 Ph 0 

X VW 
0 84 
NPh 82 

150” co2 + 

co, + 

co2 + 

620 

Ph 

+ DMAD 

C02Me 

C02Me 
Ph 

200” (72) 635 

R’ 
0 

+ DMAD 

R’ R’ R2 R3 (%‘o) 
H H Me 72 
1, Me H 63 

Me H 11 84 
H Et n-h 83 

,t +CH2)3- 82 

9, -tCH2)6-- 68 

1, -KH2)9- 33 
,t H C02H 34 
w 98 C02Me 48 

1. 200” 
2. H30+ 

469 

,OBz BzO , 0 
c \o + MA 

0 
/ 0 

a 

0 
0 

0 
0 

112” co2 + (4 636 



TABLE III-E. CO2 FROM HETEROATOM-SUBSTITUTED PYRONES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

140” (70) 
C02Me 

OMe 

loo-150” co2 + 

R20 
R’ R’ (W 
Me Me 70 
TMS TMS 48 
Me AC 73 

0 

OMe 

COzMe 

I// 

DMAD 

621 

621 

0 

0 

OMe 

co:! + 140” 621 

- co;! + (12) 
Ph 

0 
635 uv 

(35-95) + 

OMe 

F02Me R’ R2 R3 

‘I’ 
R” 

637 alkyl or Ph H C02Me 

Me Me ” 
Me H H 

112O 

OMe 

0 

/ \ 

“xi;,, 

I I 
\ / 

0 

@ 

I 
\ 

/ 
I 

0 

/ 

v 

0 
+ 

\o 

638 1. Heat 
2. Oxidation 

co2 + 

Me0 0 bMe 

OH 0 0 

co* + 638 (62) 

OH 

/ 

* 
I \ \ 

\ / / 140” 639 co2 + ea 

Me0 OH OH 
0 OH OH 0 

OH 0 Me0 0 OH 

638 1. Heat 
2. Oxidation 

co2 + 

AcO 0 0 OAc 

Me0 0 

co2 + 638 

0 
OH 0 OH 

OAc 

(70) 

Me0 OH OH 
AcO 

140” co2 + 639 

AcpC02Me2-, (‘,) AcTco2Me 
OMe OMe 

I 

, C02Me 

v 
/ (93) 

AC COzMe 
OMe 

OMe 

co2 + 

co2 + + DMAD 640 



TABLE III-E. CO2 FROM HETEROATOM-SUBSTITUTED PYRONES (Conrimed) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

OMe 

Et02C 

+ 

NO2 

0 
OMe 

+ 

HO 0 
OH 0 

0 

+ 

OMe 

OMe 

1. - co;! + 

2. DBU 

w 
OMe 

Me0 0 
0 

1. 140” co2 + 
2. Ag20 

(22) 64’9 11 co2 + 

Me0 0 OH 

11 co2 + ‘“2 (63) 641, 
642 

+ AcOc (17) 

0’ Hd 

0 R 

+ . 

OMe R 

C02Me 55 
C02Et 61 

150- 160” co2 + 

6Me 

TMS 

0 TMS 
270” 645 co2 + 

co2 + 

co2 + 

co;! + 

Ph 
Ph 

Ph 

Ph 

645 285” (78) 

0 

4 I 
\ 

+ 
/ 

/ O 

0 

ti 
I 

\ 
2:l (loo) 645 

/ 
/ o C02Me 

C02Me 
+ 

j/l 
270” 

C02Me 

C02Me 

+ DMAD 270” (76) 645 

COzMe 

R’ R2 

(-4 

H H 
Cl ” 
II Cl 
11 Ph 

R’ R2 (%) 

646 > 200” co2 + 

co2 + H H 69 647 
Cl ” 57 
I, Cl 97 

148” 



TABLE III-E. CO2 FROM HETEROATOM-SUBSTITUTED PYRONES (Conrim&) 

Starting Material Conditions Product(s) and Yield(s) (c/G) Refs. 

0 

160” CO2 +;I+ (--) +cl) (---) 648 

Cl Cl’ ‘cl 
Cl 

0 Cl / C’ 
A 

c-4 
0 t 

Cl /J 
0 

648 co2 + 

co* + 

co* + 

co* + 

+ MA 110” 

Cl 

Cl 

e 

6) 
Cl 

Cl 

0 
+ C2H4 649 170° 

(--) 
COzMe 

+ 648 130” 

Cl 
0 / c1 0 & 0 (-4 

0 
0 Cl 

648 140” + MA 

0 

R VW 
Ph 37 

Cl 60 

(93) 

R 
R 

/ R 

fi 
R 

Cl 
Cl 

/ c1 

25 
P 

Cl 

+ Heat 172 co, + 

140” co* + 

co2 + 

co2 + 

650 

+ MA 
Cl 

Ar tw 
Ph 58 

p-tolyl 48 

112” 651 

MeS 
\ 

WCOzMe 

N \ 
R 

COzMe 

MeS 

0 + DMAD DMF, 153” 

MeS 

R VW 
H 60 

Me 50 
652, 
653 

Ii 
MeS 

qb \ 0 + MA 
0 

FLle 

0 (20) 652 DMF, 153” (OC) co* + 

157” co* + 

co2 + 

R’ 
0 

e 

/ ’ 

S \o 

R3U3 
(23-96) 

E(R”) 

R’ = H, Me, or Pr 

R* = H, Me, or n-CSH 1 1 

R3 = H, TMS, or C02Me 

E = C02Me or C02Et 

654 

lb 



TABLE III-E. CO2 FROM HETEROATOM-SUBSTITUTED PYRONES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. / // cc 2)” 

di 

(%) n 

co2 + “I 3 81 
s ’ 4 71 

157” 

Ac20, 138” 

654 

654 pq??j/ ; - co2 + Qq) (77) 
L 

co2 + 

,R2 lR3 

q-q R3 

I 

.R2 Q--Q 
II 

655 157” 

R’ R2 R3 (96’0) I:11 

H 
I, 

CO2Me 
H 

1, TMS 
Me 
9, 

C&Me 
H 

I, TMS 
11 MeCHOH 

Me 
I, Ph 

n-CSH t t C02Me 
11 H 
(1 TMS 
11 MeCHOH 
,t Me 
1, Ph 

C02Me 79 - 

C02Et 65 1: 1 
11 69 6:1 

C02Me 93 - 
C02Et 79 1.5:l 
1, 67 >20: 1 

C02Me 46 >20:1 
1, 59 5:1 
9, 70 1.2:l 
9, 68 - 

cogt 54 1: 1 
I, 60 >20:1 

COlMe 55 >20: 1 
IV 34 6:1 
II 70 1.6:l 

100-175” 
R’(R2) 

(75-95) R’ = H or n-Pr 
R2 = C02Et, AC, or Bz 

502 co2 + 

co2 + 

co?_ + 

SMe SMe 

NPh (98) 488 195”. 0.3 h 

0 

Br 
COzMe / 

0 / 0 
PhN & NPh 

0 Br 
0 

(60) 
Me02C 

507 + NPM 138” 

+ MA 195’, 0.3 h 

0 
Br 

’ + MA 80” 

531 

491 11 c-4 co:! + 

R’ R2 
Me MC 

(--) Et ” 
-tCH2)3- 

-W2)4- 

656 

Br 
0 

+ MA 138” co2 + 
R’ 

“ The starting material was prepared by a DA reaction at 110”. 
’ This product was not isolated. 
(’ The major isomer is shown. 



TABLE III-F. CO2 FROM OXAZINES (AZAPYRONES) & ANALOGS 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

Ph + NPM co2 + 657 

R’=MeorBn 
R2=HorMe 

658 FVP, 650” 

FVP 

co2 + 

co2 + 
(7H2)n\ n I(%) II(%) 

Ph / l 
N 0 

659 -78”~rt co2 + 

659 (81) 

659 (80) 

154 

659 

Ph 

+ DN3 co2 + 

co2 cw 

co2 + 

+ Y I - N wo 

i-Pr 

0 

Ph 

660 230” 

Ph 

X R Time (%) 
Cl Me 20 h 95 
,t Ph ” ” 
,I C02Me 120 h 54* 

Br Ph 20h 65 
* 4 R isomer = 40% 

80” 661 

Ph 

0 
108 400” co2 + 2 PhCN (-) 

Ph 

N2 + &a co2+ +(72) 108 
/ + Dl \ II 

co2 + 

kh Ph 

R’ 

O, NEt2 
(57-95) R’ = Me, Et, or Ph 109 

R2 R2 = H, Me, or Ph 

Ph 

N\ 0 Y 
Ph 



Starting Material 

TABLE III-F. CO2 FROM OXAZINES (AZAPYRONES) & ANALOGS (Continued) 

Conditions Product(s) and Yield(s) (%) Refs. 

Cl 

N’ 
0 

+ 
R2 

+ 

Cl 
“r 

\o 
//I 

80” 

R’ R2 In1 

t-Bu 

(1 

OEt 

’ ‘Ph 
k N N 

“;I 

/ 1 Ph 

Pr-i 

uv 

180-200” 

130” 

300-380” 

co2 + 

co2 + 

co2 + 

co2 + 

H 
Me 
Et 
i-Pr 
Bn 
CH2Cl 
CHC12 
Me 

H 
Bn 
CH2Cl 
CHCl* 
H 
CHgl 
COzEt 

CHzBr 
I, 

Me 
BnCH2 
t-Bu 

C02Et 
OEt 
Ph 

3,4,5-(M~&H2 
Ph 

20 

3.5 

20 

>20 

20 
>20 

ca. 1 
ca. 3 
ca. 5 

10 
>20 

co&f 

>20 

20 

>20 

10 
>20 

3 

4 

664 

R2 (95) 

R’R2-HorMe * - 
R’ 

6-J 664 

R2 

CO2 + R’CN + 

R’ 

I 
R’ R2 1 (%o) 

662 

663 

665 

Me Me 16 
j-pr ” 73 

i-Bu ” 62 
t-Bu ” 15 
Ph ” ” 
i-Pr Ph 22 



TABLE III-F. CO2 FROM OXAZINES (AZAPYRONES) dz ANALOGS (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

Y-Y” N\ 0 Y 
OEt 

A I \ / N 

Et0 OEt 
+ l-t co* + (12) 

t-Bu t-Bu 

05 I \ ‘N 

/ / 

/ + LO \ II 65” co* + 

110” co* + 

(65) 664 

CF3 

Ph 

/A I \ / 
N CF3 

Ph + III (38) 

OEt OEt 

+ 
II /h I \ / N CF3 

co, + (38) 

7F3 + 0 I / 110” (OC) co* + (30) 

R’ R* (W 
R2 0 

Me NEt2 83 
,, NBu2 69 

666 80” co* + 

co* + Heat 

R’ R’ X 
H H OEt 

Temp (%) 
140” 56 

, f  OAc 
11 * 

Me OMe 

OMe ” 

164” 58 0 
84” 60 * = 

225” 79 
110” 72 

Ph N-morph. ” 69 
-(CH2)3- iV-pyrrol. 24” 50 

1, N-morph. ” 55 

---tCH2)4- N-pyrrol. 110” 19 

--CH2)5- ” 80” 58 
NEt, R 

iu 

tw 

co* + \ 
i-Pr 79 

bNfiR I 
i-Bu 89 
t-Bu 65 
CF3 67 

ye2 R (W 

107 

Et0 NMe2 
+ ,I co;! + i-Pr 80 

i-Bu 90 
t-Bu 94 

107 

CF3 80 

(40-90) R’ = CF3, i-F%, i-Bu, or t-Bu 664 R2)fJR* + il” 20” co* + 
R*=MeorPh 

Y-r” II N\ 0 Y 
+ @ 

R 

co* + CP + (3 l-84) 120” 

OAc OAc 6 I 
Me, H 

R=Ph, x 
k OAc’ Or \wOAc 

6Ac OAc 



TABLE III-F. CO2 FROM OXAZINES (AZAPYRONES) & ANALOGS (Contimed) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

R* 
(35-89) 

R2mo “k” N\ 0 + 
Y R4 

R’ 

R’ = CF3, i-Pr, i-Bu, or Z-Bu 
R*=MeorPh 
R3, R4 = H, Et; --(CH2)3--, or +CH2)4- 
x = NEt*; --NUW,- 
n = 3,4, or 5 

R’ = CF3, i-Pr, or Z-Bu 
R*=Me 
R3, R4 = H, H; +CH2)3-, or --(CH2)4- 
x = NEt*; --NW-U- 
n = 3,4,or 5 

0-20°, HCl co, + 

R3 Y 
OEt 

+ I 
% 

115” co* + 
(38-87) 

yy” N/Me 
N\ 0 Y + 

Ph /J’ 
CF3 

N\ N. Y Me 

OYY + 
MJNY “YO (45) Ph CF3 

20” co* + 

co* + 

co* + 

co, + 

i3F3 

N\ N, Y Bu 
m3 

HBU 
+ N 

Ph J' 
20” 

+ 7 P- R 

Ph 
130” R = unspecified 

C02Me 

/ N 

c- 

I 
(86) + N\ 0 D I 

Y 
C02Me 

25” 

(15) + + (65) + P I 

+ 
b I 

co* + 664 

(70) + 664 co* + 

co* + 

(18) 

(36) 665 + DMAD 

Ph 

200” 

co* + 667 

R’ R* R3 R4 (%) I:11 

CF3 H H H 94 na 
II ,t Cl ” - 93:7 
0 Cl H Cl - 95:5 

H Br ” Br - ” 
1, H ” H 77 85:15 

Me ” ” ” 7 1 75125 

Ph ” ” ” I 1 35:30 



Starting Material 

TABLE III-F. CO2 FROM OXAZINES (AZAPYRONES) & ANALOGS (Conrinued) 

Conditions Product(s) and Yield(s) (56) Refs. 

and/or rt co* + m  
‘0 

and/or 

” The starting material was prepared at room temperature. 

’ The starting material was prepared at -80”. 

“ The starting materials decompose upon preparation. 



Starting Material 

TABLE IV-A. CO2 FROM MESIONICS TO FORM PYRROLES 

Conditions Product(s) and Yield(s) (%) Refs. 

NH2 

A + DMAD 
Ph C02H 

“QO + r 
R 

o 
+ DMAD 

R 

+ 

“)y + [ 
+ 

(R2C0)20, lOO- 130” CO2 + 

110” 

100-130” 

100” 

O-70” 

O-I IO” 

+ DMAD Ac20, 80” 

co;! + 

co2 + 

co, + 

co, + 

co2 + 

co, + 

W-98) 127 

M-C’ ‘C02Me R = Me, cyclohexyl, or aryl 

R e-4 
Ph 76 

c02Me Me 99 
127 

(60-W R=MeorAr 
Ar = various 

127 

(55-98) R’ = alkyl, aryl 668 
R2 = H or C02Me 

R3 
(21-95) 669 

R” = H, Me, Ph, aIky1, or CO@Ie 

Me 

F% 
(4 670 

R’, R2 = H, alkyl, aryl, CQH, or C02R’ 

MeO c~N)lQ (59) 671 

2 2 



TABLE IV-A. CO2 FROM MESIONICS TO FORM PYRROLES (Conhzued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

Me 
Ph Et0 lf HMe BFd- 

+ 
Ph 

Et0 

Me 

(89) 672 1. rt 
2. NazC03 

co* + 

AqO, 100” co;! + 

Mk Ph 

C02H 

A 
0 

Ph 
r -t 

Me CO*Et 

C02Et 

(49) 
\ + 0, / 

N -a 

673 

Me 
R’ R2 (Go) Me, N -C02H Ph C02Me COzMe 68 
C02Et H 30 
II Ph ” 

Ac20, 130” co2 + 

55” co2 + Me,NLCO,M. 
+ DMAD 

I C02H 

HN il\/co2Me 
+ DMAD 

Ph A C02H 

co* + 

+ DMAD AqO, reflux co;! + 

674 
BZ 

2 C02Me 

675 

qq-C02Me (-) 

MeOzC C02Me 

675 

I: R (W 
Me 88 
Ph 79 

Me02C Ar = 4-02NCbHb 

367 

7’ Y2 
M;pR3 + R’ygMe 

2 I 2 

Ac20, 115” 676 co;! + 

R’ R2 R3 I(%) II (%) 
Me Ph H 32 9 
CF3 ” ” 6 52 
Me Me Ph 13 16 
If ,f Bn 31 38 

Me 
Ph Bz 

Bz 

(63) AczO, heat co2 + 

co2 + 

co2 + 

677 

Me 

+ 

Me02C 

(56) 

C02Me 

383 40” 

,1 384, 
385 

Y 

+ 

CHO 

C02Me 

C02Me 

W) 
C02Et 
I 

120” 

Ac20, 138” 

co2 + 

co2 + 

678 

679 
C02Et 

+ 
Ill 0 

tw 
N/ 



TABLE IV-A. CO2 FROM MESIONICS TO FORM PYRROLES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

CHO 
HC02- - 

u-m 680, 

CO*Et 681 

tCHM%Me 

I 

+ 140°, Ac20 co;! + 

b2CH 

+ DMAD 65-115” co2 + C02Me W30) 675 

P 
R (%o) 
f-r= 70 
L13 10 

C02Me 3,4-Cl&H3 9 1 
Q-Cl&HI 90 

I + DMAD co2 + Ac20, 120” 682 

c02Me Ph 87 
4-MeOC6H4 82 
4-FC6H4 99 

R (%Io) 
H 95 683 

R 
OAc 70 

‘wC02Me 

+ DMAD AqO, 135” 

R 
R=H,OAc 

co2 + 

e02Me 

C02Me (49) H02C i 
+ DMAD 684 Ac20, reflux co2 + 

C02Me 

(CHNONe 
‘TCOzMe 

+ DMAD C02Me (<30) co2 + 675 65-l 15” 

R’=HorMe 
R2 = H, Ph, or C02Et 685 
R3 = H or Ph 

Ac20, 120” co2 + 

iS02Et 

Bz 
(70) 

Bz Bz 

AqO, rt 

Ac20, 100” 

co2 + 128 

N\ O 

% / (5) 

0 

co2 + 128 

0 

+ 

w 

I 1; 

0 

N\ O 
0 / \ 0 - 

Ac20, 100” co, + (34) 128 

0 

Y  
Bz 

+ 
Ii 
Bz 

0 Bz (lo) + Bz (45) 

I BZ II Bz 

Ac20, 70” 128 

I. 138” co 2 + II 

R 

+ 

Ii 
R 

co2 + 
R Pm 
COIMe 28 
C02Et 30 

128 Ac20, 100” 



TABLE IV-A. CO? FROM MESIONICS TO FORM PYRROLES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

+ AqO, 100” 

+ 

0 

0 
R4 + It-60” 

co2 

co2 

co2 

R5 
0 

0 + DMAD (~-BuCO)~O, 155-200” CO2 + 

N\ O 

% 
(19) 

/ 

0 

128 

128 (43) 

R4(R5) 
(10-41) 

R5(R4) 
RI, R2 = Ph, Me or ----(CH&- 

686 

R’ = Me or Ph 
R4, R5 = H, H; -(CH)4-; H, Me; 

or OMe, Me 

C02Me (20-70) 

C02Me 

R’=HorCl; R’=H,Me,Br,orCl; 

687 

A3 )-CO?H 
R4 

R3 = H or Cl; R4 = H or Me 

m----;g + DMAD Ac20, 85” co2 + (33) 671 

Ph 

688 I. Ac20 co* + 

2. Phenylacetylene, heat 

1. Ac20 

2. DMAD, heat 

DCC, 80” 

f 
C02H 

0 + !1 

DMAD Ac20, rt 

co* + 

co2 + 

co2 + 

co2 + 

co2 + 

H 69 
OMe 72 

R w 
H 62 
OMe 78 

R WJ) 
COzMe 39 

Bz 71 

R (%6) 
COzMe 52 

Bz 65 

688 

R R 

I \ 

027 
I 

\ N 

/ / 

689 

689 

I 
\ R 
/ 

8+ 
\ N’ 

R 

I 
/ 

R VW 
C02Me 52 

Bz 65 
689 

Ph 

w 368 



TABLE IV-A. CO? FROM IVlESIONICS TO FORM PYRROLES (Cmirzu~d) 

Starting Material Conditions Product(s) and Yield(s) (c/c) Refs. 

C02H 
/ 

I. Ac?O 

2. DMAD. 115” 

I. (RCO)?O 

2. DMAD, 115” 

1. AqO 
2. ---R , 115” 

I. AqO 

2. _OAc, 110” 

1. AqO 

2. 
0 

,110” 

+ DMAD 1 20° co-, + 

CO? + 

CO? + 

CO? + 

co2 + 

co1 + 

CO?Me 
R (?k) 

H 

n I .R 

wCO?Me 
COzMe 

H R 

f-&-y (53) 

H 

(6) 

H 64 690 
Bn 27 

2-MeOC6H4 49 

R (c/c) 
Me 75 

Et 69 

690 

R (c/c) 
CO?Et 51 
Ph 34 

690 

(85) 

690 

690 

691 



TABLE IV-B. CO;? FROM MESIONICS TO FORM PYRAZOLES 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

Me 
Me, N -CO*H 

I + DMAD 
N 

‘0 

,o o- 
N 

+‘A Y I 
Ph’ 

+ Ill 

R3 

+ 
II1 
Ii4 

C02Et 

+ 

II 
Ph 

+ DMAD 

Ac20, 130” co2 + (60) 

170” 

Heat 

130- 150” 
AH2 = 18.4 
As-i = -29 

90-l 10” 
AHi: = 14.8 
&z-31 

200” 

Me02C’ ‘C02Me 

Ph 

674 

co2 + 
R’ = Me, Bn, or Ar 
R2 = H, Me, or Ph 692. 

R3 = H, CO$v!e; R4 = H, Ph, CO&le 112 

(64 - loo) 

Ph 

co2 + e-4 

Et02C Ph 

(-4 

C02Me 

125 

125 

co2 + R2tiR3 + 13ti mixtures ( 14-60) 693 

R’ = NMe2 or N-morpholino 
R2 = H, Me, CH2NR2 
R3=aryl 



TABLE IV-B. CO2 FROM MESIONICS TO FORM PYRAZOLES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

Bz 
+ - 

co2 

co2 

694 

+ 

+ 

+ 

R’ R2 

I C02Me Me02C 11 676 Ac02, 130” 

R’ R2 I l%) II C%‘o) 

Me Bn 57 16 
Ph Me 33 19 
Bn ” 36 10 

R’ R’ 
C02Me 

/I/ 
+ 

Me02C 

695 co2 

R’=aryl 
R2 = H, Ph, SMe, SOMe, AC, or CN 

mixtures (73-99) 

R’ 

(62-99) 

Me02C C02Me 

695 + DMAD co2 

co2 

Me 

M+;q”- + r;“’ 
C02Et 

(4 

Et02C C02Et 

90- 120” 696 

+ DMAD 

MeO$ Ph 

uv co2 

co2 

co2 

co2 

co2 

co2 

co2 

co2 

697, 
698 

+ DMAD 

Ar = Ph or 4-MeC6H3 

(80) 699 

MeO& Ph 

+ DMAD 120” ( 12-82) R’=MeorPh 
R’=BrorCl 

Me02C C02Me 

Bn 

700 

+ DMAD (---I 

Me02C C02Me 

- 701 

(6% 702 65” 

165” I I  

(49) 703 

R’ R2 m-4 
Ph H 73 
11 Me 64 

Bn Ph 68 

704, 
132 

Nspph +/or ‘XNph (30) 705 



TABLE IV-B. CO-J FROM MESIONICS TO FORM PYRAZOLES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

I \ -5 
+ 

T 
/ 
II 

140” 

CO2 + phzNeN3 Ph (62) 129 

co2 + phlN\Om (76) 

co2 + 

Ph 

,N 
N\ 1 9 (30) 

ph’NM 

129 

129 

C02Et 

/I/ 
138” 

C02Et 

co2 + mC02Et (40) + d (35) 704 

R w 
Bz 92 
C02Me 80 
Ph 45 

706 

180” co2 + (73) + (9) 

Ph 

140-l 80” c02 + 

R’ R’ R2 (%) 
Ph Ph 17 
II Me 37 

CO,Et Me Ph 19 

707 

707 

” This product is not formed by an rDA reaction. 



TABLE IV-C. CO2 FROM MESIONICS TO FORM OTHER HETEROCYCLES 

Starting Material Conditions Product(s) and Yield(s) (‘%) Refs. 

Me R VW 

OAc 

A Ph C02H 

O- 

Ph 

O- 

Ph 

Ph CO*Et 74 
Bz 51 
2,4-Me$hHjO 4 1 

130 

(32) 708 

Ar (W 

+ RCN l-t-80” co* + 

MeOlC COzMe 

+ DMAD Ac20, reflux 

709 Ph 58 
4-MeOChH3 90 

(W 

R’=Phoraryl 

+ DMAD 

+ DMAD 

R2 

80” 

60- 100” 

379 

(30-63) R* = C02Me or Ph 

R3( R*) R3 = H, Ph, or C02Me 
+ I: 

R3 

710, 
711 

co* + 

Ph 

(63) 

Ph 

co* + 131. 
712 

tie 
S 

Ph 

(63) 

Ph 

Ph 

co* + 712 

Pile 



TABLE IV-C. CO;! FROM MESIONICS TO FORM OTHER HETEROCYCLES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

Ph 
Ph 

R’ 
60- 1 loo, Ac20 co* + 

R2 
(3 I-60) 713 

R’, R* = CN, AC, COzMe, or Bz 
Fhe 
X 

R3 

b= 
I x co* + + ( 17-63) 713 

R’ R* R3 R4=MeorPh 
X~O’or~ R4 

Ph 

Me 

z 
Ph 

Ph 
b I z co* + ( 17-63) 

X=NMeorS 
Z = 0, S, NTs, C(CN)* 

Z (W 

714 

/ 
Ph 

Ph 
X 

0 61 
S 61 
NTS 64 

WN)2 41 

C(CN)CO*Et 65 

k- 
I z 

Ph 

Ph 

715 co* + 

Me 

Me 

(83) 716 co* + 

R’=MeorPh 

(76-93) R*=HorMe 717 
R3 = Me, Bn, or Ph 

50” 

NC n R 0-2 
3 H 85 

3 Me 52 

3 Ph 65 

4 H 85 

4 Me 50 

5 ” 73 

nCo*H ACN (CH2hl I 
LNYo + YCN 

R 

Ac20, 95” co* + 717 

MeO$ 

G 

Ph 

NMe 

Me02C 
Ph 

co* + (4 131 - 

Me02C 

,COzMe 

C02Me 

(20) 131 



TABLE V. COS FROM MESIONICS 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

Ye R’ R* (W 
Ph C02Me COzMe 78 

C02Et H 30 
Ac20, 130” cos + 674 

Ar VW 
Ph 66 

4-CIC6HJ 50 

718 

Ar = Ph, 4-CQH4. or 4-MeOChHh 719 

Ar = Ph, 4-CIC6b, or 4-MeOCbI& 

R = H or Ph 

719 

Me ph + (24) 

Me02C COzMe 

384, 
385 

132 

Me 
S Arxx O- 

\ + DMAD 

Me’ 
MeO$ 

80“ cos + 

o-1 IO” cos + ,, 
(280) 

Me CO*Et 

•t 

Ii 
R 

c---3 
R C02Et 

Heat cos + 

ph (16) cos + 

/ + LO1 \ II 

Ph 

Me02C C02Me 

R (%) 
Me 66 

Ph 90 

Me 

Ph 

Ph yy”y NH: 
N 0 

DMAD rt,24 h cos + 
R 

720 

Me 
N 

0 0 + PhNCO 

Ph 

Heat cos + 719 

Bz 
O- 

+ 

Bz 

u33) 721 

Bz 

Me02C 

Ar cw 
Ph 40 

4-MeOC6HJ 47 

4-CIC6H4 44 

721, 

722 

80" cos + 

cos + + DMAD 

R’ 

Ph 

R’ R’ = SMe, SPr-i, N-morpholinyl, 

(34-87) or N-piperidinyl 

R* = C02Me, AC, or Bz 

R3 = H, Ph, COzMe, AC, or Bz 

723, 
724 

R2 
R’ 

(51-99) 

R’ = aryl; R’ = aryl or piperidinyl 

cos + 725 

Ph R 

R (%I 
H 83 
Ph 32 

90” 726 



TABLE V. COS FROM MESIONICS (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

R2 

cos + (83) 80” R’=Bz 727 
R2 = N-piperidinyl 

R’ = C02Me or Bz 
R2 = N-piperidinyl 

or N-morpholino 
727 cos + (80-93) + DMAD 

cos + 11 (67-98) R’=Meoraryl 
R2=aryl 

R’=MeorPh 
R2=aryl 
R3 = COzMe, Bz or Ph 
R4 = H, Ph or C02Me 

+ DMAD 130” 

R3 

726 

cos + (65-99) + 1/1 
R4 

Heat 728 

O- 

Ph 

+ DMAD 

Ph 

cos + 
R (%) 
S-ally1 43 729 

Me02C’ 

H2 + cos + 

H2 + cos + 

‘C02Me SEt 88 

Ph 

Ph 
G-1 Pd/C 730 

C02Me 

(4 730 

Ph 

(-) PdK H2 + cos + 730 

Ph 
0 TS 

ph+ph (67) + fi VW 
Me02C C02Me 

80” cos + 

cos + 

cos + 

cos + 

cos + 

383 

Ph 

Ph 

C02Me 

ph+ph (92) + .,,-,4,,, (9*) 140” 384, 
385 ‘C02Me 

Ph 

Ph 
Ph 

Ph 

/ I 
G S 
\ ’ 

Ph 

Ph 

(36) 132 

.Ph 

Ph 
Me 

712 

Ph 

Ph 

Z Z (%o) 
Ph 0 55 

S 48 

Ph NTs 39 
WW 74 
C(CN)C02Et 73 

715 



TABLE V. COS FROM MESIONICS (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

- 

so a [WI N 

0 

Z=CH* 

150” 

112-138” 

cos + 

Z 
Z 

Ph w Ph p 
0 38 

Ph 
C(CN)* 19 

/ 
cos + 

CP 
N em 

0 

R’ R* m n (%) 
R’ Me Ph 1 1 36 

cos + 1, II 1 0 45 

,t Me 1 1 95 

715 

731 

731 

a The starting material shown here is a proposed intermediate. 



TABLE VI-A. N:, FROM ALIPHATIC DIAZA COMPOUNDS ~ ~~~~~ 
Starting Material Conditions Product(s) and Yield(s) (56) Refs. 

[C 1 II I $ - 
NH 
IkH 

t I 
NH 
rlrH 

YH 
NH 

YH 
NH 

YH 
NH 

HN-NH 

cm 

I-t (00 

J-w 

N2 + v C-J 132 

w (4 133 

N2+ & 

N2+ w 

c---j 

N2 + w (298) 

N2 + d f-1 

N2 + w (73) 

133 

133 

133 

133 

733 



TABLE VI-A. NT FROM ALIPHATIC DIAZA COMPOUNDS (Conhued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

Warm; AI-I: = 15.4; ASS = -7 N2 + 138 

UV, -196” 

2 -40” 

I-& HgO 

I ,  + ,l e-3 137 

YH 
NH 

+ so2 

, ,  
+ 

1, (234) 734 

N2 + Eiyy aSO ca. 9/l t-1 735 l-w 

c-1 736 

Cl d 

C’ 
N2 + (4 

Cl 

Heat 737 

a) ZrKu, 90% HOAc (OC) 

b) n-BuhNF, THF (OC) 

738 

Cond R (%I 
a C02CH2CC13 lo-60 

b C02CH2CH2TMS 20-40 

\ - N2 + 0 C-J / HgO, -loo0 739 

134 

740 

740 

[fi 1 / N r;: \ 0 6) / -78” N2 + 

N2 + 

N2 + 

N2 + 

81 

N2 + 

N2 + 

N2 + 

\ 0 H \ 25”; &= 18.9 + 1.5 
km1 (I/II)= 10” 

s- 
N 

r;’ 
II 

. 
PI . Heat; E, = 37.3 c-1 

& ON 
N 

III 

Solvent, temperature varied 
E, = 22.1-24.3 
AS* = 3.4-8.9 

/ 
0 C-1 136 

Heat 

kRl (III/V) = 1ol7 

Heat 

k,l (WV) = 105 

135 

135 

1, 
H 

& N 
IG 

Iv 

Lc ON 
N 

V 

0 

01 c-1 
l 

Heat 135 

741 
@ NH 

NH a \ -\ (70) Air oxidation 

semibullvalene 



TABLE VI-A. N2 FROM ALIPHATIC DIAZA COMPOUNDS (Continues) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

742 
Mn02, rt 

uv N2 + (80) 743 

744 

Y 
Me02C Me02C 

PhN 

N--N 

N-N PI 

HgO N2 + 
Ph 

(50-70) 

1. Zn 
2. cuc12 
3. aqueous NHJ, -40” 

-200 N2 + N - (-3 745 

139 

139 

R=C02CH2CC13 

0” N2 + 
0 
IO\ c-1 

0 

N2 + 

6 
I 

(4 2180” 

10” 
* 0 I 

I c-4 MnO;?, -15” N2 + 746 

/ + 0 e) \ PI 540° / N * N2 N” Si2C16,10° la 
747 

140 

140 

140 

747 

748 

N2 + 

N2 + 

N2 + 

N2 + 

N2 + 

C-J 

C-1 

0 

S40” 

140” 

(-) 749 UV, 1340 nm N2 + 

H 

(-1 141 200” N2 + 



TABLE VI-A. N2 FROM ALIPHATIC DIAZA COMPOUNDS (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

0 

NCN\ , ( I+ 
H 

HNk 

0 0 a// s, 
a/ I \ ‘;JH / /N 

2oG” 

aqueous Cl2 

N2 + & (35) 

I tkH 
NH 

I? 
N2 + 0-i I \ % 

0 C-J 
/ 

OH 

141 

750 

u This reaction is theoretical. 
b The starting material was prepared at -90”. 
’ This compound is a proposed intermediate. 
’ The tetrachloro analog gives pyrazole (see Part I, Table IX, p. 209)‘. 



TABLE VI-B. N2 FROM PYRIDAZINES AND ANALOGS 

Starting Material Conditions Product(s) and Yield(s) (8) Refs. 

+ I 

fEt2 

MeOzC 

Heat 

R’ R* R3 R4 
COzMe H H H 
H C02Me ” ” 
11 *t 11 11 

Temp 
138” 

It 
101” 

Ph CO*Et ” ” 138” 
1, ,t 1, II 101” 

C02Me H ” C02Me ” 
1, Ph ” ” I, 
11 C02Me ” ” 11 

HCN + c-4 

N2 + c-1 

I (%) II (%) 

23 - 
74 - 
- 30 

73 - 
- 95 
- 75 
- 89 
- 85 

142 

751 

751 



TABLE VI-B. NE FROM PYRIDAZINES AND ANALOGS (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

Me0 NMe2 
+ 

R’ R2 R” R4 I (%) II (%) 

752, 
753 

C02Me 

/ ’ I \ / 
0 

I T ‘N 

c 

I 
/N 

Cl 

/ I \ 
0 

I Y 
4 

“: I 
/N 

R 
cl 

PhNEt2, 217” 

C02Me H H H 28 
H 11 C02Me ” 25 
C02Me ” H C02Me 59 
H C02Me C02Me H 65 
C02Me H ” C02Me 37 

C02Me ” “ 
11 H ph ” 
I I  Ph ” ” 

Ph C02Me C02Me Ph 
* Plus 8% regioisomer of I 

C&Me 

C02Me 

N2 + “vR3 

(U-99) R* 

64 
51* 
82 
60 

e-1 

2 
2 
6 
14 
19 
2 
8 

14 
- 

754 

R* = Me, Ph, or Cl 
R* = H, Me, OMe, or Ph 143 
R3 = H, Me, or C02Et 

/ 
N2 + Cl I 

2 I I \ (22) 

‘0 ’ 

Ph \ 
N2 + I I 

&= 
WI 

I ‘0 ’ 
/ 

N2 + (45-87) 

R*=HorMe; R* = H, Me, OMe, or albyl 
R3=HorMe;R4= H, Me, Cl, OMe, allyl, alkyl, or Ph 

N2 + m, G 755 

143 

143 

755 

Ph 98 



TABLE VI-B. N2 FROM PYRIDAZINES AND ANALOGS (Continued) 

Starting Material Conditions Product(s) and Yield(s) (G/c) Refs. 

/ I \ ? 
Y 

y: 
I 7’ I /N 

Cl 

I \ \ 
T ’ 0 / (89) 755 PhNEt2, 2 17” N2 + 

R’ / 
I 7 

R2 

I 
\ 

0 

‘N 

:: 

I 
R3 

A 

R2 R1 = H, Me, or Cl 
RZ = H or Me 
R3=MeorPh 

755 N2 + 

Cl 
/ 

I \ 
0 

I ? ‘N 

c 

I 
/N 

Qsb I \ \ \ / 
0 

( 15) 755 N2 + 

Cl 

7’ OH I \ I \ 
F 

’ 0 / WV 755 1. KzC03, 180” 
2. PhNEt2, 217” 

N2 + 

Cl 
OH R 

R VW 
H 64 
Me 88 P I \ + / I 

R 

755 I ,  

N2 + 

N2 + 

OMe 

PhNEt2, 2 17” 756 

Cl 
OH Ph 26 

756 

R2 

Y 
R2 

/ 
I 

\ 
0 

c 

I ‘Y I 
/N 

a’ 

1. PhNEt2, 217” 
2. Se02 

757 



TABLE VI-B. N2 FROM PYRIDAZINES AND ANALOGS (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

Ph 

PhNEt2, 2 17” 757 

R’=HorMe; R2=HorMe 
R3 = H, Me, COzEt, Cl, SMe, or NO;! 
R4=HorMe 

Ph 

R’ 

Me02C 
Z R2 

(97) 757 

R’ R2 (W 
Cl H 91 
,I Me 85 
I, CH20TBDMS 72 

230°, 12-18 h 758, 
759, 
760 C02Me H I-I 85 

Me 77 
CH20TBDMS 92 

R Temp Time (%) 
H 200-230” 18h 17 
AC 230” 18h 87 ~ , OTBDMS Me0 

Heat 759, 
760 

kc R 

AC 

(76) 761 240” N2 + 

AC 

(87) 761 
N2 + 160” 

Et 

(53) 762 AqO, NaOAc, 160” N2 + 

Et 

(50) 762 N2 + 

N2 + 

N2 + 

R’ 
NEt2 

R2 

R’ R2 (%) 
CN Me 90 
Ts ” 57 
II Et 31 

763, 
764 

(33-86) 764 

80” 

R 

/ / 

ob \ \ 
I 

R 

120-160” 

R = H, Cl, CN, Me, Ph, SMe, or SO?Me 



TABLE VI-B. N2 FROM PYRIDAZINES AND ANALOGS (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

R3 R’ = CN or SOzMe 
R*, R3 = --(CH&-; n = 3 or 4 764 

R2 NR2 = piperidinyl or morpholino 

R’ 

a2 
I 

\ ‘N 

/ A 
+ 120” N2 + 

(59-86) 

R’ 

(63-74) 

substituents as above 

R3 NR2 

+ 
x 

I 

R2 

764 
N2 + 

N2 + 

N2 + 

CN 

CN 

Ph R 

& (21) o-? I ’ \ + / 
Lie 

140” 764 

I Me 
CN 

NEt2 
I 

Ph R 

,‘N , NEt2 

dx N\ / I 
Heat 765 + II (39) 

R = CN or S02Me 

R’ R* R3 (%) 
cl -KH2k-- 21 

CN +CH2)3- 97 
II 

-tCH2)4- 45 
II H Ph 30 

(53) 

+ 

Ph Ph 

140” N2 + 765 

+ GN3 766 101” N2 + 

y2 Ts Ts 

+ ‘I’ Et 
NEt2 

+ 
II 

90” 

101” 

(75) 763 

(56) 767 

767 
OMe 

+ ==c 
NMe2 

767 

Ph Cl 
\ 
N 

N:\ I 
N f/ 

‘N 

A 
+ ckN3 140” 

N2 + 

N2 + 

767 

Ph 

+ ON3 767 0 (I c 1 fi’ 
N 

0 

548 



TABLE VI-B. N2 FROM PYRIDAZINES AND ANALOGS (Conrimed) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

9N 
0 

95" N2 + && C--j 548 

0 0 

0 

NaOH, 02, DMSO 

’ J O- 
NH2 
C-1 

NH2 

(60-93) 
R’ R2 
H H 
11 Me 

Me ” 

768, 
526 

N2 + 

C02Me C02Me 

R tw 
C02Me 38 
Ph 11 
4-CF3C6H4 40 + + [O( 

R 

526 40" 

F02Me C02Me 

/ R’ 

(3 
\ R2 

C02Me 

R' R2 106 k (M-Is-‘) 
H H 1,260 
” Me 598 

Me ” 47.8 

%I$ + ICJ 20" 156 

C02Me 

Ph 

(-4 769 

N 

160” N2 + 

UV, 25” N2 + 

Ph 

0 
II Ph 

125” * c--j 1 (--) 769 

Ph 

Ph 

Z-25" 
(4 - 11 C-1 uv, -60” 769 

+ 
Ar 

112” 

C02Me C02Me 

R 
R w 
CF3 4 
CO$Me 73 

R 
‘0 R%“kR + 

N-N 
60” N2 + 

N2 + 

145 

R (%o) 
CF3 74 
C02Me 66 0 

excess 60” 145 



TABLE VI-B. N2 FROM PYRIDAZINES AND ANALOGS (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

F3CyXj7,CF3 + r2 
N-N 

Ph 

Ph 

NEt2 

+ 
II 

Ph 

Ph 

Ph 

[Et;! 

I 

- 

20” 

20” 

Heat 

N2 + 

F3C 

NMe2 

Ph 
0 

(72) 

co2 + (72) 

Ph 

IO8 

108 

Ph 
0 R VW 

Ph 72 
4-ClC6H4 7 1 

R 1 -naphthyI 52 

146 

R2 Temp (%) 
H rt 95 146 

w ‘0 4-Me2Nc& ” 180” 69 
0 I( Cl ” 72 

N2 + NNMe2 (-) 146 

R’ R’ R2 (W 
60 

1 -naphthyl 52 146 
52 

4-ClC6H3 62 

N2 + co2 (40) 146 

N2 + CO2 + / (42) 146 

Ph 

N2 + CO2 + (24) 146 

Ph Ph 



Starting Material 

TABLE VI-B. N2 FROM PYRIDAZINES AND ANALOGS (Conrimed) 

Conditions Product(s) and Yield(s) (%) Refs. 

N\ 0 
Y 

R’ 

Ph 

0 

N\ 0 
Y 

A? 
Ar 

0 

N\ 0 
Y 

R2 

/ O 

a 
\o 

R’ 
Ph 
M 
1, 

R2 106k (M-‘s-l) 
Ph 1.390 
d-Mec)c6H4 661 156 

4-02NC& 3.610 

20” N2 + 

(4 p-MeOC6H4 Ph 922 
Ph Ph 

P -O + 2:1 (65) 147 

Ph 

D- I 

D I 

lx I 

N2 + 

N2 + 

N2 + 

bh 
Art Ar’ 

e” -O A? 
Ph Ph 86 
I, d-biec)ctj& 89 

4-Mew6H4 ” 53 
147 0” 

110” (m-20) 147 

Xr 

Ph 

Ar = Ph or 4-pyridyl 
Ar 

Ph 

Ph 

e 

0 

\o 

N’ 
0 

Ph 
I + + 

N\ 0 Y [r 

Ph 

121”,24h N2 + 

N2 + 

(24) 771 

Ph 
RI 

e 

0 

\o 

Ph 

+ 0 I IOO”, 1Od (4) 771 

Ph 

0 

Ph 

+ 

+ 

benzvalene 

N\ 0 Y 
Ph 

78’, 10 h N2 + 

N2 + 

N2 + 

N2 + 

(35) 771 

Ph 

0 

Ph 

50”, 4 d (43) 771 

Ph 
20°, 24 h 771 (75) 

Ph 

20” 147 

Ph 

(69) 147 

A Ph 0 

Heat 772 



TABLE VI-B. N2 FROM PYRIDAZINES AND ANALOGS (Continued) 

Starting Material Conditions 

Ph 

Product(s) and Yield(s) (96) Refs. 

25” 
7 

A C02H 
80” 

H20 
+ CO;! + PhCHO 772 

Ph Ph 
(4 

” The starting material was prepared at -50”. 



TABLE VI-C. N2 FROM 1,2,3-TRIAZINES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

NEtz 

II 
Pressure, rt N2 + fY R 

I’ + 
N. N 0 

+ 

Press (%) 
1 atm 25 

7.5 kbar 36 
773 

(24) 
R=HorMe 

773 cFN3 N2 + 

n (%o) \ xx , 032)” 4 45 774 
6 69 
8 27 
10 34 

100” N2 + 

I \ 4) / N d / N 
3 

774 60” N2 + 

N2 + 

N2 + 

(16) 

-ckN3 ,t 

100” 

(25) 774 

/Jd 
I 

\ 
+ uu 774 / 

N P / N 
3 m (45) 

CP I \ / (37) 
N 6 / N 

3 L 
148 100°, 2 h N2 + 

A 



TABLE VI-C. N2 FROM 1,2,3-TRIAZINES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

h-i 

.R3 R2 
+ 

Y 
I 

R’ 

100°, 2 h 

180” 

N2 + 

N2 + 

N2 + 

d I 
\ cis:trans = 1:2 (12) 7-75 / 

N 
h-i 

R’ R* I(%) II(%) 
NEt2 Me 50 3 
Ph H 38 trace 

I + II 

R’ R* R3 I(%) ww 

149 

149 

H H SOPh 35 trace 
I, OEt OEt 4 31 



TABLE VI-D. N2 FROM 1,2,4-TRIAZINES 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

R3 

+ 

45” (22-78) RI, R2 = H, alkyl, aryl 776 

pyrrolidine catalyst, 45” N2 + 

100” 

N /N Y 
COzMe 

40-100” 

I II 
R’ R2 R3 I (%) II(%) 

H H H 27 -- 
Me ” ” 60 - 
Ph ” ” - 81 
p-tolyl ” ” - 83 
H Ph ” 58 8 
Me H Ph 83 - 

154 

777 

N2 + hR2 + Meo21a;; (19-100) 778 

Me02C N R’ 

R’ = H, Ph, or C02Me; R2 = H, Ph, or C02Me 
X = OEt or NMe2; Y = OEt, SMe, or NMe2 



TABLE VI-D. N2 FROM 1 ,&&TRIAZINES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

N /N Y 
C02Me 

lo6 k (M-Is-‘) 
12.4 

+ 20” N2 + 286 
Ph ” 44.4 

1,520 
Ph Ph 1.2 
C02Me ” 69 

156 

779 

779 

780 

157 

Et2N&R' + fiR2 + Et2N&R' 

Y Me02C N R’ MeO& N R’ 

I C02Me II III 

NEt2 

+ N2 + RkN 

R’ R2 I(%) II (%) III (%) 
H H loo 0 0 

Ph ” 0 0 85 

H Ph loo 0 0 

Ph ” 17 75 8 

C02Me C02Me 8 0 87 
Me Me 48 0 7 

. . 
N /N Y 
1 C02Me II III 

+ N2 + R?N 

R’ R2 I(%) II(%) III(%) 

Ph 

+ 
//I 

145O 

C02Me C02Me 0 37 47 

Me Me 0 6 22 

R 

R 

\r I ‘r: 
N /N 

Y  

R VW 
H 80 

Me 75 

C02Et 85 

232” N2 + 

N2 + 

N2 + 

N2 + 

N2 + 

bN\ 
3 

R’ 
n R’ R2 (W 
2 Me Me 4 

3 *’ ” 73 

3 H Ph 87 

3Ph H 93 

3 C02Et C02Et 87* 

3 H H 91 

4 ” ” 49 

4 -(CH2),+-- 51 
*162O 

N /N Y 
R’ R2 

uCH2)n 

036) n=3or4 

UCH2)” 

157 

N /N 
Y 

+ 
C02Et 

(10-73) 

R*, R2 = H, aryl, alkyl 

781 CHC13, 45-60” 

R’ 

C02Et 

(19-47) 

R’ R2 
Me Et 

Ph H 

--U42)5- 

R’ 0 
+ 

R2 >” 

781 CHC13, 45” 



Starting Material 

TABLE VI-D. N2 FROM I ,2,4-TRIAZINES (Cmtimed) 

Conditions Product(s) and Yield(s) <%) Refs. 

R’ = COzMe or Ph; R’ = H, Me, or Ar 

R’ = H, Me. or Ar; R4 = H, Me, Ph 782 
or C02Me 

R5, R6, R7 = H, Me, or Ph 

C02Et 

A N ‘N + 

FO?Et 

N2 + t-1 101” 783 

+ 
0 

I excess 

CO?Et 

N2 + QXID (---> 

783 

783 + 0 I I N2 + CP + (78) 
C02Et 

R2& + 0 
Y 

R’ 

R’ 

N2 + 
/ ‘N 

cc. 
\ ‘R2 

R” 

55” 784, 
785 

R’ R2 R3 Press Yield 
C02Et COzEt C02Et 1 atm 67 

CN ” ” ” 70 
H ” ” 15 kbar 41 
C02Et H H ” 33 

R2 
R’ Et2N 

R2CN + 29 
Me02C 

I C02Me II 

R’ R* I (%) II(%) 
H H 100 - 
1, Pll 100 - 

Ph H - 85 

y2 

0” 

eO2Me 

N /N Y 
+ 

C02Me 
NMe2 

Solvent, 30” 155 

I II 
Solvent I:11 
MeOH loo:0 
MeCN 37~63 

Ar 
f-f-/-l R’ R* (W 

N2 + ArAN/ “” ~~$vle or C02Et 7”: 
R’ R* C02Me C02Me 0 

“” 
787 

136O, 36 h 

101” 788 

R’ R* I(%) 11 (W 
Ph H 30 0 
,, l’h 25 61 

C02Et C02Et 28 41 



TABLE VI-D. N2 FROM I ,2,4-TRIAZINES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

YOzEt C02Et 

101" 

Ph H I + II = 20 
,I Ph 44 

C02Et C02Et 69 

N /N 
Y 

+ 

COzMe 

1 O6 k(M-‘s-l) 
4-MezNCbHd 239 156 

714 
4-MeChHA 1,100 

20” N2 

Ph 1,420 
4-ClC6H4 1,910 
3-CF3C6H4 2,790 

Ph Ph 

r I ‘“: lx R 
+ 

N /N 
Y. 

R 

C02Me C02Me Me02C 

R2 
R’ 

+ 
/N 

II + 
* 
I I 

N\ N Y 

R’ R2 WJ) 
172 FOzMe COzMe 54 

Ph H 75 
4-MeC6H4 ” 38 

40-60” 

C02Me 

Ph 
R 

-r I ‘“: + 
N /N a 

I I 

Y 

Ph 
\ n R w 

I H 81 
/ 

R N C02Et Me 76 

158 140”, 5.5 h CP + 

CP + 

s/ 3 

A +qj N /N Y CO*Et 

158 (61) 

C02Et 

R’ R* (%) 

NH 
Ph Ph 60 
Me Me 52 
Ph H 63 

789 132’, 8 h (OC) 

R2 R’ R* (W 

R’ \ 

-3 

Ph Ph 92 

I C02Me C02Me 77 
N. Ph H 82 

Me02C 

+ I N /N D 
Y 

790 N2 + 

C02Me 

R’ R* (%) 

CN 791 230” 

w Me Ph 12 



TABLE VI-D. N2 FROM 1,2,4-TRIAZINES (Continued) 

Starting Material Conditions Product(s) and Yieid(s) (%) Refs. 

Ph 
Ph 

Ph N 

x 
1 

Ph N N2 + + 250” 

0 

(x “;” 
0 

+ N 

N /N 

Y  
\ 

0 

N2 + a? \ (3 / 
N 

120” 190 

N 
+ 

N /N 
Y  

Ph 

N2 + W3) 190 

787 
Ph 

Ph 

157” 

Ph 
Ph 

Air oxidation, 156” 161 

Ph 
Ph 

N2 + (74) 112” 161 

Ph 
Ph 

y3 

N,,CN 

250” 

N2 + w 80” 161 

N2 + 235” (45) I61 

R 
R 

N 
+ 

N /N Y 
C02Me 

N2 + 

R @Jo) 
C02Me 91 
Ph 86 
Me 49 

783 



TABLE VI-D. N2 FROM I ,2,4-TRIAZINES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

COzMe 
(35) 

Me0 

N /N Y 
COlMe 

+ .,,mO 120-130” N2 + 190 

Me0 

(21) 

Me0 R = N-pyrrolidinyl 

45”, 8.4 kbar N2 + 190 

/ 
9 I ‘Y + N /N Y 

eO2Me Me0 

Meo~~2~n 120” 
n (%o) 
4 33 
5 30 

190 N2 + 

(67) 
C02Me 

Me0 

+ 
Me0 

N2 + 190 

Ph 

Ph 

N /N 
Y  

CP + (57) 
C02Me 

+ 
@ I I 80” N2 + 792, 

793 

C02Me 

(60) + C-1 792, 
793 

+ 112” N2 + 

(23) + 112” N2 + 792, 
793 

C02Me 

n @JO) 
1 80 
2 63 

(42) 

176” N2 + 

N2 + 

N2 + 

N2 + 

319 

Ph 
319 

Ph 

Ph 

0 

1 58 
2 25 

W) 

319 

Ph 
319 

Ph 0 Ph 0 



TABLE VI-D. N2 FROM I ,2,4TRIAZINES (Continc@ 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

R 
IF + 

N\ N 
Y  

C02Et 

Me0 

OMe 

OMe 

MeO$ 

+ c I 0 

, NMe2 
+ F! 

CH2 

MeO2C 

N /N Y 
C02Me 

+ D I 

176” 

R (56) 

N2 + CP + H 7 794 

C02Et Cl 55 

R 

163” 

120” 

40” 

80” 

50” 

20” 

R 
R (%I 

N2 + H 18 

Cl 37 

R 0 

794 

N2 + (68) 795 

OMe 

2 8 

N2 + 3 67 

4 65 
5 68 

796 

CN 

N2 + 
Me02C 

C02Me 

(89) 797 

N2 + Meo2c$o +Meo2c& 797 

COzMe C02Me 
mixture ( 16) 

N\ N. Y NMe2 

CN 

(6) 798 

(-) 156 
C02Me 

lo6 k (M-l s-l) - 8 280 - 9 
C02Me 

Me02C 
\ 

N2 + um 783 

MeOzd 

+ b I 
MeO# Me026 



TABLE VI-D. N2 FROM 1,2,4-TRIAZINES (Conrinuud) 

Starting Material Conditions Product(s) and Yield(s) (c/o) Refs. 

MeO$ 
+ 

N /N 
Y 

COzMe 

CP + 

CO,Me 

COzMe 
(86) 783 

R (Q/G) 
AC 78 
Et 66 

783 + -&OR 101” 

MeOzC Ph 

+ 
N /N II 

Y 

200” 

312 (62) 

R Ar VW 
C02Et 

Et02C 
+ 

N /N 
Y 

C02Et 

R&C02Et I-I Ph 79 
11 73 

8W 
801 

2-BnO-3,4-(MeO)&,H3 59 

45” 

Et0 CAN&O Et 2 Me 2 

Ar 

+ 

Ar (%o) 
40-50” 2-BrC6H4 54 

2-FC6H4 52 
802. 
803, 
804 

(92) 800 

N2 + 

N2 + 

N2 + 

N2 + 

N2 + 

N2 + 

Et&C 
60” 

+ 

Ar 

C02Et 

C02Et 

60” 802, 
803 

(58) 

Ph 
C02Et 

C02Et 

Ph OTMS 
+ u-w 800 

Et02C 
Me 

+ (83-89) 805 

Et02C Me n = 3,4, or 5 

70zEt 

OH 

C02Et 
806 155” 

C02Et 

+ 1:1 (32) 



TABLE VI-D. N2 FROM 1,2,4-TRIAZINES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

CO*Et 

Eto2c3+ + R3yJJ 

C02Et 

Heat 
N2 +Rj&;;Et+ R3&02Et 754 

I Xl II AI 

R’ R2 R3 Temp I(%) II(%) 
HH H 120” 89 6 
11 OAc ” ” 15 - 
1, tt OMe 80” 72 20 

Me H H ” 42 49 

R’ R2 

120- 180” 

157”, 24-50 h 

N2 
H H 

mixtures (4 
Me C02Et 

H 

754 

C02Et 

R2 

N2 + ;;m ph 

H 

R’ R2 (%) 
H H 51 
Ph ” 44 807 
4-ClC6H4 ” 61 

CF3 

HN, 0-W~ 

N /N 
Y x, 

KH2)ne 

Me02C 

HN 

Heat N2 + 

Heat N2 + 

210°, 14 h N2 + 

Ph Ph 20 

2,2’-biphenylyl trace 
Me Me 0 

n Temp (%) 
2 180” 85 
3 210” 71 
4 ‘I 68 

R’ 

X n R’ R2 Temp (W 
H H 132” 
Me Me ” 
Ph H ” 
4-ClC6H4 ” ” 
2,2’-biphenylyl 156” 

-(CH2!4- 132” 

H H 200” 
Ph ” ” 
4-C1C6H4 ” 156” 

2,2’-biphenylyl 200” 
H H 156” 
Ph ” 
4-ClC6H4 ” 
2,2’-biphenylyl 
4-F&H4 H 
Ph Ph 

808 

809 

80 

100 
95 
90 
69 
35 
61 
81 
68 
20 
48 
44 
61 

trace 
66 
20 

(11) 810 

0 R2 

Me 
t--i 

R’ = Me, Et, or Bn 
R2, R3 = H,H; Me,H; Me,Me; Et,H; 811 

Me,COzEt; Me,Ac; Ph,H; 

---tCH2)3-; --(C&h- 



TABLE VI-D. N2 FROM 1,2,4-TRIAZINES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

+ Et2NH 55” 

Me Me 

159 

Me Me 

N2 + (11) + Et?NH 150” 159 

b 
R’ R2 (%) 

R2 NEt2 OMe H 87 
HCN + 

N /N 
SMe ” - 

Y OMe OMe 20 
R’ NMe2 H 91 

R’ 

A 
N ‘N 

NEt2 

+ 
II 

NEt2 

812 

OMe OMe OMe 

N /N Y 
OMe 

&N+ &&Et2 812 N2 + HCN + Et2N 

t-) N ,I: Y (81) N /N Y 
OMe OMe 

N2 + (79) 

[Et2 1 

+ 
I 

N 
Me0 

812 

N2 + (39) 

OEt 

813 132” 

N /N 
y  

R’ R’ cm 
H 
Me 

Ph 

H 96 
Me 100 

H 95 
132’, 12-50 h N2 + 

N2 + 

N2 + 

814 

4-ClC6HJ ” 90 

69 

R2 R2 Temp Time (%) 

H H 200” 5h 61 

Ph II 210” 5 h 80 814 
4-ClC6HJ ” 156” 48 h 68 

- X 200” 22 h 20 

Heat 

n Temp (%) 

2 132” 79 

3 180” 72 

4 210” 40 

-3 

N /N 
Y 

0, 
KH2)n - 

CF3 

Ph 

Ph 

N /N 
Y 
0, 

CH2)n - 

808 

(72) 808 132” 

n Temp Time (%) 
2 130” 2d 97 815 

3 210” 5 h 77 
Heat 



TABLE VI-D. N2 FROM 1,2,4-TRIAZINES (Conrirzued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

Ph 
Ph 

PhNO?, 01, 2 IO”. 12 h N2 + (8) 810 

R VW Ph 
TMS 43 
Bn 50 
Ph 48 

176” N2 + 

N2 + 

N2 + 

N2 + 

N2 + 

N2 + 

N2 + 

319 

Ph 

Ph 

R e-9 
TMS 36 
Bn 48 
Ph 40 

319 

N 

R @) 
H 75 
Ph 81 
4-ClC6H4 75 
4-FC6H4 82 
4-MeCbHd 8 1 

N .nfl I 
\ ,-/ 

N ’ 0 

210°, 9-14 h 816 

HO 
I 

R 
Ph 

Ph 
R 

nf 
I 

+ 

Ph 
ii 

0 

I 

132O,3d 817 

II 

R I (%) II (%) 

H 32 22 
Ph 36 10 

Ph 

Ph 

;)rJJJ (35) 

+ ;JrJJJ (32) 

Partial oxidation 
132’, 15 h 

818 

Ph 

N /N Y 
S 

‘(CH2),--_ 

(74) 132”, 3 d (OC) 818 

n Temp Time (%) 
2 130” 5 h 88 
3 180” 5 h 73 

Heat 815 

Ph 

N-N 

N2 + ,,a X=S,SO,SO2 819 

R X Temp Time (%) 

Me S 101” 21h 69 
IT so It 27 h ” 
1, SO2 67” ” 75 

819 Heat 



TABLE VI-D. N2 FROM 1,2,4-TRIAZINES (Continued) ~ ~~ 
Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

See Table 

R Conditions w 
SBn 101” 95 
SOBn - <20 
S02Bn - I( 

SOBn CH2C12, HOAc 88 

S02Bn ” 66 
OEt - 540 

820 

(‘ ‘N 
I I 

N /N Y 
S 

- 

N /N 
Y 

s, 
(CH2)n-=- 

00 I \ (24) / 
N s 

810 210°, 12 h N2 + 

N2 + 

n Temp (%) 
2 132” 93 
3 180” 78 821 
4 210” 55 

cF3pJ-3H2j” Heat 

0 
N 

+ 

0 
/ 

SR’ 

0 
‘S.R’ 

S02R’ 

Ph 

N /N Y 
XBn 

XR 

Ph 
Ph 

N /N Y 
SOzMe 

813 (91-98) R’=MeorBn 
R2 = Me, i-Pr, or Ph 

101" N2 + 

N2 + 
C-3 

N 
+ 

0 
/ 

(68-92) R’=MeorBn 
R2 = Me, ~-PI-, or Ph 

HOAc. 0” 813 

0 
N 

0 
/ 

0 

0 
N 

0 
/ 

0 

0 
N 

e 

, , ‘\ 

0 

0 
I I 

XBn 

(46-88) R’=MeorBn 
R2 = Me, i-Pr, or Ph 

813 N2 + 

0” N2 + 

112” 

Heat 

N2 + 

N2 + 

N2 + 

N2 + 

X VW 
so 9 
SO2 46 

813 

X Temp (%) 

S 101” 9 
SO 0” 67 
SO2 ” 61 

R (%) 

0 

RX \ 

fi 
I / 

N 

813 

CP + 
C02Et 65 
H 88 
Me 64 

822 

Ph 27 
S02Me 66 
I 38 

CP + (68) 
S02Me Ar = 4-MeOCbHd Q I I 822 

R’ R2 Temp Time (%) 
Me Me 132” 17h 64 
Ph H 101” 24 h 93 
4-ClC6H4 ” 132” 6 h 67 

823 



TABLE VI-D. N:, FROM 1,2,4-TRIAZINES (Conhad) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

R’ R* (%) 

0 

H H 88 
Me Me 57 
Ph H 79 

--(C&k-- 64 
2,2’-biphenylyl 62 

823 

(34) 823 

Ar = 4-ClCeH4 

m-CPBA, rt N2 + 

Ar 

IOO”, 25 h (OC) N2 + 

Ph 

R’ R* Temp Time (%) 
Ph H rt 250 h 40 823 
p-C1C6H4 ” ” 114h 86 

Heat N2 + 

(78) 823 66”, 24 h N2 + 

Ph 

54O, 7 h N2 + C2H4 + phm (56) 
H BF4- 

824 

N2 + C2H4 + phm (40) 824 

Ph 

1. lOI”, 20 h 
2. Aqueous base 

N\ NH 
Y 

825, 
826 

Heat, solvent 

R Solv Temp I(%) II (%) 
C02Et aromatic 156” 42 40 
,I II 210” 59 28 

Me ” 156” 17 81 
11 ,1 210” 15 85 

C02Et DMSO-d6 140” 92 7 
Me ” ,t 96 3 

N, NH 
Y 

+ 
N /N 

Y 
S02Me 

Pocl3, 106” N2 + Etozy&) G38) 826 

NaH, i-t-65” N2 + 
R” 

R4 

786, 
787 

R’ R* R3 R4 VW 
Ph H C02Me C02Me 41 
4-ClC6H4 ” ” tt 49 
1, ” C02Et CN ” 

,t CN ” 80 
,t C02Et COzEt trace 

X C02Me C02Me 10 



TABLE VI-D. N2 FROM 1,2,4-TRIAZINES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

S02Me 

65” N2 + 

C02Me 

(10) 787 

Me2N Me02C 

N /N + DMAD Heat N2 + + 812 

Y Me02C 
NMe2 (5) (7) 

Me 

0 

N2 + 

X n R Temp Time 6) 
0 IH 156” 69 h 85 
11 1 Et ” Ilh 100 
11 1 Ph ” 6 h 60 

1, 2 ,H 180” 102 h 98 

NH 1 ” ” 6 d 67 

2100,2 weeks 

Heat 

2O?Y,54h 

xyx +@fJ - 
t-BuCONH N N R’ R3 

- 
Me 

Me 

N2 + 

d 
X n R Temp Time (%) 
0 1H 156” 6 h 90 
I, 1 Et ” 4.5 h 44 
I, 1 Ph ” 3.5 h 87 
91 2 H 181” 57 h 100 

NH 1 ” ” 49d 71 

N2 + 
r-BuCONH 

R’ R2 R3 VW 

827 

816 

828 

828 

829 

SMe +CH2)3- 44 
(9 -tCH2)4- 15 
(1 H Et 18 

4-MeC& --(CH2)3- 57 

tt +CH&-- 3 
II H Et 22 



TABLE VI-D. N2 FROM I ,2,4-TRIAZINES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

;-.--$xR, + ‘ya - N2 + ~N’cN’: 829 

R”’ 

R’ R2 R” (W 
SMe -(CH2)3- 61 
tt ---tCH,k-- 12 
11 H Et 41 

4-MeCbHd ---(CH2)3- 60 
11 -(CH2)4- 26 
11 H Et 41 

H -(C&)3--- 74 

*1 -(CH2)4- 6 1 
,, H Et 66 

y02Et R’ R2 (%) 

NH2 SMe 4x 

OEt ” 59 

NH2 4-MeCbH4 40 
N2 + 829 

OEt ” 81 

t-BuCONH t-BuCONH SMe 

830 N2 + 

R = 2-(4-methoxycarbonylphenyl)ethyl 

(44 831 

t-BuCONH 

N2 + 

X Temp Time (%) 
0 209” 60h 94 832 
S 252” 13h 82 

Heat 

R’ R’ R2 R3 Temp (%) 
Cl Ph Ph 101” 13 
Me ” ” ” 18 788 

R2 C02Et Me Me ” 27 
R3 ” ” ” fi 12 

18 H Ph ” 27 
I, Ph ” 101” 56 
t, !1 I, rt 77 
11 C02Et C02Et 101 O 48 

101” 

+ 
N\ N Y 

F 
SnMe3 

SnMe3 
Me$n 60°, 18 h 

70°, 3 d 

N2 + 

N2 + 

N2 + 

N2 + 

833, 
834 

CP + 833, 
834 

70”, 7 d 833, 
834 

F + 0 I 
w 

N (13) 

F 
F 

70” 834 



TABLE VI-D. N2 FROM 1 ,Z+bTRIAZINES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

X 
X 

+ /N II + 
N\ N 

Y 
X 

Cl 
Cl 

+ 
/N 

II + 
N\ N Y 

Cl 

70°, 7 d 

X 

N’ 
X 

& 

x VW 
N2 + Cl 95 

F 52 
X 

n I \ C2I-b 70” N2 + (1) 
CIANACl 

833, 
834 

834 

70°, I-7 d N2 + 

R’ R2 (W 
Me Me 75-80 

+CH,h--- ” 
~~~2hY-- ” 

833, 
834 

a The relative rates for this reaction are: X = SO > SO? > S; no details are given. 
* ’ Other starting materials include Ph or i-I+ in place of Me. The rates of the reactions are analogous. sulfone > sulfoxide > sulfide. 



TABLE VI-E. N2 FROM 1,2,4,5-TETRAZINES 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

R’ 

A 
N ‘N R’ 
II I + R3 - 

N /N 
Y  

R’ 

A 
R3 

N ‘N R5 
II I + 

N /N Y R5 

R2 
R4 

R’ 

A 
Ph 

N ‘N R2 
II I + 

N /N 
Y  Ph 

80” 

N-N 
II I 

N /N 
Y  

Ph 

TMS 

+ 

II1 
R 

R’ = COzMe, COzH, CONH2, CN, CHzOH, Br, H, 

NHCOzEt, NHCOzBn, Cl, or COzBu-f 

R*, R’ = H or Me 

N2 + R5 

R5 

N2 + R? 

N2 + R2 

Ph 
R 

N2 + 
TMS 

169 

(280) 

R’ = Ph or 2-pyridyl 

R’ = H, Ph or 2-pyridyl 
R3, R4, R5 = H or Me 

835 

(-4 

R’ = Me, Ph, 4-p-MeCbH4, 

or 3-FC6H4 836 
R* = H or Ph 

R’ R* VW 
Ph Ph 80 
11 C02Me 32 

C2F5 Ph 72 

(40-90) 

837 

838 

R = H, Ph, alkyl, I-alkenyl, I-alkynyl, Bz, AC 



TABLE VI-E. N2 FROM I ,2,4,5-TETRAZINES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (‘%) Refs. 

N-N 
II I + 65” 

N /N 
TMSv (CH2)4 - 

Y  
Ph 

N2 + jflTMil--_ 838 

Ph 

+ TMS- (CH2)4+ TMS 80” 

R’ 
A 

N ‘N W3h 
II I + 

N /N Y R4 

R2 

N--N Me 
II I 

N/N + Y 
Ar 

Ph + Ill 

c Ph + I 
N-N 
II I 

N /N Y 
+ 

R 

R 

.A N ‘N 
II I + 

N /N 
Y  

R 

101” 

rt, 3 weeks N2 + 

rt, 2 weeks N2 + 

- (W 

20” 

(45) (15) 

N2 + ii: 

R’ 

N2 + + (R3)2NH 

R4 

(65) 838 

R’ R2 R3, R3 R4 VW 

N2 + 

N2 + 

N2 + 

Ph 
4-BrC6H4 

4-MeCbH4 

4-MeOCbH4 

Ph 

4-BrC6H4 
4-MeCbI& 

4-MeOCb& 

2-pyridyl 

4-pyridyl 

CON-pyridyl 
2-pyridyl 

4-pyridyl 

CON-pyridyl 

H Me, Me 
I‘ 1, 

91 

Z-02)2012 CN 36 
, t  1, 1, 48 

2-pyridyl Me, Me 

4-pyridyl ” 

CON-pyridyl ” 

2-pyridyl ” 

4-pyridyl ” 

CON-pyWl HCH2)2012 

NO2 42 
11 46 

,t 45 

11 41 

1, 52 

II 40 

NO2 34 

11 32 
1, 39 

CN 60 

,1 56 

11 55 

839 

Ar 

840 
4-M&J& 20 

I II 
Ar U-II 1 (%I 11 VW 
Ph 9515 76 (I + II) 

4-MW4 - 

Ar 

6) 840 

R Id k (M-‘s-l) 

4-MeOC&14 8,480 

12,100 156 
17,600 

3-CF3C6H4 31,200 

R 103 k (M-Is-‘) 

4-MeOC6H4 20.7 
(4 4-MG$44 32.0 156 

3-Mew 51.6 

Ph 65.4 

3-MeOC& 78.2 

4-CIC6H4 92.6 

3-c&H4 133.0 
%&NC& 374.0 

4’02NC6b 544.0 

C02Me 346,000 



TABLE VI-E. N2 *FROM I ,2,4,5-TETRAZINES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 
Ph Ph 

N-N 
II I 

N ,N + 

Y  
Ph 

21, + bJx 778 rt N2 + 

I II 
X Y I (%) II (%) 
OEt OEt 0 90 
NMe2 ” 98 (I + II) 
I, SMe 0 85 
1, NMe2 9 0 

MezN NMe? 
+ Solvent, 30” N2 + 

N2 + 

N2 + 

Warm N2 + 

N2 + 

Ph 
X 

Ar = Ph. 4-CIChH4, 4-MeOChHd, 
e--> 4-Me2NC6HJ, or 2-CF3C6H3 155 

x x 
+ 

Y X = OEt or SMe 

(62) 172 

R v I- 

R 

A 
N ‘N 
II I 

N /N + Y 
R 

C--J 
R = Me, Ph, or COzMe 

841 

Ph 
Ph 

+ 

P 

I Ph 

Ph 

c---) 

R = Me, Ph. COzMe, or 4-BrChH4 

842 

r R 1 R VW 
Me 22 
Ph 76 
COzMe - R 

+ (IFe(CO)j Ce(IV), 0” N2 + 

N2 + 

N2 + 

N2 + 

N2 + 

N2 + 

N2 + 

170, 
171 

Q&Q s 
R 

+ 
NEt2 

II I + 
N /N 

Y 

II 

Fe(III), 0” 170 

(89) 176 0” 

Me 35 + t-1 176 
Bu - 

N, NH 

Y ri R 
+ 

O-OH 
cw 

0 

+ 0 I 
0 

0 
(1 

+ 

c 

1 NH 

0 

101” 176 

(50) 176 lOlo, 3 h 

R 

A N ‘N 
II I + 

N /N Y 
R 

R ,N. 
Y f: 

R 
Me 

Temp (%) 
130” 5 

Heat WR Ph l(K)” - 1% 

Meow 
C02Me rt - 



Starting Material 

TABLE VI-E. N2 FROM 1,2,4,5-TETRAZINES (Continued) 

Conditions Product(s) and Yield(s) (“/c) 
R 

Refs. 

R 
.A N ‘N 

II I + 
N /N Y 

R 

- N2 + 

R’ 

(--> R = CHFCF3 or Ph 843 

R’ = not reported 

R 

843 

CHFCF3 

CHFCF3 

CHFCF3 

yHFCF3 

YHFCF3 
N4N 
II I 

N /N 
+ 

Y 
II . 
II 

R 

If 

165 

CHFCF3 

Ph 60 

i-BuO - 

vinyl - 

isopropenyl - 

166 

x 166 (4 + 

CHFCF3 
I 

(4 

CHFCF3 CHFCF3 

+ al I I 166 
N2 + 

R 
A 

0 

N ‘N 
II t + 

N /N Y 
R 

c 

0 138” 186 N2 + 

N2 + 

N2 + 

N2 + 

N2 + 

N2 + 

JKNA R 

R’ R2 (W 
C02Me H 95 
CF3 ” 35 
11 Me 45 

C02Me ” 30 

R’ 
A 

N ‘N 
II t + 

N /N Y 
R’ 

R (S’c) 
R 

N’ 
1% 

S 

N\ N Y 3 

R 
A 

N ‘N 
II I + 

N /N Y 
C02Meh 21 
CF3 46 

R 

-3 

A N ‘N AMe 
II I + 

N /N Y MeS 
CF3 

NHMe 

(45) 845 

CF3 

+ 
SMe 

845 (14) 

+ 
MeS 

(42) 845 

I 
CF3 H 



TABLE VI-E. N2 FROM 1,2,4,5-TETRAZINES (Conrinued) 

Starting Material Conditions Product(s) and Yield(s) (‘%) Refs. 

A N 'N SEt 
II I 

N /N 
+ 

Y EtS 
R 

+ BnNC 

CF3 
A N ‘N 

II I 
N /N 

Y  
CF3 

+ III 

+ Ill 
CF3 

A 
N ‘N 
II I + 

N /N Y 
CF3 

SnMe3 

+ 0 1 1 

Ph + ri 

+ 0 I 

+ 1 
S 

+ 
t 

NMe2 

uv 

0” 

0” 

- 

0” 

N2 + 

SEt R w 
C02Me 28 
CFx 62 

845 

1 H 
R 

. Bn 7 

N2 + 

N2 + 

N2 + 

N2 + 

N2 + 

NePh R VW 
C&Me 65 

- R R 
Ph 70 

N-NH CF3 75 

CF3CN ( 100) 

y3 

N’ 
’ I 

3 

(79) 
N\ 

CF3 

F 
N’ 
’ I 

7 
N\ (91) 

CF3 

CF3 

CF3 

N’ 
CP + I 

3 
N\ 

1 

CF3 

Ph 

CF3 

CF3 

CF3 

A N’ S 

NMe2 
I- 

. CF3 _I 
Me2N CF3 

191 

I68 

168 

168 

168 

168 

168 

168 

168 

192 



TABLE VI-E. N2 FROM I ,2,4,5TETRAZINES (Conthued) ~ ~ 
Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

R’ R’ 
A N’ S 

R’ R* (%) 
CFI Pr 71 

A N 'N S 
II I + rt N2 + 

N HN 'I 

Y 
OR’ 

R’ 

192 

192 

185 

846 

OR’ 
_I 

C02Me Et 50 

R 

A 
N ‘N 
II I + 

N /N 
Y 

R 

RpfiR + (& N2 + Heat 

I II 
R I (%) II (%) 

CF3 63 4 

C02Me I1 31 

R Temp (%) 
R NMe2 112 41 

N /N 
N-pyrrollidinyl ” 54 

Y N-morphoiino ” 49 
-3 4-MezNCbHa 132 22 

4-MeOCeHd 8, 44 

CF3 

R’ R* Temp (%) 
OEt H 76” 72 
SMe ” rt 77 
OMe i-l+ 112” 94 
OEt Bn 76” 18 

N2 + II I 
N /N 

+ RCN 

Y 
-3 

R* 
+ 

R’ 

N2 + 

R2 R’ R2 Temp (96) 
NMe2 H -20” 55 N rJR’ 

+ 
R2 I’ 

847 N2 + See Table 
N /KR, (1 

Y Ar 80” 6-23 

CF3 
Af ” ” 1 l-27 

Ar, Ar’ = Ph, 4-Meo(&Ha, or 4-Me2NC6H4 

NMe2 
r: 

/ 
+ 

( \ 
N 
AMe? 

R’ 
A N ‘N 

HN 
II I + 

N /N A 

Y Ph NH2 

R’ 
R’ = Ph or 2-pyridyl 
R* = Me, Ph, or 2-pyridyl 

(37) 
N\ N Y 

847 N2 + 80” 

CF3 

R2 R’ 
Ph Ph 

major 

34 112” N2 + 

Ph 
A N ‘N 

II I 
N /N Y 

Ph 

166 225” N2 + 2 PhCN 

Ph R’ R* (%) 
R’ HH- 

N2 + Ph ” - 
R* ” Ph 86 

R’ 

+ 

Ii 
R2 

166 

Ph 
Ph 

N2 + 

COlMe 
(87) 

Ph 

C02Me 
+ 

I// 
752 101” 

N2 + 

R’ R* R3 (%) 
Ph H C02Et 83 
COzMe C02Me COzMe 53 

142 



TABLE VI-E. N2 FROM 1,2,4,5-TETRAZINES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

Ph 
C02Me 

C02Me 
Ph 

R’ 

Ph 

Ph$n 

Ph 
Ph 

R 
Ph 

Ph 

Ph 
A 

N ‘N 
II I 

N /N Y 
Ph 

R’ 
A N ‘N 

II I 
N /N Y 

R2 

Ph 
A 

N ‘N 
II I 

N /N Y 
Ph 

R 
A 

N ‘N 
II I 

N /N Y 
R 
Ph 

A N ‘N 
II I 

N /N Y 
Ph 

(6% 752, 
848 

DMAD 138” N2 + 

20” N2 + 

SnPh3 

Ph 

130- 150” N2 + 

It ,- - \ 1 PI -4’ N2 + 
/ LOI II \ 

ca. 40” N2 + 

0 II N2 + 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

R’ R2 R3 e-v 
C02Me COzMe Me 94 
Ph Ph ” 96 
11 H ” 99 

29 

1, Ph NEt2 69 
(1 H ” 45 

848 em 

Ph 

(8) 193 

Ph 

R (%o) 
COzMe 73 
Ph 67 

173 

849 w 

167 

173 

C6HsN02, 120” rDA products ’ dienophile 
Ph 

R’ 

Ph 

Ph 

Ph 

Ph 

Ph 
R’ 

Ph 

Ph 
I 

R’ R’ v4 
OEt OEt ca. 10 
NMe2 ” ” 
,I NMe2 ” 

R’ R’ 

T  

Ph 

- N2 + 

120’. 20 h N2 + 

112” N2 + 

850 co 

R’ R2 Time (%) 
H 
1, 

OEt 
OAc 

50 h 94 
70 h ” 850 

OEt OEt 2h 100 

Ph OMe 60h 99 

II IV-morpholino 20 h 91 

+ 

N’ 
I I 

7 

(-3 
N\ J 

OPr 
+ 

I 
850 112’,55 h N2 + 

75’, 0.5 h N2 + 

100”. 120 h 

Ph 
R 

\ 
+ 

b 
I 

\ 

/A 
X 

c-4 166 

Ph 

Ph 

(68) 

CN 
Ph 

CN 
+ 

166 



TABLE VI-E. N2 FROM I ,2,4,5-TETRAZINES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 
Ph Ph 

A 
N’ N 
I II + 

N\ N Y 
Ph 

(69) 851 
NMe2 

rt N2 + 
Ph 
Ph Ph 

N’ 
’ I 

‘N 

3--c 

I 
A 

um 
N\ 

Me2N -NW )t 2 N2 + 851 

Ph 

R’ 

Ph 

R’ R’ 
A 

N ‘N 
II I + 

N /N Y 
R2 

112” N2 + qyNHR3 + QNHR3 

I II 

852 

R’ R2 R3 I (%I II mc) 
Ph Ph i-Pr 89 na 
,1 91 t-Bu 22 na 

Ar Ar i-Pr 78 na 
1, II t-Bu 76 na 

Ph ” i-Pr 34 34 
9, 11 t-Bu 48 35 
Ar = 2-pyridyl 

R 
A N ‘N 

II I + 
N /N 

Et2NH 

Y 
R 

R 

N\ 

3 

R (%I 

Ii, 
Ph 82 
2-pyridyl 78 

R 

159 55” (oc) N2 + 

Ph 
A 

N ‘N 
II i 

N /N Y 
Ph 

+ (i-Pr)zNH 

250 

C-1 187 

Ph 
Ph 

FP 

3 
N/ 

c-1 

Ph 

188 

Reflux N2 + 

N2 + 

N2 + 

N2 + 

+ LiNEtz THF, -70” 

Ar 
A 

N ‘N 
II I + 

N /N 
LiN(Pr-i)2 

Y 
(4 

Ar Ar = Ph or 4-CICJi4 

Ph R’ R2 (W 
R’ H H 88 

Me ” 31 
R2 Et ” 41 

188 

Ar 
Ph 

A N ‘N 
II l 

N /N Y 
Ph 

+ 189 

Ph H 
Ph 
H 
0 

CH(OMe)z 56 
H 74 
Ph 58 
Me 72 

Bn H 51 
Me Me 52 
,, Et 30 
+CH2)3- 67 
-042h- 58 
--W2)5- 61 

Ph +CH2)6- 11 

N\ 
4, 3 (97) 

Ph 

‘: + “Ph 110” N2 + 853 



TABLE VI-E. N2 FROM 1,2,&S-TETRAZINES (Conrinuecf) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

R 
Ph 

R 
A 

N ‘N 
II I + 

N /N Y 
R 

R (%> 
2-pyridyl 52 
3-pyridyl 6 1 854 
4-pyridyl 40 
Ph 29 

N 
,TMS 

Ph I’ 
112” N2 + 

Ph 
A 

N ‘N 
II I + 

N /N Y 

R 
Ph 

\ 
b I N2 + 

Ph Ph 

R’ 
A 

N ‘N 
II I + 
N /N Y 

R’ 

R’ 

b 

R4 
I 

R4 

R3 

rt or heat N2 + 

R’ 
R’ 

N’ 

I?+ 

R” 

N\ R4 
R3 

R’ 
R 

A 
N ‘N 
II I + 

N /N Y 

R 

eQ I I 40” N2 + 

790, 
855 

(99) 

(-) 
R’ = Ph or C02Me 
R” = H, Me, or Ph 
R3=HorPh 
R4 = H or Me 

856 

mixture of stereoisomers (30-75) 857 

R = COzMe, Ph, 3-ClChH4,3-MeOCbH4, 
4-MeOCsH4, 4-MeCsH4, or 3-CFjCbH4 

R 

R 

A HN ‘IV 

(-4 

R as above 

R (%o) 
Ph 58 
2-pyridyl 63 
4-pyridyl 83 

857 

858 

R’ 

A HN ‘N 
b-4 unknown product 

(se: footnote e , next entry) 
859, 
860 

R’ = Ph, 4-MeCbHd, 2-pyridyl, or COzMe 
R2, R3 = alkyl, aryl 

R 

R 

N’ 
I 

F 

I 
N\ 

R 

N2 + 

N2 + 

40-85” 

R 
A 

N ‘N 
II I + 

N /N Y 
R 

Ph 

b r: 
112” 

R’ 
A 

N ‘N 
II I + 

N /N Y 
R’ 

R2 

b- 
IJ 

R” 
115” N2 + 

R VW 
4-Me&H4 - 
2-pyridyl - 

R 
A N ‘N 

II I + 
N /N Y 

R 

Ph 
A 

N ‘N 
II I + 

Ph 
112” N2 + 

N2 + 

861 

Ph’ -R 
Ph 

Ph Ph 

Ph 
v33) 862 

N /N 
Y 

Ph 

Ph 

Ph 
(28) 

163” 862 

(29) (11) 

Ph 
MeCN + WV 

Ph 
+ 862 80” 

Ar 

Ar Temp (%) 
2-pyridyl rt - 

C02Me ph 60” - 

Ar 
A 

N ‘N 
II I + 

N /N Y 
Ar 

863 Heat 

‘COTMe 



Starting Material 

TABLE VI-E. N2 FROM 1,2,4,5-TETRAZINES (Conhad) 

Conditions Product(s) and Yield(s) (%) 
Ph 0 Ph 

A N ‘N 
II I + 

N /N 
KOH, MeOH, 65” N2 + 

Y 
Ph 

Refs. 

187 

EtzNH, reflux N2 + 

Ce(IV) 

187 

864 + pJ WC0)3 
N2 + 

Ph 

N’ 
(-1 + 1 

3 
N\ 

1 N2 + 80" 0 865 

Ph 

Ph 

c-1 850 N2 + 

I 
Ph 
Ph 

Ph 

OLi 

+ 

0 
/ (59) 

Ph 

190 N2 + 

N2 + 
Me0 

Ph (7) 60”. THF 190 

+ N2 + 

Ph 

Ph 

(60) 866 

N2 + 

Ph 
Ph 

R Temp (%) 
2-pyridyl rt 83 866 
Ph 80" 60 

R 

R 
A 

N ‘N 
II I + 

N /N Y 
R 

Heat 

R 
Undetermined product mixtures 2-pyridyl 866 

Ph 

R’ 

N2 + 

Ph 

N(R2h Ph 
A 

+ 
HN ‘“: 

c---) 851 
N\ NH Y 

Ph 
R’ R2, R2 (%) 
H Me, Me 42 
Me ” 40 
Ph ” 92 
” -(CH2)5- 39 

Ph 
A N ‘N 

II I 
N /N Y 

Ph 

R’ 

+ 

R 
A 

N ‘N 
II I + N /N Y 

R 

N2 + 

R Temp (%) 
COzMe rt 85 
Ph heat 94 

rt or heat 173 



Starting Material 

TABLE VI-E. N2 FROM 1,2,4,5-TETRAZINES (Continued) 

Conditions Product(s) and Yield(s) (%) 

!  

Refs. 

R 
A N ‘N 

II I 
N /N 

Y 
R 

Ph 
.A N ‘N 

II I 
N /N 

Y 
Ph 

N’ 
R Temp (%) 

N2 + CP (65) + I 

3 
N\ 

1 C02Me rt 85 
Ph heat 95 

R 

N2 + 
R (%I 
C02Me 87 

173 

867 

rt or heat 

- 

1 80-200°, (00 N2 + 

20” N2 + 

N2 + 

160” N2 + 

Ph 93 

R 

550 (60-80) 

R = Ph or 2-pyridyl 

(70) 868 

Ph 

N\ 
Ii, 

3 

KH2)n 

I (90-98) R = Me or Et 
NMe n= 1,2,or3 

RO 
MeN OR 

J t 
U-b 

805 

Ph R (%) 
NH2 p H 59 

Me 78 

Ph 

N 
\ I;y 

RR 

869 

ipNH;26) + i% (23) 

bh h 

N 
+ %T \ 869 

869 

160” N2 + 

N2 + 

R 
A N ‘N 

II I 
N AJ 

+ 

Y 
R 

= R I(%) II(%) 
12 11 
13 13 

R (46) 

Ph 
2-thienyl 

R 

02 I \ ‘N 
+ 

/ 
Heat COzMe 54 

Ph 25 

R’ R2 (%b 

869 
N2 + 

N2 + 

N2 + 

N2 + 

R’ 
A 

N ‘N 
II I + 

N /N Y 
R’ 

Ph H 69 
2-thknyl ” 67 
Ph Me 35 

869 160” 

Ph 
OH 

(9Q 

Ph 
Ph 

Ph 
A N ‘N 

II 1 + 
N /N 

Y  

870 - 

ph 

OTHP 
(72) + 0 I 

0 

871 112” 



TABLE VI-E. Nz FROM 1,2,4,5-TETRAZINES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (9%~) Refs. 

Ph 

A 
N ‘N 

0 
II I + 

N /N Y 0 
I 112” N2 + 

0 
Ph 

Ph 

Ph 

OH 

(78) 871 

Air, 80” N2 + 

(27) kh (14) Ph 

Ph 

Heat 

bh X = 0, NAc, NCOIMe, or CH2 

N2 + I ,  X (%) 

873 

874 

CH2 - 
CD2 - 

NAc 75 

Ph 

(27) 

Ph 

(84) 

+ 0 I 0 105” N2 + 875 

PYr 
A N 'N 

11 I + 
N /N III 

Y PYr Pyr = 2-pyridyl 

876 N-, + 

PYr 
N’ 

3 
Ph 

’ I 
N\ 

(W 

PYr 

Ph 
+ N2 + 876 

CN 

(68) 
CN 

+ N2 + 876 

150” N2 + 877 

C02Me 
+ N2 + (80) 877 

\ 
C02Me 

.N. Pyr 

N\ 
PYr 

% 
/ 

R 
R 

/ 
+ 

% 
/ 

R 
R 

Ph 
/ 

+ 

+ 

I 
Ph 

\ 

R, R = COzMe, C02Me 

or -@)cw@- 

770 N2 + (4 

(4 N2 + 878 



TABLE VI-E. N2 FROM 1,2,4,5-TETRAZINES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

R R k rel 

OH 470 
H 2.1 879 
OMe 2.7 

PYr 9-c=o 1.4 

DMSO/CHC13, 24” N2 + 

IO2 k (M-Is-‘) 
729 880, 
26.7 881 
1.2 

+ N2 + 25” 

NHC02Me 
t-4 

,COzMe 
882 

OMe 

+ a I I -20” N2 + 

OMe 

* 
I 

\ \ + / / I N2 + 6-d 883 

OMe OMe PYr + Solvent, 22” 174 N2 + 

102 k (M-‘s-l) 260 
R’ R2 CHC13 DMSO 
H H 12.9 12.6 
carbonyl 0.3 1.8 

OH H 0.9 459 
OMe ” 77 108 
H OH 5.1 12.9 
11 OMe 4.8 4.5 

R k,, E, AS* 
H 2.4 8.2 -35.6 
OMe 0.2 11.8 -28.5 

175 

R 

+ As / 

DMSO, 28.8” N2 + 

N2 + + R’ R2 k,, E, AS* 
H H 0.98 10.0 -30.8 
91 OH 1 - - 

carbonyl 0.14 12.0 -28.0 
OH H 35.7 - - 

175 

OMe ” 14.0 7.53 -33.9 
H OMe 0.35 9.01 -36.0 

A? / + 
0 

N2 + 
0.28 10.4 -32.4 

175 

Cl Cl 
Cl 

+ Cl A / / 
ct Cl 

DDQ, 80” 770 



TABLE VI-E. N2 FROM 1,2,4,5-TETRAZINES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

PYr 
A 

N ‘N R 
II I + e-50” 

N /N 
N2 + uw + 

Y R R R 
PYr X R PYr 

0 CF3 

C=CPh2 C02Me 
C=CMe2 ” 

SMe 
MeS MeS SMe 

+ 
C02Me 

‘C02Me 

N2 + 
b 
\ I (loo) + ” 

Me02C C02Me 

178 

884 C-1 

\ 4/r 
& G- --,N c-9 

/N 
+ A /,- / 885 

N2 + 

+ 2 /,- / N2 + 

C02Me (m) + 887 Dimethyl fumarate, rt N2 + 

R 
R 

+ 

A 

S 
+ 

II 

/,- / 
Cl Cl 

R=MeorPh , I  888 

NH (-) + ” 181 

181 + NC02Et (4 + 

NMe 181 

N-C020u-t (am) + 48% 
889 

890, 
891 

+ 
@ 
I I N&H (71) + ” 

0 
0 

COzMe 
60”, 40 min 892 

(65) 179 DMSO, rt N2 + 



TABLE VI-E. N2 FROM 1,2,4,5TETRAZINES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

PYr 
PYr 

A 
N ‘N 
II I + 

N AJ 
Y  

Pyr 

a0 + I$ c-4 
PYr 

225” 179 

/ I 
ICC1 0 (93) + 

\ ’ 
rt-heat N2 + 

50-55” N2 + 

N2 + 

889, 
893 

(98) + 180 

(81) + tt 180 

0 
I 

I 
\ / d?F 038) + 
/ / 

I 
/ / 

180 

(83) + ” 180 

N2 + 

N2 + 

(87) + 50-S” N2 + 180 

180 

180 

(78) + ” 
I I  

N2 + 

I \ 0 
I 

03 / / 

I 
(88) + ” 

\ / 

I ,  

N2 + 

OAc 0 AcO 0 

+ &J + Q 7oo 
Me0 OMe 

N2 + (38) + 894 

0 

+ 

@ 

I Iol - 

0 

0 

@ 
I ‘0 (70) + ” N2 + 890, 

891 
6 PYr 

N’ 

3 
r: 

I (95) 
N\ * 0 

0 

N” + o= I 0 25” N2 + 
0 

895 

NHAc 

(56) 

Pvr 

110” N2 + 895 



TABLE VI-E. N2 FROM 1,2,4,5-TETRAZINES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 
PYr 

A N ‘N 
II I + 

N /N Y 

PYr 

N’ 

3 

OH 
’ I 

N\ 
t-1 

R’ R* R3 Temp (%) 
2-pyridyl H H 112” 35 
4-pyridyl ” ” 138” 24 
2-pyridyl Me ” ” 15* 

R’ ” H Me ” 13* 

0 

o= I 0 
0 

80” N2 + 

Heat N2 + 

895 

896 

Pyr 

R’ 

R’ 

A 
N ‘N 
II I + 

N /N Y 
R’ 

PYr 
A N ‘N 

II I 
N /N 

+ 

Y 
PYr 

*+CH,, 

(78) 897 N2 + 

Pyr 

AcQ + gAc+ iq 
mixture, ca. (100) PYr 

25” + 
N2 + 

N2 + 

N2 + 

182 

6-) R2= i-PQ,-(CH&-, 
2 

or -(CH&- 

+ 898 

899 
R2N N-N NRz 

C02Me 
A N ‘N 

II I 
N /N Y 

C02Me 

Y02Me 

dienophile Dioxane, 30” rDA products f 167 

Yo2Me 
N4N 
II I 

N /N 
+ 

Y 
III 

N’ 
N2 + ’ I 

3 
N\ 

wm 850 

COzMe C02Me 

N2 + (69) 

Ph 
+ /Ii 138” 752, 

753 Ph 

C02Me 
RI 

50-140” (46-84) R, = substituted alkyl, acyl; 900 
R2 R2 = H or Et 

C02Me 
H 

N2 + Ro!C02Me E 806 

RO 2 

COTMe NEt2 

871 

C02Me 

YOpMe OBn 

+ II 25” 
OBn 

N2 + (82) gw 
902 

cO2Me 



TABLE VI-E. N2 FROM 1,2,4,5-TETRAZINES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

COzMe 
A 

TMS 
N ‘N 
II I + 

N /N 
Heat N2 + 

Y /1 
COzMe R COzMe 

Temp (%) 
75” 70 
110” 85 

100” N2 + 
I I  R VW 

Me 69 
Et 36 
n-Pr 40 
n-Bu 34 
n-Am 3: 

n-hexyl 25 

Bz 78 

N2 + 

N2 + 

N2 + 

(2) + TMS x z TMS 135” 

TMS 

YOzMe 

TMS 

+ J--ms 65” 

Me02C 

N\ 
\ 

::I:” 
rlf, 

(13) 

TMS 

+ (-J~TMs 75” 

CH2R 

A, 
A-f 

CH2R + 

Me02C 0 

TMS 

85” N2 + 

TMS I 

R I(%) II(%) 

H 33 23 

Me - 49 

II 

Me02C 

R’ 

R’ R2 IO5 k2 
Ph N-morpholinyl 470 x IO3 

H H 36.3 x IO3 173 

1, 4-MeOC6H4 25.4 lo3 x 
11 Ph 6,550 

1, 4-02NC6H4 872 

(1 C02Me 117 
I, CN I 

Ph Ph ca. 3 

+ N2 + 

N’ 
N2 + HA / 

3 

(98) + II 905 

N2 + 
N’ 

HA / 
s. 

(91) 
Ph 

Ph 905 

C02Me 

N2 + (81) 905 

Me02C 



TABLE VI-E. N2 FROM 1,2,4,5-TE?IRAZINES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

COzMe 
A 

N ‘N R 
II I rt 

N /N 
+ N2 + 

Y 
C02Me 

(81) 

R 
H 
C02Me 

VW 
- 

87 850 

Ph loo 
4-MeOC&d 98 
4-02NC&14 62 
n-Bu (80”) 99 

R Temp Time (%) 

k02Me 

Ph R Ph 
+ Me 

Ph 

(92) 

630) 

rt 20h 88 850 
101” 14Oh 1, 

rt or 101” N2 + 

Me02C 
C02Me 
I 

+ -OH 25” N2 + 

+ b=== 
+ n t%o) Me02C 

(CH2)n 

N’ 
Hr: / 

Y; 

1 80 
2 ” 
3 96 

MeO# 

(77) + S 
3- 

Me02C 

Me02C 

(48) 
Ph 906 N2 + 

C-- 906 

Me026 

+ & / 867 (69) 

Me02C 

C02Me 

+ wNNNMe 2 
(71) 907 

N2 + 

C02Me 
A N’ N’ 

NMe2 

+ PhmNANMe2 N2 + 

kO2Me C02Me 

C02Me 

R’ R2X (%) 
Me Me OSiEt3 87 
Et ” N-morpholino 70 901 
-CH2)4- N-pyrrolidinyl 85 

Ph H OTMS 92 

31 11 N-morpholino 87 

OMe ” OMe 65 

OBn ” OTBDMS 33 

OMe AC OMe 71 

R’ X 
+ 

Y 
I 

R2 

25” N2 + 



TABLE VI-E. N2 FROM 1,2,4,5-TETRAZINES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (8) Refs. 

C02Me 
A R’ X 

N ‘N 
II I + 

N /N Y Y  
I 25” N2 + 

R2 
C02Me 

R’ R*X VW 

C02Me 
A/-pyrrolidinyl 85 

Ph H OTMS 92 

OMe ” OMe 65 

OTBDMS ” OBn 33 

182) 903 

C&Me 

(-) R’, R* = H, Me; +CH2)3-; 908 
or -(CH2)4- 

186 

C02Me 

R’ R* (%) 

R’ H H O6 321 

TMS 
+ 

c I 
N2 + - (CO) 

+ N2 + 65” 

/OH + 
A 7 138” 

Me ” 74 
,I Me 51 

NHR R C-V 
Me 29 

Ph 21 

R VW 
OEt 100 

OAc - 

‘;T 
/R + 

Me0 A 
909 

C02Me 

YOzMe 

r R 
+ 

I 
850 

K OAc 
+ 850 loO”, 2h 

N' 

3' 

Ph 

’ I 
N\ 

C02Me 

Ph OMe 
+ 850 (89) rt,<l h 

+ 850 rt, 15h 

C02Me 

+ 850 

910 

N2 + 

C02Me 
q02Me 

OMe 

25” Nz + + Me0 OMe 

COpMe 



TABLE VI-E. N2 FROM I ,2,4,5-TETRAZINES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%J) Refs. 

uw 
N4N Et0 OEt 
II I + 

N /N Y 
rt, 51 min. 850 

C02Me C&Me 

(95) 

OMe 

911 

(m 80” 911 

C@Me 

C02Me 

Me02C 

N /N Y 
C02Me 

Ml?0 OMe 

AC Y 
60°,21 h 760 (70) 

101” (71) N2 + 

Me0 OMe 
+ 

Me0 OMe 
N2 + C-1 

R2 (W 

912 - 

Me, Me 78 

-tCH2)4- 83 

-KH2)5- 79 

--KW2WHh-- 7 1 

913 + R2NCN 132” N2 + 

R’ R2 (W 
OPh OPh 31 
SMe SMe 41 914 

--NWbk 68 (112”) 
-S(CH&MeN- 43 

N2 + 

C02Me 

N NN Y 
C02Me 

N /N Y 
C02Me 

N /NAR2 Y 
C02Me 

R VW NH 
+ 

R A OEt 
60-80” Me 13 

Ph 27 
871 N2 + 

Al- (%) 
Ph 65 
2-pyridyl 68 902 
2quinolinyl 70 
2-(5-methoxyquinolinyl) 78 
2-(5-methoxy4nitroquinolinyl) 82 

R’ R2 (So) 

NH 
+ 

Ar II SMe 
80” N2 + 

N ssR2 
+ 

t R’ 

NMe2 4-MezNCbb 78 
Ph Ph 90 
4-MeOC& 4-MeOChH4 ” 
Ph 11 85 
4-MezNCbH4 w 92 
H me2 90 

798 N2 + 



TABLE VI-E. N2 FROM 1,2,4,5-TETRAZINES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

COzMe 

A N ‘N . NMe2 
Ii I N 

+ rt 
N /N Y t 

N2 + 

R 
C02Me 

N\ N. Y NMe2 
C02Me 

R (W 
Me 81 

Et 79 
i-Pr 76 
n-R 56 
Ph 70 

908 

R, R 
Me, Me 

m-w -CH2)5- 915 
N\ K Y NR2 -042ki- 

C02Me -WbhWWr 

Ph ~ R (W 
OEt 27 

N\ N Y SMe 64 

C&Me 

916, 

781 

N\ N Y SMe 68 

C02Me 

R2 

916, 
781 

R’ R2 (%) 

H H 70 

N\ N Y 
OMe ” 78 
91 NO2 72 

916, 

795, 

781 

NR2 
+ N’ 

II 
N2 + 

+ 60-80” N2 + 

NH 

80” N2 + 

NH 

SMe 

R’ 

‘7 

,OMe 
+ 

I Ar N /N 
W) 

Y 
C02Me 

Ar = 4-Me2NC6H4 

80” N2 + 798 

C02Me 

A N ‘S 
r;lMe2 

II I 
N AN, Y NR2 

!  

__c MeO2(yyC02Me (73) 913 

C02Me 
N-N 

132” N2 + 

R 

0 

I 
\ R VW 
/ H 23 

Me02Cy;NyC02Me F iz 

N-N 

g--o 
N + / 

3 \ I 
R 

80” N2 + 917 

R’ R2 R2 (%) 

R2 

R3 

Me H H 60 
H ” ” 79 
1, Me 11 75 

R’ 
+ 

bc 
R2 

1 
R3 

N2 + 790, 

855 

Me02e 11 Me 59 

N’ 
I 

P 
N\ 

w + lx I -80” N2 + 

N2 + 

918 

C02Me 

2 M* (72) 

2 

+ DC I excess 918 



TABLE VI-E. N2 FROM I ,2,4,5-TETRAZINES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (96) Refs. 

Jt=&-R (12) 
N-N-N-N 

w2Me 

Ii I + 
N /N DC I 
Y 

40” 918 

R = C02Me 
COzMe 

R w -- (70) + I 

% 
I 919 

R’ R = COzMe 

Ph 
+ 

P 
I Ph 

Ph 
173 

MeO$ 

(4 

Ph Ph 
+ 

b-4 
I I 

Ph Ph 

841 

(7 I ‘N 

A 
(92) 

/ + 0 \ I 920 

C&Me 

Ph (67) + Ph 921 

Me02C 

(83) + ICI 905 

C02Me 

2 & / 
Me02C 

+ I)Fe(CO)s Ce( IV) c-4 922 

L 602Me 

(ca. 55) 923 

C02Me 

(ca.55) 923 

COzMe 

(65) + & / 924 - 

Me02C 

(72) 

Ph Ph 
25 \ / 

25” 925 



TABLE VI-E. N2 FROM 1,2,4,5TETRAZINES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

COpMe 

A N ‘N 
II I + 

N AJ Y 
C&Me 

Me02C (4 
. : 

* 

\ 926 N2 + 

X 

0 
/ N2 + 850 

152) 
m 

N’ 
3 

869 101” 

N %J \ 869 

869 

+ 

R’ R2 (%) 

H Me 49 

MeH 46 
+ 

R2 
R2 

N2 + 

n R (%) 
I H 18 

1 Me 47 

2 H 28 

3 ” 8 

OMe 

N2 + 909 

MeNH2 0 
f \ + 

Le 
40” N2 + 183, 

184 

(30) 184 + + N2 + 

+ + (38) 184 

R Temp (%) 

H 40” 68 
Heat N2 + 

R Bz ” 80 

o-3 
I ’ \ 

+ / 
Se 

(45) 928 40” 

Me 



TABLE VI-E. NT FROM I ,2,4,5-TETRAZINES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (SC) Refs. 

FOaMe 
A N ‘N 

II I 
N /N 

+ 

Y 
C02Me 

COzMe 

N’ 
’ I 

w 
N\ I 

\ 
(4 

/ 
H2N 

101” N2 + 

N2 + 

N2 + 

N2 + 

869 

C02Me 
,COzMe + w 

H 
QQ 

C02Me 

-75”-It 929 (65) 

(-4 929 

(8) 929 

(9) 929 

Me02C 
L-NH + w -75” to -10” 

Me 
Me 

+ (Jyrco2Me C02Me 

CO2Me 

100” 

Me 

+ Qy-OMe -75”-rt N2 + 

N2 + 
+ * 

929 -75”-rt 

f CL \ 
0 

(77) 871 

COzMe 

+ 06 

+ &k 

(18) 871 

CQMe 

40” (83) 183 

+ 01, I ’ \ 
’ 0 

+ 0 I \ 
S 

928 

(24) 183 

R2 
+ 

a 
f \ 

S R’ 

R’ R2 TemD (%b) 
Heat H H 40” 12 

cl ” 132” 14 
H Me 40” 11 

184 



TABLE VI-E. NP FROM 1.2,4,5-TETRAZINES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

(57) 184 
NAN 
II I 

N 0N 
Y 

44-I” N2 + 

C02Me C02Me 

(47) + m I ’ \ ’ s N2 + 928 

C02Me 

+ r 
‘N / 

Se 
C02Me 

N2 + 

N2 + 

PO) 

(36) 

(35) 

(15) 

(71) 

844 

+ 
N 
Me 

40” 183, 
184 

C02Me 

C02Me 

0 
+ P / N 

rt, MeOH N2 + 

+ OMe 
40” 184 N2 + 

C02Me 

+ 0 I N2 + 905 

cz / + ‘) 
N 50” N2 + 930 

‘SQPh 

(37) 930 N2 + 

(55) 172 

(69) 901, 
902 

(73) 931 

(80) 871 

cc12 + m I I 20” N2 + 

cO2Me 

+ 25” N2 + 

COzMe 

NHAc 

OEt + 
NHAc 

N2 + 

CO2Me 
C&Me 
I + 0 I 

0 
OH 

C@Me 

N2 + 



Starting Material 

TABLE VI-E. N2 FROM 1,2,4,5- -ES (Continued) 

Conditions Product(s) and Yield(s) (96) Refs. 

C&Me 
A 

AaH 0 
N \N 
II t + I 101” N /N R2--- 

Y P R’ 
C@Me 

OAc 

N2 +Acw;:.$-j~ +~@cH20Ac 932 

(2-3) R’ R2 VW 
OAc H 73 
H OAc 78 

y2Me 

OaOH 
W) 

0 

+ 0 I 
0 

871 
N2 + 

”  

N2 + 

- N2 + 

N2 + 

N2 + 

40” 

N2 + 

low N2 + 

+ 0 I 
(CW+ + L ;‘1 X 

905 

X VW 
NC&Et 92 

a2 73 933 

c--o 89 

C02Me C=NC+&Me-4 74 

c I NC@Et 
934, 
933 

C02Me 

+ 935 

C&Me C&Me 

+ 936 

(38) 

C02Me 

(ca. 35) 



TABLE VI-E. N2 FROM 1,2,4,5-TETRAZINES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

jN -Y 
C02Me 

HN ’ C02Me 
A N ‘N 

II I 
N /N 

+ 

Y G- 
‘“\ mt2 \ 

C02Me 

NEt2 (32) 935 

HN, 0 
N A 

C02Me 

C02Me 

+ 0 I I 20” 

NHAc 
A 

N ‘N Ph 
II I + 

N /N Y 
R 

(4 

R = Me or Ph 
R 

937 

NHAc 

+ 0 I 937 

n VW 
2 69 
3 61 
4 37 

140” 938 

0 
‘CH2hii 

R 

A N ‘N 
II I 

N /N Y 

n Temp (410) 

Heat 939 

HN 
‘(CH2)“e 

S&Me 2 20” 36 
w 3 130” 51 

R 

A 
N ‘N 
II I 

N /N Y 
R Time (%) 
SMe 7d 68 
SOMe 12h 72 
S&Me ” 85 

140” 810 

R 
A 

N ‘N 
II I 

R X Temp Time (%) 
SMe 0 132” 10h 96 
Ph ” n 3 h 98 
SMe S ” 1Sh ” 832 
Ph ” ” 0.75 h 92 

132” 

NMe2 n 80” 8h 47 

R 

A 
N ‘N 
ii I 

N /N Y 
SMe 2 43 

80°,3h 815 

SMe 
A 

R’ 
N ‘N 
II I 

N AJ 
+ 

Y 
SMe 

SMe R’ R2 Temp VW 
R’ Me NEt2 25” 96 

H Ph 166” 61 781 
R2 11 n-hexyl 140” 66 

SMe 1, C&Me 160” 19 

Heat 



TABLE VI-E. N2 I?ROM I ,2,4,5TETRAZINES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

SMe 
A N 'N X 

II I 
N /N 

+ 

Y 
SMe 

+ 

Heat 

SMe X R’ R2 Temp (%) 

N2 + R’ IV-morpholino -tCH2)3- 

IV-pyrrolidinyl ” 

R2 OTMS ,I 

SMe 
1, Ph H 

N-morpholino ” 1, 
11 Et Me 

OMe OMe H 
IV-2-pyrrolidinyl H 11 

OEt II 11 

OAc 11 11 

H dCH2)3- 

1. It N2 + (85) 
2. HOAc 

25” 97 
II 81 761 

150” 61 
140” 78 
65” 65 

11 67 
80” 85 

100” 79 
130” 87 
140” 86 
43” 19 

762 

u There is no analogous reaction with maleic anhydride. 
b The product was identified as the hydrate. 
c This reference gives k,r = 4-methoxystyrene > cyclopentene > styrene > 4-nitrostyrene ca.- - ethyl vinyl ether > a-methylstyrene > phenylacetylene > 

(E)- 1 -phenylpropene > cyclohexene. 
d The order of reactivity is given as: X, R = 4-MeO, H > H, H >> 4-MeO, Me > 2-MeO, Me > H, Me. There is no reaction for X, R = 4-MeO, C02Me and H, Ph. 
e This is the proposed general structure for the unknown reported in the previous entry, ref. 860. 

f This reference gives k,t = cyclopentene > ethylene > 4methylstyrene > ethyl viny1 ether > styrene > 1 -hexene > 4nitrostyrene > a-methylstyrene > E4octene > 
cyclohexene > E- 1 -phenylpropene > methyl acrylate > phenylacetylene > (2)4octene > acetylene > acrylonitrile. 

g This product decomposes upon chromatography. 



TABLE VII-A. DIlMlDE AND DERIVATIVES 

CtHlditii hxltlca) and Yield&) e-6) Refs. 

TH 
NH 

0 
NH 

HN’ 1 

C .m I ‘;J N. Me 

KOH, MeOH N2H- or N2H2 3 + (2 1-J 

Aqueous OH- [ 1 N2H2 + CP 

R = H, CO,& or COy 

H,O+, 100” 
,cwt i 1 :: W-b 

+CP - 
N, 

cam 

Air, CDC13, rt + CP ___c H20 

CDC13, norlmnadiene scavenger [ 1 N2H2 + CP (-) 
k (45”) = I .02 x 10%’ 

450-800” t 1 N2H2 + 
0 

/ I I ( 

.+ 
t-1 

\ 
l * 0 

250” + C14Hio (4 

k (45”) = 3 28 x 10-%-* . [ 1 N2H2 + G4ho (-4 

194 

NH 
AH (4 195 

Hr: 
x02)3 

(-) 195 . 
HN 

‘C02Et 

N2 f-1 1% 

1% 

197 

196 

409” t7 
.Me /Me 

f 
Me’ 

N 
+ pd 

O-93 : 0.07 -Me 
198 



TABLE VII-A. DIlMlDE AND DERIVATIVES (Continues) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

/Me 
IY 

/Me 
? + 
N 

Me’ I 
N. 
II Me 

‘;J .Me N. 
Me 

+ CP (-) 198 Heat 

Temp I:11 VW 
260” 0.40:0.60 - 
3 12” 0.38:0.62 - I 

z&T / 
198 

199 

I + II 

I:II = 1 .o:o.o 

+ %bs (-1 

t-1 

(4 

150” 

250” 
#Me 

N 

3< 

Et 

iIt Et 

N 

df 3) 

N 
rl: 3 

/ A N- 
N’ 

\ 

/ 

A 
N 
_3c 

Et 
i Et 

\ + 0 / 
\ + 0 / 100”; tin = 16 min 199 

m I N 
IL 

1% 
200 

+ CP (-) rt, rapid 
H+ 4 \ + 0 / 1% 

200 
(4 50”; tin = 5.5 h 

H+ / kJ3 N 
N’ 

\ + 0 (4 / 1% 
200 

50”; tin = 2.1 h 

H+ 1 
CN 

F 
JN 

+ C14H10 (-1 

Et&C 
/N 

205 Vacuum, 150”- 170” 

C02Et I 
N 

,C02Et 

,‘I: 
+ C1oH14 (4 204 

Et02C “DEAD” 

0 

202 

0 + CP - m (63) 202 

203 

Ph 
+ Ph (35) + CO + CO2 + N2 

Ph 
Ph 

270” 

0 

610” 

400” 

75” 5 - 

Ph 
0: 

N 

$i id 
Ph 

Ph 
PYh Ph 

Heat 



TABLE VII-A. DIIMiDE AND DERIVATIVES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

0 

Vacuum, 500” m-9 202 

0 

0 
Me0 

Pyrolysis (12) + C” + N2 942 

Me0 
0 

‘\ O 
Q ‘O& 

OR 
R VW 

+ C14HlO + N2 Me 33 943 
CH20Me 61 

Vacuum, 500” 

(75-98) + C,4HI0 + N2 

R” = 4-Q 4-M0,3,6diCl; 4,5diCl; 4,5diBr, 
4,SdiMe; 4,!!diMeO, or unsubstituted 

942 Vacuum, 450” 

’ \ \ O 
% ,N 

i&2 
*/ 4 / 

al (71) + Cl4hO + N2 942 

C8H17 ds 0 

b 
Ph-N 

t 
0 

0 

b 
Ph-N 

;r 
0 

HO’. 

/J I VW + PTAD hydrol. KOH/MeOH, 80°, 24 h 

. .’ 

(61) + PTAD hydrol. 15 N KOH, 85” 945 

HO” 

Heat 
737 

+ (--) + PTAD 
H 

Cl 

Cl 

Heat 737 

CN 

AcO 
0 

CN \ JP (-) + PTAD 
* 

AcO 
\ 

Solvent, rt a 
946 



TABLE VII-A. DIIMIDE AND DERIVATIVES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (96) Refs. 

+ MTAD 

0 

NJ 
Bn’ + 0 

2130” 

-55” 

209 

R’ R2 VW 
HPh 90 

N-R2 D n - 

H Me - 

D” - 

0 

cc 
I 

\ N 
+ 

/ A 
N-Me (-) 

0 

Na, EtOH, reflux 

260” * 
50” 

Anthracene, 80°, 8 h 

2 -10” 

PTAD (trace) or TCNE, rt 

See Table 

PTAD 

Bn 0 \ / 
(4 

209 

209 

947 

208 PTAD + (CH2h (-) 

+ 948 

C9h7 

J3P + PTAD 
I 

AcO 
\ 

ergosterol acetate 

Reaction Conditions Temp (%) 

949, 
950 

Vacuum 230” 36 
NaOEt 78” 53 
N2H4, aqueous EtOH ” 30 
Furan 85-100” 34 
LiAIHd, THF * 65” 99 

* AcO -OH 



Starting Material 

TABLE VII-A. DIIMIDE AND DERIVATIVES (Continued) 

Conditions Product(s) and Yield(s) (8) 

Gal7 

Refs. 

DBN, 112” 

JYP 

(73) 951, 

I 952 
AC0 \ 1 . . 

Br 

Aa& \ 

,k 

h- J 
N 

0 ‘Ph 

R2 

R 

”  

Kg03, DMSO, 120” 

Tetramethylguanidine 
or sym-collidine, reflux 

K&03. DMSO, 120” 

sym-coliidine, reflux 

2 N KOH, EtOH, 78O, 2 h 

(65) 

R’ 

JlfP - R20 \ 
I 

R’ R2 I (%6) 

R2 W) 
THP - 
AC 83 

951, 
952 

207 

R’O 

@@W R’=HorAc 953 
R* = C8H17 or &HI7 

(55) 

R 

J3P 

w-75) 

\ I 
AC0 

954 

955 

402NC6b 98 



TABLE VII-A. DIIMIDE AND DERIVATIVES (Conriraued) 

Starting Material Conditions Product(s) and Yieid(s) (96) Refs. 

OR4 

d 

[a)="X" 
R=endo=24xnnyl 

[a] = “y” 

R = endu = 2-bomyl 

[a] = “Z” 

R = endo = 2-bomyl 

DBN, pyridine, 115O, 16 h 

CO2Me 

t-1 

OR4 

1,3-Mer2-imidazolidinone 
140°, l-5 h 

1. iqueousNaOH 

2. klno2 

k(5”) = 8.6 x 10%’ 
tin = 13 min 

957 

958 

+9 / I (-) + N2 + RTADhydrolysate 210 

* Iax] = (4 

(-) + N2 + RTAD hydrolysate 

%E+ / I (-) + N2 + RTAD hydrolysate 

* [al = C-1 

210 

210 

201 

’ The relative rates of the rDA reaction are: rapid in acetonitrile, CHCl3, CH$&, slower in acetone, MeOH or pyridine. 



TABLE VII-B. N20 

Starting Material Conditions Product(s) and Yield(s) (96) Refs. 

N-N I 

Lb a 

/ ,,N -O 
N 

& NW0 
r;’ 

& ON .o 
N 

@ 
NW0 

r;’ 

OMe 

0 

r;’ 
4 

NMe 
N 

-c( 
0 

0 

+ 

0 

I I 

0 

- 

it, exotherm 

Vacuum, 325” 

Vacuum, 400” 

2100”; k,, = 1 

2100”; kl= 0.05 

1100”; kc,, = 0.026 

2100”; k1= 6 

2100”; km1 = 150 

235”;k,= 1.3x 106 

2175”; k,, 52 x lOa 

UV, 350 nM (OC) 

Aqueous KOH 
H202, 30” 

Aqueous KOH 
H202, 50” 

N20 + 

w + 

N20 + 

w + 

N20 + 

w + 

N20 + 

N20 + 

N20 + 

N20 + 

N20 + 

N20 + 

/ 0 \ 
0 / 0 \ / 0 \ / 0 \ / m \ 
/ 07 I \ 
0 I 

0 
0 1 I 
@ \ \ ’ 

C-1 

C-1 

C-1 

t-1 

C-1 

c-1 

C-1 

C-1 

(4 

(4 

(4 

semibullvalene 

0 
Me0 0 

0% I \ \ / / I 
0 

[~ 1 ; /o I * 
MTAD hydrolysate + N20 + G4HIO (4 140 

(45) 961 

211 

959 

959 

140 

140 

140 

140 

140 

140 

14, 
960 

140 

140 

961 (35) 

N20 + cp w 140 

’ The rate of loss of N2 is 2106 times the rate of loss of N20. 



TABLE VII-C. NO AND NS DERIVATIVES 

Starting Material Conditions Product(s) and Yield(s) (96) Refs. 

R Tern CW 

70-100" [ 1 HNO + 962 

[ 1 RN0 + 
”  H 265” 280 

CHO 112” 295 
214 Heat 

[ 1 PhNo + cp t-1 215, 
216 

t-1 Ar = Pb or 4-Me2N~ 218 [ 1 ArNO + 270" w * 

Q 
3 

I 7 
0 [ 1 PhNo + 215 280” 

Ptl 
‘N 

d 

A+ 
/ 0 

Meo2c 
S 

963 

CO2Me 

n 
/ 

I C-1 
OHC S 

-If 
N, 

Pb 
0 

Pb 
‘N 

d 

A+ 
/ 

S 

M&K 
0 

963 
z31 

thebaine 

R Dissoc. (%) 
4-NO2 0 
4-C! 0 
3-OMe 0 
H 10 
3-Me 15 
4-Me 35 
4-OMe 45 
4-NMe2 100 

35O, CHQ 
[ArNO] + 964, 

965 

k (40”) = 6.8 x lO+’ c [NCNO] + * 966, 
967 

R (W 
0 i 1 K CF3 230 

R NGo 
+ ,I 

H - 
co@ - 

112” 

0 [ 1 R v-4 

R NGo K 
Me - + CP 
Pb 269 

60” 

80"or 111” 

80" 

969 

”  

+ CP R = various unsaturated alkyl or ether u 970 

e95) + 

0 
P 

N 

* / 

971, 
972, 
973 

(4 + 
n 219 

Pb 

A / 
+ 

a 

0 ” 
\ ’ 

Pb 



TABLE WI-C. NO AND NS DERIVATIVES (Conttiwd) 

Starting Material Cundi tions Product(s) and Yield(s) (%) 

0 P N 
& L- 

60” 

100” 

111” &“’ t--) 

AcO 
\ ergosterol acetate 

60” 

AcO 

976 

969 

0 
P 

N 

& L- 

+ 0 c-1 977 

R = Ph, 4-ClC&Id, 4-MeOC&, 4-OzNC&, 4-MeOC&CH2, or 
4-MeOC6H&H2CH2 

X lo5 kdissoc 
H 6.2 

1, (4 Cl 5.2 967 

OMe 8.7 
NO2 4.2 

60” 

&jq (loo) + @J 978 112” 

R I:11 0 OR 
H 67133 

+ ” D I, 221 
AC 43:57 
TBDMS 4159 

80” 

979 t-1 

‘OTHP 

Ar 
e- 

b= 0 
‘N 

\ 
OH 

112” 220 uw + 

0 R R 
d- 

?= 0 

-N\ 
OH R = 3,4-(OCH2O)C& 

ww 980 H + 

(-) + CP 

(loo) + CP 
0 I I A RO N 
50 

RI, R2 = H, Me, and/or Ph 981 80” 

- 

A 7 OR 
0 

R = CH2CCl3 982 



TABLE VII-C. NO AND NS DERIVATIVES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

\ \ \ (4 + 
0 
1 (4 / / / 

0 

Benzene, 60” 

k-43x IO+’ - . 
983 

[ RolN+o] wo) + ” t-1 
R = Ph, CCl$Hz, t-Bu, or 2-TSCHzCHz 

60” 982 

OAc OAc 

AcO \ 
“5 

NwCO,Bn (4 

\ * 
AcO 

b(SOO> = 9 
984 

80” (-4 + thebaine 985 

R’ R* R3 R4 

H Me Me HC 

Ph H ” H 
Me ” H Me 

Ph ” ” Ph’ 986 
Me 

Ar ” ” Me 

Me ” ” Are 
1, II 11 H 
Ar = 4-02NCbH4 

R’ 0 

S\ 0 Ar = 4-MeCbH4 

80” 
w 

Ph 

c 

NT 0s 

I 
A 

-0 

Ph 
c s ,O I K Ts 

5” 222, 
223 

c ATS I ‘;J s. 
‘0 

100°, CHC13 987 

Temp Kq 
IO” 0.028 988, 

25” 0.089 989 

CP 

u This reference is a study of the intramolecular ene reaction. 
’ This intermediate was intercepted by reaction with Ph3P. 
’ This is the most stable adduct (decomposes at 150”). 
d This is the most labile adduct; at 15-35’, AH” = 3.9 kcalhnole. 
’ Regioisomers are formed. 



TABLE VII-D. DIOXYGEN 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. \ 0 (35) 228 
/ 

Ti” (low valent Ti) Ti(O), + 

Ti” Ti(O), + 

Ti(O), + 

Ti(O), + 

‘02 (76) 

228 

W, 185 nm 

(42) 

AcO 

Tin 228 

Ph 
228 C14ho (48) 

(70) uv 991 

‘CN 
Ph Ph 

+ 

R w I 
\ 

/ 
0.0 I Heat, magnetic field 229 

Ph / 
0% I \ \ \ / / 

Ph 
/ 
@b \ I ; O.01 229 ‘02 (290)” + Heat, magnetic field 

ASS=*3 

Heat, magnetic field 

ASS=+10 

80”; tin = 16 h 

80” 

Ph ’ 

Ph 

Ph ’ 
Ph / \\ 

0 I \ // ‘0’ 

* 
\ I loI , 

Ph 

‘02 (23-32) b + 229, 
230 

Ph 

11 992 02 + 
*0 

,R k N R3 

R’ R2 R3 (%) & + R3& 
+ 

Ph Ph Me - 
993 

Me ” Ph - 
9, Me 4-&N= - 

R 

+ / \\ 

053 \ I / / 
& \ loI , 

R @J) 
110” ‘02 Me 0 

Ph 22 

Ph OMe 

02 + (4 

Ph OMe 
Ph Ph 

Ph OMe / / 0 \ \ 101 ‘0 995 80” 

ph i)Me 

p” p” 

Heat 

a The yield of ‘02 is not affected by the magnetic field. 
’ This reaction had the largest observed effect of the magnetic fieid on the yield of ‘02. 



TABLE VII-E. SILYLENES AND SiO ANALOGS 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

Me ,s-- Me 
Me.si+ e ‘M 

+ x 

R=Ph 

Me 
/ Si’ C I-Me + + Me+i(OMe)z 

\o 
CF3 

Mel Me 
Si’ 

Me \Si/TM’ 
,. 

d 
0 

/ 

+ 

+ Me$i(OMe);! 

0 

0 

260” 

250” 

360” 

N2 flow, 480” 

UV, -263” 

uv, l-t 

Heat 

500” 

Heat 

500” 

2320” 

65” 

180” 

uv 

150” 

232 

232 

9% 
997 

232 

Me Me Me 
‘Si- {i-Me \ w (4 I / 

Me 1, (16) + (13) 

233 

233 

Me, .,Me [ 1 ;’ 
Si 

Me’ ‘Me 

+ Cl4HIO (4 232 

C14HIO c-1 998 

R R 
‘Si’ I 1 Y k 

! i  
+ R-w-R R-;i-si-R c-1 + (Cl4H10)2 phddimr 999 

R’ ‘R 
R A 

0 - polymer + G4HIO (-4 1000 , -3 

Me$i(OMe)OSi(OMe)Me2 (76) + a 1 (72) 235, 
/ 

-3 234 

Me\ ,q JMe 0 

Me-yi yiNMe 
0. 0 (29) + 

04 / 
0 (67) 235 

Si’ \ 

Me’ ‘Me 0 \ 8, (13) + 0 1 (87) 
/ 

235 

0 

/ 
Me#i(OMe)OSi(OMe)(Me)SiMe3 (29) + 

04 

0 (53) 235 
\ 
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TABLE VII-F. PHOSPHOROUS-CONTAINING DIENOPHILES 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 
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Ar-< ] + o&&‘$ (-) 238 

Me 

Me 

Ph 

Ph 

m-CPBA 

0 / g!-& C + DMAD 

d Ar = mesityl 

165” 

+ MA 140” 

0 100” 1003 
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UV, 254 nm 
R2 

,I: O --p’lo 

/ 

9 

0 

N\ 
O Ph 

R’ R* 

6) Et Et 
mesityl H 

0 

0 O0 [ 1 
N / m2 

P /\ 
Et2N-P + 0 0 

-i (4 
0 

R 
R = alkyl 

0 
+ 4 

R 
120” 1006 

C 
,OMe 

I 
K 1 0 
0 

o” MeO-P 
+ 
0 

+ M c-1 FVP, 600” 1007, 
1008 

1004 UV, 254 nm (4 

R = alkyl 

0 
+ 

4 
120” 

R 
1006 

1009 (4 + c-1 110” 



TABLE VII-F. PHOSPHOROUS-CONTAINING DIENOPHILES (Continued) 

Starting Material 
~ ~~ 

Conditions Product(s) and Yield(s) (%) Refs. 

0 

EtO, 9 
P’? / 9 0 

0 Y 
Ph 

110” [ Et,-{ ] (-) + a;$N-Ph (-) 

0 

1009 

0 S 0, P 
,OEt I\ 

+ 4 120” [ 1 EtO-P(/ (--) + O s 
v 

(--) 1006 
R 0 

R R = alkyl 

R’O, 12 
P s I 

0 

,Ph 

C I +-s 
k-S 

‘Ph 

7 
, N(TM% 

P\ W’MSh 

R20H, 1 IO”; or 
UV, 254 nm 

RIO, /S 
R’ = Et; R2 = Et, i-Pr, t-Bu, or 2-Bu* 

P 
R20’ ‘OH 

(-3 (mixture of diastereomers) 
R’ = 2-Bu*: R2 = Et (1: 1 mixture of diastereomers) 

236, 
237 

Heat - 

40” 

Ph, /fs S 

L _ 
VpAPh 

+ 

Ph”“S 
F 

Ph’ \S = c IS 

I 
pbPh 

b,-S 
‘Ph 

239 

P=P’ 
N(TMSh 

+ cp b-3 1010 / 
(TMS)?N 



TABLE VII-G. SULFUR AND ITS OXIDES 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

CH$OBu-r 7 .f” 
NCS, 0” [c 1 1 

CH20H 0 - 
so* + e (4 1011 

CH#OBu-t 
NCS, 0” so* + Mph (-4 1011 

CHPhOH 

CH$OBu-r 

CHROH R = alkyl 

\ 

# 

S MO h 
I 

/ b 

NH2 + (imid)zSO 

SO*Cl*, 0” 

80” 

80- loo” 
* 

S /O / 
I 

c ~ 

0 - so* + \ - 
< c 

I so2 
C-1 

R R R 

/ I *1 so* + \ 
r NH 1 I \ 0 
Ic” 1 

- so* I - I ’ ()Os\o 

-* I \ 
300” Q 

so2 / (4 
R’ R2 

R’ R* k,. w 
H H 1’ - 
,, Me 1.9 - 
1, Ph 200 - 

Me Me 0.023 - 

735 

1011 

240 



TABLE VII-G. SULFUR AND ITS OXIDES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

, C02H a I / 
NH2 

\ CQ2H a I / 
NHMe 

1013 

OMe 

c 
‘N 

0 

(65) 1014 

(4 1014 

OMe 
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11 so, + + Me0 \ 
ti I 

‘N 

Me0 
/ 

l-t (W so, + 

t-1 1014 

OMe 
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(48) 241 

Ph 
R 

A 
Ar = Ph, 3- or 4-MeC&Id 

N ‘N (25-92) R = Me. Ph, SH, NH*, or substituted C~~HIO 1015 I I I 

so2 + 

so3 + 

so3 + 

R = H or 3,4-MeO#Z6H$H2 

NH 
+ It- 150” 

ArANAAr 
X = OEt, NH*, Cl, or ArNH 

242 

242 

[ 1 s2 + cp (4 130-160” / + x \ x I 7 (-) + CP 
S 

155” 

+ 
@ I I (61) + CP 242 

243 FVP, 650” 

(-) + [c;] - M W9) + &3 243 

244 1 1 s2 + Cl4HIO C-1 



TABLE VII-G. SULFUR AND ITS OXIDES (Continued) 

Starting Material Conditions Product(s) and Yield(s) (%). Refs. 

S’ 
0 R/ 

s 
R = Ph or cr-naphthyl Chromatography, [ 1 s20 + 

x 
c-1 245 

SiO, Or Al2O3; or R’ 
In vacua, 80”; or 
Wet organic solution 

Ph 
7 /O 

Ir(DIF’HOS)+ Cl- = Ir(DIPHOS~S@+ Cl- + 
I+/- 

x 
t-1 1016, 

S 
Ph cl min Ph’ 1017 

u For this reaction, tla = 6 h. 
b Se02 gives an analogous [4+2] kinetic control product, but it does not rearrange to the selenone (II 8OO). 
‘The reagents AgFOD, Eu(FODk, and TFA were also examined. 



TABLE VII-H. MISCELLANEOUS BIS-HETEROATOM DIENOPHILES 

Starting Material Conditions Product(s) and Yield(s) (%) Refs. 

AHi: = 24.3 Yp 
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* 
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H H H H Ph 
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