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Reported here are the resolutions, optical stabilities, and maximum rotations of the enantiomers of 2,2'-dihy- 
droxy-l,l'-binaphthyl (1), whose absolute configurations are known [(+ )-l is (R)-l], Enantiomers, racemates, and 
meso forms of macrocycles have been prepared that are held together by ether linkages composed formally by the 
loss (of the elements) of water from the following units: 2,2'-dihydroxy-l,l'-binaphthyl (A); 2,2'-dihydroxy-l,l'- 
biphenyl (B); ethylene glycol (D); catechol (E); pentamethylenediol (F); as-2,5-bis(hydroxymethyl)tetrahydrofu- 
ran (G); l,3-bis(hydroxymethyl)benzene (J); 2,6-bis(hydroxymethyl)pyridine (K). The ring closures all involved 
base-catalyzed substitution by ArO-  on RC1, RBr or ROTs. In general, the larger the number of bonds made to pro
duce a cycle in a single reaction mixture, the poorer the yield. When six bonds were made, yields were as low as 0.4%, 
with four, yields were usually 10-20%, with two, yields were about 45-60%. Pure enantiomers and/or diastereomers 
are reported that possess structures represented by the following abbreviated formulas: 'B-Dj; A-D ; A -D 2; A -D 3; 
A ^54; A^D's; A^K1; A-K-A^K1; A -D 2-A -D 2; A -D 2-E -D 2; A -D -A -D 3; A-D2-A -K ; A -D 2~A-J; A -D 2-A-G'; A -D 2-  
A-F; A-F-A-K '; A  J-A-K'( A -D -A -D -A -D 1; A-D -A-D. In several cases, the same cycles were assembled by differ
ent synthetic routes, particularly A -D 2-A -D 2 and A -D -A -D -A -D . Although optically stable at 100 °C for 24 h in 
dioxane-water, ( - ) - l  racemized 72% with HCl (~1.2 N) present. It also racemized 69% at 118 °C for 23 h in 1-buta- 
nol-0.67 M in KOH. In oxygen-free diethylene glycol, ( - ) -A -D 2-A -D 2 underwent 0% rotational loss in 6 h and 8.6% 
in 202 h. The maximum rotations and absolute configurations of all macrocycles are reported. The symmetry prop
erties and shapes of certain of the cycles are discussed. The diastereoisomeric racemates of A -D -A -D -A -D ' each 
gave a 1:1 equilibrium mixture of the two racemates when heated at 340 °C for 7 min.

Structural recognition in molecular complexation be
tween organic entities depends on the complementary 
placement of binding sites and steric barriers in hosts and 
guests. Paper l 4a of this series dealt with the general phe
nomenon of complexation, and parts 2-54b~e dealt with the 
location of binding sites in disk-shaped hosts which did not 
extend far into a third dimension. Paper 64f described the use 
of the [2.2]paracyclophanyl unit, which when incorporated 
into hosts extends rigidly into a third dimension. The [2.2]- 
paracyclophane unit also provides points for attachment of 
convergent steric barriers that might shape the environment 
of the binding site.

This paper describes the syntheses and properties of hosts 
that contain as part of their major ring systems the l,l'-bi- 
naphthyl group. The macrorings include oxygens attached at 
the 2,2' positions of the binaphthyl group, and thus, 2,2'- 
dihydroxy-l,l'-binaphthyl (1) is the key starting material in

(-)-(sh

the syntheses. Cycles containing a 2,2'-bisoxy-l,l'-binaphthyl 
unit rigidly extend in three dimensions in such a way as to 
place one naphthalene ring above and in a plane tangent to 
the macrocycle, and the second naphthalene below and tan
gent to the macrocycle. The planes of the naphthalene rings 
are perpendicular to the best plane of the macroring. The di
hedral angle between the two naphthalene rings of 1 in 
Corey-Pauling-Koltun (CPK) molecular models appears 
capable of varying between extremes of about 60 and 120°. 
With an angle of about 75°, the two oxygens are located with 
respect to one another about the same as they are in gauche 
ethylene glycol.

This binaphthyl unit possesses useful symmetry properties. 
It has a C2 axis (indicated by the curved arrow with a hori
zontal line through it), and thus does not impart the unwanted 
property of “ sidedness” to hosts. The unit is chiral, and the 
aryl rings are potential ch ira l barriers that should impart to 
hosts the property of ch ira l r ecog n ition  toward appropriate 
guest compounds. The 3 and 3' positions when substituted 
extend the chiral barriers, and the substituents are directed 
along the sides (above and below) of the macroring. The 6 and 
6' positions diverge from the binding sites of the macroring, 
and attached substituents can be used to manipulate solubility 
properties, or to bond hosts to solid supports. These structural
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properties will be exploited in hosts described in this and 
subsequent papers.

Resolution, Absolute Configuration, Optical Purity, 
and Configurational Stability o f 2 ,2 '-D ihydroxy-l,l'-
binaphthyl (1). The resolution of 1 through its mono-Z- 
menthoxyacetic ester was in progress when the resolution of 
1 through the cinchonine salt of its phosphate ester was re
ported.5 The former method provided a maximum rotation 
for (—)-l of [a]25o —33.6°,6 whereas the latter and superior 
methoid gave [<*]25d  —33.9° 6 and [a]25n +33.8° 6 as maximum 
rotations for the two enantiomers. The absolute configurations 
of the enantiomers of 1 have been established by the x-ray 
method.7 Although optically stable at 100 °C for 24 h in di- 
oxane-water, (—)-(S)-l racemized 72% under those conditions 
when the solution was 1.2 N in HC1. In butanol 0.67 M in KOH 
at 118 °C for 23 h, (—)-(S )-l racemized 69%. These data set 
rough limits to the reaction conditions for converting (—)-
(S )-l or (+ )-(R )-l to other substances without loss of optical 
purity.

Molecular models (CPK) of 1 protonated or hydroxylated 
in either the 1 or 8 positions appear to offer less of a steric 
barrier to Ar-Ar rotation than that of 1 itself. Furthermore, 
the steric barrier is undoubtedly affected by the presence of 
charge that can be distributed in these positions. Possibly the 
acid-catalyzed racemization involves a transition state such 
as A, and the base-catalyzed a transition state such as B. Ki

netic analyses and other mechanistic probes of the racemi
zation should provide interesting results.

Synthesis o f Systems Containing One Biaryl Unit. As 
a prototype reaction, 2,2'-dihydroxy-l,l'-biphenyl was treated 
with pentaethylene glycol ditosylate4e’8 and sodium hydroxide 
in dioxane-butanol9 to give 2 (12%). Higher yields of cycles

+ CICH2(CM2OCH2)4CH2CI
O

0 ° '

O f

were obtained when (—)-(S )-l, (+)-(R) -l , or racemic 1 was 
treated with the various polyethylene glycol ditosylates 4e-8 
in T H F -t-B uO K  under N 2 at reflux.

Cycles containing one binaphthyl and from one to five 
ethylene glycol units (3-7) were prepared from optically pure

. n %
(+)-{S)-3 1 23 (66)
M-(S)-4 2 2
(-)-(S)-5 3 65
(->-(i)-6 4 52
(-)-(S)-7 5 64

(—)-(S )-l or (+ )-(R )-l for studies of the ORD and CD spec
tra.10 When heated in oxygen-free diethylene glycol (sealed 
tube) at 205 °C, (—)-(S )-6 underwent 0% rotational loss in 6 
h, and 9% in 202 h. Thus both starting material and product 
were optically stable to the reaction conditions, and the same 
is undoubtedly true for the other cycles reported here.

The reaction of racemic 1 with ethylene glycol ditosylate 
gave ketone 8 as the main product (44%, mp 198-200 °C), as 
well as 23% of 3 and higher oligomers. The Rast and mass 
spectral molecular weights of 3 differentiated it from its higher 
oligomers. The structure of ketone 8 was derived from its UV, 
IR, and 'H  NM R spectra.11 When reduced with NaBH4, ra
cemic 8 gave a 20:1 ratio of the diastereomeric diols 9 and 10, 
in which 9 is more likely to be the dominant isomer. Ketone 
8 is the product of alkylation by ethylene glycol ditosylate of 
the oxygen of one ring of 1, and of C -l' of the other ring of 1. 
Substitution of dimethylformamide (DMF) for TH F as sol
vent in the reaction of 1 with ethylene glycol ditosylate gave 
a 65% yield of 3 and no detectable 8. With (—)-(S)-l as starting 
material, (+ )-8  was obtained (45%). The sharp melting point 
of (+ )-8  (187-188 °C) suggested that no racemization had 
occurred during formation and that the alkylation had oc
curred stereospecifically. Since (—)-(S )-l owes its asymmetry 
to restricted rotation and (+ )-8  to the presence of an asym
metric carbon, the reaction represents an interesting example 
of conversion of torsional into atomic asymmetry. The con
figuration assigned to (+ )-8  arises reasonably from the con
figuration of (—)-(S )-l , and involves as intermediate the 
asymmetric carbanion 11. Others have reported that 1-sub
stituted 2-naphthol anions under anhydrous conditions alk
ylate at C -l .12 The reactions leading to (+ ) -8, 9, and 10 are 
formulated.

Syntheses of Systems Containing Two Binaphthyl 
Units. Treatment of (—)-(S )-l with 2,6-bis(chloromethyl)- 
pyridine (12)4c in T H F -f-B u O K  produced both (—)-(S)-13

(not characterized) and (—)-(S,S)-14 (26%). As CPK molec
ular models suggest should be the case, the two sets of hy
drogens on the pyridine rings of (—)-(S ,S )-14 are in different 
magnetic environments and have different JH NMR chemical 
shifts, one at 5 6.32 and the second at 5 6.40. Racemic 14 was 
also prepared.

Treatment of (R),(S)-1 with diethylene glycol ditosylate 
(THF-i-BuOK) gave a mixture of products from which were 
isolated (fi),(S)-4 (4%, mp 226-227 °C), (R,R),(S,S) -15 (15%, 
phase change at 244-251 °C), and (R,S)-15 (2%, mp 283-284 
°C). When (—)-(S )-l was used as starting material, (+)-(S)-4  
(2%) and ( -) -(S ,S ) -15 (31%, mp 123-126 °C as C6H6-c-C 6H 12 
solvate) were obtained. The !H NM R spectrum of (—)-
(S,S)-15 was identical with that of (R,R),(S,S)-15, but dif
ferent from that of (R,S)-15. Starting material (—)-(S )-l can
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give (—)-(S,S)-15, but not (R,S)-15, whereas (R),(S)-1 can 
give both (R,S)-15 and (R,R),(S,S)-15. A spectral comparison 
identified the configurations of the latter two substances.

Compound (—)-(£>,S ) - 15 was also prepared by a second 
method which was multistep. Treatment of (—)-(S )-l with 
benzhydryl bromide for steric reasons gave mainly mono- 
substituted product (+ )-(S )-16 (73%). When treated with

di'ethylene glycol ditosylate (THF, KOH), (+ )-(S )-16 gave 
(—)-(S ,S )-17 (73%). The benzhydryl protecting groups were 
removed with acid, and the resulting diol produced was con
verted directly to (~)-(S,S) - 15 with diethylene glycol dito
sylate (TH F-K O H ) in a yield of 47% for the two steps.

A third method of preparing (—)-(S ,S )-15 proved to be the 
best. Treatment of (—)-(S )-l with 2-(2/-chloroethoxy)ethyl 
2"-tetrahydropyranyl ether and NaH in DMF (or NaOH in 
butanol) produced the bispyranyl ether, which was cleaved 
to diol and converted to ditosylate (—)-(5)-18. Similarly, 
(+)-(fl)-18 and fR ),(S)-18 were prepared. Treatment of 
( -) -(S )-1 8  with ( - ) - ( S ) - l  (THF, KOH) gave (-) -(S ,S )-1 5  
(37%), and treatment of (+)-(/?)-18 with (+)-(R ) -1 gave 
(+)-(R,R) - 15 (42%). Catechol and (7?),(S)-18 in n-BuOH - 
KOH gave (R),(S) - 19 (41%), which was also obtained from 
(R),(S) - 1 and 20 (prepared in 47% yield similarly to 18) in 50% 
yield.

(-MSS1-21
The rotations of the three samples of (—)-(S ,S )-15 made 

by the three different methods were essentially identical and 
equal in magnitude with the sample of (+)-(/?,/?)-15 prepared. 
Thus no racemization occurred during these syntheses, and 
the products were optically pure. The enantiomers of 15 
formed a highly cyrstalline and stable solvate with CCI4, as 
well as one containing 0.5 mol of benzene and 0.5 mol of cy
clohexane.

Cycles isomeric to 15 were also prepared. Treatment of ra
cemic benzhydryl derivative 16 with triethylene glycol dito
sylate (TH F-K O H ) gave 21 as a mixture of diastereoisomers 
(60%), whereas (+ )-(S )-16 gave (—)-(S ,S)-21. The diaste- 
reomeric mixture (21) was cleaved with acid, and the resulting 
mixture of diols without separation was converted in 50% yield 
with ethylene glycol ditosylate (TH F-K O H ) to a mixture of

(-)-(SS)-??

(R,S) -22 and (R,R),{S,S) -22 (50%). These diastereoisomers 
were separated and characterized. Similarly (—)-(S,S)-21 was 
converted to (—)-(S,S)-22 (60%).

Intermediates (—)-(S,S) - 17 (see above), (—)-(S,S)- 23, and 
(—)-(S,S)-24 were used to introduce other units into cycles

related to 15. Treatment of (+)-(S )-16 with pentamethylene 
glycol ditosylate (TH F-K O H ) provided (—M S ,S )-23 (54%), 
and with 1,3-bis(bromomethyl)benzene4'1 (—)-(S,S)-24 (67%). 
These benzhydryl protected intermediates were cleaved with 
acid to give their respective bisphenols, which without char
acterization were used in their ring-closing reactions. The 
bisphenol from (—)-(S,S)-17 with 2,6 bis(chloromethyl)py- 
ridine4c gave (—)-(S ,S)-25 (43%), with l,3-bis(bromo- 
methyl)benzene4d gave (—)-(S,S)-26 (13%), and with cis-
2,5-bis(tosyloxymethyl)tetrahydrofuran4b gave (—)-(S,S)-27  
(26%). The bisphenol from (—)-(S,S)-23 with diethylene 
glycol ditosylate gave (—)-(S ,S)-28 (41%) and with 2,6-bis- 
(chloromethyl)pyridine4c gave (—)-(S ,S)-29 (29%). The bis
phenol from (—)-(S ,S)-24 with 2,6-bis(chloromethyl)pyri- 
dine4c gave (-) -(S ,S )-3 0  (43%). The ring-closing reactions 
involved TH F-t-B uO K  or TH F-K O H .
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Synthesis of Systems Containing Three Binaphthyl 
Units. When (R),(S)-1 was treated with ethylene glycol di- 
tosylate (TH F-f-BuO K), besides (R),(S)-3 and ketone 
(R),(S)-8 (see above) there were produced three higher cyclic 
oligomers, X , Y, and Z (<1% yields). Their mass spectral 
molecular ions indicated their compositions, but not their 
configurations: X , C44H32O4, mp 355 ° C  dec; Y, C66H48O6, mp 
188-190 ° C ;  2 , C f,6H 480 B, mp 338-342 ° C  dec. The U V  spectra 
of X  and Y were very similar (five bands), but the Xmax in X  
and Y at 335-336 nm was moved to 355 nm in Z. This lowest 
energy band is probably associated with delocalization of the 
oxygen’s electrons into the naphthalene rings, and is confor
mation dependent. The conformations in turn are dependent 
on the diastereomeric relationships between the binaphthyl 
units. The high-melting racemates (X  and Z) were too insol
uble for 'H  NM R spectral determinations. When ( - ) - ( S ) - l  
was used in the same reaction, in addition to (+ )-(S )-3  and 
ketone (+ ) -8, only one higher cyclic oligomer was produced 
( T L C ) ,  whose U V  spectrum and T L C  behavior identified it 
as one enantiomer of racemate Z. This evidence alone sug
gested X  and Y must contain binaphthyl units of the R con
figuration, and that X  was (R,S)-32, Y was (R,S,S),(S,R,R)- 
31, and Z was (R,R,R),(S,S,S)-3l. The absence of {R,R),-

(5.5) - 32 or (S,S)-32 in the reaction products indicates that 
the transition states leading to these isomers are of higher 
energy than those leading to (R,S)-32 for steric-conforma- 
tional reasons.

Rational, stepwise syntheses of (—)-(R,S,S)-31 and (—)-
(5 .5 .5 ) -31 and their racemates proved more satisfactory. 
Treatment of ( - ) - (S ) - l  or (R),(S)-1 with ethyl chloroacetate 
(THF-f-BuO K) gave mixtures of esters that were reduced 
(LiAIFU) to mixtures of 33 and 34, which were separated by 
distribution between ether and water-methanol-KOH mix
tures. From (—)-(S )-l was produced (+)-(S )-33 (43%) and 
(+)-(S)-34 (19%), and from (R),(S)-1, (R),(S)- 33 (40%) and 
(R),(S) -34 (15%) were produced. Treatment of (+)-(S)-33  
with ethylene glycol ditosylate (TH F-f-BuO K ) gave (—)-
(5.5) - 35 (85%). Likewise (R),(S)-33 gave a mixture of 
(R,S)- 35 and (R,R),(S,S)- 35, which was separated through 
their 3,5-dinitrobenzoate esters (37) to give overall yields of 
18% (R,S)-35 and 25% (R,R),(S,S)-35. The XH NMR spectra 
and TLC behavior of these diastereomers were different. 
These properties were identical for (—)-(S ,S)-35 and for one

(-)-(SS)- 35. A ■ H 
(*)-(SSI-36, A ■ Is 
(RH)(SS)-17. A = 3.5(N02)?C6h3C0

A A
(RSI-35, A ■ H 
(RSI-36, A ■ Is 
(RSI-37, A ■ 3,5(N02)?C6»3C0

of the diastereomers, namely that of the (R,R),(S,S) config
uration.

Tosylation of ( -) -(S ,S )-3 5 , (R,R),(S,S)-35, and (R,S)-35 
gave (+)-(S,S)-36, (R,R),(S,S)- 36, and (R,S)- 36 in 37,50, and 
52% yields, respectively. Treatment of (+)-(S ,S )-36 with 
( - ) - (S ) - l  (DMF, K2CO:)) gave ( -) -(S ,S ,S )-31 (46%), whereas 
(+ )-(S ,S )-36  with (+ )-(fl) -l gave (-)-(R ,S ,S )-31  (58%). 
Treatment of (R,S)-36 with (R ),(S)-1 gave only {R,S,S),- 
(S,R,R,)-31 (60%), whereas (R,R),(S,S)-36 with (R),(S)-1 
gave (R,S,S),(S,R,R)-31 (30%) and (R,R,R),(S,S,S)-31 (16%). 
Enantiomer to racemate relationships among the stereoiso
mers of 31 were confirmed by the identity or nonidentity of 
their UV or ’ H NM R spectra and the TLC behavior. Diaste
reomers (—)-(R,S,S)-31 and (-)-(S ,S ,S )-31  possessed dis
tinctly different 'H NMR spectra, presumably due to different 
placements of the C-3 hydrogens of one naphthalene ring 
relative to the shielding or deshielding cones of a second 
transannular naphthalene ring in the two diastereoisomers. 
Two C-3 naphthalene protons were shielded and moved up- 
field to 5 6.58-6.78 per S,S or R,R relationship, whereas the 
R,S relationships provided no such shifts. Thus the doublet 
at 5 6.58-6.75 for (—)-(S,S,R)-31 integrated to only two pro
tons, whereas that at 5 6.62-6.78 for (—)-(S,S,S)-31 integrated 
to six protons.

Symmetry Properties and Shapes of Host Compounds.
The parent crown compounds exist in solution in all gauche 
conformations with the oxygens turned inward.14 The cycles 
and their precursors containing the chiral binaphthyl unit 
possess interesting symmetry properties. Their formulas have 
been drawn with all oxygens turned inward. Rotation of 
(—)-(S)-l through 180° about the axis appended to its formula 
reproduces the formula, and hence the substance contains a 
C2 axis. This symmetry element is carried into most of the 
cycles as is indicated by the curved arrow with a vertical line 
through it or a 180° curved arrow with a dot in it inserted into 
their formulas. Most of the cycles containing both (R)- and
(S)-binaphthyl units contain mirror planes indicated in the 
formulas by the solid rectangular box [e.g., (R,S)-15, (R,S)-22, 
and (fl,S)-32]. Interestingly, of these three meso isomers, 
(R,S)-15 and (R,S)-32 each contain a C2 axis and are not
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“sided,” whereas (R,S)- 22 does not and is sided. Some of the 
cycles contain several C2 axes. In particular, ( - ) - (S ,S ) -14 and 
(—)-(S,S)-15 contain three mutually perpendicular C2 axes 
to give the molecule D 2 symmetry. Cycle (-) -(S ,S ,S )-3 1  
contains three C2 axes all lying in the same plane and per
pendicular to a C3 axis (indicated in the formula by a 120° 
curved arrow with a dot in it), which gives the molecule overall 
D3 symmetry. These symmetry properties seldomly are en
countered in organic compounds and have important conse
quences with respect to possible host-guest complex struc
ture.

Hosts that contain a C2 axis in principle can complex al- 
kylammonium ions from either face to produce the same 
structure (or family of structures of equilibrating conformers). 
Hosts that possess D 2 symmetry in principle form complexes, 
some of whose conformations duplicate one another. For ex
ample, if host (S,S)-15 complexes LM SC*NH 3+ (L is a large, 
M a medium, and S a small group), the two conformations 38 
and 39 of the complex formed from one enantiomer of the

guest are superimposable on one another and on the two 
corresponding complexes formed with the guest protruding 
from the opposite face of the best plane of the macroring.

The general shape of most of the hosts described here de
pends on the number of binaphthyl units they contain. The 
central hole is designed to bind the N H 3+ group of alkylam- 
monium hosts, and the alkyl group in complexes protrudes 
approximately perpendicularly from the best plane of the 
oxygens. If (LMS)C is a generalized alkyl group, the substit
uents L, M, and S occupy the space in a complex above and 
around one face of the host. Since the naphthalene rings of a 
binaphthyl unit also extend perpendicularly above and below 
the face of the host, they divide the space available for L, M, 
and S into compartments. Hosts containing one binaphthyl 
unit, such as 6, have one compartment on each face. Hosts 
with two binaphthyl units, such as (S,S) - 15 or (S,S)-22, have 
two compartments into which L, M, and S must fit in a com
plex. Hosts with three units, such as (S ,S ,S)-31, have three 
compartments. It is convenient to classify the hosts as having 
one, two, or three compartments on each face as monolocular, 
dilocular, or trilocular,13 respectively. Hosts 2 -7 , 13, and 19 
are monolocular, 14,15, 22, 25-30, and 32 are dilocular, and 
the isomers of 31 are trilocular.

In CPK molecular models of these hosts, the naphthalene 
rings protruding from each face occupy ~ 6 5 ° of the 360° of 
the cylinder of space whose axis is perpendicular to the plane 
of the oxygens and is centered equidistant from all six oxygens. 
For the monolocular systems, this leaves ~295° of the cylinder 
for distribution of substituents L, M, and S in a single asym
metric cavity in host-guest complexes. For the dilocular and 
trilocular systems, the sizes of the compartments on each face 
depend both on the relative configurations and arrangements 
of the binaphthyl units. Dilocular hosts (S,S)-15 and (R,S) - 15 
are diastereomeric. In (S,S)-15, the two naphthalenes that 
extend from one face occupy roughly parallel planes that 
provide two spatially equivalent asymmetric cavities, each

exposing ~115° of the cylinder. In (R , S )-15 the planes of the 
two naphthalene rings converge to provide two cavities, one 
of ~ 60° and one of ~ 170°, each of which contains a mirror 
plane. Although (S,S)-15 and (S,S)-22 are isomeric and 
contain binaphthyl units of the same configuration, (S , S )-15 
has two equivalent cavities of ~ 115°, but (S,S)-22 has one 
cavity of ~55° and one of ~175°. In (S , S )-22, an extension of 
the plane of one naphthalene ring would intersect the second 
naphthalene ring that protrudes from the same face. Isomer 
{R,S)-22 is sided, since it contains no C2 axis. On one side the 
aryls occupy planes that converge, and one cavity is ~70° and 
the other ~160°. On the opposite side, the aryls occupy the 
same plane, and on.e cavity is ~ 25° and the other ~205°.

The divisions of the cylinder of space in the trilocular sys
tems 31 are particularly interesting. In the more symmetrical
S,S,S isomer, the three cavities are similarly shaped, and they 
each expose ~ 55° of the cylinder. In the less symmetrical 
R,S,S isomer, the space is unevenly divided into a relatively 
large cavity (L) of 85°, a medium cavity (M) of ~ 5 5 °, and a 
small cavity (S) of ~25°. In (S,S,S)-31, the cavities themselves 
are all asymmetric, whereas in (R,S,S)-31, cavity M is 
asymmetric, and L and S both have a mirror plane. Host 
(R,S,S)-31 was designed to have a complementary relation
ship for one enantiomer of guest ions such as LM SC*NH3+, 
whereas (S,S,S)-31 was designed for one enantiomer of 
LM SCCH2N H 3+. Complexes 40 and 41 indicate the comple
mentary character of host and guest envisioned.

The introductions of the 2,6-pyridine, pentamethylene, 
benzo, 1,3-benzene, or 2,5-tetrahydrofuran units into the di
locular systems (14,19,25-30) do not change the cavity shapes 
much, since these units roughly lie in the planes of the oxygens 
and provide about the same space between the naphthalene 
walls. Of these compounds, only (S,S) - 14 possesses the three 
C2 axes found in the parent system, (S,S)-15. The unsym- 
metrical distributions of some of the units of the others de
stroy all but one of the C2 axes found in the parent system,
(S , S )-15. These hosts are not sided, however.

Equilibration of Diastereomeric Trilocular Systems. 
When melted and held at 340 °C for 7 min, (R,R,S),(S,S,R)-31 
and {R,R,R),(S,S,S)-31 each gave an approximately equal 
mixture of the two diastereoisomers. Thus, AAG ~  0 for the 
two racemates. The symmetry number for the isomer with D 3 
symmetry [(R,R,R)-31 or (S,S,S)-31] is 6, and that for the 
isomer with C2 symmetry is 2 [(R,R,S)-31 or (S,S,H)-31]. If

*,« T' ;  ffj, ; 0
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the intra- and intermolecular interactions of all the units in 
each diastereoisomer in the melt are additive, then AAG = 
—RT In (6/2) =  —1340 cal/mol for the difference in free energy 
for the two diastereomers, and the equilibrium mixture would 
be 75% (R,R,R)\S,S,S)-31 and 25% (R,R,S),(S,S,R)-31. The 
results indicate that the interactions of the units in each dia
stereoisomer of 31 are not additive, and suggest that either 
intra- or intermolecular interactions tend to slightly desta
bilize the (R,R,R),(S,S,S) isomer relative to the (R,R,S),- 
(S,S,R) isomer. The two diastereoisomers possess different 
overall shapes and undoubtedly pack differently in the melt. 
Possibly the less symmetrical (R,R,S),(S,S,R) isomer produces 
a more dense melt with fewer holes and more contact points 
than the more symmetrical (S,S,S),(R,R,R) isomer.

The binding properties of the hosts described here will be 
reported in later papers of this series.

Experimental Section

General. All temperatures are in degrees Celsius. Alumina used 
in chromatography was MCB AX 611. Tetrahydrofuran (THF) and 
dioxane were distilled from sodium benzophenone ketyl immediately 
before use. Dimethylformamide (DMF) was distilled from CaH2 prior 
to use. Magnesium sulfate was used as drying agent for organic ex
tracts. All reactions involving NaH, i-BuOK, KOH, or LiAlH4 were 
conducted under N2. All melting points were taken on a Thomas- 
Hoover apparatus and are uncorrected. All 'H NMR chemical shifts 
are given in 6 parts per million from added Me4Si in CDG13 and were 
recorded on a Varian HA-100 spectrometer. Mass spectra were taken 
on an AEI Model MS-9 double focusing mass spectrometer at 70 eV. 
Optical rotations were recorded with a Perkin-Elmer 141 polarimeter 
in a 1-dm thermostated cell. Gel permeation chromatographs were 
run on % in. X 20 ft columns at flow rates of 3-4 mL/min with either 
THF or CH2CI2 as solvent. Column A was packed with Bio-Rad CS-8 
beads (1000 molecular weight exclusion limit), and column B with 
Styragel 100-A beads (37-70 ¿im particle size, exclusion limit 1500 
molecular weight). Since very similar procedures were applied to 
different starting materials, they will be illustrated, labeled, and then 
referred to by label. Systematic names will be illustrated, but are so 
cumbersome that semisystematic “crown” nomenclature will be more 
commonly used, along with compound numbers already assigned. 
Optically pure 2,2'-dihydroxy-l,l'-binaphthyl was used in all syn
theses unless otherwise specified.

Resolution of 2,2'-Dihydroxy-l,l'-binaphthyl (1). From 2.71 
g of ( menthoxyacetyl chloride and 2.20 g of 1 in THF-pyridine at 25 
°C for 1 h was prepared the monoester, which was purified by chro
matography on silica gel and crystallization from cyclohexane to give
0.40 g (9%) of product: mp 139-140.5 °C; [<j]25d -14.4° (c 1.0, 
(CH3)2CO); M+, 482. Anal. Calcd for C32H340 4: C, 79.64; H, 7.10. 
Found: C, 79.56; H, 6.83. This material was hydrolyzed with KOH in 
CH3OH to give (-)-(S )-l (70%) [mp 207-209 °C; [a]25D -33.4° (c 0.76, 
THF)] undepressed by admixture with diol prepared through phos
phate salt (see below).

The better method is a modification of that of others,5 and is out
lined here. Racemic 1 (600 g, 2.09 mol) was slurried with 2 L of CH2C12, 
and under N2 was added 450 g (2.93 mol) of POCl3, followed by the 
slow addition with stirring of triethylamine (517 g, 5.1 mol) so as to 
maintain gentle reflux. After 1 h of additional stirring, the reaction 
mixture was washed with water, dried, and evaporated. This crude 
acid chloride was stirred for 1 h in 3.5 L of THF and 1 L of water at 
50 °C for 1 h. Ethyl acetate (3 L) was shaken with the mixture, and 
the aqueous layer was washed with CH2C12. The organic layers were 
combined, washed with 0.5 L of water (twice) and 1 L of brine, dried, 
and evaporated to give 684 g (94%) of the acid phosphate of 1. This 
material was mixed with 578 g (1.96 mol) of cinchonine in 8.3 L of hot 
CH3OH, 3.6 L of water was added, and the mixture was filtered free 
of a flocculent impurity. The salt crystallized (532 g, or 84% of theory 
for one pure diastereomer), and its rotation did not change on re
crystallization. This salt (total sample) in 1915 mL of absolute ethanol 
was heated to boiling, and 1915 mL of very hot 6 N HC1 solution was 
added with vigorous stirring. After 3 days at 0 °C the white platelets 
were collected and digested (twice) with stirring with 1 L of hot 6 N 
HC1 solution for 12 h, and once with 600 mL of cold water (2 h) to give 
after drying 222 g of the phosphate acid ester: [a]25546 + 7 22°, [a]2543e 
+1329° (c 0.9, MeOH); yield based on enantiomer present in racemic 
1 used, 59%.

The filtrate from the initial crystallization of the cinchonine salt 
was evaporated, the residue was dissolved in 3.1 L of refluxing abso

lute ethanol, and 3.1 L of hot 6 N HC1 was added with stirring at a rate 
to aid crystallization and inhibit oiling. The product was digested, as 
with its enantiomer, and dried to give 115.3 g of (-)-(R)-acid ester:
[0] 25546 -  734°, [a]2ft43B -1355° (c 0.9, MeOH). The filtrates were re
worked to give 52.4 g of additional (redigested) material ([«]25-,4k 
—714°, [«]25436 -1315° (e 0.57, MeOH)) to give a total of 168 g of 
(-)-(fi)-acid , or 46% of theory. Partially optically pure (-)-(fi)-acid  
ester was brought to optical purity by one crystallization of its cin- 
chonidine salt. The acid ester recovered (65% of theoretical maximum) 
gave [a]25546 -  7 28°, [«]25436 -1346° (c 1.1, MeOH).

The acid phosphate ester of (+ )-(ft)-1 was reduced to (/?)-(+)-1 as 
follows. Acid ester (115.4 g, 0.331 mol, [o]25546 -  7 34°) was mixed with 
1 L of THF at 0 °C under N2, and LiAlH4 (31.4,0.83 mol) was added 
in small portions during 1 h with stirring. An additional 400 mL of 
THF was added, and the mixture was stirred at 25 °C for 17 h, cooled 
to 0 °C, and cold 6 N HC1 (250 mL) added slowly and cautiously. The 
upper phase was decanted, and the lower phase was mixed with 300 
mL of 6 N HC1 and 150 mL of THF. The phases were again separated 
and the lower phase extracted with ether. The combined organic 
phases were washed with brine, decolorized with Norite, and evapo
rated. The oil was dissolved in 1 L of benzene, which was evaporated 
to induce crystallization. The solid that separated (90.6 g, 96%, mp 
202-207 °C) was recrystallized from benzene to give 84.5 g, 89% (mp
207.5-208.5 °C), of (+ )-(i?)-l: [a]25589 + 34.3°, [a]2554B+50.9° (c 1.0, 
THF). The overall yield in the resolution was ~41% of theory.

Similar reduction of 198 g of (+)-(S)-acid phosphate ([a]25546 
+722°, c 0.9, MeOH) gave 88%of ( - ) - (S ) - l  [mp 207-208 °C; [aj2 5 589 

-33.3°, [a]25™  -37.8°, [«]2554s -51.3°, [a]25436 -  228° (c 1.1, THF)], 
or 52% yield in the resolution. Several preparations were made by 
different experimentalists using a variety of procedures, but each 
preparation gave the same rotations and melting points for (+)- and 
( - ) - l .

Racemization Experiments with 2,2'-Dihydroxy-l-binaphthyl
(1) . A solution of (—)-l (0.1 g in 12 mL of dioxane and 10 mL of H20) 
gave [o]25d —0.106°. After 7 and 26 h respectively at 100 °C under N2, 
the solutions gave [« ]25d -0.110° and —0.106°. A solution of 95 mg 
(0.331 mmol) in 10 mL of butanol containing 47 mg (0.71 mmol) of 
KOH gave [o]25d +0.734°. After 13 and 23 h respectively under N2 
at 118 °C, the solutions gave [o]25d +0.408 and +0.230°. A solution 
of 100 mg of ( - ) - l  in 12 mL of dioxane and 10 mL of 20% aqueous HC1 
gave [o]25d -0.158°. After 7 and 26 h respectively at 100 °C under 
nitrogen, the solutions gave [«]25d -0.099 and —0.044°.

2,3:4,5-Dibenzo-l,6,9,12,15,18-hexaoxacycloeicosa-2,4-diene 
[2,2'-Biphenyl-20-crown-6 (2)]. Procedure I. A mixture of 10.0 g 
(53.8 mmol) of 2,2'-dihydroxy-l,l'-biphenyl and 110 mL of butanol 
was purged with N2 and 4.5 g (112 mmol) of NaOH was added. After 
the solution had refluxed for 1 h under N2, 14.8 g (53.8 mmol) of 
pentaethylene glycol dichloride in 30 mL of butanol was added (0.5. 
h). After 17 h at reflux under N2, the solution was shaken with 100 mL 
of CHC13 and 100 mL of water. The layers were separated, and the 
CHC13 layer was washed with water, dried, and concentrated to give 
22 g of oil, which was chromatographed on 700 g of neutral alumina 
(activity I). Elution with 4 L of (3:2, v/v) benzene-ether gave 8.7 g of 
oil, which was molecularly distilled to give 2.66 g of bp 135-140 °C (20 
Mm) and 3.26 g of bp 177-183 °C (20 Mm). The latter material crys
tallized and was recrystallized from heptane to give 2.5 g (12%) of 2: 
mp 64-65 °C; >H NMR 5 3.6 (m, CH2CH20 , 16 H), 4.5 (m, ArOCH2, 
4 H), 6.9 (m, ArH, 10 H), 7.2 (m, ArH, 10 H); M+ 388 (base peak). Anal. 
Calcd for C22H280 6: C, 68.02; H, 7.27. Found: C, 68.01; H, 7.32.

(R),(S)-2,3:4,5-Di(l,2-naphtho)-l,6,9,12,15,18-hexaoxacyclo- 
eicosa-2,4-diene [2,2'-Binaphthyl-20-crow n-6 ( ( R ) , ( S ) - 7)]. 
Procedure I (without distillation of the product) applied to 4.86 g of 
(f?),(S )-l gave 2.75 g (33%) o f(R ),(S )-7  after recrystallization from 
benzene-heptane: mp 130-130.5 °C; 'H  NMR spectrum 6 3.5 (com
plex m, CH2OCH2, 16 H), 4.04 (m, ArOCH2, 4 H), 7.26 (m, ArH, 8 H),
7.83 (m, ArH, 4 H); M+ 488 (base peak). Anal. Calcd for C3oH320b: 
C, 73.75; H, 6.60. Found: C, 73.88; H, 6.76.

Racemic and (—)-(S)-2,2'-BinaphthyI-20-crown-6 ((—) - (S ) -7 )  
by Procedure II . Potassium tert-butoxide (2.36 g, 21 mmol) was 
added to a stirred solution under N2 of 3.00 g (10.5 mmol) of (—)-(S)-l 
dissolved in 140 mL of pure THF. To the resulting suspension was 
added 5.72 g (10.5 mmol) of pentaethylene glycol ditosylate. The 
mixture produced was heated at reflux for 5 h and evaporated under 
reduced pressure. The residue was shaken with water and CH2C12, 
and the organic layer was washed with brine and dried. Evaporation 
of the solvent gave 6.1 g of oil, which was absorbed on 23 g of alumina 
and placed on the top of a chromatograph column prepared from a 
slurry of alumina and ether. The (-)-(S )-7  was eluted with ether, and 
evaporation of the eluate gave a colorless oil, which was dried as a foam 
for 24 h at 35 °C and 0.07 mm, yield 3.1 g, (64%). The ’ H NMR and
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mass spectra were identical with racemic 7 and gave [<x]25p -70.5°, 
1«12554S -89.8° (c 1.0, THF). Anal. Calcd for C30H32O6: C, 73.76; H,
6.60. Found: C, 73.62; H, 6.45. When carried out at 25 °C for 16 h, 
procedure II gave a 52% yield of (—)-(S)-7 of identical properties. 
When applied to racemic 1, racemic 7 resulted: 60%; mp 130-130.5 
°C.

Optical Stability of (-)-(S)-2,2'-B inaphthyl-20-crow n-6  
( (—)-(S)-7). When a solution (1 M) of optically pure (—)-(S)-7 in 
oxygen-free diethylene glycol in a tube sealed under vacuum was 
heated at 205 °C for 6 h, the compound underwent no rotational loss. 
In 202 h at 205 °C, 9% rotational loss was observed. In a second ex
periment, two samples (0.50 g each) of (—)-(S)-7 of [ « ] 26578 -74.5° 
(c 1.0, THF) were sealed in ampules under vacuum as solutions in 10 
mL of diphenyl ether. One tube was heated at 226 °C for 6 days and 
the other was held at 25 °C. The cycles were recovered by chroma
tography. The heated sample gave [a]25678 — 41.9° and the unheated 
gave 1 «P 678 -74.2° ( c l ,  THF).

Applications of Procedure I I  to the Preparation of (—)-(S )- 
2,2'-Binaphthyl-14-crown-4 ( ( -) -(S ) -5 )  and (—)-(S)-2,2'-B i- 
naphthyl-17-cro-wn-5 ( (—)-(S)-6). From (—)-(S)-l and triethylene 
glycol ditosylate was obtained (—)-(S)-5 (65%) as a gum: M+ 400; 
M 25589 -127° (c 0.91, CHC13). Anal. Calcd for C26H2404: C, 78.00; H,
6.00. Found: C, 78.04; H, 5.96. From (—)-(S)-l and tetraethylene glycol 
ditosylate was obtained (—)-(S)-6 (52%) as a gum: [<x]2Bss9 — 63°, 
[«]25578 “ 67° (c 1.89, CHC1,). Anal. Calcd for C28H280 6: C, 75.68; H,
6.31. Found; C, 75.75; H, 6.31.

(fi),(S)-2,3:4,5-Di(l,2-naphtho)-l,6,9-trioxacycloundeca-
2,4-diene ((R ),(S )-4 ) and (R ,S )- and (B,fi),(S,S)-2,3:4,5;13,14:
15,16-Tetra(l,2-naphtho)-l,6,9,12,17,20-hexaoxacyclodocosa- 
2,4,13,15-tetraene ( (R,R),(S ,S)-15  and (R,S)-\5). By procedure 
I, 10.9 g of (± )- l ,  5.5 g of diethylene glycol dichloride, and 1.6 g of 
NaOH were converted to a mixture of the three title products, which 
were separated on 500 g of neutral alumina with benzene and 4:1 (v/v) 
benzene-ether as eluting agents. Benzene eluted 2,2'-binaphthyl-
ll-crown-3 ((ft ),(S)-4), which was sublimed [195 °C (50 am)] to give 
0.50 g (4%) of material: mp 226-227 °C; 'H NMR spectrum, b 3.5 (m, 
4 H, CH2), 4.01 (8 lines, 2 H, CH2), 4.32 (8 lines, 2 H, CH2) as a whole 
ABX2 pattern, 7.2 (complex m, ArH, 8 H), 7.8 (m, ArH, 4 H); M+ 356 
(base peak). Anal. Calcd for C24H2o03: C, 80.88; H, 5.66. Found: C, 
81.01; H, 5.77.

Benzene-ether eluted a mixture of (ft,S)- and (K,ft),(S,S)-15, 
which was crystallized and recrystallized from 1:1 (v/v) benzene- 
cyclohexane to give 0.22 g (2%) of (ft,S)-15; mp 283-284 °C. It proved 
necessary to heat the sample to 165 °C (50 am) to completely rid the 
sample of solvent. The material gave: 1H NMR b 3.29 (m, CH2OCH2, 
8 H), 3.90 (m, ArOCH2, 8 H), 7.20 (complex m, ArH, 16 H), 7.76 (m, 
ArH, 8 H); M+ 712 (base peak). Anal. Calcd for C48H4oOfi: C, 80.88; 
H, 5.66. Found: C, 80.88; H, 5.84.

From the filtrates was crystallized by fractional crystallization from 
benzene-cyclohexane (ft,ft),(S,S)-15, 2.0 g (15%), phase change at 
mp 244-251 °C. This isomer was much more soluble in CDC13 than 
(R,S)-15, and gave a different ’ H NMR fine structure: *H NMR b 3.18 
(m, CH2OCH2, 8 H), 3.81 (m, ArOCH2, 8 H), 7.2 (complex m, ArH, 
16 H), 7.83 (m, ArH, 8 H); M + 712 (base peak). Anal. Calcd for 
C48H4o0 6: C, 80.88; H, 5.66. Found: C, 81.05; H, 5.92.

(+  )-(S)-2,2'-D inaphthyl-11 -crown-3 ((+ )-(S )-4 ), ( -) -( S ,S ) -  
-Bis(binaphtho)-22-crown-6 ( ( - ) - ( S , S ) - 15), and ( + ) - ( R , R ) - 15. 
By procedure II, 14 g of diethylene glycol ditosylate, 10.0 g of (—)-
(S )-l, and 8 g of t-BuOK produced a mixture of (+)-(S)-4 and (—)-
(S ,S )-15. Separation of these oligomers by chromatography on 1 kg 
of neutral alumina gave 4.3 g of (—)-(S ,S )-15 as white needles con
taining 0.5 mol each of benzene and cyclohexane (1H NMR integra
tion): mp 123-126 °C. Anal. Calcd for C48H4o06-1/2C6Hi2'y2C6HB: C, 
81.69; H, 6.22. Found: C, 81.71; H, 6.06. The material also formed a 
solvate with CCI4 (needles). The initial solvate when heated 17 h at 
170 °C (50 am) gave 3.9 g (31%) of (—)-(S ,S )-15 as a foam: *H NMR 
identical with (+)-15; M+ 712 (base peak); [«l25™  -220°, [a]25646 
-262°, [a]2S436 -599°, [a]28365 -1620° (c 1.1, CH2C12).

From the mother liquors from the crystallization of (—)-(S ,S )-15 
was obtained by sublimation and resublimation 0.24 g (2%) of (+)- 
(S)-4, mp 231-232 °C, whose *H NMR spectrum was identical with 
(±)-4: M + 356 (base peak); [a]28B78 + 72.0°, [a]26646 + 78.0°, [a]25436 
+40.0°, [a]2S3S5 -672° (e 0.88, CH2C12). Anal. Calcd for C24H20O3: C, 
80.88; H, 5.66. Found: C, 80.81; H, 5.55.

Similarly, (+)-(ft,ft)-15 was prepared in 22% yield: [«]25578 + 221°, 
[a P 546 + 262°, [a]25436 + 600°, [«]26366 +1630° (c 0.87, CH2C12).

( + )-2,2'-Bis(5-tosyloxy-3-oxa-l-pentyloxy)-l,l'-binaphthyl 
((R),(S)-18), (—)-(S)-18 , and (+ ) - (R )-18 . The required interme
diate 2-(2'-chloroethoxy)ethyl 2"-tetrahydropyranyl ether was re
ported previously.48

A solution of 120 g (575 mmol) of 2-(2'-chloroethoxy)ethyl 2"-te- 
trahydropyranyl ether in 700 mL of butanol was added (15 min) to 
a stirred, boiling mixture of 60 g (0.217 mol) of (± )-l and 20 g (0.500 
mol) of NaOH in 700 mL of butanol. The resulting mixture was stirred 
and refluxed for 10 h (pH 7-8), and then 6.0 g (0.15 mol) more of 
NaOH and 60 g (0.278 mol) of the chloro ether in 100 mL of butanol 
was added. The mixture was stirred at reflux for an additional 10 h. 
The procedure was repeated with 6.0 g (0.15 mol) of NaOH and 20 g 
(0.096 mol) of the chloro ether in 50 mL of butanol and a 15-h reflux 
period. The reaction mixture was cooled and filtered, and the filtrate 
was concentrated under vacuum, ultimately at 150 °C (50 fim) to re
move the excess chloro ether. The residue (140 g) was heated at 100 
°C and 5 g (0.044 mol) of pyridine hydrochloride was added. The re
sulting mixture was heated at 190 °C (50 am) with stirring for 2 h to 
give, upon cooling, 98.3 g of a light brown glass (diol precursor to 
(±)-18). A solution of 104 g (0.545 mol) of tosyl chloride in 300 mL of 
dry pyridine at 0 °C was added to 98.3 g (0.210 mol) of this diol dis
solved in 400 mL of dry pyridine at 0 °C. The reaction mixture was 
allowed to stand at 0 °C for 24 h, poured onto 2 kg of ice water, and 
stirred for 2 h. The mixture was extracted with 2-L portions of CH2C12. 
The extracts were combined, washed with two 1-L portions of cold 
6 N hydrochloric acid and 100 mL of brine, and dried. The solvent was 
evaporated to give 138 g of a brown glass which was chromatographed 
on 2 kg of silica gel with chloroform as eluent. Elution with 4 L of 
solvent brought 6 g of material off the column which was discarded. 
Elution with an additional 16 L of solvent gave upon evaporation 
ditosylate (ft), (S’) - 18, which was pure by TLC. The material was film 
dried at 105 °C (50 am) for 24 h to give 101 g (63%): 4H NMR 5 2.35 
(s, CH3, 6 H), 2.95 (m, CH2, 4 H), 3.30 (m, CH2, 4 H), 3.61 (m, CH2, 
4 H), 3.95 (m, CH2, 4 H), 7.2 (m, ArH, 12 H), 7.7 (m, ArH, 8 H). The 
material crystallized from CH3CN-CH3OH gave mp 69-71 °C. Anal. 
Calcd for C42H42OioS2: C, 65.44; H, 5.49. Found: C, 65.64; H, 5.36.

A different procedure was applied to (—)-(S)-18. To a solution of
50.0 g of (—)-(S)-l in 1 L of dry DMF was added 19.5 g of NaH (50% 
oil dispersion). The mixture was heated to 70 °C with stirring under 
N2. After 1 h, 2-(2'-chloroethoxy)ethyl 2"-tetrahydropyranyl ether 
(83.2 g) was added. The reaction mixture was stirred at 70 °C for 48 
h under N2, cooled, and shaken with 2 L of water. The mixture was 
extracted with CH2C12, and the combined organic layers were washed 
with water, dried, and evaporated. The residue in 1:1 pentane-CH2Cl2 
was filtered through 250 g of basic alumina, which was washed with 
additional solvent. The eluent was concentrated, and the oil was 
dissolved in 300 ml of CH2C12 to which was added 150 mL of methanol 
and 10 mL of concentrated hydrochloric acid. The solution was stirred 
for 1 h at 25 °C and neutralized with aqueous NaHC03, and the or
ganic layer was separated and combined with CH2C12 washes of the 
aqueous layer. The organic layer was dried and evaporated, and the 
oil was washed with pentane to remove the mineral oil. The oil was 
dried at 90 °C (0.1 mm) to give 57.4 g (70%) of diol as a gum. This 
material, 31.7 g, in 300 mL of dry pyridine was cooled to —20 °C, and
30.0 g of tosyl chloride was added in small portions during 15 min, 
during which time and for an additional 1.5 h the mixture was cooled 
and stirred. After standing at -2 0  °C for 24 h, the mixture was stirred 
into 1000 g of ice. The water was decanted, and the residual oil was 
shaken with CH2C12 and 10% aqueous hydrochloric acid. The organic 
layer was washed with the same acid, then with 10% aqueous NaHC03 
and water. The solution was dried, evaporated at 25 °C under vacuum, 
and dried at 0.01 mm (25 °C) to give 41.5 g (80%) of (—)-(S)-18 as a 
gum. This material possessed a *H NMR spectrum identical with 
racemic 18: [a]25r>78 —30.7° (c 1.0, THF). Anal. Calcd for C42H42OioS2: 
C, 65.44; H, 5.49. Found: C, 65.40; H, 5.30.

Similarly, (+ )-(ft)-18 was prepared (6 8 % );  [cv]25578 +31.0° ( c  1.0, 
THF).

(-)-(S,S)-Bis(binaphtho)-22-crow n-6 (( -) -(S ,S ) -15 )  from 
(-)-(S)-2,2'-Bis-(5-tosyIoxy-3-oxa-l-pentyloxy)-l,l'-binaphthyl 
((—)-<S)-18), and (+ )-(R ,R )-15 from (+ )-(« )-18 . Procedure III.
To a solution of 15.4 g (0.54 mol) of (—)-(S)-l in 1 L of THF was added 
under N2 7.15 g (0.108 mol) of KOH (85%) in 50 mL of water. The 
solution was refluxed under N2 for 1 h and 41.5 g (0.54 mol) of (—)- 
(S)-18 was added. The solution was refluxed for 50 h, evaporated at 
25 mm to 150 mL, and shaken with 150 mL of CH2C12 and 150 mL of 
water. The phases were separated, the aqueous phase was extracted 
with two 150-mL portions of CH2C12, and the combined organic 
phases were washed successively with 10% aqueous KOH and water. 
The solution was dried and evaporated under vacuum to give 40.0 g 
of oil, which was chromatographed on 850 g of silica gel with CH2C12 
as eluting agent to give ( - )-(S,S)-15, which was crystallized from 
benzene-cyclohexane to give 16.2 g of the solvate: mp 123-124 °C. 
When heated to 170 °C (0.06 mm) for 10 h, this material gave 14.0 g 
(37%) of ( - ) - (S ,S )-15 as a glass: [a]25578 -  220° (c 1.0, CH2C12).
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Similarly prepared (+)-(/?,/?)-15 (from (+)-(/?)-18, 42%) gave 
[«]25578 + 221° (c 1.0, CH2CI2).

(ii),(S)-2-Benzhydryloxy-2'-hydroxy-l,l'-binaphthyl 
((R ),(S )-16) and (+)-(S)-16. A mixture of 28.6 g (0.10 mol) of 1,300 
mL of THF, and 12.0 g (0.11 mol) of t -BuOK was stirred under N2 (5 
min), and benzyhydryl bromide (27.1 g or 0.11 mol) in 200 mL of THF 
was added. The mixture was heated at reflux for 24 h, cooled, and 
evaporated under vacuum. The residue was partitioned between 
CH2CI2 and 10% NaOH solution. The aqueous layer on acidification 
gave 4 g of recovered 1. The organic layer was washed with brine, 
dried, and evaporated (vacuum) to give an oil that crystallised as a 
solvate of diethyl ether from that solvent: weight 31.6 g (60%); mp
103-105 °C (bubbles). Anal. Calcd for C33H2402-C4HioO: C, 84.38; 
H, 6.51. Found: C, 84.27; H, 6.35. This material crystallized from 
pentane gave: melting behavior, translucent at 62 °C, cloudy at 84 °C, 
liquid at 138-140 °C; M + 452. Anal. Calcd for C33H2402: C, 87.58; H,
5.35. Found C, 87.73; H, 5.37,

From (—)-(S)-l (28.6 g) by the same procedure was obtained 33 g 
(73%) of (+)-(S)-16, except the material was purified by chromatog
raphy on 700 g of alumina (CH2Cl2-pentane eluting agent). The 
material was a foam: [o]26589 +18.7°, [a]26578 +19.6°, [a]25546 + 21.3° 
(c 0.55, THF). Anal. Calcd. for C33H24O2: C, 87.58; H, 5.35. Found: 
C, 87.49; H. 5.57.

(-)-<S„S)-l,17-Bisbenzyhydryl-2,3:4,5:13,14:15,16-tetra- 
(l,2-naphtho)-l,6,9,12,17-pentaoxaheptadecyl-2,4,13,15-te- 
traene ((-)-(S,S)-17). From 9.05 g of (+) -(S)-16,6.14 g of diethylene 
glycol ditosylate, and 2.45 g of KOH by procedure III (THF-H2O, 
reflux, 48 h) was obtained an oil that was chromatographed on 500 
g of alumina developed with CH2CI2 in pentane. The product came 
off with 40% CH2Cl2-60% pentane (by volume) to give 7.15 g (73%) 
of (-)-(S,S)-17 as a white foam: [a]25578 -  3.04°, [a]25646 -  5.18°, 
[a]26436 -  30.25° (c 1.0, CHCI3); M+ 974. Anal. Calcd for C70H54O5: 
C, 86.21; H, 5.58. Found: C, 86.08; H, 5.69.

(—)-(S,S)-Bis(binaphtho)-22-crown-6 ((-)-(S ,S )-1 5 ) from 
(—)-(S,S)-17, Procedure IV. A solution of 4.35 g of bisbenzhydryl 
ether (—)-(S,S)-17 in 50 mL of CH2CI2, 50 mL of methanol, and 5 mL 
of concentrated hydrochloric acid was stirred for 20 h at 25 °C. The 
mixture was shaken with 200 mL of ice water and 200 mL of CH2CI2, 
and the organic phase was water washed, dried, and evaporated under 
vacuum. The resulting mixture of diphenylmethoxymethane and the 
bisphenol was mixed with 200 mL of THF, 1.85 g of diethylene glycol 
ditosylate, and 0.65 g of KOH in 1 mL of water. The solution was 
heated at reflux under N2 for 24 h, and the impure product isolated 
as usual and chromatographed on 200 g of alumina. Elution of the 
column with 1:9 CH2Cl2~pentane (v/v) gave 1.51 g (85%) of diphen
ylmethoxymethane. Elution with 1:1 CH2Cl2-pentane (v/v) gave 
(—)-(S ,S)-15, which was purified through crystallization of its ben
zene-cyclohexane solvate and dried: weight 1.48 g (47%); [a]26578 
—215°, [a]26546 —255° (c 0.31, CH2CI2). Its *H NMR was superim- 
posable on authentic material.

(—)-(j§,S)-2,3:4,5:13,14:l5,16-Tetra(l,2-naphtho)-8,9,10: 
19,20,21-bis(l,3-benzo)-9,20-diaza-l,6,12,17-tetraoxacyclodo- 
cosa-2,4,8,13,15,19-hexaene ((-)-(S ,S )-1 4 ). To a solution of 14.3 
g (0.050 mol) of (—)-(S)-l in 500 mL of THF was added under N2 12.3 
g (0.11 mol) of i-BuOK along with 350 mL of additional THF. The 
initial solution became a slurry during 15 min of stirring at 25 °C. In 
one portion, 8.8 g (0.050 mol) of 2,6-bis(chloromethyI)pyridine was 
added with 1 L of THF. The reaction mixture was stirred and heated 
at reflux under N2 for 96 h and cooled, and the THF was evaporated 
under vacuum. The residue was shaken with CH2CI2 and water, and 
the organic layer was washed with water, dried, and evaporated. The 
residue was dissolved in hot THF and cooled, and the THF disolvate 
that crystallized was collected to give, after drying in vacuo at 25 °C 
for 48 h, 7.2 g (31%) of (-)-(S ,S )- 14-2(CH2)40: mp 295-298 °C dec; 
!H NMR 5 1.76 (m, 8 H, (CH2)4), 3.66 (m, 8 H, (CH2)4), 4.82 (s, 8 H, 
pyrCH2), 6.32,6.40 (portion of A2B, 4 H, pyr-H-3), 6.8-7.9 (m, 26 H, 
naphthyi-H); M+ 778 (solvate lost); [a]25589 — 250°, [a]26578 -  264°, 
[«]25546 —319°, [o]26436 -  7 72° (c 1.1, CHCI3, rotation adjusted for 
solvate). Material obtained by evaporation of a solution of (—)-
(S,S) - 14 in CH2C12 was free of solvate. Anal. Calcd for C54H33N2O4: 
C, 83.27; H, 4.92. Found: C, 83.20; H, 5.03.

The filtrates from the crystallizations were evaporated and chro
matographed on silica gel (350 g). Elution of the products with CH2CI2 
gave first (—)-(S ,S )-14, then mixtures, and finally the oligomer 
composed of one binaphthyl and one pyrido unit ((—)-(S)-13), whose 
*H NMR py-CH20 protons came at 5 5.07. This material was not 
characterized.

l,2-Bis(5-tosyloxy-3-oxa-l-pentyloxy)benzene (20). A solution 
of 68.0 g (0.326 mol) of 2-(2-chloroethoxy)ethyl 2-tetrahydrofuranyl 
ether in 150 mL of butanol was added dropwise under N2 to a mixture

of 11.0 g (0.100 mol) of catechol and 8.2 g (0.200 mol) of NaOH in 300 
mL of boiling butanol. The mixture was stirred under N2 for 15 h, and 
an additional 2.9 g (0.07 mol) of NaOH was added. The mixture was 
refluxed for an additional 16 h. The mixture was cooled and filtered 
from 14.9 g (94%) of NaCl, the filtrate was evaporated to an oil at 20 
mm, and the oil was heated to 120 °C (50 /4m) to give 47 g of residue. 
This material was stirred with 1 g of pyridine hydrochloride for 1 h 
at 155-160 °C (50 jim). The product was distilled, and the 1,1 -bis(5- 
hydroxy-3-oxa-l-pentyloxy)benzene was collected as a colorless oil 
(19.5 g or 68%) at 185-187 °C (50 Mm). Anal. Calcd for Ci4H2206: C, 
58.73; H, 7.75. Found: C, 59.03; H, 7.87.

To 5.7 g (20 mmol) of this diol in 130 mL of dry pyridine at 0 °C was 
added 15.2 g (60 mmol) of tosyl chloride. The mixture was stirred at 
0 °C until homogeneous, and stored at 0 °C for 24 h. The usual ex
traction procedure gave 9.8 g of a brown oil, which was dissolved in 
400 mL of 49:1 (v/v) CHCl3-ether and run through a column of 20 g 
of silica gel. The column eluate was concentrated and the residue dried 
at 50 °C (20 >xm) for 15 h to give 8.2 g (69%) of 20 as a viscous oil: 'H 
NMR b 2.40 (s, CH3, 6 H), 3.75 (m, CH2CH2OCH2, 8 H), 4.10 (m, 
ArOCH2 and CH2OTs, 8 H), 6.89 (m, benzo Ar-H, 4 H), 7.29-7.79 (m, 
ArH, 4 H). Anal. Calcd for C28H34OioS2: C, 56.55; H, 5.75. Found: C, 
56.24; H, 5.90.

2,3-Benzo-ll,12:13,14-di(l,2-naphtho)-l,4,7,10,15,18-hexa- 
oxacycloeicosa-2,ll,13-triene or Benzo-2,2'-binaphtho-20- 
crown-6 (19). A mixture of 20.8 g (35.0 mmol) of ditosylate 20 in 40 
mL of butanol was added to a mixture of 10.0 g (35.0 mmol) of (± ) -1 
and 2.88 g (70 mmol) of NaOH in 70 mL of boiling butanol stirred 
under N2. The mixture was refluxed for 20 h. The crude product was 
isolated in the usual way and chromatographed on 800 g of neutral 
alumina with benzene-ether as eluting agent to give crystalline (±)-19, 
which was recrystallized from cyclohexane-benzene to give 9.3 g (50%) 
of needles: mp 147-148 °C; lH NMR b 3.6 (m, CH2CH2OCH2, 8 H),
4.0 (complex m, ArOCH2, 8 H), 6.84 (narrow m, benzo ArH, 4 H), 7.20 
(complex m, naphthyl ArH, 8 H), 7.80 (m, naphthyl ArH, 4 H); M+ 
536 (base peak). Anal. Calcd for C34H320 b: C, 76.10; H, 6.01. Found: 
C, 75.78; H, 5.99.

Cycle 20 was also prepared by procedure I from ditosylate (±)-18  
and catechol in 41% yield, mp 147-148 °C, undepressed by admixture 
with authentic material.

Mixture of (R , S )- and (R,Ji),(S,S)-l,20-Bis(benzhydryl)- 
2,3:4,5:16,17:18,19-tetra(l,2-naphtho)-l,6,9,12,15,20-hexaoxa- 
eicosa-2,4,16,18-tetraene ((ii,S )-2 1 and ( R , R ) , ( S , S ) - 2 \ )  and 
(—)-(S ,S)-21. From 10.5 g (0.020 mol) o f (R ),(S )-16 as its etherate 
(monobenzhydryl ether of 1), potassium hydroxide, and triethylene 
glycol ditosylate (4.6 g, 0.010 mol) was prepared crude 21 (12.3 g) by 
procedure III which was chromatographed on 400 g of alumina with 
C H ^ppentane (1:5, v/v) as eluting agent to remove impurities, and 
1:1 to bring off 6 g (60%) of the diastereomeric mixture 21: white foam; 
M+ 1018. Anal. Calcd for C72H5806: C, 84.84; H, 5.73. Found: C, 84.88; 
H, 5.84.

Similarly from (+)-(S)-16 (29.3 g or 0.0647 mol), KOH (4.70 g or 
0.0712 mol), and triethylene glycol ditosylate (14.82 g or 0.0324 mol) 
was obtained 24.0 g (73%) of ( -)-(S .S )-21: M + 1018; JH NMR S 2.67 
(s, central CH2OCH2, 4 H), 3.15 (pseudo t, ArOCH2CH2, 4 H), 3.84 
(m, ArOCH2, 4 H), 6.04 (s, Ar2CH, 2 H), 6.S-7.9 (complex m, ArH, 44 
H); [a]25589 -  3.04°, [«Pr.vs -3.40°, [«P546 -  5.25°, [a]254:lfi -28.7° 
(c 1.1, CHCI3). Anal. Calcd for C72H5s06: C, 84.84; H, 5.73. Found: C, 
85.01; H, 5.67.

( R , R ) , ( S , S ) - ,  (R , S )-, and ( -) -< S ,S ) -2 ,3:4,5:10,11:12,13- 
Tetra(l,2-naphtho)-l,6,9,14,17,20-hexaoxacyclodocosa-
2,4,10,12-tetraene ( ( R , R ) , ( S , S ) - 22, ( R , S ) - 22, and (-)-(S ,S )-2 2).
A solution of 4.9 g of the above mixture of racemic and meso-21 in 300 
mL of THF and 100 mL of concentrated hydrochloric acid was allowed 
to stand at 25 °C for 16 h. The solution was evaporated under vacuum 
until it became turbid, at which point it was shaken with 200 mL of 
water and 200 mL of CH2C12. The aqueous phase was extracted with 
additional CH2C12, and the combined organic layers were washed with 
water and evaporated. Toluene (150 mL) and enough concentrated 
ammonium hydroxide to neutralize the residue were added, and the 
solution was evaporated under vacuum. The toluene-ammonium 
hydroxide-evaporative treatment was repeated, and the phenolic oil 
produced was used directly in the next step. This material was dis
solved in 100 mL of THF, and 3 g of potassium hydroxide dissolved 
in 15 mL of water was added. To the resulting mixture was added 3.7 
g of ethylene glycol ditosylate in 75 mL of tetrahydrofuran. The so
lution was refluxed for 36 h, and an additional 1.5 g of potassium 
hydroxide and 1.5 g of ethylene glycol ditosylate were added. The 
resulting mixture was refluxed for an additional 12 h, filtered, and 
shaken with 200 mL of CH2C12 and 200 mL of water. The organic 
phase was washed with 10% sodium hydroxide solution, water, and
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brine. The solution was dried and evaporated, and the resulting oil 
was chromatographed on neutral alumina (500 g) made up in 1:1 
CH2Cl2-pentane. The column was washed with the same solvent 
mixture, and 75-mL fractions were cut. Cycle 22 was eluted in frac
tions 5-14,1.7 g (50%), as a 3:7 mixture of (fi,S) and (R,R),(S,S) iso
mers. A sample of this material was molecularly distilled at 250 °C 
(10 nm) to give material for analysis: M + 712. Anal. Calcd for 
C48H4o0 6: C, 80.87; H, 5.66. Found: C, 80.59; H, 5.94.

A solution of 100 mg of (R,S)- and (R,R),(S,S) -21 mixture was 
submitted to thick-layer chromatography on silica gel (1-mm thick 
plate) with CHCL-cyclohexane as developer (six times). The bands 
were scraped from the plate, and the products were recovered by re
peated washing of the silica gel with 1:3 methanol-chloroform. The 
R,S isomer (Rf 0.13, SiO^CHCD was crystallized from ethanol: mp
118-121 °C (bubbles at 180 °C). The {R,R),(S,S) isomer (Rf 0.28, 
S i02-CHC13) was crystallized and recrystallized from ethanol: mp
132-135 °C after recrystallization (bubbles at 180 °C).

The ]H NMR spectrum of dried (R,R),(S,S) -22 gave 6 2.9-4.0 (m, 
0CH 2CH20 , 16 H), 6.75 and 6.86 (d, Ar3-H, 2 H), 7.03-8.0 (complex 
m, ArH, 22 H). The 'H NMR spectrum of the dried (R,S) -22 gave 5
3.0-4.0 (m, 0CH2CH20 , 16 H), 6.9-7.9 (complex m, ArH, 24 H). The 
spectra of other cycles containing two binaphthyl units of the same 
configuration separated by a single ethylenedioxy unit exhibit signals 
at ca. & 6.76 and 6.86, and are assigned to those protons at the 3 posi
tions of the naphthalene rings that thrust into the face of a naph
thalene ring of the attached binaphthyl unit, and are thus moved 
upfield by the shielding cone o f the aromatic system.

By a similar procedure, (—)-(S,S)-21 was converted (60%) to (—)- 
-(S,S)-22: foam; M+ 712; *H NMR spectrum identical with (S,S),- 
(R,R)-22; [ « P 589 -2  1 2°, [ « P 578 -  223°, [a]26546 -265° (c 4.5, CHCI3). 
Anal. Calcd for C48H40O6: C, 80.88; H, 5.66. Found: C, 80.96; H,
5.95.

(-)-(S ,S)-l,L19.19-Tetraphenyl-3 ,4:5,6:14,15:16,17-tetra- 
(l,2-naphtho)-2,7,13,18-tetraoxanonadeea-3,5,14,16-tetraene 
( (—)-(S ,S )-23). A solution of (+)-(S)-2'-benzhydryloxy-2- 
hydroxy-l.l'-binaphthyl ((+)-(S)-16) (17.7 g or 0.0391 mol), 1,5- 
pentanediol ditosylate (8.06 g or 0.0196 mol), and KOH (2.84 g, 85% 
pellets, 0.043 mol in 10 mL of H2O) in 400 mL of THF was refluxed 
for 24 h. The precipitated KOTs was filtered, the filtrate was evapo
rated in vacuo, and the residual oil was chromatograpned on 500 g of 
alumina. The desired product was eluted with C ^ C ppentan e (3:7, 
v/v): weight 10.35 g (54%); white foam; ’ H NMR d 0.92 (m,- 
OCH2(CH2)3, 6 H), 3.44 (t, ArOCH2, 4 H), 6.00 (s, Ar2CH, 2 H), 7.0,
7.7 (m, m, ArH, 48 H); M+ 972; [a]2SS78 -20.8°, [a]26646 -25.5°, [«]25436 
-69.3° (c 0.8, CHCI3). Anal. Calcd for C7iH5604: C, 87.62; H, 5.80. 
Found: C, 87.32; H, 5.58.

( - )  - (S ,S )  -1,1,19,19-Tetraphenyl-3,4:5,6:14,15:16,17-tetra- 
(l,2-naphtho)-9,l 0,1 l-(l,3-benzo)-2,7,13,18-tetraoxanonadeca- 
3,5,9,14,16-pentaene ( (—) - ( S , S ) -2 4 ) .  To a solution of 19.9 g (0.044 
mol) of (+)-(S)-16 in 400 mL of THF was added 4.93 g (0.044 mol) of
i-BuOK. The solution was stirred under nitrogen for 10 min, and a 
solution of 5.80 g (0.022 mol) of 2,6-bis(bromomethyl)benzene in 100 
mL of THF was added. The mixture was heated at reflux for 36 h, the 
solvent was evaporated in vacuo, and the residue was chromato
graphed on 700 g of alumina. The desired product eluted with 
CH2Cl2-pentane (1:3, v/v) to give 14.9 g (67%) of white foam: M+ 1006;
[o]2S678 -  8.9°, [ « p 646 -11.7°, [ « P 436 -  34.7° (c 0.6, CHC13). Anal. 
Calcd for C74H540 4: C, 88.24; H, 5.40. Found: C, 88.02; H, 5.40.

(-)-(S,S)-2,3:4,5:13,14:15,16-Tetra(l,2-naphtho)-8,9,10-(l,3- 
benzo)-9-aza-l,6,12,17,20-pentaoxacyclodocosa-2,4,8,13,15- 
pentaene ( (—) - ( S , S ) -25). Procedure IV was used except as follows. 
The benzhydryl groups were removed from 7.65 g (0.784 mmol) of 
(-)-(S ,S )-17, and the derived bisphenol was mixed with i-BuOK (1.93 
g, 1.725 mmol) and 2,6-bis(chloromethyl)pyridine (1.40 g, 7.84 mmol) 
in 200 mL of THF. The product was chromatographed on 250 g of 
alumina, and the desired product was eluted with from 2:3 to 1:1 
CH2Cl2-pentane (v/v) to give 2.54 g (43%) of (-)-(S ,S )- 25 as a foam 
dried at 110 °C for 20 h at 50 Mm: ‘ H NMR S 2.9 (m, CH2OCH2, 4 H),
3.62 (pseudo-t, ArOCH2, 4 H), 4.89 (s, pyCH2, 4 H), 6.68, 6.76 (s, s, 
py-H-3, 2 H), 7.0-7.4, 7.7-7.9 (m, m, ArH, 27 H); [a]26678 -  241.9°,
[a]26546 -  288.2°, [a]25436 -664.9° (c 0.7, CHCI3). Anal. Calcd for 
C51H39NO5: C, 82.12; H, 5.27. Found: C, 82.33; H, 5.43.

(-)-<S,S)-2,3:4,5:13,14:15,16-Tetra(l,2-naphtho)-8,9,10- 
(l,3-benzo)-l,6,12,17,20-pentaoxacyclodocosa-2,4,8,13,15-pen- 
taene ((—)-(S,S)-26). Proceudre IV was used except as follows. The 
benzhydryl groups were removed from 9.15 g (9.34 mmol) of (—)-
(S ,S )-17, and the bisphenol was mixed with 2.30 g (0.020 mol) of t- 
BuOK and 2.47g (9.34 mmol) of l,3-bis(bromomethyl)benzene in 200 
mL of THF. After 69 h of reflux under N2, the products were isolated 
and chromatographed on 400 g of alumina, the desired product being

eluted with 2:3 (v/v) CH2Cl2-pentane, which dried to a white foam: 
weight 0.9 g (13%); M+ 744; 4H NMR 5 2.78 (m, CH2OCH2, 4 H), 3.52 
(t, ArOCH2, 4 H), 4.80 (s, ArOCH2, 4 H), 6.7-7.9 (complex m, ArH, 
28 H); [«]26589 -  2 1 4.9°, [a P 678 -  230.5°, [«]25646 -  274.9°, [a]26436 
-629.9° (c 0.5, CHCI3). Anal. Calcd for C52H40O5: C, 83.85; H, 5.41. 
Found: C, 83.92; H, 5.57.

(-)-(S,S)-2,3:4,5:13,14:15,16-Tetra(l,2-naphtho)-8,9,10-(l,3- 
cyclopentano)-l,6,9,12,17,20-hexaoxacyclodocosa-2,4,13,15- 
tetraene ((—)-(S,S)-27). Proceudre IV was used except as follows. 
The benzhydryl groups were removed from 3.31 g (3.4 mmol) of 
(—)-(S,S)-17, and the derived bisphenol in 100 mL of THF was mixed 
with 0.60 g (9.00 mmol) of KOH in 5 mL of water and 3.96 g (9.00 
mmol) of cis-2,5-bis(tosyloxymethyl)tetrahydrofuran4b in 20 mL of 
THF. After the mixture had refluxed under N2 for 100 h, another 2.0 
g (4.5 mmol) of the ditosylate and 0.30 g (4.5 mmol) of KOH was 
added, and the refluxing was continued for 100 h. The isolated mixed 
products were chromatographed on 200 g of alumina, and the desired 
product was eluted with CH2Cl2-pentane (1:1, v/v) to give after drying 
0.65 g (26%) of (—)-(S,S)-27 as a white glass: !H NMR <5 1.1-1.4 (m, 
C(CH2)2C, 4 H), 2.9-4.2 (m, 14 H, all other aliphatic H), 6.8-7.4 (m, 
ArH-3,6,7,8,16 H), 7.6-8.1 (m, ArH-4,5, 8 H); M+ 738; [a P 689 -  2 18°, 
[a]25578 -  229°, H 2B546 270°, [a]25436 -  599° (c 0.56, CHC13). Anal. 
Calcd for C6oH420 6: C, 81.28; H, 5.73. Found: C, 81.09; H, 5.67.

(—)-(S,S)-2,3:4,5:13,14:15,16-Tetra(l,2-naphtho)-l, 6,9,12,17- 
pentaoxacyclodocosa-2,3,13,15-tetraene ( ( —) - ( S , S ) - 28). Proce
dure IV was used except as follows. The benzhydryl groups were re
moved from 4.51 g (4.64 mmol) of (—)-(S,S)- 23, and the bisphenol was 
mixed in 200 mL of THF with 1.14 g (10 mmol) of i-BuOK and di
ethylene glycol ditosylate (2.02 g, 4.9 mmol). The solution was refluxed 
for 48 h, and the product mixture was chromatographed on 200 g of 
alumina. The desired product was eluted with 3:7 (v/v) CH2C12-  
pentane to give after drying 1.36 g (41%) of (—)-(S,S)-28 as a white 
foam: *H NMR & 1.18 (m, C(CH2)3C, 6 H), 3.06 (m, CH2OCH2, 4 H),
3.70 (m, ArOCH2, 8 H), 7.14, 7.80 (m, m, ArH, 24 H); M+ 710 (base 
peak); [a]25589 -193°, [a]26678 -203°, [a]2S646 -  241°, [a]2B436 -  553° 
(c 0.15, CHCI3). Anal. Calcd for C49H420 s: C, 82.79; H, 5.96. Found: 
C, 82.80; H, 5.88.

(-)-<S,S)-2,3:4,5:13,14:15,16-Tetra(l,2-naphtho)-8,9,10- 
(l,3-benzo)-9-aza-l,6,12,17-tetraoxacyclodocosa-2,4,8,13,15- 
pentaene ( (—)-(S ,S )-29). Procedure IV was used except as follows. 
The benzhydryl groups were removed from 4.51 g (4.64 mmol) of 
(—)-(S,S)-23 to give the bisphenol, which in 200 mL of THF was 
mixed with 1.14 g (10.21 mmol) of t-BuOK and 0.86 g (4.87 mmol) of
2.6- bis(chloromethyl)pyridine4c and refluxed for 48 h. The crude 
reaction product was chromatographed on 300 g of alumina, and the 
desired product was eluted with 2:3 (v/v) CH2Cl2-pentane to give after 
drying a white foam: weight 1.5 g (29%); *H NMR <5 0.80 (br s, 
C(CH2)3C, 6 H), 3.52 (br s, ArOCH2, 4 H), 4.88 (s, py-CH2, 4 H), 6.62,
6.73 (s, s, py-H-3,5,2 H), 7.0-7.9 (complex m, ArH and py-H-4,25 H); 
M+ 743; M 2S589 -240°, [ a j ^ s  -250°, [a]25546 -  301°, [a]25436 -  702° 
(c 0.50, CHCI3). Anal. Calcd for Cs2H4iN 04: C, 83.96; H, 5.56. Found: 
C, 83.98; H, 5.69.

( -) -(S ,S ) -2 ,3:4,5:I3,I4:15,16-Tetra(l,2-naphtho)-8,9,10:
19.20.21- di(l,3-benzo)-9-aza-l,6,12,17-tetraoxacyclodocosa-
2,4,8,13,15,20-hexaene ( (—)-(S,S)-30). Procedure IV was used ex
cept as follows. The benzhydryl groups were removed from 15.8 g 
(0.016 mol) of (—)-(S,S)-24 to give the bisphenol, which in 300 mL 
of THF was mixed with 3.86 g (0.0345 mol) of t-BuOK and 2.76 g 
(0.016 mol) of 2,6-bis(chloromethyl)pyridine4c in 100 mL of THF. The 
mixture was refluxed for 42 h, an additional 1.0 g of 2,6-bis(chloro)- 
pyridine and 1.5 g of t-BuOK were added, and refluxing was continued 
for an additional 24 h. The product mixture was chromatographed 
on 500 g of alumina, and the desired product was eluted with from 1:1 
CH2Cl2-pentane (v/v) to pure CH2C12 to give after drying (—)-
(S,S)-30 as a white foam: weight 5.3 g (43%); ’ H NMR 6 4.57 (s, 
ArOCH2, 4 H), 4.82 (AB, J  = 4 Hz, ArOCHo, 4 H), 6.40-7.90 (complex 
m, ArH, 31 H); M+ 777; [«Psss -269°, [a]25578 -283°, (a]25546 -339°, 
[a]25436 -798° (c 0.54, CHC13). Anal. Calcd for Cs6H390 4N: C, 84.92; 
H, 5.05. Found: C, 84.83; H, 5.18.

Syntheses of (ff),(S)- or (+)-(S)-2,3:4,5-Di(l,2-naphtho)-
1.6- dioxacycloocta-2,4-diene ( ( R ) , ( S )-3 and (+)-(S)-3), (R , S )-  
2,3:4,5:10,11:12,13-Tetra(l,2-naphtho)-l,6,9,14-tetraoxacy- 
clohexadeca-2,4,10,12-tetraene ( ( R , S ) - 32), (R , R , R ) , ( S , S ,S )-, 
(R , S , S ) , ( S , R , R )-, and ( ~ ) - ( S , S , S ) - 2 , 3:4,5:10,11:12,13:18,19:
20.21- hexaene ( ( R , R , R ) , ( S , S , S ) - 31, ( R , S ,S ) , ( S , R , R ) - 31, and 
(—)-(S,S,S)-31), and of Anomalous Ketone 8 and (+)-8 from D i
ethylene Glycol Ditosylate and (R ),(S )- or ( -) -(S )-2 ,2 '-D ih y - 
droxy-l,l'-binaphthyl ((± ) -l  and ( -) -( S ) -l) .  A mixture of (± )-l 
(10.0 g, 34.9 mmol), t-BuOK (7.83 g, 69.8 mmol), and ethylene glycol 
ditosylate (12.93 g, 34.9 mmol) in 600 ml of THF was prepared. The
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mixture was stirred under N2 for 20 h at 25 °C, refluxed for 44 h, and 
cooled, and the product mixture was isolated as 11.2 g of tan solid. 
This material in CH2C12 was filtered through 100 g of neutral alumina 
to give 10.1 g of light yellow solid. This material was rechromato
graphed on 150 g of silica gel. Pentane-ether (94:6, v/v) eluted cycle 
3, then a mixture of 3 and ketone 8, and finally 8 itself. Pentane- 
benzene (1:1, v/v) and then benzene eluted, in this order, 8, cycle 
(R,S)-32, (R,S,S),(S,R,R)- 31, and (R,R,R),(S,S,S)-31. The combined 
latter fractions were rechromatographed on 300 g of silica gel with 
benzene as eluting agent. Preparative thick-layer chromatography 
on silica gel plates with CH2Cl2-pentane (4:6 v/v) as developer applied 
to the appropriate fractions provided samples of the last three com
pounds. Cycle (±)-3, after recrystallization from pentane-ether, 
weighed 2.46 g (23%): mp 222-223 °C; UV spectrum in CHC1;! gave 
Xmax at 325 (log t 3.76) and 298 (log i 4.07) with shoulders at 317 and 
291 nm; M+ 312; Rast molecular weight in camphor, 391; *H NMR 
Ò 4.00-4.36 (m, ArOCH2, 4 H), 7.40 (m, ArH, 8 H), 7.76-7.92 (m, ArH, 
4 H). Anal. Calcd for C22H160 2: C, 84.59; H, 5.16. Found: C, 84.52; H,
5.33. Recrystallization of ketone 8 from pentane-ether gave 4.80 g 
(44%) of light yellow crystals: mp 196.5-198 °C, sublimation of which 
at 200 °C (10 Mm) gave mp 198-200 °C; M+ 312; Rast molecular weight 
in camphor, 338; UV spectrum (CHCL) gave Xmax at 289 (log « 4.10) 
and 278 (log « 4.00) and shoulders at 331 and 268 nm; IR spectrum 
(KBr), strong band at 1660 cm-1 (C—O); 1H NMR 6 2.22 (symmetric 
m, CCH2, 2 H), 4.18 (symmetric m, OCH>, 2 H), 6.22-6.50 (m, 
CH=CH, 2 H) 6.68-7.70 (m, ArH, 10 H). Anal. Calcd for C22Hlfi0 2: 
C, 84.59; H, 5.16. Found: C, 84.61; H, 5.30. The smaller cycle (R,S)-32 
was separated from the larger (R,S,S),(S,R,R)-31 by fractional sub
limation at 250 °C (10 Mm) to give 0.085 g (1%) of (R,S) -32 as white 
crystals: mp 355 °C dec; M + 624; UV spectrum Àmax 336 (log e 4.06), 
323 (log < 4.02), 292 (log e 4.26), 282 (log 6 4.06), with a shoulder at 273 
nm. Anal. Calcd for C44H:!20 4: C, 84.59; H, 5.16. Found: C, 84.54; H,
5.03. Preparative thick-layer chromatography of the mixture of 
(R,S) -32 and (R,S,S),(S,R,R) -31 gave the latter, which was recrys
tallized from ether to give 52 mg (0.5%) of fine crystals: mp 188-190 
°C; UV spectrum (CHCI3) Xmax 355 (log c 4.15), 324 (log < 4.14), 292 
(log ( 4.38) and 282 (log < 4.44) with a shoulder at 273 nm; M + 937; 'H 
NMR spectrum 6 3.62-4.02 (m, ArOCH2, 12 H), 6.52-7.96 (br m, ArH, 
36 H). Anal. Calcd for C66H4gOfi: C, 84.59; H, 5.16. Found: C, 84.49; 
H, 5.08. Preparative thick-layer chromatography of the mixture of 
(R,S,S),(S,R,R) -31 and (S,S,S),(R,R,R) -31 led to pure (S,S c h 
ifi,/?,/()- 31, which was recrystallized from a large volume of ether to 
give 30 mg of white crystals: mp 338-342 °C dec; UV spectrum Xmax 
335 (log e 4.12), 325 (log e 4.17), 293 (log « 4.41), and 282 (log 14.46) with 
a shoulder at 273 nm; M+ 937. This material was too insoluble for a 
*H NMR spectrum. Anal. Calcd for Cb6H480(;: C, 84.59; H, 5.16. 
Found: C, 84.47; H, 5.45.

When 8.6 g of (R ),(S )-1,6.75 g of i-BuOK, and 11.1 g of ethylene 
glycol ditosylate in 100 mL of DMF were stirred under nitrogen at 70 
°C for 70 h, product was obtained which was chromatographed on 
alumina to give, after crystallization from ether-CH2Cl2, 6.1 g (65%) 
of (R),(S)-3: mp 221-223 °C, undepressed by admixture with au
thentic material.

Treatment of 0.50 g of (—)-(S)-l by the first procedure (THF-t- 
BuOK) gave (+)-(S)-3: weight 0.113 g (21%); mp 216.5-217 °C; UV 
and *H NMR spectra and TLC behavior identical with (±)-3; [«]2rY,78 
+546°, [a]25546 +628°, [«P6436 +1116°, [a]25365 +1427° (c 0.93, 
CH2C12). Anal. Calcd for C22Hi60 2: C, 84.59; H, 5.16. Found: C, 84.49; 
H, 5.10. Also produced was 0.221 g (40*%) of ketone (+ )-8: mp 187-188 
°C; UV and 'H NMR spectra and TLC behavior identical with (± )-8; 
1«]25578 + 247°, [a]25546 + 3 14°, [«]25436 +1324° (c 0.97, CH2C12). Also 
obtained was 9 mg (1.7%) of (—)-(S,S,S)-31: glass; phase transition, 
185-200 °C; M + 937; UV spectrum and TLC behavior identical with 
(R,R,R),(S,S,S)-31; analysis and 'H NMR spectrum are recorded for 
the sample whose preparation is described in the next section.

Ketone (±)-8, 200 mg, was reduced in 15 mL of methanol containing 
1 drop of 6 N NaOH solution with 200 mg of NaBH4. The mixture was 
stirred at 25 °C for 0.5 h, then refluxed for an additional 0.5 h. The 
solvent was evaporated, and the residue was distributed between 
water and CH2C12. The organic phase was washed with water and 
dried, the solvent was evaporated, and the residual oil was submitted 
to thick layer chromatographic separation on a silica gel plate with 
CH2Cl2-pentane (4:6, v/v) as developer. The faster moving spot, 
probably 9, gave 174 mg (87%) of crystalline material: mp 136-138 °C; 
IR spectrum, no C = 0  absorption, but O-H bonds at 3590 and 3400 
cm-1. Anal. Calcd for C22Hi802: C, 84.05; H, 5.77. Found: C, 83.82; 
H, 6.05. The slower moving isomer, probably 10, was obtained as 9 mg 
of crystalline material, mp 156-157 °C, and was not further charac
terized.

(J?),(S)-and (—)-(S)-l,7-Dihydroxy-4,5:6,7-di(l,2-naphtho)-

3-oxahepta-4,6-diene ((if),(S)-33 and ( -) - ( S ) -33) and (R ) , (S )~  
and (-)-(S)-l,10-Dihydroxy-4,5:6,7-di(l,2-naphtho)-3,8-di- 
oxadeca-4,6-diene ( { R ) , ( S )~34 and (—)-(S)-34). To a stirred so
lution of (R),(S)-1 (50.0 g, 0.175 mol) in 1.8 L of THF was added 23.5 
g (0.21 mol) of t-BuOK, and the mixture was heated to reflux under 
N2. A solution of ethyl chloroacetate (25.8 g, 0.21 mol) in 30 mL of 
THF was added (30 min), and the reflux was continued for 14 h. The 
solvent was evaporated and the residue was distributed between 600 
mL of ether and 400 mL of water. The ether layer was washed with 
water, dried, evaporated to 300 mL volume, and added dropwise to 
a slurry of 7.0 g (0.184 mol) of LiAlH4 in 1.5 L of anhydrous ether. The 
mixture was stirred at 25 °C for 12 h, and 3 mL of ethyl acetate was 
added, followed by 400 mL of 6 N HC1 solution. The mixture was 
stirred for 4 h, the 33 that separated was filtered, and the ether layer 
of the filtrate was extracted with three 80-mL portions of 2 N KOH 
in water-methanol (2:1, v/v). The ether layer was washed with water, 
dried, and evaporated, and the residue was crystallized from ben
zene-hexane to give 9.8 g (15%) of (R),(S)-34: mp 112-113 °C. Anal. 
Calcd for C24H220 4: C, 76.99; H, 5.92. Found: C, 76.81; H, 5.76. The 
basic combined aqueous extracts were acidified with concentrated 
aqueous HC1, and the precipitate was filtered. This material was 
dissolved in a minimum amount of hot THF, and the solution was 
added to a threefold volume of ether. The precipitate (33) was col
lected, the filtrates were evaporated, and the process was repeated 
to give more 33. From the final filtrates was recovered 10.0 g (20%) 
of 1. The combined samples of 33 were recrystallized from ethanol- 
THF to give 23.2 g (40%) of fine crystals of (R ),(S )-33: mp 209-211 
°C; ‘ H NMR (CD3SOCD3) b 3.32 (m, OCH2, 2 H), 3.92 (m, OCH2, 2 
H), 3.9 (s, OH, 2 H), 6.7-7.9 (m, ArH, 12 H). Anal. Calcd for C22H180 3: 
C, 79.98; H, 5.49. Found: C, 79.77; H, 5.49.

A similar procedure applied to (—)-(S)-l gave (+)-(S)-33 (43%) as 
an oil, [«]2,r,546 +12.9° (c 1.2, THF), whose spectral and TLC properties 
were the same as (R),(S)-33. Also obtained was (+)-(S)-34 [19%, mp
133-134 °C, [«]25s46 + 23.2° (c 1.05, THF)], whose spectral and TLC 
properties were the same as (R ),(S)-34. The two compounds were 
easily separated by silica gel chromatography. The crude recovered 
(—)-(S)-l exhibited 98% of its original optical rotation.

( -) -( S ,S ) -,  ( R , R ) , ( S , S ) - ,  and (fl,S)-LI8-Dihydroxy-4,5:6,7: 
12,13:14,15-tetra(l,2-naphtho)-3,8,ll,16-tetraoxadeca-
4,6,12,14-tetraene ((-)-(S ,S )-35 , { R , R ) , ( S , S ) - 35, and { R , S ) - 35). 
A mixture of 6.5 g (0.058 mol) of t-BuOK was added to a stirred so
lution under N2of 18.9 g (0.057 mol) of (E),(S)-33 in 600 m Lof THF, 
followed by 10.7 g (0.029 mol) of ethylene glycol ditosylate in 100 mL 
of THF. The mixture was refluxed for 28 h, the solvent was evaporated 
(vacuum), and the oily residue was dissolved in a 4:1 (v/v) mixture of 
ether-CH2Cl2. This solution was washed three times with a 2 N KOH 
solution in 2:1 (v/v) water-methanol, then water, and was then dried. 
Evaporation of the solvent in small portions yielded, after drying 
under vacuum, 18.3 g (93%) of crude 35 (diastereomeric mixture) as 
a solid foam.

A solution of 8.5 g (0.012 mol) of this mixture in 30 mL of benzene 
was added to a solution of freshly prepared 3,5-dinitrobenzoyl chloride 
(8.5 g, 0.037 mol) in 100 mL of benzene. The mixture was refluxed for 
12 h, the solvent was evaporated (vacuum), and the residual oil was 
chromatographed on 800 g of silica gel in CH2C12 to give First (R,S)- 37 
and then (R,R),(S,S)-37. Each isomer was recrystallized from ace
tone-ether to produce 2.8 g (21%) of (R,S)-37, mp 124-126 °C, and
4.0 g (30%) of (R,R), (S,S)- 37, mp 174-176 °C. The R,S isomer gave 
a ‘ H NMR spectrum b 4.05 (m, CH2CH2, 12 H), 6.80-8.0 (m, ArH, 24 
H), 8.6 (d, ArH, 4 H), 9.10 (t, ArH, 2 H). Anal. Calcd for C«)H420i6N4: 
C, 67.03; H, 3.94. Found: C, 66.78; H, 4.01. The (R,R),(S,S) isomer gave 
an 'H NMR spectrum b 3,95 (s, OCH2, 4 H), 4.28 (m, OCH2, 8 H), 
6.82-8.0 (m, ArH, 24 H), 9.10 (t, ArH, 2 H). Anal. Calcd for 
C60H42Oi6N4: C, 67.03; H, 3.94. Found: C, 67.01; H, 3.80.

To a solution of (R,R),(S,S)- 37 (2.4 g, 2.23 mmol) in 60 m Lof THF 
and 30 mL of water was added 0.350 g (6.2 mmol) of KOH. The mix
ture was stirred at 25 °C for 12 h, the solvent was evaporated, and the 
residue was dissolved in CH2C12. This solution was washed with water, 
dried, and evaporated under vacuum to give 1.4 g (91%) of {R,R),-
(S,S)-35 as a foam: transition point 95-105 °C; *H NMR b 2.08 (s, OH, 
2 H), 3.45 (m, OCH2, 4 H), 3.82 (s, OCH2, 4 H), 3.94 (m, OCH2, 4 H), 
6.78-8.00 (m, ArH, 24 H). Anal. Calcd for C46H3806: C, 80.44; H, 5.58. 
Found: C, 79.78; H, 5.50. By a similar procedure, (R,S)-37 was con
verted to (R,S)- 35 (92%), which was a foam: transition point 95-105 
°C; 'H  NMR b 1.80 (s, OH, 2 H), 3.32 (m, OCH2, 4 H), 3.81 (m, OCH2, 
8 H), 6.80-8.00 (m, ArH, 24 H). Anal. Calcd for (AfiHaaOf,: C, 80.44; 
H, 5.58. Found: C, 80.30; H, 5.60.

By a procedure similar to that applied to the conversion of (/?),- 
(S)-33 to the mixture of (R,R)(S,S)-35 and (R,S)-35, (—)-(S)-33 was 
converted to (—)-(S,S)-35 (85%, [«]2r>r,4s —55.8° (c 1.0, THF)), which
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was purif ied by chromatography on silica gel. The material gave the 
same NMR spectrum and TLC behavior as (R,R),(S,S)-35.

( ~ ) - ( S , S ) - ,  ( R , R ) , ( S , S ) - ,  and (iLS)-l,18-D itosyloxy-4,5:6,7: 
12,13:14,15-tetra(l,2-naphtho)-3,8,l 1,16-tetraoxaoctadeca-
4,6,12,14-tetraene ((-)-(S ,S )-3 6 , { R , R ) , ( S , S ) - 36, and ( R , S ) - 36). 
The procedure is illustrated as follows. The mixture of (R,R ),(S,S)- 35 
and (R,S)-35 (see above), 10.0 g (14.6 mmol) in 80 mL of dry pure 
pyridine, was cooled to —3 °C, and 8.3 g (43 mmol) of tosyl chloride 
was added in one portion. The mixture was stirred for 30 min at 0 °C, 
and held at 0 °C  for 1 days. The mixture was stirred in 500 mL of ice 
water for 45 min, and the precipitate was filtered, washed with water, 
and dried in vacuum over solid KOH. The crude material (12.5 g) was 
dissolved in 450 mL of CH2CI2 and rapidly chromatographed on 70 
g of silica gel to give 7.6 g (52%) of a mixture of (R,R),(S,S) -36 and 
(R,S)-36 as a white powder: mp 175-190 °C; 'H NMR 6 2.30 (s, 
ArCH3, 6 H), 3.9 (m, OCH2, 12 H), 6.8-S.O (m, ArH, 32 H).

Similarly (R,R),(S,S)-35 was converted to (R,R),(S,S)-36 (50%): 
mp 204-205.5 °C; >H NMR b 2.30 (s, ArCH3, 6 H), 3.90 (m, OCH2, 12 
H), 6.8-8.0 (m, ArH, 32 H). Anal. Calcd for C60Hr,0OioS2: C, 72.42; H,
5.06. Found: C, 72.38; H, 4.97. Similarly (R,S)-35 was converted to 
(R,S)-36 (52%): mp 217-219 °C (too insoluble for an NMR spec
trum). Anal. Calcd for CeoHsoO,^: C, 72.42; H, 5.06. Found; C, 72.25;
H, 5.03. Similarly (-)-(S ,S )-35 was converted to (+)-(S,S)-36 (37%, 
mp 172-174 °C), whose >H NMR and TLC properties were identical 
with those of (R,R>,(S,S>-36: H te546 +68-2° (c 1.00, THF).

(R,R,R),(S,S,S)-, (R,S,S),(S,R,R)-, (-)-(S ,S ,S )-, and ( -) -  
(R,S,S)-2,3:4,5:10,11:12,13:18,19:20,21-hexa(l,2-naphtho)-
I, 6,9,14,17,22-hexaoxacyclotetracosa-2,4,10,12,18,20-hexaene 
((R , R , R ) , ( S , S , S )-, (R , S , S ) , ( S , R , R )-, ( - ) - ( S , S , S ) - ,  and ( - ) -  
(R ,S ,S ) - ' i\ ) .  A mixture of (R),(S)-1 (1.5 g, 5.25 mmol) and K 2CO3 
(0.75 g, 5.5 mmol) was heated for 2 h at 80 °C in 50 mL of DMF under 
N2 with stirring. This mixture was added in one portion to a warm 
solution of 5 g (5.0 mmol) of the diastereomeric mixture of ditosylates 
(R,R),(S,S)- and (R,S)-36 in 350 mL of DMF. The resulting mixture 
was stirred under N2 for 30 h at 80 °C, the solvent was evaporated 
under vacuum, and the residue in 400 mL of CH2CI2 was filtered 
through 150 g of silica gel to give 3.4 g (68%) of a mixture of diaste
reomeric cycles as a white solid. Extraction of this material with three 
20-mL portions of CH2C12 left 0.6 g of (R,R,R),(S,S,S)-31 undissolved. 
The extract was concentrated and chromatographed on 300 g of silica 
gel. The first fractions of CH2Cl2 eluate contained 2.0 g of pure 
{R ,S ,S ),(S ,R ,R )-31, and the middle fractions contained 0.2 g of ad
ditional (R ,R ,R ),(,S ,S,S )-31, which was combined with the first 
sample. The 0.8 g of (R ,R ,R ),(S ,S ,S ) -31 was dissolved in 140 mL of 
hot dioxane, the solution was cooled, and 120 mL of ether was added. 
The pure (R ,R ,R ),(S ,S ,S ) -31 crystallized: weight 0.72 g (14%); mp 
335-340 °C (decomposition by isomerization); M + 936; 1H NMR 5 
3.49-3.94 (m, CH2CH2, 12 H), 6.62,6.78 (d, ArH-3, 6 H), 6.85,8.12 (m, 
ArH, 36 H). Anal. Calcd for CasH-mOe: C, 84.59; H, 5.16. Found: C, 
84.47; H, 5.45. The (R ,S ,S ), (S ,R ,R )-31 was recrystallized from ben
zene-cyclohexane to give 1.8 g (36%) of pure isomer: mp 185-187 °C; 
M+ 936; >H NMR /> 3.41-3.94 (m, ArOCH2, 12 H), 6.58,6.75 (d, ArH-3, 
2 H), 6.85-8.13 (m, ArH, 36 H). Anal. Calcd for C ^ g O e :  C, 84.59; 
H, 5.16. Found: C, 84.43; H, 5.25. Values for Rf were 0.65 and 0.75 on 
silica gel in CH2C12 for (R,R,R),(S,S,S)-3l and (R,S,S),(S,R,R)-3l, 
respectively.

In similar experiments, pure ditosylate (R,S)-36 was treated with 
(R),(S)-1 to give only (R,S,S),(S,R,R)-31 (mp 185-187 °C; 60%) 
whereas pure ditosylate (R,R),(S,S)-36 treated with (R),(S)-1 gave 
30% (R,S,S),(S,R,R)-31, mp 185-187 °C, and 16% (R,R,R),(S,S,S)-31, 
mp 345-350 °C dec. Similarly, from ditosylate (+)-(£>,S ) -36 and 
(-)-(S )-l was obtained ( - ) -(S,S,S)- 31. (46%): white solid with a phase 
transition at 185-200 °C (solid -*■ foam) and ~250 °C (foam to liquid); 
M + 936; [ « P 546 -175° (c 1.0, THF). Anal. Calcd for Cee^gOg: C, 
84.59; H, 5.16. Found: C, 84.43; H, 5.31. Similarly, from ditosylate 
(+)-(S,S)-36 and (+ )-(R )-l was obtained (-)-(S,S,R)-31 (58%); M + 
936; mp 247-249 °C; [a]25546 -141° (c 1.0, THF). Anal. Calcd for 
CeeHisOe: C, 84.59; H, 5.16. Found: C, 84.49; H, 5.20.

Comparisons of the !H NMR spectra of (-)-(S,S,S)-31 and (—)- 
(S,R,R)-31 showed differences in the ArH chemical shift region. Both 
compounds gave a high-field doublet (part of an AX system) at about 
b 6.6- 6.8 due to the H-3 protons of the binaphthyl system. Integration 
of the spectrum of (—)-(S,S,S)-31 indicated the presence of six pro
tons, whereas that of (—)-(R,S,S)-31 gave only two such protons. 
Examination of CPK molecular models of the diastereomers indicates 
that when two binaphthyl units are connected by an ethylene glycol 
bridge, each S,S configurational relationship between binaphthyls 
places two naphthalene H-3 protons in the shielding cone of a trans- 
annular naphthyl group, whereas each R,S configurational relation
ship places two naphthalene H-3 protons in the deshielding cone of

a transannular naphthyl group. Thus (—)-(S,S,S)-31 has three
5.5- hinaphthyl relationships and should have six upfield shifted C-3 
protons, and (-)-(R,S,S)-31 has one S,S relationship and should have 
two upfield shifted C-3 protons, as was observed.

Thermal Equilibration of (R ,S ,S ) , (S ,R ,R ) -3 1  and (R ,R ,R ) , -
(5.5.5) -31. Vials of about 10 mg of each of the above diastereoisomers 
were sealed under vacuum and placed in a Woods metal bath at a 
temperature of 340 °C for 7 min. The vials were opened, and the 
material was dissolved in CH2CI2 and the isomers separated by TLC 
on silica gel. The separate spots were eluted, and the relative amounts 
of each isomer were estimated to be about equal (±5%) from the in
tensities of their UV spectra compared to standards.

Registry No.—(±>-1,41024-90-2; (+)-(R)-l, 18531-94-7; (- ) - (S )-1, 
18531-99-2; (—)-(S )-l Lmenthoxyacetyl chloride monoester, 
63731-41-9; 2,41051-91-6; (± )-3 ,55442-18-7; (+ )-(S )-3 ,55515-85-0; 
(±)-4, 41024-96-8; (+)-(S)-4, 41051-92-7; (-)-(S )-5 , 55442-00-7; 
(—)-(S)-6, 55442-01-8; (±)-7, 53783-48-2; (-)-(S )-7 , 41024-92-4; 8, 
55442-19-8; (+ )-8, 55515-86-1; 9, 63731-42-0; ( - ) - (S ,S )-14, 54108-
54-2; (R,S)-15, 41024-94-6; (R,R),(S,S)-15, 41024-97-9; (-)-(S ,S )-15, 
41024-93-5; (+)-(R,R)-15,41024-95-7; (±)-16, 55515-79-2; (+)-(S)-16, 
55442-12-1; ( - ) - (S ,S )-17, 55442-13-2; (-)-(S ,S )-17 free alcohol, 
57244-65-2; (±)-18 free alcohol, 55441-93-5; (±)-18, 55441-94-6; 
(—)-(S)-18,55515-77-0; (+ )-(R )-18,55821-78-8; (± )-19 ,55442-86-9; 
20, 41024-87-7; 20 free alcohol, 41757-99-7; (R,S)-21, 55442-14-3; 
(R,R),(S,S)-21, 55515-80-5; (-)-(S ,S)-21, 55515-83-8; (R,S)-22, 
55442-15-4; (R,R),(S,S)-22, 55515-81-6; (-)-(S ,S )-22, 55515-84-9; 
(-)-(S ,S )-23, 57244-63-0; (-)-(S ,S )-23 free alcohol, 57244-66-3; 
(—)-(S,S)-24, 57244-64-1; (-)-(S ,S )-24  free alcohol, 57244-67-4; 
(—)-(S,S)-25, 59346-20-2; (-)-(S ,S )-26, 59346-25-7; (-)-(S ,S)-27, 
63731-43-1; (-)-(S .S )-28, 57244-68-5; (-)-(S ,S )-29, 59346-21-3; 
(—)-(S,S)-30, 59346-26-8; (fl,S,S),(S,R,R)-31, 55528-99-9;
(5.5.5) ,(R,R,R)-31, 55442-21-2; (-)-(S,S,S)-31, 55515-87-2; ( - ) -  
(S,S,R)-31, 55515-94-1; (±)-32, 55442-20-1; (±)-33, 55442-22-3; 
(+)-(S)-33, 55515-89-4; (± )-34 ,55441-95-7; (+)-(S)-34, 55515-88-3; 
(R,R),(S,S)-35, 55442-24-5; (R,S)-35, 63731-44-2; (-)-(S ,S)-35, 
55515-93-0; (R,S)-36, 55515-92-9; (R,R),(5,5)-36, 55442-25-6; (+)-
(5 .5) -36, 55529-00-5; (R,S)-37, 63731-45-3; (R,R),(S,S)-37, 55442-
23-4; /-menthoxyacetyl chloride, 15356-62-4; pentaethylene glycol 
dichloride, 5197-65-9; pentaethylene glycol ditosylate, 41024-91-3; 
triethylene glycol ditosylate, 19249-03-7; diethylene glycol dichloride,
111-44-4; 2-(2'-chloroethoxy)ethyl 2"-tetrahydropyranyl ether, 
54533-84-5; tosyl chloride, 98-59-9; benzhydryl bromide, 776-74-9; 
diethylene glycol ditosylate, 7460-82-4; 2,6-bis(chloromethyl)pyridine, 
3099-28-3; 2-(2-chloroethoxy)ethyl 2-tetrahydrofuranyl ether, 
63731-46-4; catechol, 120-80-9; ethylene glycol ditosylate, 6315-52-2;
l,3-bis(bromomethyl)benzene, 626-15-3; cis-2,5-bis(tosyloxym- 
ethyl)tetrahydrofuran, 1472-00-0; ethyl chloroacetate, 105-39-5;
3.5- dinitrobenzoyl chloride, 99-33-2; 1,5-pentanediol ditosylate, 
24293-28-5; tetraethylene glycol ditosylate, 37860-51-8.
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The sign of the Cotton effects near 255 and 315 nm in the circular dichroism (CD) spectra of the ;V-salieyiidene 
derivatives of chiral l-alkyl-2-propynylamines and l-alkyl-2-propenylamines correlates with their absolute config
urations. The Cotton effects are generated by the coupled oscillator mechanism and their sign is the same as the 
chirality (right-handed screw for positive chirality) of the triple and the double bond with the phenyl group-meth- 
ine bond of the salicylidenimino chromophore. The chirality is determined by both the absolute configuration and 
the preferred conformation of the respective N-salicylidene derivatives. Thus those derivatives with the R configu
ration display negative Cotton effects near 255 and 315 nm, and those with the S configuration, positive.

In connection with the study of the stereospecific block
ade of the motor effects of the muscarinic agent oxotremorine, 
/V-(4-pyrrolidino-2-butynyl)-2-pyrrolidone, by N -(4 - t e r t -  
amino-l-methyl-2-butynyl)-substituted succinimides (1) and 
2-pyrrolidones (2),3 the respective enantiomers of 1 and 2 were

0

CH3

la, X-= CO; n = 4 
b, X  = CO; n = 6 
2, X  = CH2; n = 4

prepared from the enantiomers of l-methyl-2-propynylamine 
(3a),3 the absolute configurations of the latter being rigorously

R1 H

H2N »~C— C =C H H2N— C— C H =C H 2

R2 R
(Ä)-3a, R 1 = H ;R 2 = CH3 (R)-4a, R = CH3

b, R 1 = H; R2 = CHjCHj b, R = CH3CH3
c, R 1 = H; R2 = CH3CH2CH2 c, R = CH3CH2CH2
d, R 1 = CH3; R2 = CH3CH2

established in two ways.3-4 For the possible synthesis of chiral 
analogues of 1 and 2, the enantiomers of l-ethyl-2-propy- 
nylamine (3b), l-propyl-2-propynylamine (3c) and 1-ethyl-
1- methyl-2-propynylamine (3d) were also prepared and their 
absolute configurations were also established by chemical 
transformations.5-6 Partial reduction of (/?)-3a and of the 
enantiomers of 3b and 3c with hydrogen over Lindlar’s cata
lyst afforded (R)-l-methyI-2-propenylamine [(/?)-4a] and the 
enantiomers of l-ethyl-2-propenylamine (4b) and 1-propyl -
2- propenylamine (4c).7 Reduction of (S)-3c with hydrogen 
over Raney nickel gave (R)-l-ethylbutylamine [(R)-5].7 Thus 
a group of chiral l-alkyl-2-propynylamines (3) and 1-alkyl-

H

CH3CH2» - C — n h 2

c h 2c h 2c h .,
( R >5

2-propenylamines (4) of established configuration became 
available for a rigorous test of the salicylidenimino chirality 
rule8 for the deduction of the absolute configurations of 
amines of this type.

We now report the preparation of the IV-salicylidene de
rivatives (6) of an enantiomer of each of these amines and the 
interpretation of the circular dichroism (CD) spectra of these 
derivatives.

Results and Discussion

Electronic Absorption Spectra. The electronic (isotropic) 
absorption (EA) spectra of the IV-salicylidene derivatives of 
the l-alkyl-2-propynylamines (3), of the l-alkyl-2-propen- 
ylamines (4), and of 1-ethylbutylamine (5) in hexane exhibit 
three absorption bands with maxima at 318-320 (log e 
3.69-3.71), 254-255 (log e 4.11-4.15), and 216 nm (log « 
4.40-4.42), designated as bands I, II, and III, respectively. 
These bands are assigned to transitions of the intramolecu- 
larly hydrogen-bonded salicylidenimino chromophore (6a).8

O— lì 0 --H
6 a  6 b

As is frequently the case,9 band II also shows a shoulder at 
260-261 nm (log c 4.07-4.09) and at a slightly longer wave
length than the absorption maximum. In methanol, a broad 
band with maximum at 400-403 nm (log * 2.03-2.19 for the 
derivatives of 3a-3d, 2.97-2.99 for those of 4a-4c, and 3.23 for 
that of 5) becomes evident, and bands I, II, and III show a 
slight decrease in intensity. A shoulder near 260 nm is no
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Table 1. Circular Dichroism Data for the JV-Salicylidene Derivatives of Some Chiral Amines

Registry __________________________________ CD max, X, nm

no. Amine Solvent Quinoid I II III

54139-78-5 (ft)-3a Hexane 322 (-4400) 268 (+3700) 250 ( - 4  300) 220 (+9 000)
MeOH 400 (—120)* 316 (-4900) 269 (+6100) 251 ( - 5  900) 219 (+7 800)

50285-35-3 (S)-3b Hexane 319 (+5700) 267 (-4100) 251 (+4 700) 220 ( -1 1  000)
MeOH 400 (+130) b 316 (+5600) 268 (-6800) 250 (+6 500) 221 (-1 1  000)

62227-54-7 (S)-3c Hexane 318 (+6200) 268 (-4000) 250 (+5 400) 221 ( -1 3  000)
MeOH 400 (+140) b 317 (+5400) 271 (-7000) 252 (+5 900) 219 (-1 1  000)

62141-59-7 (R)-3d Hexane 320 (-2700) 255 ( - 4  300) 224 (+3 200)
MeOH 400 ( -6 0 ) b 316 (-3000) 254 ( - 4  9000) 221 (+2 500)

63731-07-7 (ft)-4a Hexane « 320 (-8200) 272 (+4200) 255 ( -1 7  000) 213 ( -1 4  000)
MeOH 400 (-79 0 ) 316 (-6000) 271 (+3500) 251 ( -1 5  000) 210 ( - 9  400)

63731-08-8 (ft)-4b Hexane 320 (-7300) 272 (+5900) 254 ( -1 9  000) 214 ( -1 5  000)
MeOH 400 (-80 0 ) 316 (-5300) 272 (+5300) 252 ( -1 6  000) 212 (-1 1  000)

63731-09-9 (S)-4c Hexane 320 (+5100) 272 (-7200) 254 (+16 000) 214 (+15 000)
MeOH 400 (+580) 315 (+3900) 272 (-5800) 251 (+14 000) 213 (+11 000)

63731-10-2 (ft)-5 Hexane 320 (-2400) 255 ( - 2  400) 224 (+3  000)
MeOH 400 (-59 0 ) 316 (-1800) 252 ( - 2  000) 220 (+2 400)

° Molecular ellipticity. 6 Shoulder.

longer evident in any of the spectra, but the derivatives of 3-5 
now show a shoulder at 277-278 nm (log e 3.43-3.61). The 
absorption bands at 400 and 278 nm are assigned to a quinoid 
tautomer (6b), stabilized by and in greater concentration in 
the more polar solvent.10’11

Circular Dichroism Spectra. The N-salicylidene deriv
atives show circular dichroism (CD) spectra with multiple 
Cotton effects (Table 1) which in general correspond to the 
EA maxima and which are generated by the coupled oscillator 
mechanism.12 Thus in the ethynyl (3) and ethenyl (4) deriv
atives, the dominant contribution to the circular dichroism 
arises from the interaction of the salicylidenimino chromo- 
phore with the lowest energy it -»■ ir* transition of the ethynyl 
('Ai^ •*— ]Aig of acetylene at ca. 152 nm13) and the ethenyl 
group •*— *Aig (N-V) of ethylene at ca. 175 nm13], both 
red-shifted by alkyl substitution.

The assignment of the Cotton effects near 400,320,252, and 
220 nm as shown in Table I is straightforward, but that for the 
270-nm Cotton effect is somewhat more difficult. The latter 
cannot be attributed to an electronic transition of the quinoid 
tautomer since it is observed in hexane. Since a carbon-carbon 
triple bond has no electronic transition in this spectral region 
and a carbon-carbon double bond has only a weak singlet —* 
triplet transition above 200 nm,13 the CD maximum near 270 
nm in the N-salicylidene derivatives of 3a-3c and 4a-4c must 
be assigned to some transition of the salicylidenimino chro- 
mophore. One possibility is a weak n -*■ r *  transition of the 
azomethine group, similar to that at 240 nm in nonconjugated 
azomethines14 but shifted to longer wavelength by conjugation 
with the phenyl ring. Another is a weak r  —*• w* transition of 
the intramolecularly hydrogen-bonded salicylidenimino 
chromophore. Dynamic coupling of this transition with the 
ethynyl and ethenyl transitions results in a large enhancement 
of the CD band near 270 nm.

A similar CD maximum near 270 nm, opposite in sign to 
band I, was found in the spectra of a number of the (V-sali- 
cylidene derivatives of a- and 8-arylalkylamines,1 ’8■1 5_18 
acyclic d-hydroxyalkylamines,19 steroidal amines,20 and a - 
amino acids and esters.1 In most of these spectra, band II had 
the same sign as band I and was easily identified. Since the 
270-nm band was observed for the a-(l-naphthyl)- and a - 
phenylalkylamine derivatives in nonpolar solvents, it was 
assigned to the aryl group of the amine moiety, both the 
naphthyl and phenyl groups showing absorption bands near 
270 nm.8-15 For the a -  and /3-(2-thienyl)alkylamine and /3- 
hydroxyalkylamine derivatives, also showing the CD maxi

mum near 270 nm in hexane, the band was unassigned.1'19 In 
the spectra of some of the steroidal amine derivatives and the 
a-amino acid derivatives, examined only in polar solvents, the 
maximum was assigned to the quinoid tautomer.1’21 For a few 
other steroidal amine and the «-amino ester derivatives, the 
band was assigned to band II of the hydrogen bonded sali
cylidenimino chromophore.1’21 Some of these earlier assign
ments of this band may require revision in view of the present 
results.

Since the CD maxima associated with bands I and II in the 
N-salicylidene-l-alkyl-2-propynylamines and ¿V-salicycli- 
dene-l-alkyl-2-propenylamines are easily identified, the sign 
of these maxima can be correlated with the absolute config
urations of the respective amines, much the same as is done 
for N-salicylidene derivatives of chiral « - and /3-arylalkyl 
amines1’8’15-18 and a-amino acids.1 In propynes and propenes, 
the electric transition moment of the lowest energy it -*  it* 
transition is directed along the multiple bond.13 The transition 
moments of bands I and II in the salicylidenimino chromo
phore are approximately aligned with the phenyl group- 
methine carbon bond.8 Thus the sign of the circular dichroism 
associated with bands I (315 nm) and II (255 nm) in the N -  
salicylidene derivatives of 3 and 4 should be the same as the 
chirality of the triple and double bond with the phenyl 
group-methine bond.8 This chirality is determined by both 
the absolute configuration and the preferred conformation 
of the respective derivatives.

For the intramolecularly hydrogen-bonded (R)-lV-salicyl- 
idene-l-alkyl-2-propynylamines [(/?)-7], the proton magnetic 
resonance (XH NMR) spectra (Table II) in which the methine 
proton of the salicylidenimino group is seen as a doublet (J  
= 1.6 Hz) suggest a perferred conformation depicted as ( R) -  
7a.22 This conformation is somewhat different from an al-

H

O— H \
R

(R>7a

ternate one [(/?)-7b] analogous to that deduced for an /V-sal- 
icylidene-a-phenylalkylamine8 in which the hydrogen atom
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Table II. Proton Magnetic Resonance Data for the N -  
Salicylidene Derivatives of Some Chiral Amines

b,a ppm (J,b Hz)

Amine Solvent N=CHc N— CHd

(R)-3a CCL, 8.61 (1.6) 4.51
CD3OD 8.65 (1.5) 4.50

(S)-3b ' CC14 8.62 (1.6) 4.40
(S)-3c CCI4 8.62 (1.6) 4.48
(fi)-3d CCU 8.68
(R)-4a CCU 8.30 3.89

CD3OD 8.40 3.94
(fi)-4b CCI4 8.30 3.60
(S)-4c CC14 8.30 3.72
(R)-5 CC14 8.23 2.97

CD3OD 8.36 3.10

a Chemical shift downfield from Me4Si = 0. b Coupling con
stant. c Doublet or if no coupling constant given, singlet. d Mul
tiplet.

at the chiral center eclipses the carbon-nitrogen double bond 
of the salicylidenimino group. The chirality of the relevant 
bonds as shown in both (R)-7a and (fl)-7b, however, is nega
tive, and the N-salicylidene derivative of (R)-3a shows neg
ative Cotton effects for bands I and II. Derivatives of those 
amines [(S)-3b and (S)-3c] with the enantiomeric configu
ration give rise to positive Cotton effects. Since an ethyl group 
is larger in effective bulk size than a methyl group, the N- 
salicylidene derivative of (fi)-3d should have a preferred 
conformation analogous to (R)-7a or (R)-7b, the methyl and 
ethyl groups replacing the hydrogen atom and the R group, 
respectively, with negative chirality for the coupled oscillators. 
Thus negative Cotton effects for bands I and II are observed. 
The reduced molecular ellipticity for these maxima can be 
explained on the basis of a reduced preference for the con- 
former of lowest energy since a methyl group is more nearly 
the same size as an ethyl group than is a hydrogen atom 
compared to a methyl group. The absence of a 270-nm CD 
maximum in the spectrum of the derivative of (R)- 3d may also 
be a consequence of this same reduced preference for the 
conformer of lowest energy.

In the ‘H NM R spectra of the intramolecularly hydrogen- 
bonded (/?)-Ar-saIicylidene-l-alkyl-2-propenylamines [(/?)-8], 
the methine proton of the salicylidenimino group appears as 
a singlet, indicating a preferred conformation [(R)-8a and 
(R)-8b] such that the hydrogen atom at the chiral center is 
eclipsed by both the carbon-nitrogen [(R)-8a] and carbon- 
carbon double bonds [CR)-8b].22 For this conformation, the 
chirality of the relevant transition moments is negative and 
negative Cotton effects are observed for the derivatives of

H
/ H H

H

V

V
H

/-c, \
RW'C—

1
c 2h 3 HOC6H4C H = N H

(R> 8a (fj> 8 b

-H

(/?)-4a and (R)-4b. Positive Cotton effects are observed for 
the derivative of (S)-4c.

In both the ethynyl and ethenyl derivatives the sign of the 
Cotton effects associated with band III may be understood if 
this band is the bathochromically shifted 'B  benzenoid 
transition.23 Thus there are two electric transition moments, 
one approximately parallel and the other perpendicular to the 
methine carbon-phenyl group bond. Both transitions give 
Cotton effects with opposite signs resulting in partial can
cellation. This may explain the observation that the intensity 
of band III is not much greater than and is sometimes less than 
the intensity of band II. The opposite signs for bands II and 
III for the l-alkyl-2-propynylamine (3) derivatives indicate 
that in their preferred conformation the orientation of the 
interacting chromophores is such that the perpendicular 
component of the XB transition dominates. On the other hand, 
with the l-alkyl-2-propenylamine (4) derivatives, the parallel 
component of the ! B transition, apparently at a shorter 
wavelength than the perpendicular one, wins out, and these 
derivatives show Cotton effects for bands II and III of the 
same sign.

The negative Cotton effects for bands I and II of the N- 
salicylidene derivative of (R)-l-ethylbutylamine [(R)-5] are 
also most likely generated by a coupled oscillator mecha
nism,12’24 but because of the many conformational possibilities 
for (R)-5, no simple prediction concerning the sign of the ob
served Cotton effects is possible. It is to be noted, however, 
that (S)-iV-salicylidene-sec-butylamine displays positive 
Cotton effects, near 315 and 255 nm, while those of (R)-N- 
salicylidene-2,2-dimethyl-3-aminobutane are negative, and 
neither shows a CD maximum near 270 nm.19

Experimental Section

Optical rotations at the sodium D line were measured in a 1-dm tube 
with a Perkin-Elmer 141 spectropolarimeter. Electronic (isotropic) 
absorption (EA) spectra were obtained with a Zeiss Spektralfotomer 
Pm QII. Circular dichroism (CD) spectra were recorded on a Jasco 
J-41 spectropolarimeter at 20 °C with a cell length of 2 mm. Proton 
magnetic resonance ( ‘ H NMR) spectra were recorded with a Per
kin-Elmer R 12 B spectrometer at 37 °C. Elemental analyses were 
done at the Microanalytical Laboratory, Royal Agricultural College, 
Uppsala, Sweden.

Table III. IV-Salicylidene Derivatives of Chiral Amines

___________________________ Af-Salicylidene derivative_______

Elemental analysis 

Caled Found

Registry
no. Amine

Bp, °C 
(mmHg) Yield, % n22o

[a ]22D, deg 
(c EtOH) C H N C H N

63731-13-5 (R)-3a 80 (0.3) 70 1.5682 +14(1.2) 76.27 6.40 8.09 75.11 6.28 8.06
63731-14-6 (S)-3b 105 (0.6) 86 1.5614 +8(1.3) 76.98 7.00 7.48 76.88 6.94 7.56
63731-15-7 (S)-3c 112(0.6) 88 1.5534 +5 (1.5) 77.58 7.51 6.96 77.36 7.55 6.91
63731-16-8 (R)-3d 105 (0.6) 90 1.5480 -6 6  (1.2) 77.58 7.51 6.96 76.92 7.60 7.10
63731-17-9 (R)-4a 90 (0.5) 72 1.5575 -170  (1.4) 75.40 7.48 7.99 75.28 7.52 7.83
63731-18-0 (R)-4b 95 (0.7) 74 1.5513 -154 (1.4) 76.16 7.99 7.40 76.31 8.07 7.34
63731-19-1 (S)-4c 100 (0.5) 84 1.5450 +111 (1.3) 76.81 8.43 6.89 76.70 8.47 6.80
63765-60-6 (R)-5 95 (0.5) 86 1.5338 -3 7  (1.2) 76.06 9.33 6.82 75.94 9.18 6.85
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IV-Salicylidene derivatives were prepared from the respective 
amines4-7 by the usual procedure.25 Yields and physical properties 
are given in Table III.
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The use of superacidic solid catalysts In heterogeneous gas-phase alkylation reactions, such as the ethylation of 
benzene by ethene and the transethylation of benzene with diethylbenzene, was studied. Such catalysts enable us 
to conduct the reactions under relatively mild conditions and to obtain clean reaction products. Reactions were car
ried out in a flow system, in the gas phase, in the temperature range of 125-210 °C at atmospheric pressure. Interca
lated A IC I3 and AlBr.3 gave good initial yields of alkylated products. The lifetime of the catalyst was, however, limit
ed as the active Lewis acid is leached out from the catalyst, causing a sharp decline in the catalytic activi|y with on
stream time. Other possible reasons of the deactivation of the catalyst are also discussed. A perfluorinated sulfonic 
acid resin catalyst (Nafion-H) was found to have a much better stability, while showing good catalytic activity. Al
cohols were also found to dehydrate in the gas phase efficiently over this catalyst and could be used as alkylating 
agents for benzene.

Friedel-Crafts alkylation and transalkylation reactions 
are traditionally carried out in the liquid phase. Catalysts are 
generally based on aluminum chloride and related Lewis acid 
halides. The ethylation of benzene with ethylene to form 
ethylbenzene using aluminum chloride as catalyst is one of the 
largest chemical processes carried out in industry. Application 
of solid supported catalysts in heterogeneous vapor phase 
ethylation started to gain importance only recently. One of 
the major difficulties is the sluggishness of the ethylation re
action. Ethene is far less readily protonated than, for example, 
the more polar propene, and its equilibrium with the ethyl 
cation is rather unfavorable. Few (if any) of the known solid 
acid catalysts are able to catalyze efficiently the ethylation of 
benzene or the transethylating benzene with polyethylben
zenes (which are inevitably formed as by-products in the 
ethylation of benzene). This is not the case with the isoprop- 
ylation of benzene to cumene. Cumene has been industrially 
produced for decades over supported acid catalysts such as

* Address correspondence to this author at the University of Southern Cali
fornia.

supported phosphoric acid. Obviously, the more polar propene 
is protonated much more readily than ethene and polyiso
propylbenzenes also transalkylate benzene with greater 
ease.

In continuation of our studies of Friedel-Crafts and su
peracid chemistry, our interest was directed to the possibility 
of applying solid superacidic catalysts to heterogeneous re
actions.1-3 These catalysts can be based either on Lewis acid 
halides bound or intercalated to suitable supports or solid 
(polymeric) protic acid, such as perfluorinated resin sulfonic 
acids.

Results and Discussion

The alkylation of benzene with ethene and propene (eq 1)

Û
^ . C H R C H 3

+  RCH =CH 2 —  O f  (1)

R =  H, CHS

and the transethylation of benzene with diethylbenzenes (ecj_ 
2) was studied over several solid superacidic catalysts. Reac-
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Table I. Ethylation of Benzene with Ethene over Graphite-Intercalated Metal Halides

Metal halide AICI3 AICI3 AICI3 AICI3 AlBr3 SbF5 FeCl3
% intercalated 16.6 16.6 16.6 28.4 4.5 26.1 50.5
Temp, °C 125 160 200 160 160 160 185
[C6H6]/[C2H4] ratio 3.3 3.4 3.2 3.5 3.3 3.6 3.2

Onstream time, h % conversion (based on ethene)

1 61.7 41.7 15.1 60.4 31.7 4.8
2 10.3 12.0 5.7 62.9 15.1
3 5.4 7.3 2.4 43.8
4 4.3 5.3 1.7 33.7
5 2.9 5.7 1.9 26.5
6 1.9 1.4 0.7 6.8
7 2.6
8 2.2
9 1.7

10 1.5

tions were carried out in the gas phase in the temperature 
range of 125-210 °C.

A. Reactions over Graphite-Intercalated Metal Ha
lides. Many metal halides when heated with graphite are ca
pable of inserting themselves between the graphite layers thus 
forming intercalates.4 As a result the distance between the 
graphite layers is increased from 3.35 to 9-10 A depending on 
the intercalated halides. Some chlorides such as aluminum 
chloride are intercalated only in the presence of chlorine gas 
and it was shown5 that the intercalated AICI3 contains more 
than 3 Cl atoms per A1 atom. Lately,6 intercalation of A1C13 
and other halides was also achieved by treating graphite with 
solutions of the metal halides. Higher valency metal fluorides 
such as SbFs7 and AsF58 were also shown to intercalate easily 
into graphite. Wide-line NM R studies showed that interca
lated SbFs behaves as a liquid well below the freezing point 
of SbF5.9

The possibility of intercalating metal halides into graphite 
suggested their use as Friedel-Crafts catalysts.10 Lalancette11 
reported the catalytic activity of intercalated A1C13 for aro
matic alkylations of liquid hydrocarbons with alkyl halides 
or alkenes as alkylating agents. In his experiments the inter
calate was stirred in the solution as a heterogeneous catalyst. 
It was found that intercalated AICI3 is a milder catalyst than 
neat AICI3. The rate of the reaction was somewhat lower but 
the tendency to form polyalkylbenzenes was reduced. It was, 
however, observed that under these conditions AICI3 is leached 
out from the intercalate into the reaction medium and reac
tions thus may be to a significant degree catalyzed in the 
conventional fashion with the intercalate serving only as a 
reservoir for the AICI3 catalyst.

We have studied graphite intercalated aluminum chloride 
and bromide, as well as antimony pentafluoride and ferric 
chloride, as solid heterogeneous catalysts for the gas-phase 
ethylation of benzene with ethene. A flow system with a fixed 
bed catalyst was used in our experiments. Products were 
collected, periodically sampled, and analyzed by gas-liquid 
chromatography. Results obtained are summarized in Table 
I.

As seen from data in Table I intercalated AICI3 and AlBr3 
are efficient ethylation catalysts. High initial conversions were 
observed at temperatures as low as 125 °C. Of the two addi
tional acidic haldies investigated SbFs gave lower initial 
conversions and rapidly lost activity, indicating the extreme

sensitivity of this catalyst to hydrolysis and other impurities. 
The weaker Lewis acid FeCl3 was, on the other hand, inactive. 
However, both the AICI3 and AlBr3 intercalates were efficient 
only for 3 to 6 h under the continuous experimental conditions. 
Reactivity declined with onstream time and the catalyst be
came deactivated after 6 to 8 h.

Transethylation of benzene with diethylbenzenes was also 
studied over the same catalysts at 180 °C. Results are shown 
in Table II. Good initial catalytic reactivity was again observed 
which decreased sharply with onstream time.

Several factors can contribute to the loss of the catalytic 
activity. Upon following the course of the AlCl3-graphite- 
catalyzed reaction aluminum chloride was found (analyzed 
as hydrolyzed chloride) in the liquid products and HC1 was 
found in the effluent gases. The amount of the eluted chloride 
in each fraction was measured. Figure 1 shows the amount of 
the eluted chloride against the conversions obtained in the 
ethylation of benzene.12 As seen from the figure the elution 
of AICI3 and the loss of catalytic reactivity are related to each 
other. In the ethylation reaction loss of 30% of the overall 
aluminum chloride content caused complete deactivation of 
the catalyst. Similar results were also obtained in the tran
sethylation reaction of benzene with diethylbenzenes.

There may be two reasons for the loss of the catalytic ha
lides. The first is the possible hydrolysis of A1C13 by small 
amounts of moisture in the feed. It is known40 that interca
lated FeCIa which is more stable to hydrolysis by aqueous 
HCl4b also showed loss of chloride ion during attempted 
transethylation reaction. This is in accord with the desorption 
of metal halide from the catalyst. Intercalation into graphite 
is a reversible process and there is always a certain vapor 
pressure of the free metal halide at the reaction temperatures 
studied. The conditions in a fixed bed flow reactor favor de
sorption because the desorbed aluminum halide is readily 
complexed by the organic reagents and thus can be contin
uously carried away by the fresh feed. This is also sustained 
by the observation that the completely deactivated catalyst 
kept further loss of AICI3 at approximately the same rate 
(Figure 1). These observations are in accord with Lalancette’s 
observations concerning intercalation of metal halides from 
their solutions in CCI4.6 Intercalation took place only for ha
lides which are slightly soluble in CCI4. Those which showed 
better solubility stayed in the solution and did not intercalate 
(or were desorbed to the extend that no intercalation was 
observed).

The relation between the catalytic activity and the overall 
amount of intercalated A1C13 is not a simple one. The actual 
catalytic sites of intercalated metal halides are not well known. 
Considering the layer structure and steric requirements of the 
intercalate it is reasonable to assume that catalysis can take
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Table II. Transethylation of Benzene with 
Diethylbenzene over Graphite-Intercalated Metal 

Halides

Metal halide AICI3 AlBr3 SbF5
% intercalated 28.4 4.5 26.1
Temp, °C 180 180 180
[C6H6]/[C6H4Et2] ratio 4 4 4

Onstream time, h % conversion (based on
diethylbenzene)

1 45.0 66.2 2.4
2 70.4 51.8
3 66.9 41.4
4 70.3 3.1
5 56.9
6 16.2
7 13.8
8 15.2
9 12.7

10 10.4

place only on the exposed surface areas or edges but not in the 
deeper layers of the catalyst. For steric reasons alone the 
reactants cannot be expected to penetrate well into the deeper 
layers containing metal halides. Diminished reactivity thus 
may involve desorption of the metal halide from the catalyt- 
ically active exposed areas which, however, account only for 
a fraction of the overall amount of intercalated halide. One 
must further consider the probable migration of halide in
tercalated into the deeper inside layers of the surface areas. 
Comparative elementary analysis of fresh catalyst and sam
ples of the same catalyst taken from the reactor after pro
longed reaction time showed that 56% of the chlorine and 34% 
of the aluminum were lost in the spent catalyst. ESCA spectral 
study, which is detecting the upper 30 A of the catalyst’s 
surface, showed at the same time chlorine loss of 66 and 32% 
loss of aluminum. These results indicate that the bulk of the 
graphite-intercalated catalyst loses A1C13 at a different rate 
than the catalytically active exposed surface areas. In a typical 
ethylation reaction it was observed that complete deactivation 
of the catalyst took place after ca. 30% of the chloride was lost 
(Figure 1). Such an amount of AICI3 is much too large to be 
present on the surface alone. Furthermore, even after the 
catalytic activity is completely lost, chlorine continues to be 
eluted at about the same rate. This shows that at the reaction 
temperature (160 °C) there is some equilibration between the 
AICI3 in the deeper lattice areas and that of the surface.

We had already mentioned the possible hydrolysis of the 
metal halide by traces of moisture in the feed. Analytical data 
of the deactivated catalysts indeed clearly show that more 
chloride than aluminum is lost from the catalyst, i.e., the ratio 
Cl/Al in the spent caltalyst decreases, in good agreement with 
partial hydrolysis of exposed AICI3. As the result of hydrolysis 
chloride is lost as HC1, while the aluminum remains as a 
nonvolatile hydroxide (or oxide).

Finally, there must be considered another source of catalyst 
deactivation, not connected with loss of the metal halide. 
Ethene and other alkenes are well-known poisons for many 
solid acidic catalysts as they have the tendency to polymerize 
on the catalyst surface. Higher pressure reactions and high 
dilution of ethene by the alkylated compound give partial 
relief from this problem. The transalkylation reaction which 
does not involve ethene shows much lesser tendency for 
deactivation.

B. Reactions over Perfluorinated Resin-Sulfonic Acid 
(N afion-H ). Sulfonated ion exchange resins, of the cross- 
linked polystyrene type (Dowex, Amberlyst) in which the 
sulfonic acid group is bound to the polymeric framework, are 
frequently used as acid catalysts of moderate strength. The

ethylbenzene eluted, chlorideyield (%) (aul/ir ut)

Figure 1. Yield of ethylbenzene and loss of chloride from intercalated 
AICI3 against onstream time in the ethylation of benzene by eth
ene.

Table III. Alkylation of Benzene over Nafion-H Catalyst

Alkene

Alkene
Temp,

°C
[C6H6]/
[alkene]

Contact 
time, s

conversion,
%

Ethene 110 4 7 10
150 4 6 24
180 4 6 36
190 3.4 3.5 44

Propene 110 1.5 7 9
150 1.5 6 16
180 1.5 6 19
180 3 4 21
180 6 4 29

use of such sulfonic acid resins in acid catalysis was reviewed.13 
The acidity of these catalysts can be enhanced by complexing 
with Lewis acid halides such as AICI3,14 SbFs, or TaF5 and the 
like. However, by increasing the acidity to the superacidic 
range, protolytic cleavage (degradation) of the hydrocarbon 
polymer backbone can take place. We therefore searched for 
strong resin sulfonic acids which at the same time are stable 
under highly acidic conditions. The commercially available 
copolymer of a perfluorinated ether and perfluoroalkanesul- 
fonic acid, Du Pont’s Nafion resin,15 used as its K salt in di
electric membranes material, in its activated free acid form 
(Nafion-H) was found to fulfill best these requirements.

(1) Alkylation with Alkenes and Transalkylation with 
Dialkylbenzenes. When ethene or propene were reacted with 
benzene over Nafion-H at temperatures between 125 and 190 
°C, alkylated benzenes were obtained with yields significantly 
increasing at higher temperatures. The results are summarized 
in Table III. Transalkylation of benzene with diethylbenzene 
(as well as diisopropylbenzene) was also found to be efficiently 
catalyzed by Nafion-H. Using a typical ratio of benzene:di- 
ethylbenzene of 4.5:1 the yield of ethylbenzene (based on di
ethylbenzene) was 45% at 130 °C  and 76% at 190 °C. At 130 
°C there was no decline in the reactivity of the catalyst after
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Table IV. Dehydration of Alcohols over Nafion-H  
______________________ Catalyst_____________

%
Contact dehydra- Product

Alcohol Temp, °C time, s tion % alkene % ether

¡-PrOH 100 10 9 100
130 9 28 45 55
160 8 >97 100

n-PrOH 130 4.5 8 47 53
160 8 96 100

t-BuOH 120 5 100 100

15 h onstream time (the longest experiments carried out) and 
at 190 °C after 8 h. This contrasts sharply with the rapid 
deactivation of intercalated metal halides. However, the 
thermal stability of Nafion-H rapidly decreases at the region 
of 220 °C. Extended exposure to such temperatures results 
in loss of sulfonic groups and of activity which is substantiated 
by observed loss of sulfur as found by ESCA spectroscopy in 
the thermally deactivated catalyst.

The selectivity of Nafion-H in effecting polyalkylation is 
relatively low. About 20% of the alkylated products at 190 °C  
are diethylbenzenes. The isomeric composition of the di
ethylbenzenes is 9% ortho, 75% meta, and 34% para. Venuto16 
studied the ethylation of benzene over a rare earth exchanged 
Zeolite X  catalyst. He found that with a feed composition of 
benzene/ethene of 5:1 the ratio of diethylbenzene/ethylben- 
zene was 1:4.65. Similar results were obtained with a silica- 
alumina catalyst.17 Ten percent diethylated products were 
obtained using a feed ratio benzene/ethene of 10:1. The large 
amount of m -diethylbenzene formed shows significant ther
modynamically influenced isomerization (probably in the 
arenium ion intermediates). Electrophilic attack on ethyl
benzene is prone to occur initially at the ortho and para po
sitions. Isomerization is, however, incomplete as higher 
amounts of m-diethylbenzene were obtained in the isomer
ization of diethylbenzenes using AlCl3,17>18 Nafion-H,19 or 
Zeolite Y  type20 catalysts. Formation of substantial amounts 
of m -diethylbenzene is common for all acidic catalysts. The 
strong complexing ability of AICI3 (or its conjugate acid) helps 
to form increased amounts of the meta isomer, whereas sil
ica-alumina gives amounts similar to those obtained with 
Nafion-H. The less acidic zeolite Y  is reported to give mostly 
the ortho and para isomers.20 Formation of sec-butylbenzene, 
expected by possible ipso attack of ethene on ethylbenzene, 
was detected with some catalysts such as supported phos
phoric acid,17 ferric phosphate,17 or AlCl3-NiO-SiC>2.zl In 
some cases sec-butylbenzene is indeed an important alkyla
tion product. No sec-butylbenzene was found, however, with 
AICI3 (maybe due to the ready dealkylation of sec-butylben- 
zene with such a strong catalyst). Similarly there was no evi
dence for the formation of sec-butylbenzene using Nafion-H 
catalyst.

(2) Alkylation with Alcohols. Perfluoro resin sulfonic 
acids of the Nafion-H type also allow the use of alcohols as the 
alkylating agents. Water formed as by-product in the reactions 
does not affect the acidic groups of the catalyst by hydrolysis. 
The use of alcohols instead of alkenes indeed improves the 
lifetime of the catalyst. With alcohols no ready polymerization 
side reactions take place whereas alkenes, such as ethene, can 
poison the catalyst by polymer formation on its surface. To 
avoid polymer formation it was recommended to use higher 
pressures and to introduce first the benzene into the reactor 
followed by the ethene-benzene mixture. The use of alcohols 
which form water as a by-product thus inhibits polymerization 
and helps to minimize poisoning of the catalyst.

The behavior of several neat alcohols over Nafion-H cata
lyst in the gas phase was studied. The results, summarized in

Table V. Alkylation of Benzene with Alcohols over 
___________________ Nafion-H Catalyst___________________

[C(;H61/ Temp, Contact % alcohol 
Alcohol [ROH]_______°C______ time, s conversion

EtOH 2.6 180 9 3.5
2.6 210 8 6

n-PrOH 0.85 110 10 0
0.85 175 9 5
2 175 9 17

¡-PrOH 2 170 9 11
2 210 8 16

Table IV, show that the alcohols are efficiently dehydrated 
under these conditions. There is no evidence for other side 
reactions such as dehydrogenation22® or decomposition2211 
often found over other solid acid catalysts. The ease of dehy
dration is in the order tertiary >  secondary >  primary alco
hols. At higher temperatures the alcohols are dehydrated in 
nearly quantitative yield and the appropriate alkenes are 
formed. At lower temperatures ether formation predominates. 
The ease of the dehydration of alcohols over Nafion-H 
prompted us to study their alkylating ability of benzene under 
similar conditions.

The alkylation of benzene was studied with ethanol, 1- 
propanol, and 2-propanol. The results of these alkylations are 
summarized in Table V. l’ -Proponal gave only cumene as the 
alkylation product. Propylbenzene could not be detected. This 
indicates the intermediacy of the 2-propyl cation in the al
kylation process. The initial formation of O-protonated 1- 
propanol is assumed as the first step of the reaction. This 
species was indeed shown to be formed from 1-propanol in 
FSCfjH-SbFs at low temperatures23® and to cleave to water 
and propyl cation above 0 °C .23b But the sole formation of 
cumene as the reaction product rules out the possibility of 
alkylation by it through an Sn2 type process. Hydration of the 
2-propyl cation to give 2-propanol is not a favored reaction 
under the reaction conditions. The only alcohol recovered 
from an incomplete conversion of the feed was 1-propanol. 
The 2-propyl cation either alkylates benzene or reforms (via 
proton elimination) propene. In control experiments under 
the same conditions propene was found to hardly react with 
water over Nafion-H to give 2-propanol. Alkylation of benzene 
by alcohols gave lower yields than with alkenes. Possible 
reasons may be the difference in the catalytic activity as a 
consequence of water formed24 or the shorter contact time for 
the alkylation reaction as dehydration clearly precedes al
kylation and thus decreases the de facto contact time for the 
alkylation step.

Conclusions

The alkylation of benzene and the transalkylation of al- 
kylbenzenes were studied in the gas phase over highly acidic 
solid catalysts. The high activity of these catalysts permitted 
the use of relatively low temperatures and atmospheric 
pressure, instead of the higher temperatures and pressures 
usually employed in such reactions, without significantly af
fecting the yields. The major difficulties encountered with 
these catalysts are their relatively short lifetime and ease of ' 
deactivation. Perflorinated resin-sulfonic acids such as Naf
ion-H were found to give significant improvement in this re
gard. They offer the possibility to extend the application of 
acid-catalyzed Friedel-Crafts reactions to “clean” heteroge
neous gas-phase reactions without complex formation and 
many of the side reactions observed in solution chemistry.

Experimental Section

Materials. Ethene and propene were at least 99.5% pure. Aromatics 
used were highest purity commercial products (>99%). Diethylben-
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Figure 2. Scheme of the catalytic reactor: ( 1 ) alkene supply; (2) flow 
controller; (2) syringe pump; (4) reservoir for liquid feed; (5) evapo
rator; (6) reactor; (7) condenser; (8) liquid product receiver; (9, 10) 
traps; (11) CaCL drying tube; (12) water absorber; (13) receiver for 
water; (14) water reservoir; (15) pyrometer; (16, 17) heater power- 
slat.

zenes used were a commercial mixture containing 8% ortho, 66% meta, 
and 26% para isomer.

Catalytic Reactor. We used a single pass, fixed bed flow reactor 
which is schematically depicted in Figure 2. When Nafion-H was used 
as a catalyst the HCI absorption system (No. 11-14 in Figure 2) could 
be omitted.

Catalysts. Graphite intercalated metal halides were either pre
pared according to known procedures7’-5 or were commercially 
available (Alfa Products). Nation 501 as (he potassium salt was ob 
tained from the Du Pont Co. The acidic form (Nafion-H) was pre
pared by treatment with 20% aqueous nitric acid followed by that with 
fluorosulfuric acid.

Procedure for Catalytic Alkylations. Reactions were carried out 
in a 170 X  12 mm glass tube reactor in which the catalyst was sup
ported by a sintered glass disk. The reactor was charged with 1 g of 
the activated dry catalyst, while dry N2 was passed through generally 
at the rate o f 5 mL/min. The reactor was electrically heated. The re
actions were introduced with a syringe pump at a constant liquid rate 
of 0.02 mL/min. Products emerging from the catalytic reactor were 
condensed and analyzed at time intervals bygas-liquid chromatog
raphy. During individual experiments the reactor temperature did 
not deviate by more than ±1 °C. The maximal variation of the tem 
perature in all the experiments was less than 4 °C. Under the used 
experimental conditions the space velocity was in the range o f 1.6-2.2 
X  10-6 mol/s-g catalyst and the contact time over the catalyst (if 
otherwise not indicated) was 4—r> s. Variations are mainly due to the 
different molecular weights and densities o f the liquid reactants, as 
they were introduced on a fixed volume basis.

Analysis of Products. Products were analyzed by gas-liquid 
chromatography using a Perkin-Elmer Model 226 gas chromatograph 
equipped with flame ionization detector. A 150 ft X 0.1 in. capillary 
column coated with m-bis(m-phenoxyphenoxy)benzene + Apiezon 
L at 120 °C separated the products very efficiently.
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The structures, determined by x-ray crystallography, are reported for 1,-4-di-tert-butyl-1,4-bis(4-chlorophenyl)-
2-tetj-azene (2A) and l,4-di-ieri-butyl-l,4-bis(2,4,6-trideuteriophenyl)-2-tetrazene (2B). Crystals of 2A are triclin
ic, P i, with a = 8.654 (3), b = 6.648 (1), c = 9.666 (2) A, a = 86.34 (1), 0 = 104.15 (2), y = 98.60 (2)°, V = 533.1 (2) 
A3, and 7  = 1. The structure was solved by heavy-atom methods, and refined to R \ = 4.9 and R2 = 5.2% for 847 inde
pendent observed reflections. Crystals of 2B are monoclinic, P2i/n,w itha = 10.7082 (6), 6 = 8.697 (1), c = 11.479 
(1) A, a -  90.0,0  = 109.647 (9), y = 90.0°, V = 1006.8 (2) A3, Z = 2. The structure was solved by direct methods, and 
refined to Pi = 4.3, R2 = 6.5% for 1118 independent observed reflections. An ESR study of triplet radical pairs 
formed by photolysis of 2B determined D = —0.0110, E = 0.0004 cm-1. Nitrogen hyperfine splittings were observed 
in some orientations, but not analyzed.

From studies of the effect of aromatic ring substituents 
on the thermal decomposition rates of aralkyltetrazenes l 2 and 
2,1’3 we concluded that the sensitivity of the decomposition 

R R

I I
A rN N =N N Ar

1, R =  CH,
2, R =  (CH:Jb

rate of 1 to substituent [rate ratio for 1 (4-OCH3)/l  (4-CC>2Et) 
of about 200 at 110 °C] was principally a conformational ef
fect. We suggested that 1 exists in a conformation in which 
nitrogen lone pair, aromatic ir-cloud overlap is maximized (i), 
but that the transition state for decomposition resembles ii,

~)B NA

3 K
I u

such that the breaking N -N  bond is positioned for maximum 
delocalization of the odd electron in the anilino radical being 
formed.2 The substituent effect on the rate for 1 decomposi
tion, we proposed, largely reflects the ease of deconjugation 
of the nitrogen lone pair from the aromatic 7r system. The rate 
of decomposition of 2 is far less sensitive to substituent1 
(relative rates for 2 (4-OCH3)/2 (4-H)/2 (4-CN) 4.5:1:1.1 at 90 
°C), which we postulated was caused by the steric bulk of the 
tert -butyl group forcing 2 to assume conformation ii, in which 
the nitrogen lone pair is not strongly interacting with the ar
omatic ring.

We report here the solid-state structures of two N-tert- 
butylaryltetrazenes, 2A and 2B, and a brief ESR study of the 
triplet radical pairs produced by photolysis of 2B.

2B R =R '=D

Experimental Section

Single-Crystal X -R ay Structure of l,4-D i-tert-b utyl-l,4- 
bis(4-chlorophenyl)-2-tetrazene (2A). A parallelepiped-shaped

crystal (0.10 X 0.14 X 0.24 mm) prepared by the published method* 
and grown from pentane was attached to a glass fiber with Elmer’s 
Glue. Preliminary oscillation, Weissenberg, and precession photo
graphs indicated the crystal symmetry to be triclinic. The crystal was 
mounted on a Syntex PI four-circle computer-controlled diffracto
meter. Graphite-monochromated Cu K« (\ 1.5418 A) radiation was 
used throughout the alignment and data collection procedure. Lattice 
constants were obtained from 15 diffraction maxima well distributed 
in 20, x, and w. The Syntex routines4 indicated a triclinic unit cell, with 
the cell parameters listed in Table I. Data were collected in the usual 
0-20 scan mode from 5“ < 20 < 100“ . Two standard reflections mon - 
itored every 50 reflections indicated no significant drift in intensity. 
The data were corrected for Lorentz polarization effects with the 
polarization term including a correction for the graphite monochro
mator.5 Absorption corrections were not applied because of the 
symmetrical shape of the crystal and the small value of the linear 
absorption coefficient.6 The data were reduced in the usual manner7 
with a(F), including a term of 0.0025(/)2 to avoid overweighting the 
strong reflections in least squares. Of the 1183 total independent 
measurements, the 847 with /  > 2a(I) were used in the structural 
analysis.8

The structure was solved by the heavy-atom method.0 The orien
tation of eight atoms of the p-chloroanilino fragment was observed 
as intramolecular Cl-C and CRN vectors comprising the three-di
mensional Patterson function. Those eight atoms were included in 
a structure factor Fourier calculation10 assuming the acentric space 
group PI, which then yielded the orientation of the other Cl and 17 
nonhydrogen atoms. Since derived coordinates appeared to possess 
1 site symmetry, the position of the molecule was shifted to place this 
point (midway between the nitrogens comprising the azo linkage) in 
coincidence with the center of symmetry at the origin (0,0,0). Re
finement was then begun assuming the centric space group PI. Nine 
cycles of full-matrix least-squares refinement,11 ultimately including 
anisotropic temperature factors for all nonhydrogen atoms and ide
alized positions for hydrogen atoms using 0- H distances set to 0.95 
A and Bis,, = 5.0 A yielded R\ and R-i12 of 4.9 and 5.2%. The atomic 
scattering factors for nonhydrogen atoms are those compiled by 
Hanson and co-workers,13 and those for hydrogen atoms from Stewart 
and co-workers.14 Interatomic distances and bond angles were cal
culated with the Busing-Martin-Levy function and error pro
gram.15

Aniline-2,4,6'-d:i. A mixture of 31 g (0.33 mol) of freshly distilled 
aniline, 5 g of concentrated sulfuric acid, and 25 mL (0.13 mol) of D2O 
(99.8%) was heated for 36 h at 100 °C, and then contaminated heavy- 
water was distilled from the mixture at 1 mm. After three repetitions 
with 25 mL of fresh D >0, the product was added to an ice-cold sodium 
carbonate solution, extracted into ether, dried with sodium sulfate, 
and distilled, giving aniline-d;i appearing to have about 98% incor
poration of three deuteriums by NMR: 'H NMR (CCI4) b 6.96 (s, 2 H),
3.1 (br s, 2 H).

1,4 -D i-tert-butyl-1,4-bis(2,4,6-trideuteriophenyl)-2-tetra- 
zene (2B). The deuterated aniline was tert -butylated in methylene 
chloride by the method employed for the protio material3 in 90% yield, 
bp 42 “C (0.45 mm). Nitrosation, reduction to the hydrazine, and
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Table I. U n it C ell Param eters of 2A and 2B

2A 2B

a, A 8.654 (3) 10.7082 (6)
b, A 6.648 (1) 8.697 (1)
c, X 9.666 (2) 11.479(1)
0 , deg 86.34 (1) 90.0
d, deg 104.15 (2) 109.647 (9)
7 , deg 98.60 (2) 90.0
Volume, A:! 533.1 (2) 1006.8 (2)
Density (calcd), g cm ~:1 1.22 1.01
Density (obsd), g cm '- 1 1.12 1.02
Mol/cell 1 2
Space group symmetry PI P2i/n

quinone oxidation'* gave the tetrazene, mp 114.5-115 °C dec. Spectral 
data: lH NMR (CDC13) b 7.27 (s, 4 H), 1.02 (s, 18 H); UV (EtOH) 297 
(6200), 238 (9900) nm.

Single-Crystal X -R ay Structure of l,4 -D i-tert-b utyl-l,4 - 
bis(2,4,6-trideuteriophenyl)-2-tetrazene (2B). A single crystal of 
2B of appropriate size was cut from a large single crystal grown by slow 
evaporation from pentane; this compound tends to crystallize in 
leaves. Alignment and obtainment of cell parameters were performed 
as for 2A. The Syntex autoindexing procedure indicated a monoclinic 
unis cell. Data were collected from 5° < 20 < 110°. Standard reflection 
intensity data indicated no significant drift in intensity. Nine re
flections exceeded the rate limits of the x-ray counter and were 
manually scaled to fit the remaining data by comparison with several 
other reflections. The data were reduced as described for 2A to yield 
1118 independent reflections significantly above background [/ > 
2o(Ii\, which were used in the solution and refinement of the struc
ture. Inspection of systematic absences in the merged data confirmed 
the choice of space group as P2\!n. Since the observed density indi
cated the presence of two molecules per cell, this required that the 
molecules lie on the inversion center.

Solution of the structure was completed by direct methods. The 
independent data were first converted to the normalized structure 
factors (E values) by the program FAME.16 The program MULTAN 
then generated 16 sets of possible solutions by the symbolic addition 
method, two of which indicated significantly greater phase angle

consistency than the others. One of these gave a Fourier map which 
could not be interpreted in terms of a meaningful physical structure, 
but the second solution allowed recognition of all 12 nonhydrogen 
atoms. After several cycles of full-matrix isotropic least-squares re
finement, idealized positions of the hydrogen atoms were included 
in fixed atom contributions based on C-H bond distances of 1.0 A and 
Bo = 4.0 A2, and the values of Rj and R-> converged to 13.6 and 22.0%, 
respectively. The 12 nonhydrogen atoms were then allowed aniso
tropic thermal motion and R i dropped to 5.2%. A Fourier difference 
map based on the 12 nonhydrogen atoms then revealed the true po
sitions of all 14 hydrogen atoms, and these coordinates were allowed 
to refine isotropically in the full-matrix procedure, yielding final 
values of R i and R2 of 4.3 and 6.5%.

E S R  spectra were determined using a Varian E.3 spectrometer. 
A crystal of 2B was attached with silicone grease to the horizontal face 
of a brass cylinder with a horizontal cut to the axis and a vertical cut 
along the axis. The brass fitting was then attached to a stainless steel 
rod which extended into the ESR cavity, inside a liquid nitrogen 
Dewar. After cooling, irradiation, and collection of spectra, the sample 
was allowed to slowly return to room temperature and the crystal 
checked for cracks or shifts of positions, and then moved to the ver
tical face, where spectra were recorded with the crystal attached in 
two mutually perpendicular directions.

Results and Discussion

X -R ay Structure Determination. The p-chloro com
pound 2A was chosen for study because of the ease of analysis 
by heavy-atom methods. The deuterated compound 2B was 
chosen for simplification of the triplet radical pair ESR 
spectrum (see following section). When it was shown that, 
although the solid-state conformations of 2A and 2B were 
similar their crystal packing was considerably different, the 
refinement of 2A was not carried out to as great a degree as 
that of 2B, which was used for the ESR study. The positional 
and thermal parameters for 2A and 2B appear in Tables II and 
III, and the heavy-atom bond distances and bond angles in 
Tables IV and V. Thermal ellipsoid plots appear in Figures 
1 and 2. The agreement in intramolecular structure between 
2A and 2B is seen to be excellent, although the distortion 
suggested in the C -C  distances of the tert-butyl group of 2A

Table I I .  Positional and Therm al Param eters for 2 A a,b

Atom X y z 104 dii 104 022 104 d:w 104d i2 104 dis 104 dza
0 (4 ) 0.2525 (2) -0.5776 (2) -0.3777 (2) 184 (3) 314(5) 231 (3) 37 (3) 94 (2) -8 9  (3)
C(4) 0.1361 (6) -0.4280 (9) -0.3145 (6) 122 (9) 249 (18) 139 (9) 24 (10) 33 (7) -5 7  (10)
C(3) 0.0445 (6) -0.5151 (8) -0.2234 (6) 236 (12) 226 (16) 189 (11) 57 (12) 101 (10) 23(11)
C(2) -0.0455 (7) -0.3957 (9) -0.1713 (6) 233 (12) 250(18) 149 (9) 63(12) 111(9) 51 (10)
C (l) -0.0465 (6) -0.1938 (8) -0.2137 (5) 120 (9) 220 (16) 100 (8) 18 (10) 24 (7) -2 1  (9)
C(6) 0.0455 (6) -0.1106 (8) -0.3074 (6) 158 (10) 210 (16) 159 (9) 17 (10) 65 (9) 3(10)
C(5) 0.1365 (6) -0.2292 (9) -0.3588 (6) 159 (10) 262 (19) 159 (9) 14(11) 82 (8) 4(10)
N(7) -0.1355 (5) -0.0619 (6) -0.1600 (5) 129 (8) 249 (13) 117 (7) 37 (8) 31(6) -3 2 (7 )
N(8) -0.0723 (4) 0.0094 (6) -0.0238 (5) 133 (7) 209 (11) 112 (6) 19 (9) 31 (7) -2 5  (7)
C(9) -0.3155 (6) -0.0923 (8) -0.1975 (6) 122( 10) 302 (18) 128 (9) 32 (10) 33 (7) -1 4 (1 0 )
C(10> -0.3694 (7) 0.1117 (11) -0.1916 (8) 183 (12) 418(24) 286 (14) 121(14) 28(11) -6 0 (1 4 )
C (l l ) -0.3735 (7) -0.1667 (10) -0.3493 (7) 137(11) 518(25) 146 (10) 34 (13) 14 (8) -3 1  (13)
C( 12) -0.3845 (7) -0.2467 (11) -0.0969 (7) 178(12) 517 (26) 173(11) -2 3  (14) 70 (9) -2 (1 3 )
H(2) 0.0441 -0.6648 -0.1951 5.01
H(3) - 0.1101 -0.4550 -0.1017 5.0'
H(5) 0.0384 0.0315 -0.3405 5.0'
H(6) 0.2068 -0.1706 -0.4235 5.0'
H(10A) -0.2996 0.2255 -0.2346 5.0'
H(10B) -0.3603 0.1487 -0.0905 5.0'
H(10C) -0.4851 0.1201 -0.2468 5.0'
H(11A) -0.3191 -0.0793 -0.4184 5.0'
H(11B) -0.3492 -0.3109 -0.3540 5.0'
H (llC ) -0.4946 -0.1711 -0.3896 5.0'
H(12A) -0.3391 -0.3786 -0.0971 5.0'
H(12B) -0.5040 -0.2756 -0.1233 5.0'
H(12C) -0.3483 -0.1946 0.0032 5.0'

" The form o f the anisotropic temperature factor which is used is exp [-(d i 1 h'1 +  dzz^2 + d:«(2 +  2dizhk +  2di,\hl + 2/323kl)]. b The 
standard deviations in the last significant figure are given in parentheses in this and succeeding tables. ‘ Isotropic thermal parame
ters.
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Table III. Positional and Thermal Parameters for 2B “■b

Atom X y z 10* 0n 104 ft22 104 ft,:i 104 ft,2 104 ft,» 104 ft-:,

C(l) 0.2705 (1) 0.5705 (2) 0.4601 (1) 75 153 85 -1 33 15
C(2) 0.2386 (2) 0.7156 (2) 0.4883 (2) 123 165 124 12 31 1
C(3) 0.1469 (2) 0.8034 (3) 0.4007 (2) 145 186 171 38 29 24
C(4) 0.0872 (2) 0.7477 (3) 0.2850 (2) 106 220 154 13 27 70
C(5) 0.1170 (2) 0.6038 (3) 0.2544 (2) 123 279 96 -3 2 22 25
C(6) 0.2111 (2) 0.5140 (3) 0.3426 (2) 118 187 99 2 38 6
N(7) • 0.3684(1) 0.4851 (2) 0.5550 (1) 83 147 94 0 39 18
N (8) 0.4883 (1) 0.4551 (1) 0.5373 (1) 82 130 87 - 3 34 8
C(9) 0.3280 (2) 0.3537 (2) 0.6183 (1) 106 157 90 -2 3 45 12
C(10) 0.3068 (4) 0.2077 (3) 0.5425 (2) 296 181 142 -9 3 87 - 3
C (ll) 0.2021 (3) 0.3997 (4) 0.6421 (3) 169 335 220 31 131 105
C(12) 0.4374 (3) 0.3283 (3) 0.7412 (2) 165 248 116 -4 2 27 63
D(6) 0.2377 (18) 0.4196 (23) 0.3209 (16) 5.3251
H(5) 0.0809 (22) 0.5603 (23) 0.1710 (19) 6.729"
D(4) 0.0261 (21) 0.8107 (22) 0.2250 (19) 6.175"
H(3) 0.1193 (28) 0.9075 (34) 0.4159 (24) 10.144"
D(3) 0.2819 (23) 0.7532 (24) 0.5713 (22) 7.02511
H(10A) 0.2898 (24) 0.1251 (27) 0.5878 (21) 7.931"
H(10B) 0.2267 (29) 0.2312 (24) 0.4630 (27) 9.317"
H(10C) 0.3977 (32) 0.1835 (35) 0.5213 (27) 11.970"
H(11A) 0.1244 (29) 0.4104 (33) 0.5620 (25) 9.861"
H(11B) 0.2221 (39) 0.5042 (45) 0.6898 (33) 14.592"
H(llC) 0.1794 (24) 0.3183 (31) 0.6893 (24) 8.712"
H(12A) 0.5217 (31) 0.3122 (30) 0.7286 (25) 9.632"
H(12B) 0.4392 (25) 0.4326 (30) 0.7895 (22) 9.236"
H(12C) 0.4140 (20) 0.2489 (25) 0.7855 (20) 6.694"

a The form of the anisotropic temperature factor which is used is exp[—(0nh2 +  622k2 + ft,;,!2 + 2l)r>hk +  2ft,:,to/ + 20>:\kl)]. h The 
standard deviations in the last significant figure are given in parentheses in this and succeeding tables. " Isotropic thermal parame
ters.

Table IV. Heavy-Atom Intramolecular Distances for 2A 
_________________________and 2B (A)________________________

2A 2B

C(l)-C(2) 1.379 (7) 1.374 (3)
C(2)-C(3) 1.387 (8) 1.376 (3)
C(3)-C(4) 1.367 (7) 1.356 (3)
C(4)-C(5) 1.363 (7) 1.366 (3)
C(5)-C(6) 1.384 (7) 1.401 (3)
C (l)-C (6) 1.384 (7) 1.374 (3)
C(l)-N(7) 1.445 (6) 1.439(2)
N(7)-N(8) 1.381 (5) 1.390 (2)
N(8)-N (8') 1.246 (7) 1.246 (2)
N(7)-C(9) 1.496 (6) 1.494 (2)
C(9)-C(10) 1.507 (8) 1.513 (3)
C(9)-C(ll) 1.519(8) 1.516 (3)
C(9)-C(12) 1.527 (8) 1.516 (3)
N(7)-N(7') 3.456(11) 3.464 (4'
C(4)-C1 1.748 (5)

is not borne out in the more refined structure for 2B. The 
hydrogens refined to reasonable positions for 2B, the aliphatic 
hydrogens giving final C -H  distances of 0.940 (25)—1.101 (28) 
Â and the aromatic C -D  distances obtained were 0.966 (22), 
0.948 (21), and 0.930 (19) Â at C(2), C(4), and C(6), marginally 
shorter than the 0.986 (29) and 0.980 (20) Â obtained for the 
C(3) and C(5) C -H  bonds.

The geometries found at the planar tetrazene linkages are 
compared in Figure 3. Some preliminary structural data have 
been reported for two aliphatic trans-2-tetrazenes, azomor
pholine (3) and the bistetrazene 1,4,7,10-tetramethyl-

Table V. Heavy-Atom Bond Angles for 2A and 2B (deg)

2A 2B

C(2)-C(l)-C(6) 119.28 (47) 119.36 (17)
C(3)-C(2)-C(l) 120.35 (50) 120.67 (20)
C(4)-C(3)-C(2) 119.05(51) 120.21 (22)
C(5)-C(4)-C(3) 121.75 (48) 120.33(19)
C(6)-C(5)-C(4) 119.15(50) 119.92 (20)
C(l)-C(6)-C(5) 120.37 (50) 119.50 (20)
C(2)-C(l)-N(7) 122.55 (46) 118.10(15)
C(6)-C(l)-N(7) 118.13 (47) 122.52 (16)
C(l)-N(7)-N(8) 117.71 (39) 117.39 (11)
N(7)-N(8)-N(8') 113.71 (49) 113.07 (12)
C(l)-N(7)-C(9) 121.16(41) 120.42 (12)
N(8)-N(7)-C(9) 112.09 (37) 111.12 (12)
N(7)-C(9)-C(10) 107.63 (45) 111.97 (15)
N (7)-C(9)-C(ll) 108.25 (43) 107.87(16)
N(7)-C(9)-C(12) 111.99(46) 107.70(14)
C(10)-C(9)-C(ll) 108.90 (52) 110.76 (22)
C(ll)-C(9)-C(12) 109.41 (49) 109.41 (20)
C(10)-C(9)-C(12) 110.57 (50) 109.05 (20)
C(3)-C(4)-C1 118.93(41)
C(5)-C(4)-C1 119.31 (44)

l,2,3,4,7,8,9,10-octaazacyclododeca-2,8-diene (4),17 which have 
N -N  distances of 1.393 (1) and 1.385 (2, av, max dev 7) A and 
N = N  distances of 1.251 (2) and 1.253 (2, av, max dev 1) A, 
respectively, and N— N = N  angles averaging 113.0 (2, max dev
4)°; the geometry at the tetrazine linkage of 2 closely resem
bles that of 3 and 4.

Information on the dihedral angles between planes con
taining several atoms in 2B appears in Table VI. The aryl ring 
and N(7) lie in plane, and the two aryl rings of each molecule 
are in parallel planes, separated by 2.98 A. The planes of the 
aryl rings have a dihedral angle of 57° with respect to the 
tetrazene nitrogen plane. The trisubstituted nitrogen is 
nonplanar, N(7) lying 0.28 A from the plane through the three
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atoms attached to it [plane 4, C(l)-N (8)-C(9)], d = 34.1°. The 
lone pair of N(7) was not observed by x-ray analysis, but its 
axis should lie approximately perpendicular to plane 4. The 
lone-pair orbital axis is thus inferred to lie nearly in the plane 
of the aryl ring, so that 2 does indeed have the “deconjugated” 
conformation suggested previously.1 :i The flattening at N(7) 
must be largely steric, because the N(7) lone pair is twisted 
out of conjugation with both the aryl ring and the azo linkage. 
For the single-crystal ESR study, the relationship between 
the symmetry-related molecules and the crystal faces are 
important. A packing diagram appears in Figure 4, and in- 
termolecular closest heavv-atom approaches are shown in 
Table VII. Table VIII contains information on the relationship 
of the aryl ring planes in the symmetry-related pairs of mol
ecules, and the orientation of these planes with respect to the 
crystal faces. The aryl rings of the two types of symmetry- 
related 2B molecules within the crystal make an angle of 45° 
with each other, and the aryl rings are nearly perpendicular 
(97° angle) with the A face of the crystal.

Triplet Radical Pairs from 2. Since the pioneering study 
by Bartlett and McBride18 of o-phenylethyl triplet radical 
pairs trapped in a matrix of the azo compound, several other 
triplet radical pairs have been studied. Radical precursors 
have included azo compounds,1819 tetraphenylhydrazine,20 
and diacyl peroxides;21-2 especially detailed studies of the 
triplet pairs from benzoylacetyl peroxide have been carried 
out.28 It was expected f rom this work that /V-ferf-butylanilino 
triplet radical pairs would be observed upon photolysis of 2, 
as proved to be the case. When powdered samples of 2 are 
photolyzed at liquid nitrogen temperature, powder spectra 
of a triplet with D of about 100 CI, as well as a weak half-field 
absorption, are observed. Single crystals of variously substi
tuted 2 molecules gave strongly anisotropic ESR spectra,

Bu

2B

Figure 3. Comparison of geometries at the 2-tetrazene linkage for 2A 
and 2B.

Figure 4. Packing diagram for 2B, showing four molecules of one 
orientation surrounding one of the other orientations.

Table VI. Planes and Dihedral Angles in 2B

Atoms in place
Plane

no.
Atoms out of plane 

(distance, A)

C (l)-C(2)-C(3)-C(4)- i N(7) (+0.01), N(8)
C(5)-C(6) (+1.15)

C( l')-C (2')-C (3')-C(4')- 2 N(7') (-0.01), N(8)
C(5')-C(6') (-1.15)

N(7)-N(8)-N(8')-N(7') 3 Cd) (+1.15), C(6) 
(+1.49)

C(l)-N(8)-C(9) 4 N(7) (-0.28), C(4) 
(+0.40)

Angles (deg) between Plane n and the Other Planes 
Planes 2 3 4

1 0.01 57.16 94.18
2 57.16 94.18
3 96.19
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series this method gives less satisfactory results and only a few 
2- or 3-substituted imidazo[l,2-a]pyrazines were synthe
sized.2̂  In connection with the isolation of luciferins, new and 
better synthetic approaches have been devised. Imid- 
azo[l,2-a]pyrazines were prepared from aminopyrazines and
o-keto aldehydes or formaldehyde and hydrogen cyanide.410 
In another method 2-formylimidazoles were used as starting 
material and at position 1 quaternized derivatives were thus 
accessible." .Although the first derivative of this bicyclic 
system was reported in 1957,12 the parent system has so far 
not been described in the free form but was obtained as the 
perchlorate13 in low yield.

We have recently reported the synthesis of imidazo[l,2- 
ajpyrazine14 and have examined its reaction with hydrazine 
to give a mixture of 2-methylimidazole and l-ethyl-2- 
methylimidazole. It was established that these compounds 
arise from an initial attack of hydrazine on the pyrazine part 
of the bicycle, either at position 5 or at position 8.

The ready availability of the parent heterocycle (I )14 
prompted us to investigate in more detail the reactivity of this 
system, in particular, electrophilic and nucleophilic substi
tutions. Bromination of 1 with bromine in glacial acetic acid

Br 2 1 3
afforded the 3,5-dibromo compound 2, whereas with iV-bro- 
mosuccinimide the 3-bromo derivative 3 was obtained. The 
structure of this monobromo derivative follows from the fol
lowing observations. The compound was resistant to nucleo
philic substitution and no reaction with either sodium alco
hólate, or sodium thiophenolate, hydrazine hydrate, or liquid 
ammonia could be observed. Such unreactivity toward nu
cleophiles is incompatible with structure of a 5-bromo com
pound, since because of theoretical considerations15 as well 
as practical experience10 a halogen atom at position 5 should 
be easily replaced. The NM R parameters of this monobromo 
compound did not allow unambiguous assignment of the 
peaks. However, when the spectrum was recorded after ad
dition of a shift reagent, assignment became possible. In the 
normal NMR spectrum a broad singlet at 8 8.19 was observed, 
assignable to Hr, and Hr protons. After addition of some- 
Eu(fod);, a doublet for Hr at 8 9.43 and a doublet of doublets 
at 8 8.79 for Hr, were clearly separated. Moreover, coupling 
constants, J rr = 5.5 and Js,« =  2.0 Hz, could be observed. This 
excludes other possible structures with the bromide atom ei
ther at positions 5, 6, or 8. The structure as a 2-bromo deriv
ative is also excluded if we compare chemical shifts for H2 and 
Hs in the unsubstituted compound14 and the monobromo 
derivative, since the signal for H« appears at lower field. Such 
spectral characteristics were observed also with pyrroloazines 
or imidazo[l,2-5]pyridazines.17 21 All this evidence favors the 
structure of 3-bromoimidazo[l,2-a]pyrazine (3).

The structure of the dibromo compound 2 is also in agree
ment with NMR data. The signal for H2 appears as a singlet 
at 8 7.73 and is almost at the same position as that of the un
substituted compound14 or the 3-bromo derivative 3. More
over, two other singlets at 8 7.95 and 8.96 appear in the NMR  
spectrum of 2, and this excludes substitution at position 8. In 
this case a should be observable. Substitution at position 
6 is also excluded, since in this case one should observe a Jr,,«, 
observed so far in all 5,8-unsubstituted imidazo[l,2-a]pyra- 
zines, such as the parent compound14 or compounds 3, 9, and 
10.

Other bromo derivatives were prepared as follows. 6,8- 
Dibromoimidazo[l,2-a]pyrazine (5) was synthesized from 
2-amino-3,5-dibromopyrazine (4) and bromoacetaldehyde, 
and after bromination with iV-bromosuccinimide a tribromo 
derivative was obtained. Because of the NM R spectral evi

7 8

dence for this compound the structure of 3,6,8-tribromoim- 
idazo[l,2-a]pyrazine (6) could be assigned. These findings 
agree with theoretical predictions of reactivity of imid- 
azo[l,2-a]pyrazine, based on calculated electron densities.15 
These indicate that the most reactive position for electrophilic 
attack should be position 3, followed by position 5, whereas 
nucleophilic substitutions should take place predominantly 
at positions 5 and 8.

In a nucleophilic substitution, 6,8-dibromoimidazo[l,2- 
a]pyrazine (5) exchanged only one bromine atom with a me- 
thoxy group. For the purpose of structural assignment the 
obtained compound was catalytically dehalogenated to give 
the monomethoxy derivative. Since this compound revealed 
in its NM R spectrum a coupling constant of 5.0 Hz, corre
sponding to two ortho protons, its structure can be only 8- 
methoxyimidazo[l,2-a]pyrazine (8) and the precursor is 6- 
bromo-8-methoxy compound 7.

Imidazo[l,2-a]pyrazine does not undergo hydrogen-deu
terium exchange under neutral or acid conditions. In an al
kaline solution of aqueous NaOD in dimethyl sulfoxide ex
change of protons 3 and '5 was complete in 19 min at room 
temperature (50% of Hr is exchanged in <2 min, whereas 50% 
of H« is exchanged in 2 min). Other protons were not ex
changed even at 100 °C after 75 min. This contrasts the more 
reactive s-triazolo[l,2-a]pyrazine system.10

Quaternization of imidazo[l,2-a [pyrazine with methyl io
dide at room temperature afforded after 5 days a mixture of
7-methyl (10) and 1-methyl quaternary compounds (9) in a

ir->
10

ratio of 1:1.6, as determined from NMR evidence. The struc
ture assignment to both quaternary compounds follows from 
the following observations. The most important feature which 
allows the structure assignment to 10 is the appearance of Jr,« 
= 1 Hz, this coupling constant being otherwise not observable 
with all azolopyrazines.1119 In the last case the quadrupole 
effect of N7 is responsible for the fact that Jr,« does not appear 
or is very small. The same effect, when blocking the free 
electron pair on the ring nitrogen, has been observed also with 
some azine N -oxides.22 In addition, the signals for Hr and H« 
in 10 are sharper in comparison to those of 9 or all other azo
lopyrazines, again because of the absence of the quadrupole 
effect of N7.

As a continuation of our investigations on ,s-triazolo[l,5-a]- 
and s-triazolo[4,3-a]pyrazine,14’10’23 25 we now report some 
new findings. 5-Bromo-s-triazolo[4,3-a)pyrazine (12) was
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obtained from the parent compound 11 upon bromination 
with bromine in acetic acid. Its structure follows from the 
following considerations. In the NMR spectrum appear three 
singlets and this excludes substitution at either position 3 or 
8, since in these cases a Jr,,; would be observed. Substitution 
at position 6 is also excluded, since in this case a Jr,,« would be 
observed. Moreover, the NM R spectrum of 12 is very similar 
to that of the analogous 5-chloro compound (18, R = H, X  = 
Cl, three singlets for protons H:t, H(;, and H«), whose structure 
follows unequivocally from its synthesis from the corre
sponding chloropyrazine (17, R = R, = H).

Imidazo[l,2-a]- and ,s-Triazolo[4,3-a]pyrazines

R,

_  l i . ^ n H N R R , f U N

N-  Y  N 'tl

^  k N— 1

19

V -  V ‘ ' ' R

■ - -  N - ~  NX

18 , N ------ T ,
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Compound 12 reacted with sodium methylate at room 
temperature to give a mixture of 5-methoxy (16) and 8-me- 
thoxy compounds (15). The structure assignment follows from 
NMR spectroscopic data. One of the isomers showed a Jr,.« = 
5 Hz, which is characteristic for two ortho protons and 
therefore only structure 15 is acceptable. To the other com
pound the structure of the 5-methoxy isomer 16 was assigned, 
since its NM R spectrum revealed three singlets for ring pro
tons. The possibility of a 6-methoxy derivative is excluded 
because of reasoning which is presented above for the related
5- bromo compound 12. The formation of the 8 -methoxy iso
mer is another example of telesubstitution which we have 
observed previously."’ On the other hand, 5-bromo-s-tria- 
zolo[4,3-a]pvrazine (12) or its 3-phenvl analogue (18, R = Ph, 
X  = Br) reacted with hot sodium thiophenolate to give only 
the corresponding 5-phenylthio derivatives (20, R; = SPh, R 
= H or Ph). So far, we have no adequate explanation for the 
specific reactivity of sodium thiophenolate; yet it should be 
mentioned that we have observed similar specificity also with 
s-triazolo[ 1,5-o ] triazine.

From 2-hydrazino-6-chloropvrazine (17, R = R; = H) and 
diethoxymethyl acetate 5-chloro-.s-triazolo[4,3-a]pyrazine 
(18, R = H, X  = Cl) was obtained in low yield. Cyclization was 
attempted also with triethyl orthoformate or a mixture of the 
latter and acetic anhydride, but without success. However, the
3-phenyl analogue (18, R = Ph, X  = Cl) could be prepared in 
good yield from the benzylidene derivative of 2-hydrazino-
6- chloropyrazine (17, RR| = CHPh) by oxidative cyclization 
with lead tetraacetate. We have attempted also another ap
proach for the synthesis of s-triazolo[4,3-a ]pyrazines, which 
proved to be successful in the pvridazine series.21’ From hy- 
drazinopyrazines and (V,N-dimethylformamide dimethyl 
acetal the corresponding N.N-dimethvlaminomethylenehy- 
drazine derivatives were prepared, but attempts to cyclize 
these were unsuccessful.

3-Phenyl-5-chloro-s-triazolo[4,3-a]pyrazine (18, R = Ph, 
X  = Cl) reacted with sodium methoxide either at room tem
perature or under reflux to give only the telesubstituted 
product, the 8-methoxy derivative (19, R = Ph, R; = OMe). 
With sodium ethoxide under reflux the same chloro compound 
afforded again only the 8-ethoxy derivative (19, R = Ph, R; 
= OEt) in moderate yield. On the other hand, this compound 
is obtainable also from the 8-methoxy derivative (19, R = Ph, 
R; = OMe) with hot sodium ethoxide. Telesubstitution oc
curred also when 18 (R = Ph, X  = Cl) reacted at room tem
perature with methanolic ammonia to give the 3-phenyl-8- 
amino derivative (19, R = Ph, R; = NH J , formed also from 
the corresponding 8-methoxv compound (19, R = Ph, Ri = 
OMe).

For telesubstitution one can postulate the following reaction 
mechanism. In view of the electron-withdrawing property of 
the 7-aza group, position 8 of imidazo[l,2-aj- or s-triazolo- 
[4,3-a]pyrazines is activated for nucleophilic attack. Ac
cordingly, besides the normal addition-elimination process 
at position 5 (14) (path b), a competitive addition of the nu
cleophile at position 8 (13) can take place (path a). These and 
previous results14 appear to be consistent with this mecha
nism, although by monitoring the reaction in a NM R probe 
the anticipated tr complex could not be detected. To the best 
of our knowledge, there are no previous examples of telesub
stitution in the azoloazine series with a bridgehead nitrogen 
atom.

Experimental Section

Melting points were determined on a Kofler hot plate melting point 
apparatus. The NMR spectral measurements were performed on a 
JOEL JNM C-60 HL spectrometer with Me4Si as internal standard. 
Mass spectra were recorded on a Hitachi Perkin-Elmer RMU-6L 
spectrometer.

Materials. 2-Chloropyrazine was prepared from glyoxal and 
formamide according to the described procedure2, and was trans
formed further into 2-hydrazinopyrazine.28 s-Triazolo[4,3-a]pvraz- 
ine29 (>H NMR (Me2SO-d6) S 9.55 (s, H;f), 8.71 (dd, H-J, 8.01 (d, H(i),
9.55 (d, H«), J-,fi = 5.0, Jr,,« = 2.0 Hz), 2-amino-3,5-dibromopyrazine,:!" 
and imidazo[l,2-a]pyrazine14 were reported previously.

3,5-Dibromoimidazo[ 1,2-a Jpyrazine (2). A solution of 1 (0.2 g) 
in glacial acetic acid (4 mL) was cooled on ice, and a solution of bro
mine (0.5 mL) in glacial acetic acid (2 mL) was added dropwise with 
stirring. The separated orange-colored product was filtered and 
crystallized from water: mp 150-151 °C (yield 75 mg, 16%); MS m/e 
273 (M); 'H NMR (CDCL) 6 7.73 (s, H2), 7.95 (s, Hfi), 8.96 (s, H«).

Anal. Calcd for CfiH;1Br )N:l: C, 26.02; H, 1.09; N, 15.17. Found: C, 
26.33; H, 1.35; N, 15.07.

3-Bromoimidazo[l,2-a]pyrazine (3). A mixture of 1 (2.0 g), N- 
bromosuccinimide (2.94 g), and chloroform (100 mL) was heated 
under reflux for 2 h. Upon cooling, the solution was treated with a 
saturated aqueous solution of sodium carbonate (200 mL) and shaken. 
The chloroform layer was separated and upon evaporation of the 
solvent the residue was crystallized from chloroform-petroleum ether: 
mp 193-194 °C (1.9 g, 58% yield); MS m/e 197 (M); 'H NMR (CDCL) 
fi 7.84 (s, H2), 8.19 (br s, Hr, and Hb), 9.15 (s, H«); 'NMR (after addition 
of 15 mg ofEu(fod);, in 0.5 mL of CDCL) S 10.6 (s, H2), 9.82 (dd, Hr,),
11.0 (d, Hb), 13.2 (d, Ha), J r,„  = 2.0, J r,e = 5.5 Hz.

Anal. Calcd for CeH4BrN:,: C, 36.39; H, 2.04; N, 21.22. Found: C, 
36.72; H, 2.14; N, 21.45.

6.8- Dibromoimidazo[l,2-a]pyrazine (5). A mixture of bromoa- 
cetaldehyde diethyl acetal (1.4 g), concentrated hydrobromic acid 
(0.38 mL), and water (0.38 mL) was heated under reflux for 1 h. Upon 
cooling the reaction mixture was poured into ethanol (15 mL) and 
neutralized with solid sodium bicarbonate. To the filtrate 2-amino-
3,5-dibromopyrazine (1 g) was added and the reaction mixture was 
stirred for 3 days at room temperature. The separated product was 
filtered and crystallized from water: mp 165-166 °C (yield 0.40 g, 33%); 
MS m/e 275 (M); 'H NMR (CDCL) <5 8.26 (s, H-,), 7.80 (m, H:1 and 
H,).

Anal. Calcd for CfiH2Br2N:i: C, 26.02; H, 1.09; N, 15.17. Found: C, 
26.44; H, 1.33; N, 14.99.

The hydrobromide salt, prepared with concentrated hydrobromic 
acid, revealed the following; 1H NMR (MeJSO-d«) r> 8.00 (d. HJ, 8.37 
(d, H;d, 9.17 (s, Hr>), J 2.;i = 1.2 Hz.

3.6.8- Tribromoimidazo[l,2-a]pyrazine (6). A mixture of 6,8- 
dibromoimidazo[l,2-a]pyrazine (0.24 g), NBS (151 mg), and chloro
form (10 mL) was heated under reflux for 1 h and a white precipitate 
was formed. The reaction mixture was shaken with a saturated 
aqueous solution of sodium carbonate (15 mL), and the chloroform 
layer was separated and evaporated to dryness. The residue was 
sublimed in vacuo to give the pure product: mp 161-165 °C (vield 
0.135 g, 44%); 'H NMR (CDCL) S 7.83 (s, H >), 8.23 (s. Hr,).

Anal. Calcd for CfiH2Br:!N:1: C. 20.25; H, 0.57; N, 11.81. Found: C, 
20.39; H, 1.06; N, 11.50.

6-Bromo-8-methoxyimidazo[l,2-a]pyrazine (7). A methanolic 
solution of sodium methylate was prepared from sodium (20 mg) and 
methanol (15 mL) and to this 6,8-dibromo compound 5 (0.25 g) was 
added. The reaction mixture was heated under reflux for 2 h and 
evaporated to dryness, and the residue was crystallized from water: 
mp 208-210 °C (yield 0.147 g, 72%); MS m/e 228 (M); 'H NMR
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(CDClg) 6 7.50 (d, H2), 7.56 (d, H;i), 7.83 (s, H5), 4.14 (s, OMe), J2fl =
1.0 Hz.

Anal. Calcd for C7H6BrN30: C, 36.86; H, 2.65. Found: C, 37.06; H,
2.77.

8-Methoxyimidazo[l,2-a]pyrazine (8). To a solution of the above 
compound (7) (0.265 g) in methanol (40 mL) palladized carbon (60 
mg of 10%) was added and the mixture was shaken in an atmosphere 
of hydrogen for 15 h. Upon filtration the filtrate was evaporated to 
dryness and the hydrobromide salt was crystallized from methanol- 
ether: mp 244-245 °C (yield92%); MS m/e 149 (M — HBr); 'H NMR 
(Me2SO-d6) 6 7.89 (d, He), 8.25 (d, H2), 8.53 (d, H;!), 8.60 (d, Hs), 4.17 
(s, OMe), J56 = 5.0, J'z 3 = 2 Hz.

Anal. Calcd for C7H8NgOBr: C, 36.54; H, 3.51. Found: C, 36.45; H,
3.41.

5-Chloroimidazo[l,2-a]pyrazine. A mixture of bromoacetal- 
dehyde diethyl acetal (0.4 g), hydrobromic acid (0.12 mL of 48%), and 
water (0.12 mL) was heated under reflux for 1 h. Upon cooling the 
reaction mixture was diluted with ethanol (5 mL), neutralized with 
sodium bicarbonate, and filtered. The filtrate was treated with 2- 
amino-6-chloropyrazine (0.3 g) and the mixture was stirred at 40 °C 
for 30 h. The solvent was evaporated in vacuo and the residue was 
dissolved in water (1 mL). The solution was neutralized with sodium 
bicarbonate, and the aqueous layer was separated and extracted with 
chloroform. Upon evaporation of the solvent the residue was crys
tallized from cyclohexane (yield 14 mg, 4%) and had mp 88-95 °C; 'H 
NMR (CDCL) 5 7.99 (s, H2 and Hi), 8.06 (s, H6), 9.20 (s, Hg).

Anal. Calcd for CgH4ClNg: C, 46.93; H, 2.63. Found: C, 47.02; H,
2.90.

Méthylation of Imidazo[l,2-a]pyrazine. A solution of imid- 
azo[l,2-a]pyrazine (0.24 g) in methanol (4 mL) was treated with 
methyl iodide (0.48 g), and the reaction mixture was left in a sealed 
tube in the dark at room temperature for 5 days. The separated 
crystals (0.181 g, 35%) were filtered and dissolved in hot methanol, 
and upon cooling the separated crystals of the 7-methyl derivative 
10 were filtered: mp 270-280 °C dec (55 mg, yield 11%); 'H NMR 6
4.36 (s, Me), 8.25 (dd, H5), 8.43 (d, H2), 8.77 (d, H3), 9.25 (dd, H(;), 9.98 
(dd, H8), Js,g = 1.5, J2,3 = 1.0, J6.g = LO, Js.e = 5.6 Hz.

Anal. Calcd for C7H8IN3: C, 32.20; H, 3.09. Found: C, 32.61; H,
3.28.

The filtrate, when evaporated to dryness, afforded the 1-methyl 
isomer 9: mp 199-200 °C (from methanol) (0.107 g, 21%); 'H NMR 
(Me2SO-d6) /> 8.50 (d, H2), 8.55 (d, H3), 8.50 (dd, Hr,), 9.05 (d, He), 9.55 
(d, H8), 4.28 (s, Me), J 2,3 = 1.0, J5.6 = 5.6, J 5i8 = 1.5 Hz. (In the liter
ature, however, l-methylimidazo[l,2-a]pyrazinium bromide, mp >330 
°C, has been reported.11)

2-Hydrazino-6-chloropyrazine (17, R  = R i = H). A solution of
2,6-dichloropyrazine (10 g) in ethanol (30 mL) was treated with hy
drazine hydrate (15 mL of 98%) and the reaction mixture was heated 
under reflux for 3 h. The solvent was evaporated in vacuo and the 
residue was crystallized from water and toluene: mp 136-139 °C (yield
6.7 g, 69%); MS m/e 144 (M); 'H NMR (MezSO-dg) 6 8.10 (s, Hg or 
Hs), 7.74 (s, H, or Hg), 8.45 (br s, NH), 4.40 (hr s, NH2).

Anal. Calcd for C4H5C1N4: C, 33.23; H, 3.48; N, 38.76. Found: C, 
33.34; H, 3.50; N, 39.18.

The compound formed the benzylidene derivative in the usual 
manner: mp 223 °C; MS m/e 232 (M).

Anal. Calcd for C11H9CIN4: C, 56.78; H, 3.90; N, 24.08. Found: C, 
56.97; H, 3.75; N, 23.94.

If 2-hydrazino-6-chloropyrazine (1 g), N,N-dimethylformamide 
dimethyl acetal (1.5 mL), and absolute ethanol (7 mL) were heated 
under reflux for 30 min, upon cooling the corresponding N,N-di- 
methylaminomethylenehydrazino derivative (17, R, Ri = CHNMe2) 
was separated (0.5 g, 36%): mp 168-170 °C (from ethanol); MS m/e 
199 (M).

Anal. Calcd for C7H10ClNft: C, 42.11; H, 5.05; N, 35.08. Found: C, 
42.17; H, 5.25; N, 35.10.

In a similar manner 2-lV,iV-dimethylaminomethylenehydrazino- 
pyrazine was prepared, mp 141 °C (from cyclohexane), in 67% yield: 
MS m/e 165 (M).

Anal. Calcd for C7H „N S: C, 50.89; H, 6.71; N, 42.40. Found: C, 50.90; 
H, 6.90; N, 42.72.

5-Bromo-s-triazolo[4,3-a]pyrazine (12). A solution of 11 (3.0 
g) in glacial acetic acid (90 mL) was treated with bromine (4.0 g in 25 
mL of glacial acetic acid) at room temperature. The separated product 
was filtered and crystallized from ethanol: mp 214-217 °C (yield 1.70 
g, 34%); MS m/e 198 (M); ‘H NMR (Me2SO-dg) 6 8.24 (s, H„), 9.67 (s, 
Hg or Hg), 9.49 (s, Hg or Hg).

Anal. Calcd for C6HgBrN4: C, 30.17; H, 1.52; N, 28.15. Found: C, 
30.40; H, 2.02; N, 28.02.

5-Chloro-s-triazolo[4,3-a]pyrazine (18, R  = H, X = Cl). A
mixture of 2-hydrazino-6-chloropyrazine (1 g) and diethoxymethyl

acetate (3 mL) was heated under reflux for 10 h. The solvent was 
evaporated in vacuo to dryness and the residue was sublimed. The 
compound had mp 167-172 °C (yield 0.125 g, 12%); MS m/e 154 (M); 
*H NMR (CDCL) b 7.94 (s, Hg), 9.06 (s, Hg or Hg), 9.27 (s, Hg or 
Hg).

Anal. Calcd for C5HgClN„: C, 38.85; H, 1.96. Found: C, 38.89; H, 
2.30.

3-Phenyl-5-chloro-s-triazolo[4,3-a]pyrazine (18, R = Ph, X  
= Cl). A suspension of 2-benzylidenehydrazino-6-chloropyrazine (1.1 
g) in benzene (15 mL) was treated with lead tetraacetate (2.5 g, washed 
with benzene before use) with stirring. The reaction mixture was left 
at room temperature for 6 h, the solid was filtered, and the filtrate was 
evaporated in vacuo to dryness. The residue was crystallized from 
ethanol: mp 176 °C (yield 0.7 g, 64%); MS m/e 230 (M); ’ H NMR 
(Me2S0-dfi) b 7.65 (m, Ph), 8.10 (s, H8), 9.52 (s, H«).

Anal. Calcd for C „H 7C1N4: C, 57.28; H, 3.06; N, 24.29. Found: C, 
57.50; H, 3.21; N, 24.31.

5-Phenylthio-s-triazolo[4,3-a]pyrazine (20, R  = H, R 4 = SPh).
To a solution of sodium thiophenolate in ethanol, prepared from 12 
mg of sodium, 55 mg of thiophenol, and 5 mL of absolute ethanol, the
5-bromo compound 12 (0.1 g) was added. The reaction mixture was 
heated under reflux for 1 h and upon cooling poured on ice. The 
product which separated (14 mg) was filtered and the filtrate was 
evaporated in vacuo to dryness. Some water was added and the residue 
was filtered (65 mg). Both products were found to be identical, and 
they were combined and crystallized from water: mp 95-96 °C (yield 
26 mg, 23%); MS m/e 228 (M); 'H NMR (Me2SO-dg) 0 8.26 (s, Hg), 
10.57, 10.47 (s, Hg and Hg), 7.5 (m, Ph).

Anal. Calcd for C „H hN4S: C, 57.89; H, 3.53; N, 24.55. Found: C, 
58.08; H, 3.80; N, 24.50.

3-Phenyl-5-phenylthio-s-triazolo[4,3-a]pyrazine (20, R  = Ph, 
R, = SPh) was prepared in a similar manner in 52% yield: mp 194-198 
°C; MS m/e 304 (M); !H NMR (Me,SO-dfi) b 7.9 (s, Hg), 9.25 (s, H«),
7.43 (m, Ph), 6.8, 7.23 (m, 3-Ph).

Anal. Calcd for C ,7H12N4S: C, 67.09; H, 3.98; N, 18.41. Found: C. 
66.79; H, 4.28; N, 18.69.

Reaction between 5-Bromo-s-triazolo[4,3-a]pyrazine and 
Sodium Methylate. A methanolic solution of sodium methylate 
(prepared from 8 mL of ethanol and 25 mg of sodium) was treated with 
12 (0.2 g) and the reaction mixture was left at room temperature 
overnight. The solvent was evaporated in vacuo and the residue was 
extracted with chloroform. Upon evaporation of the solvent the 
product was crystallized from chloroform and pet roleum ether. There 
were obtained 40 mg of a mixture of 8-methoxv- (15) and 5-me- 
thoxy-s-triazolo[4,3-a]pyrazine (16): mp 131-134 °C; MS m/e 150 
(M); 'H NMR (Me2SO-dg) 8-methoxy isomer 6 4.15 (s, 8-OMe), 7.49 
(d, Hg), 9.17 (s, Hg), 8.17 (d, Hg), J-,e = 5 Hz; 5-methoxy isomer 6 4.25 
(s, 5-OMe), 7.66 (s, Hg), 9.55 (s, Hg), 9.49 (s, Hg).

Anal. Calcd for CgHgN40: C, 48.00; H, 4.03. Found: C, 47.69; H,
3.70.

3-Phenyl-8-methoxy-s-triazolo[4,3-a]pyrazine (19, R  = Ph, 
R i = OMe). Compound 18 (R = Ph, X = Cl) (231 mg) was dissolved 
in methanol (14 mL) and a solution of sodium methylate (23 mg of 
sodium in 3 mL of methanol) was added. The progression of the re
action was followed by TLC and when reaction was complete, the 
solvent was evaporated and the residue crystallized from aqueous 
methanol: mp 190-193 °C (yield 89 mg, 39%). However, if the react ion 
was conducted under reflux for 30 min the product was obtained in 
17% yield: MS m/e 226 (M); >H NMR (Me.SO-dg) 6 4.25 (s, OMe), 
7.45 (d, Hr>), 7.90 (d, Hg), 8.0-7.5 (m, Ph), J r,e = 4.5 Hz.

Anal. Calcd for C ,2H loN40: C, 63.70; H, 4.46; N, 24.77. Found: C, 
63.42; H, 4.90; N, 24.66.

3-Phenyl-8-ethoxy-s-triazolo[4,3-a]pyrazine (19, R = Ph, Ri 
= OEt). (A) The compound was prepared in an analogous manner 
as the 8-methoxy compound from 18 (R = Ph, X = Cl), but under 
reflux: mp 172-173.5 °C (vield 76 mg, 31%); MS m/e 240 (M); !H 
NMR (Me-SO-ds) 6 7.37 (d, Hg), 7.82 (d, Hg), 7.95-7.46 (m, Ph), 1.55 
(t, CH iCHg), 4.70 (CH2CHg), Jr,g = 4.5, J Ki = 7.2 Hz.

Anal. Calcd for C,gH,,N.,0: C, 64.98; H, 5.03; N, 23.32. Found: C, 
64.71; H, 5.29; N, 23.15.

(B) A solution of the 8-methoxy compound 19 (R = Ph, Ri = OMe) 
(10 mg) in 50% aqueous ethanol was treated with ethanolic sodium 
ethylate (prepared from 2.9 mg of sodium in 1 mL of ethanol). The 
reaction mixture was heated under reflux for 30 min, the solvent was 
evaporated in vacuo to dryness, and the residue was treated with some 
water. The product was filtered (yield 1.5 mg, 14%) and had mp 171 
°C. The compound has been identified by its IR spectrum and mixture 
melting point as the above 8-methoxy compound, prepared as de
scribed under A.

3-Phenyl-8-amino-s-triazolo[4,3-a]pyrazine (19, R = Ph, R, 
= NH2). (A) Compound 18 (R = Ph, X = Cl) (231 mg) was added to
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a saturated methanolic solution of ammonia (30 mL) and the reaction 
mixture was left to stand at room temperature for 20 h. The separated 
product was filtered off, the filtrate was evaporated to dryness and 
treated with water (5 mL), and the residue was filtered. The combined 
products were crystallized from ethanol: mp 247-248.5 °C (yield 53.5 
mg, 30%); MS m/e 211 (M); >H NMR (Me2SO-d6) h 7.26 (d, Hs), 7.74 
(d, Hfi), 8.0-7.4 (m, Ph), 3.33 (s, NH2), Js.e = 4.5 Hz.

Anal. Calcd for CnHsNs: C, 62.55; H, 4.30; N, 33.16. Found: C, 62.77;
H. 4.55; N, 33.36.
(B) Compound 19 (R = Ph, R] = OMe) (50 mg) was added to a satu
rated methanolic solution of ammonia (10 mL) and the reaction 
mixture was heated in an autoclave at 100 °C for 5 h. Upon evapora
tion of the solvent, the residue was crystallized from ethanol. The 
compound was found to be identical in all respects with product ob
tained as described under A.
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The thermochemical decomposition of liquid 2,4,6-trinitrotoluene (TNT) produces a primary kinetic deuterium 
isotope effect when its methyl moiety is deuterium labeled. The novel integration of the deuterium isotope effect 
with isothermal differential scanning calorimetry analysis provides the first directly measured mechanistic evi
dence that carbon hydrogen bond rupture in the TNT methyl group constitutes the rate-determining step of the 
thermoehemieal decomposition react ion. This thermochemical reaction possesses an induction perii id during which 
a single species forms from TNT and catalyzes a sustained exothermic decomposition. An expression was derived 
that correlated deuterium/hydrogen induction time ratios with inaccessible hydrogen/deuterium rate constant ra
tios during this induction period. Direct induction time measurement allowed deuterium isotope effect evaluation 
before interfering side reactions diluted the magnitude, of the isotope effect during the latter stages of exothermic 
decomposition. Hydrogen donor effects suggest that the rate-determining carbon -hydrogen bond rupture proceeds 
homolytically. A large negative entropy of activation reveals a high degree of orderliness during the decomposi- 
t ion.

The kinetic deuterium isotope effect has proved to he a 
powerful tool in mechanistic elucidations of gaseous and sol- 
volvzed chemical reactions. Recently, isothermal differential 
scanning calorimetry (isothermal DSC) proved its value as a 
rapid and elegant technique for determining kinetic param
eters (e.g., reaction rate, rate constant, reaction order, acti

vation energy) in thermochemical decomposition reactions 
of liquified nitrated organic compounds.2 4 Because liquid 
organic compounds constitute a homogeneous phase, and 
because an isothermal DSC curve is directly proportional to 
a reaction rate that is easily converted into a rate constant, we 
felt the deut erium isotope effect concept could be integrated
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____________________________________________ Table II. Decay Phase Kinetic Data______________________________________

Compd__________n (order)__________ Ea, kcal mol-1___________SH*, kcal mol-1_____________SS*, eu_______________

T N T  0.97 ±  0.07 29.4 ±  1.4 28.35 ±  0.01 -16 .4  ±  0.1
T N T -d :t 0.86 ±  0.06 29.9 ±  1.6 28.85 ±  0.01 —16.1 ±  0.1 L' ± U 'U

0 Average deuterium isotope effect for all five temperatures (Table I).

LH (1 -X)
Figure 3. Order plot (slope = 0.89I for TNT-cfi at 268 °C. Analogous 
TNT order plot (slope = 1.01).

1/T
Figure 4. Decay phase Arrhenius plot for activation energy (Ea\ of 
TNT-d.i.

to 269 °C. A slightly skewed bell-shaped curve was produced. 
This curve was comprised of an induction period A, an exo
thermic acceleratory phase B, and a decay phase C, where the 
decomposition reaction dissipates to completion (Figure 1). 
During the decay phase C, the deflection of the isothermal 
DSC curve (b) is measured as the difference between the curve 
and baseline at specific time intervals. Simpson’s rule is then 
employed to integrate these closely spaced deflection mea
surements to easily obtain the desired kinetic parameters 
previously discussed.2 :1,0 Kinetic parameters obtained in the 
isothermal DSC analysis of TN T and TNT-da from the decay 
phase are illustrated in Tables 1 and II. Figure 2 is a first-order 
plot of In b vs. time for TNT-d.j at 26.'! °C, from which the rate 
constant k was obtained as the slope (—k ). Figure 3 illustrates 
the order plot obtained for this compound, and Figure 4, in 
which In k is graphed against reciprocal temperature, provides 
the activation energy cited in Table II for T N T -d :1 (see para
graph at the end of paper about supplementary material). The 
change in enthalpy of activation (S H *) and entropy of acti
vation (AN*) in this thermochemical decomposition reaction 
was readily calculated (eq 1 and 2) from the rate constant (k) 
and activation energy (£’,,) values obtained in the isothermal 
DSC analysis at the temperatures listed in Tables I and II.

SH* -  E„ -  R T  (1)

/ k \  SH*
SS* = 2.303« (log k -  log j -  log 7’ ) ±  (2)

The magnitude and sign of AN* reflects a very high degree of 
orderliness once the self-sustained, exothermic decomposition 
is initiated and could suggest a cyclic structural interaction.11 
A cyclic interaction reasonably could result in a transition- 
state species formed by an intramolecular reaction between 
the o-nitro group and methyl moiety of T N T .7 M I1 1:1

A significant deuterium isotope effect is found for TN T  
(Table II). Carbon-hydrogen bond rupture in the methyl

moiety during the rate-determining step would produce a 
deuterium isotope effect ratio equal to or greater than 1.41.55 
However, the magnitude of the observed isotope effect during 
the decay phase (Table 11) of T N T ’s thermochemical de
composition reaction is not definitive for a primary isotope 
effect. This 1.35 value is slightly tower than most ratios cited. 
However, TN T's inherent chemical structure ruled out a 
secondary isotope effect and suggested the low 1.35 value to 
be a dilution of the primary isotope process.

The isothermal DSC technique measures the total reaction 
rate during the decay phase C. Competing side reactions can 
produce decomposition products in which no carbon-hydro
gen rupture occurs.9 These reactions would have different 
rate-determining steps that contribute to the total reaction- 
rate measurement revealed by isothermal DSC during the 
decay phase. These competing side reactions, not involving 
carbon-hydrogen bond rupture, would dilute the magnitude 
of the actual deuterium isotope effect, since they comprise a 
portion of the total reaction-rate measurement. Previous 
product isolation of dimeric T N T  reduction products that 
contained azo-6 and/or azoxy-7 linkages with undisturbed

o2n
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OgN

2N R r no2 o2n R

^ - n = n- ^ > - r ^

2n no2 o2n

0 R 
t

=N

NOp

NOp
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methyl groups strongly suggests this to be the case.9 Analysis 
of the induction period A of the isothermal DSC curve offered 
an answer to this dilemma.

Induction Period Analysis. High-pressure liquid chro
matographic analysis was performed on T N T  samples that 
were thermochemically decomposed only during the induction 
period A. Analysis revealed an apparent single, unidentified
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decomposition reaction greatly accelerated.18 The decom
position reaction accelerates so markedly that the induction 
period A totally disappears. With pure T N T  samples, ap
proximately 2 min were required for thermal equilibration to 
be achieved, and an induction period followed as part of the 
normal isothermal DSC curve (Figure 1). However, the 3.7% 
H Q /T N T  samples displayed no induction period, and fol
lowing the 2-min thermal equilibration a steep exothermic 
slope characterized the 3.7% H Q /TN T reaction as being well 
advanced into the self-sustained exothermic acceleration 
phase B. This rapid exothermic reaction suggests that any 
measurable induction period A in (he 3.7% H Q/TN T reaction 
is considerably less than 2-min long and that a bimolecular 
reaction occurs between T N T  and hydroquinone.

Formation of compound I during the induction period ap
parently is initiated from a hydrogen species being generated 
by the rate-determining carbon-hydrogen bond cleavage in 
pure TN T. Hydroquinone possesses a labile hydroxyl hy
drogen which could be introduced to the T N T  molecule more 
readily than by a methyl group’s carbon-hydrogen bond 
rupture. Thus, very rapid catalysis of the molten T N T  ther
mochemical decomposition reaction likely results from hy
droquinone providing a more labile hydrogen species to a TNT  
molecule than can pure T N T  in hydroquinone’s absence. 
While hydroquinone is usually a hydrogen-atom donor, the 
possibility that it acted as a proton donor under our reaction 
conditions had to be addressed. To determine which type of 
hydrogen species was catalyzing T N T ’s molten thermo- 
chemical decomposition reaction, 3.7 mol % benzoic acid (BA), 
a proton donor, was mixed with TN T. Isothermal DSC anal
ysis of the 3.7% BA/TN T samples (263 °C) produced a normal 
decomposition curve like that exhibited by pure T N T .19 While 
the 3. 7% B A /T N T -0 samples yielded an induction time only 
8% less than that of pure T N T  (Table IV), the relative accel- 
eratory effect of hydroquinone is exceptionally dramatic. 
Assuming the 3.7% H Q/TN T thermochemical decomposition 
reaction possessed a maximum induction period A equal to 
the instrumental temperature equilibration time (ca. 120 s), 
hydroquinone represents a 60% reduction in pure T N T ’s in
duction period. Interestingly, hydroquinone accelerates the 
thermochemical decomposition of T N T  mainly during the 
early induction period (60% a minimum value) as opposed to 
the exothermic accelerators phase (45% a maximum value),-1 
while benzoic acid shows its largest acceleration during the 
exothermic accelerators’ phase (32%) vs. the induction period 
(8% ).21

The tremendous induction period acceleration in the 3.7% 
H Q/TN T reactions leads to the conclusion that hydroquinone 
provides a hydrogen atom which rapidly catalyzes the ther
mochemical decomposition of liquid TN T. T N T ’s rapid de
composition in the presence of a hvdrogen-atom donor 
strongly suggests that the rate-determining carbon-hydrogen 
bond rupture found to occur in pure T N T  proceeds by a 
homolytic cleavage during the induction period.22 This 
homolytic carbon hydrogen bond rupture generates a 
chain-initiating hydrogen atom that leads to the production 
of compound I, which in turn must catalyze the exothermic 
decomposition reaction of TN T.

Conclusion

A deuterium isotope effect study was successfully integrated 
with isothermal DSC kinetic analysis to elucidate by direct 
experiment the rate-determining step in liquid T N T ’s ther
mochemical decomposition reaction. 'Phis application of the 
deuterium isotope effect to isothermal DSC analysis provided 
mechanistic information, heretofore unobtainable, which is 
important in elucidating thermochemical reaction pathways 
of compounds in a homogeneous liquid phase. Crystal latt ice

Table IV. Hydrogen Donor Effect upon Molten TNT  
___________________Decomposition (263 °C)___________________

_______________________ TNT 3.7% BA/TNT 3.7% HQ/TNT

Induction time, s 297 272 0°
Time to max reaction, 644 436 356fc

s

° Not detectable below 120 s due to temperature equilibration 
time required for molten TNT. 5 This is a maximum value as
suming a 120-s induction period.

stabilization effects and the influences of solvent or dilution 
were eliminated as factors that complicate the kinetic evalu
ation of thermochemical reactions. A primary deuterium 
isotope effect was obtained that directly revealed the critical 
bond rupture responsible for initiating T N T ’s sustained 
exothermic decomposition reaction.

A significant deuterium isotope effect (1.35) was observed 
during the decay phase C (Figure 1) of T N T ’s thermochemical 
decomposition reaction where sustained exothermic degra
dation occurs. But, competing, simultaneous reactions proceed 
during this latter decay phase C and dilute the observed k^/ku 
isotope ratio. The decay phase C represents a total reaction 
rate and includes the reaction rates of compounds that form 
from TN T without carbon-hydrogen bond rupture occurring 
in the methyl moiety. The previous isolation of 6- and 7-type 
compounds from TN T thermochemical decomposition reac
tions supports this.8 9 This work has shown that induction 
time ratios, obtained directly from isothermal DSC curves, 
can be used in lieu of undeterminable rate-constant ratios to 
determine the deuterium isotope effect during the initial in
duction period A. High-pressure liquid-chromatography 
studies at this laboratory revealed a singular catalytic species, 
compound I, formed from T N T  during the induction period; 
thus, reactions found in the decay phase C that dilute the 
isotope effect are likely absent in the induction period A. Di
rect measurement of T N T  and TNT-d;j induction times 
provided a tiu/t ih ratio indicative of a primary isotope effect 
equal to 1.66 over the range 245-269 °C. This rate-deter
mining carbon-hydrogen bond rupture in the T N T  methyl 
group ultimately must be responsible for initiating the exo
thermic decomposition process.

Mixing 3.7 mol % hydroquinone with T N T  resulted in a 
substantially accelerated thermochemical decomposition, as 
evidenced by the disappearance of the induction period. This 
behavior is best explained by hydroquinone donating its more 
labile hydrogen atom to a T N T  molecule. This strongly 
suggests that the rate-determining carbon-hydrogen rupture 
in pure T N T  proceeds homolytically with transfer of a ben- 
zylic hydrogen probably to an oxygen in a nitro group. The 
reaction between hydroquinone would be expected to be an 
oxidation-reduction which is also characteristic of pure TN T  
thermochemical decomposition reactions. Mixing 3.7 mol % 
benzoic acid, a proton donor, with T N T  failed to accelerate 
the decomposition reaction significantly. This further sup
ports the proposed homolytic carbon-hydrogen bond rupture 
in the T N T  methyl group.

Calculations from decay phase C data produced a large 
negative entropy of activation (—16.4 eu) that is consistent 
with the formation of a highly ordered cyclic transition species. 
Such a species might be generated during the degradation by 
a cyclic interaction between the methyl group and adjacent
o -nitro group during either an intra- or intermolecular reac
tion pathway. But cyclic interactions resulting from subse
quent oxidation reactions, known to proceed during this latter 
decay phase C, could be responsible in part or whole for the 
entropy of activation found.
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S evera l se le ctiv e  m o d ifica t io n s  o f  erem a n th in  (1 ) w ere ach ieved . R e a ctio n  o f  th e  e p o x id e  2 w ith  eq u im ola r  
a m o u n ts  o f  B F rE tg O  gave m a in ly  the  a ld e h y d e  4. O n  th e  o th e r  h a n d , tre a tm e n t o f  2 w ith  HC1 gave a m ixtu re  o f  
ch lo ro h y d r in s  5 (5 5% ) and  6 (4 5% ). D e h y d ra t io n  o f  5, fo llo w e d  b y  d ech lo r in a t io n  o f  th e  resu lting  p ro d u ct  7. gave
8. T h is  la tter c o m p o u n d  w as sh ow n  to  be id en tica l w ith  d e h y d ro co s tu s  la cton e . In a d d itio n , rea ction  o f  I w ith  excess  
B F s-E taO  y ie ld e d  isoerem a n th in  (9 ), w h ich  u p on  tre a tm e n t w ith  N -b ro m o s u c c in im id e  in d io x a n e -w a te r  gave the  
d ib r o m o  e th e r  10.

The interesting biological properties of sesquiterpene lac
tones2 and the possibility that they could represent a lead in 
the search for new tumor inhibitors has stimulated many re
search groups to develop total syntheses for some of the most 
promising members of this group of compounds.2

In this Center the search for plant-derived inhibitors 
against infection by cercariae of S ch istosom a  m on son i led to 
the isolation and characterization of eremanthin ( 1 ) from 
E rem a n th u s  e la ea g n u s .4  ̂ The relative abundance of this 
latter compound made it possible to start a program of 
chemical modifications of 1 as an alternative route to the 
synthetic approach for the obtention of other biologically 
active derivatives. In addition, selective transformations of 
1 could also provide an entry to the partial synthesis of less 
abundant, and sometimes not well characterized, naturally 
occurring lactones.

In this paper we report the synthesis of several derivatives 
of 1, including dehydrocostus lactone.

Results and Dis.cussion

We have briefly reported that treatment of the epoxide 2 
with excess BFn-EtaO gives the aldehyde 3.r’ We have now 
found that isomerization of the exocvdic double bond at the 
five-membered ring can be prevented by using equimolar 
amounts of BFg-EtgO. In this manner compound 4 could be 
obtained selectively.

Ring contraction to give 4 without double bond migration 
could be easily determined by 1H NMR spectroscopy. A sharp 
singlet at 5 9.45 could be attributed to the aldehyde function, 
consistent with the presence of a three-proton singlet at b 1.13 
assigned to the quaternary Cio-CH:i. Two typical broad sin

glets at <5 5.03 and 5.17 assured the presence of the exocyclic 
nonconjugated double bond whereas the unmistakable dou
blets at b 5.44 and 6.10 (J  = 3.5 Hz) demonstrated the presence 
of the conjugated «-methylene group. These features were also 
corroborated by the IR spectrum which showed characteristic 
bands at 2740 and 1724 cm-1 attributed to the aldehyde 
function. A strong band at 890 cm-1 further supported the 
exocyclic nonconjugated double bond. The molecular formula 
was supported by the mass spectrum which showed besides 
the parent peak at m/e 246 fragments at m/e 218 (M + — 28) 
and m/e 217 (M + — 29) characteristic of the aldehyde 
group.

On the other hand when 2 was treated with HC1 in THF at 
room temperature, two chlorohydrins could be isolated. These 
were identified as 5 (55%) and 6 (45%). Both isomers showed 
spectral properties in complete agreement with the proposed 
structures. In particular, the 'H  NM R spectrum of 5 showed 
the C10-C H 3 at <5 1.12 while H-9 appeared as a double doublet 
centered at b ~4.10. The corresponding signals in 6 appeared 
at b 1.69 and 4.09. Further comparison between the 'H  NMR  
spectrum of 5 and 6 showed their H -6 at <5 4.22 and 4.70, re
spectively. This difference in chemical shift in H -6 is attrib
uted to field effects caused by a rf-oriented electronegative 
substituent at C 10 and has been found to be of great value in 
determining the stereochemistry of addition reactions at the
9,10 double bond.6 Additional support for the trans nature of 
the halohydrins 5 and 6 was obtained by transforming a 
mixture of them into 2 by reaction with Na-_/CO:! in MeOH.

The facile conversion of 2 into 5 provided an entry toward 
the syntheses of other naturally occurring guaianolides. Thus, 
treatment of 5 with a mixture of thionyl chloride and pyridine" 
at —8 °C gave 85% yield of 7. The structure of 7 was strongly

7 8
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supported by physical methods. In the IR spectrum a band 
at ~890 cm-1 appeared much stronger than the corresponding 
band in any of the previously discussed compounds. The 'H  
NMR spectrum clearly indicated the dehydration reaction as 
proposed. Thus, the methyl group at <5 1.12 disappeared and 
a new pair of well-separated signals associated with the newly 
formed exocyclic methylene group appeared at <5 5.08 and 5.60. 
Dechlorination of 7 by treatment with Zn in MeOH gave 8 in 
about 80% yield. The absence of Cg-Cl was easily determined 
by inspection of the 4H NMR spectrum which showed the 
signals associated to the C io= C H 2 group at <5 4.83 and 4.91,
0.25 and 0.69 ppm upfield from the corresponding signals in
7.

The structure of 8 as depicted is the same as that proposed 
for dehydrocostus lactone.8 Comparison of our data with those 
for this latter compound8 9 (optical rotation and 'H  NMR  
spectrum) confirms that both compounds are identical.10 
Since the sequence of reactions leading to 8 from 1 would 
hardly result in epimerization at the chiral centers, the ab
solute configuration at Ci, C5, C6, and C 7 in dehydrocostus 
lactone would thus be established as being identical to those 
found for l .5

It was shown at the beginning that ring contraction of 2 with
4,14 double-bond isomerization depended on using an excess 
of BF:rEtvO. This finding suggested that 1 and 8 could be 
isomerized to their corresponding A3,4 isomers. In fact, when 
1 was allowed to react with excess of BFrEc/-) in dry benzene 
ar room temperature, a smooth conversion to isoeremanthin
(9) took place.11-12 Spectral data strongly support the dou
ble-bond migration as indicated. In the IR spectrum, the 
characteristic exocyclic double-bond absorption at ~890 cm-1 
was absent whereas the band at —811 cm-1 , typical of tri- 
substituted double bond, increased in intensity. Thp ab
sorptions at 1754 and 1661 cm-1 typical of the a-methylene-
7 -lactone group were intact. The mass spectrum of 9 was al
most identical to that of 1 and the molecular ion at m/e 230 
supported its molecular formula. In the ’ H NM R spectrum 
the signals at f> 5.08 and 5.25, attributed to the exocyclic double 
bond at C4 in 1 , were substituted by a new methyl at <5 1.95 
long-range coupled with an additional vinylic proton located 
at n 5.50. That isomerization of 1 to 9 did not result in change 
of the configuration at Ci or C5 was firmly demonstrated by 
the formation of the dibromo ether 10 when 9 was allowed to 
react with NBS in a mixture of dioxane-H20. Here again, the 
structure of 10 was easily determined by 'H  NMR spectros
copy. The ether linkage between C4 and C10 determined both 
methyl groups to appear at <5 1.59 whereas the signals corre
sponding to H-3 and H-9 appeared at ô 4.10 and 4.24, re
spectively.

The utilization of 9 in the partial synthesis of eregoyazin 
and eregoyazidin, two new guaianolides isolated from Erem- 
anthus goyazensis, is described in a following paper.

Initial evaluation of the cercaricidal activities of some of the 
compounds under study showed that 9 is the most active of 
the derivatives of 1 so far studied.13

Experimental Section
Melting points were determined on a Kofler hot-stage microscope 

and are uncorrected. IR spectra were run as KBr pellets on a Per- 
kin-Elmer 137-B spectrophotometer. *H NMR spectra of CDCI3 so
lutions using Me4Si as internal standard were recorded on a Varian 
XL-100 instrument. Mass spectra were obtained at 70 eV on a Var- 
ian-Mat CH-5 spectrometer. Silica gel GF254, PF254, and Kieselgel 
60 were used for TLC, preparative TLC, and column chromatography, 
respectively. Microanalyses were performed by Alfred Bernhardt, 
West Germany.

Reaction of Eremanthin 9,10-a-Epoxide (2) with BFvEtîO.
Epoxide 2 (0.100 g, 0.408 mmol) was dissolved in benzene (6 mL) and 
the solution was frozen at —5 °C. Recently distilled BF8-Et20 (0.1 mL,

0 . 408 m m o l) was a d d e d  an d  th e  m ixtu re  was a llow ed  to  reach  10 °C  
s low ly  ( ~ 3  h ). T h e  m ix tu re  w as th en  d ilu te d  w ith  E tO A c  (25  m L ), 
w ash ed  w ith  5%  a q u eou s  N a H C O ;! (3  X 20  m L ) an d  H aO  (3  X  20  m l), 
and  co n ce n tra te d  in v a cu o  t o  g iv e  an o ily  residu e  w h ich  w as p u r ified  
b y  p rep arative  T L C  using h e x a n e -E tO A c  (7 :3 ) as e lu en t. T h e  m ain  
p rod u ct  (Rf 0 .32) was eluted  g iv ing  0.050 g (50% ) o f  4: m p  102-104 °C ; 
I R 2 7 4 0 ,1 7 5 4 ,1 7 2 4 , 1 0 6 7 ,8 9 0  c m - ' ;  *H N M R  h 1.13 (s , 3 , C 10- C H :i),
3.56 (t, \,J =  10 H z, H -6 ), 5.03 and  5.17 (n arrow  m , 1 each , C 4= C H 2),
5.44 and  6.10 (d , 1 each , J = 3.5 H z, C n = C H 2), 9.45 (s, 1, C 10-C H O ) ;  
m ass spectrum  m/e (rel in tensity ) 246 (M +, 15), 228 (10), 218 (30), 217 
(1 7 ), 80  (1 00 ). A na l. C a lcd  fo r  C is H 180 ;t: M +, 246.1255. F ou n d : M + , 
246.1293. A sm all a m o u n t o f  35 (R / 0 .3 8 , < \ 0 % ) cou ld  a lso  h e  d e tected  
on  th e  p rep a ra tiv e  T L C .

Reaction of Eremanthin 9,10-a-Epoxide (2) with HC1. E p o x id e
2 (1.878 g, 7.634 m m ol) was d issolved  in T H F  (10 m L ) and the so lu tion  
w as stirred  and  co o le d  at ~ 0  °C . C o n ce n tra te d  HC1 w as th en  a d d e d  
(37% , 0.7 m L , 8 m m ol) an d  the stirring  w as con tin u e d  for  30  m in . T h e  
re a ctio n  m ixtu re  w as d ilu te d  w ith  C H 2C I2 (2 0  m L ) a n d  w ash ed  w ith  
w ater (3  X 20 m L ). T h e  o rg a n ic  layer w as d ried  (M g S 0 4) an d  c o n 
cen tra ted  in v a cu o . T h e  residu e  (2 .0  g, 88% ) was p u r ified  by co lu m n  
chrom a tograp h y  using a gradien t o f  C H 2CI9 in hexane as e luant to  give
1.031 g (48% ) o f  5 a n d  0.852 g (39 .7% ) o f  6 .5 :  m p  1 5 2 -1 5 4  ° C ; IR  3540, 
1 7 5 5 ,1 6 5 0 ,1 2 5 0 ,8 9 0 c m -* ;  *H N M R  6 1.12 ( s , 3 , C m -C H .,) ,4 .1 0 (d d ,
1, J  =  5 an d  12 H z, H -9 ), 4 .22  (t, 1, J  =  9 .5 H z, H -6 ), 5 .00  an d  5.16 
(n arrow  m , 1 ea ch , C 4= C H 2), 5 .60  an d  6 .30  (d , 1 ea ch , J = 3 H z, 
C h = C H 2 ); m ass sp e c tru m  m/e (rel in ten s ity ) 284 ( M + , 2 ), 282 ( M + ,
6), 266 (2 ), 264 (6 ), 229 (1 4 ), 1 3 1 (1 6 ), 107 (3 0 ),9 3  (3 3 ),8 1  (3 7 ) ,4 3 (1 0 0 ) . 
A na l. C a lcd  fo r  C ir ,H l9'l5C 1 0 :,: M +, 282.1022. F ou n d : M + , 282.0996. 
6: m p  142-144  °C ; IR  3 4 5 0 ,1 7 6 0 ,1 6 6 0 ,1 2 6 5 ,8 8 5 c m - ' ; 1H N M R 5 1.69 
(s, 3, C m -C H ;,), 4 .09  (b ro a d  t, 1, H -9 ), 4 .70  (t, 1, J = 9  H z, H -6 ), 4 .95  
a n d  5.15 (n arrow  m , 1 e a ch , C 4= C H '2 ), 5 .50  an d  6 .22  (d , 1 ea ch , J =
3 H z, C i i = C H 2): m ass sp ectru m  m/e (rel in ten sity ) 284 (M + , 5 ) , 282 
(M + , 15), 246 (5 ), 230 (14), 133 (24 ), 107 (64), 51 (58'), 80 (64 ), 53 (100). 
A na l. C a lcd  fo r  C is H ^ ’CIO:,: M +, 282.1022. F ou n d : M + , 282.0949. 
A  m ixtu re  o f  5 an d  6 (0 .04  g ) was d isso lv e d  in M e O H  (5  m l,)  and 
N a2CO;i (~ 0 .0 5 0  g) was a d d ed . A fter  ~ 1 0  h at room  tem p eratu re  with 
v igorou s  stirring , th e  p ro d u c t  w as iso la ted  and  sh ow n  to  he id en tica l 
(T L C , ’ H  N M R ) w ith  2.

Reaction of 9-d-chloro-10-a-hydroxyl Eremanthin (5) with 
SOCIz/Pyridine. A solution o f  compound 5 (1.072 g, 3.78 mmol) in 
pyridine (~1 ml) was exiled to ~8 °C and a mixture of SOClg/p.vridine 
(6 mL of a mixture prepared by mixing 9.5 mL of pyridine and 0.5 mL 
of SOCl2) was added. After 5 min, CH2CI2 (~50 mL) was added and 
the resulting mixture was washed with water (3 X 30 mL). The organic- 
phase was dried (MgSO.,) and concentrated to give a residue (~1.030 
g) which was purified by column chromatography to give 0.842 g (85%) 
of 7: mp 128-130 °C; IR 1755, 1645, 1242, 890 cm "1; *H NMR 6 3.97 

■ (t, 1, J = 9.5 Hz. H-6), 4.44 (dd, 1, J = 4.5 and 12 Hz, H-9), 5.08 and
5.60 (broad s, 1 each, C ,o=CH 2), 5.10 and 5.27 (narrow m, 1 each, 
C4= C H 2), 5.56 and 6.28 (d, 1 each, J = 3.5 Hz, C n = C H 2); mass 
spectrum m/e (rel intensity) 266 (M +, 6), 264 (M+, 21), 230 (16), 229 
(16), 149 (25), 105 (31), 91 (76), 80 (100), 53 (70), 39 (73). Anal. Calcd 
for C ,5H 173f>C102: M +, 264.0917. Found: M+, 264.0896.

Reaction of 7 with Zn. C o m p o u n d  7 (0 .8  g, 3 .03  m m o l) was d is 
so lved  in M e O H  (15 m L ) con ta in in g  A cO H  (0.1 m L ) an d  Z n  d u st was 
added  (2 .0 g). T h e  m ixture  was v igorou sly  stirred at room  tem perature 
for  72 h. It w as then  filte red  an d  the p re c ip ita te  was w ashed  w ith 
A cO E t (25  m L ). T h e  so lven t w as rem ov ed  In v a cu o  and  th e residue 
(0 .625 g) was p u rified  by co lu m n  ch ro m a to g ra p h y  to  g ive  0.56  g (80% ) 
o f  8 as an oil w h ich  d id  not. crysta llize : [ « P ’d  - 1 2 .2  (c , 0 .33 , CHCl.-j); 
IR  (f ilm ) 1760, 1640, 1 2 5 0 ,8 9 0 c m “ 1; *H N M R  6 3 .9 6 (1 , \,J = 9 H z, 
H -6 ), 4.83 and 4.91 (b ro a d  s, 1 ea ch , J =  3 H z, C n = C H g ) ;  m ass 
sp ectru m  m/e (re) in ten s ity ) 23 0  (M + , 48 ), 150 (5 0 ), 105 (6 5 ), 81 (53 ), 
80 (1 0 0 ), 77 (6 6 ), 53  (5 7 ) , '4 4  (7 5 ), 41 (7 8 ), 39 (8 5 ). A na l. C a lcd  fo r  
C isH igO o: M + , 230.1306. F ou n d : M + , 230.1342

Reaction of Eremanthin (1) with BFj-Et-iO. Synthesis of Iso
eremanthin (9). A  so lu tio n  o f  1 (0 .50  g, 0 .218  m m o l) w as d isso lv ed  
in  b e n ze n e  (4  m L ) a n d  re ce n tly  d is tille d  B F r E tz O  (0.1 m L , 0 .408  
m m ol) w as a d d e d . T h e  m ixtu re  w as stirred  fo r  4 h at room  te m p e ra 
ture, d ilu ted  w ith  A cO E t (20  m L ), w ashed w i(h  5%  a q u eou s N a H C O :t 
(2 X 20 m L ) and H 20  (3 X 20 m L ), dried  (N aaSO .d, and concentrated . 
T h e  residu e was p u r ifie d  by  p re p a ra tiv e  T L C  to  g ive  0 .026  g (52% ) 
o f  9 : m p 7 1 - 7 3 ° C ; I R  1 7 5 4 ,1 6 6 1 .8 1 1  cm “ 1; *H N M R  6 1.81 (b r o a d s , 
3, C m -C H ;,) 1.95 (b ro a d  s. 3, C 4- C H :t), 4 .03  (d d , 1 ,J  =  9 an d  11 H z, 
H -6 ), 5 .50  (m , 2, H -3  +  H -9 ), 5 .48  an d  6.17 (d , 1 each , J = 3 .5  H z, 
C h = C H 2); m ass sp ectru m  m/e (re l in ten s ity ) 230 ( M + , 16), 215 (3 ), 
150 (100), 122 (22), 119 (20), 91 (3 0 ), 80 (25). Anal. C alcd  for  C ,s H 180 2: 
C , 78 .30 ; H , 7 .80 . F o u n d : C , 78 .12 ; H , 7 .65 . W e  h a ve  re p e a te d  th is  r e 
a ct io n  m a n y  t im es  in  u p  t o  5 g sca le  o b ta in in g  y ie ld s  rang in g  fro m  65 
to  80% . W h en  the reaction  is run in m ore  than 0 .5  g sca le  better  y ie lds



have been  o b ta in e d  using  a 4 -m o l excess  o f  B F ^ E tzO  an d  a llow in g  
th e  rea ction  to  p ro ce e d  fo r  ~ 3 0  h at room  tem p era tu re .

Reaction of 9 with iV-Bromosuccinimide. A  so lu tio n  o f  9 (0 .09  
■g, 0 .38  m m o l) in d io x a n e -H a O  (8 /2 )  w as frozen  at —30 ° C  an d  N B S  
(0 .14  g, 0.76 m m ol) was a d d ed . T h e  tem p eratu re  was then  allow ed  to 
reach room  tem peratu re  (4 h ) and the m ixture was d ilu ted  w ith  A cO E t 
and  w ashed  w ith  H 20  (2  X 50 m L ), th e  resu ltin g  org a n ic  layer was 
d rie d  (N a 2S 0 4) an d  co n ce n tra te d , an d  th e  residu e  w as p u r ifie d  by  
p rep a ra tiv e  T L C  to  g ive  0 .014  g (9 .1% ) o f  10: IR  1754, 1653 c m - 1 ; 'H  
N M R  f, 1.59 (s, 6, C m -C H :i +  C 4- C H :t), 4.01 to  4.10 (m , 2, H -3  +  H -6 ),
4.24 (t, 1, J  =  3 H z, H -9 ) , 5 .49  an d  6 .1 8  (d , 1 ea ch , J = 3 .5  H z, 
C h = C H 2 ); m ass sp ectru m  m/e (re l in ten s ity ) 404 ( M + , 1) 406 ( M + ,
2), 408 (M + , 1), 387 (1 ), 389 (3 ), 391 (1 ), 325 (6 ), 327 (8 ), 57 (100). Anal. 
C a lcd  fo r  C if,H 1879BrO:i: M + -  B r, 325.0439. F ou n d : M + — B r, 
325.0483. A na l. C a lcd  fo r  C ,5H iS81B rO ;,: M + -  B r, 327.0419. F ou n d : 
M + -  B r, 327.0492.
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B e n z o [h ]q u in o lin e  (1 ) an d  its m eth y l d eriv a tiv es  w ere sy n th es ized  by  the  m o d ifie d  S k ra u p  rea ction  of
1 -n a p h th y la m in es  w ith  g ly ce ro l, c r o to n a ld e h y d e , o r  m eth y l v in y l k e ton e , in the  p resen ce  o f  S u lfo -m ix , fe rrou s  su l
fa te , an d  b or ic  a cid . 1 o i b e n z o [ /]q u in o lin e  (8 ) w as trea ted  w ith  d im e th y l su lfo x id e  in the  p resen ce  o f  sod iu m  h y 
d rid e  at 70 °C  t o  g ive  m e th y la te d  p ro d u cts . W h e n  b e n zo [h  or  /¡q u in o l in e  N -o x id e  (6 or 11 ) was trea ted  w ith  m e th y l
su lfin y l ca rb a n io n  in th e  usual p ro ce d u re , a new  re a ctio n  to o k  p la ce  t o  p ro d u ce  p h en a n th ren e  (7 ) in ex ce llen t y ie ld , 
w h ereas in th e  p resen ce  o f  p o ta ss iu m  tert -b u to x id e  o n ly  th e  m e th y la te d  p ro d u ct  w as o b ta in e d . R e a ctio n  co n d it io n s  
o f  6 w ith  m e th y lsu lfin y l ca rb a n ion  or  d eu tera ted  m e th y lsu lfin y l ca rb a n io n  and  su bstitu en t e ffe cts  w ere  exam in ed .

Reaction of quinolines, isoquinolines,2 and their N -ox
ides2 with methylsulfinyl carbanion has already been reported, 
and the products were all methylated compounds. We have 
also carried out methylation of l,X-naphthyridines (X  = 5, 
6 , 7, and 8) with methylsulfinyl carbanion.4 In the present 
work, reaction of benzo[/t]quinoline and its /V-oxide with 
methylsulfinyl carbanion was carried out in order to examine 
the difference, if any, in reactivity between the parent ring and 
the /V-oxide. We have found that the /V-oxide and methyl
sulfinyl carbanion undergo an entirely different reaction.

Results and Discussion
To identify the methylated derivatives expected from 

methylation of benzo[h¡quinoline, syntheses of the starting 
benzo[h (quinoline and its methylated derivatives were carried 
out by a modified Skraup reaction."' Glycerol, crotonaldehyde, 
and methyl vinyl ketone were reacted with 1 -naphthylamine.

in the presence of Sulfo-mix,8 ferrous sulfate, and boric acid; 
and benzo[/i¡quinoline7 (1), 2-methylbpnzo|/i ¡quinoline8 (2), 
and 4-methylbenzo[/?¡quinoline9 (3) were obtained in a re
spective yield of 50, 36, and 36%. 6-Met.hylbenzo|h ¡quinoline10
(4) was obtained in a low yield of 15% by the application of 
glycerol to 4-methyl-l-naphthylamine" by the modified 
Skraup reaction. Compound 1 has been obtained bv the usual 
Skraup react ion in 45% yield. There are several methods for 
the synthesis of 2, such as the Doebner Miller reaction of 1 - 
naphthylamine8" and from acetylene and ethanol.81’ Com
pound 3 has been synthesized using 1 -naphthylamine and
1,3-d ichloro-2,3-butene !’" or 1-naphthylamine and ethyl 
acetoacetate.!'b These synthetic methods for 2 and 3 are all 
complicated, and our procedure provides a better method.

The compounds synthesized were identified by mixture 
melting point determination with the samples obtained by the 
method in the literature7-8"'1'" 111 for 1-4, by comparison of IR
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Table I. S  Values" and the Ratios in the Lanthanide-Induced Shift of Compounds 8 -10  (in C D C lj)

Compd
Registry

no. Protons

8 85-02-9 S value 
Ratio

9 31486-01-8 S value 
Ratio

10 6237-04-3 S value 
Ratio

H-l H-2 H-3 H-5

7.39 6.69 20.12 23.86
0.31 0.28 0.84 1
8.97 24.71 28.81
0.31 0.86 1
0.77 4.51
0.17 1

H-6 H-10 5-Me 6-Me

4.05 5.12
0.17 0.21

6.26 2.01
0.22 0.07

0.82 0.42 2.98
0.18 0.09 0.66

0 S value = chemical shift (ppm) X [substrate)/[Eu(fod)3].

Scheme I

N H , S u lfo -m ix  
FeSO«*.H3 BO 3

R, = H, HOCH,CHOHCH2OH 
R, = H, CH,CH=CHCHO  
R, = H, CH2= C H C (= 0 )C H ,
R. = Me, HOCH.CHOHCH.OH

1, R, = H; R2 = H (50%)
2, R, = H; R, = 2 -Me (36%)
3, R, = H; R 2 = 4 -Me (36%)
4, R, = Me; R, = H (15%)

Scheme II

3 ( 2 %)

and NMR spectra. Details of these synthetic procedures are 
illustrated in Scheme I.

Reaction of 1 with methylsulfinyl carbanion was carried out 
in dimethyl sulfoxide at 70 °C for 4 h, by using sodium hydride 
as the base (method A), and three products were obtained; 
compound 4, mp 55-57 °C; 5, mp 54-56 °C; and 3, mp 76-78  
°C. The position of the methyl groups in these compounds was 
deduced from their NMR spectra, and 3 and 4 were identified 
by mixture melting point determination with authentic 
samples prepared from the Skraup reaction of 1-naphthyl- 
amine.

Application of methylsulfinyl carbanion to henzo[h]quin- 
oline 1-oxide12 (6) in dimethyl sulfoxide, bv method A, gave 
phenanthrene (7) in 86% yield. Details of these reactions are 
illustrated Scheme 11.

Kobavashi and others2 have already carried out the reaction 
of benzo|/]quinoline and its (V-oxide with methylsulfinyl 
carbanion. with sodium hydride at 20 °C for 2 h. and obtained 
the 5-methyl derivative from the parent compound and the 
3-methyl derivative from its N-oxide. In order to compare 
benzo[/]quinoline (8) and this reaction with that of 1, we 
carried out the reaction of 8 and methylsulfinyl carbanion by 
method A and obtained the 5-methyl compound 10 and the 
6-methyl compound 9 in ca. 1:4 ratio. Compound 9 was iden
tified by mixture melting point determination with authentic 
samples prepared from the Skraup reaction of 4-methyl-2- 
naphthylamine.11 ('(impound 10 was deduced from the NMR 
spectra by the use of the shift reagent. The proton signals in 
the NMR spectrum of the 5 and 6 positions of 8 appear at 
around 0 7.9. there being almost no difference between them, 
but the addition of a shill reagent |Eu(fod);t| results in lan
thanide-induced shift and a difference appears between them.

Scheme III

CHjSOCHj ‘ 

Method A 9 (37%) Me 10(10%)

HOCH2-CHOHCH2OH
Sulfo-mt x 
FeSC>4, H3BO3

OÇT

ch3soch2
Method A

ch3soch2_

rerr- BuOK, Mê O 
20 °C

(Method B)

7 (88%)

12 (54%) 13 (10%)

Scheme IV

CHjSOCHp

6 ----
NaH, Me2SO 

20 “C
ch5soch2' |x̂ y Ŝ)

14

Method B
(4 (37%)

-CH’S&  r x xMethod A f T  e

Me Me

( 5 Í
r oMethod A J T

15 16 06 %)

6 CD3SOc:̂  jQOMethod A f j  T

17 (50%)

This relationship is expressed by the .S' value ,:,in Table I, 
showing that the S value in 8 is greater in the proton at the 5 
than at the 6 position. The .S value of the 6 position in 10 is less 
than that of the 5 position in 9 and, therefore, 10 is presumed 
to be the 5-methylated compound.2

The reaction of benzo(/]quinoline 4-oxidelr’ (11) with 
methylsulfinyl carbanion by method A gave phenanthrene in 
88% yield.

The same reaction with methylsulfinyl carbanion, using 
potassium ieri-hutoxide as a base, at 20 °C for 4 h (method 
B), gave 3-methylbenzo[/]quinoline 4-oxide2 (12), mp 123-125 
°C, and a deoxygenated product, 3-methylbenzo[/)quinolinelti 
( 13), mp 81 82 °C. The structure of 12 and 13 was conf irmed 
by the agreement of their melt ing point with those reported 
in literature2 " ’ and from t heir NMR spectra. Details of these 
reactions are illustrated in Scheme 111 and their data are given 
in Table I.

Examination of the reaction conditions for the reaction of 
6 and methylsulfinyl carbanion, as shown in Scheme IV, in-
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Anal. Calcd for C,4H i, NO: C, 80.36; H, 5.30; N, 6.69. Found: c, 80.62; 
H, 5.24; N, 6.40.
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Cyclic enol ethers can undergo a Ag+-induced cycloaddition with «-chloro nitrones. The corresponding polycy
clic adducts were converted to enamoid structures of type 17b via the immonium tetraphenylborate salts. The exis
tence of an intramolecular ketal and the N-alkyl-5,6-dihydro-2H-l,2-oxazine ring as moieties in 17b and 21a-c al
lowed a thermolysis to the TO 12-memhered lactones through cleavage of a central C-C bond in the polycyclic sys
tem. Structural effects on the thermolysis have been noted.

The usefulness o f  1,4 dipolar cycloaddition for the con 
struction o f  heterocyclic systems using positively charged 
heterodienes has been noted by some research groups.2 3 « -  
Chloro nitrones were introduced by Eschenmoser as a new 
class o f  potent reagents o f  broad synthetic capability.4-9 One 
major synthetic application o f  «-ch loro nitrone chemistry was 
a new general way to construct the N -alkyl-5,6-dihydro-

5

4H-oxazinium ion 3 in a A g+-induced cycloaddition reaction 
with isolated olefinic double bonds.4 Imminium salts like 3 
lead to a “ carboxolytic”  bond cleavage, occurring as a result 
o f a retro-Diels-AIder reaction o f the deprotonated enamoid 
derivative 4, and end with the open-chain aldehyde 5.

The object of this work was to examine if an analogous series 
o f  reactions could be applied to simple bicyclic enol ether 6 
and lO a-c  (Schem e I). These were chosen as models for a 
possible synthesis o f  medium- and large-ring lactones in the 
«-ch loro  nitrone method. This involved (a) determining the 
generality o f  the cycloaddition reaction with enol ethers, (b) 
looking for “ side”  reactions and examining their influence on 
the cycloaddition, and (c) checking whether the carboxolytic 
bond cleavage procedure could also be applied in this case.

Starting enol ethers were prepared according to Obara 
(com pound 6 )10 and Immer (com pounds lO a -c ).11 W ork on 
enol ethers was carried out in parallel with similar experiments 
on octalin (13) for possible special behavior in propellanes.12 
The reaction products obtained as a result o f reaction with 
«-chloro nitrone 1 and the olefin were analyzed quantitatively 
and isolated by column chromatography. Results and yields 
are given in Table I.

The reaction products from enol ethers were mixtures of 
three main com ponents: (1) cycloaddition products, (2 ) hy
droxy ketones, and (3) a by-product having the structure 9. 
Cycloaddition products were propellanes 7 and 1 la -c .  It was
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Table 1. Products and Yields in the Ag+-Induced Reaction of 1 with Enol Ethers

Net yield of
Cycloaddition Keto Enol ether recovered, equiv cycloaddition

Registry
no.

Enol ether 
(equiv)

1,
equiv

product
(equiv)

alcohol
(equiv) 9\equiv

From
reaction

Recycled keto 
alcohol

based on enol 
ether consumed, %

7106-07-2 6 (2.72) 1.0 7 (0.26) 8 (0.30) 0.02 1.12 0.28 26
63689-21-4 10a (1.20) 1.0 11a (0.19) 11a (0.52) 0.21 0.02 0.42 25
16425-91-5 10b (1.0) 1.02 l i b  (0.14) 12b (0.77) 0.22 0.01 0.52 29

10b (1.0) 1.58 l ib  (0.21) 12b (0.68) 0.08 0.50 42
63689-22-5 10c (1.16) 1.0 11c (0.11) 12c (0.86) 0.20 0.30 0.69 64

Scheme I Table II. ' ’ C NMR Signals in Cycloadducts 7 and 11a— c"

0 0 .
+  1 1  +  N

iCH >011
8 H,C CN 

9

+  1

1. AgBF4
2. KCN + 9

11a, n = 1
b, n = 2
c, n = 3

12a, n = 1
b, n = 2
c, n = 3

+  1

13

1. AgBF4
2. KCN

14
assumed that these CN -  addition products are a quantitative 
representation o f the actual cvcloaddition products, taking 
into account a very efficient CN~ addition reaction.4 It was 
clear at that stage that cvcloaddition to enol ethers 6 and 
lOa-c is reginselectivc. However, the direction  o f  a-ch loro 
nitrone addition had to be determined. Structure assignment 
and proof for the existence o f an intramolecular ketal in 
com pounds 7 and lla -c  were done mainly by I:tC N M R 
spectroscopy (see Table II). Signals at 101.7, 112.5, 103.8 and
108.4 ppm  (remain as singlets in the "off-reson an ce" tech
nique) gave proof for the structures in Scheme II, although 
these com pounds were resistant to dilute HC1.1'*

The hydroxy ketones 8 and 12a-c could be recycled to in
crease the yields o f cycloaddit ion products. They could result 
from a relatively stable oxonium intermediate formed during

D . , „  , ,3C resonance (ppm )Registry Cyclo- ------------------------------------- : T . . : ____
no. adduct a b c d e

63689-23-6 7 61.9 101.7 47.7 61.2 118.4
63714-00-1 11a 65.2 112.5 47.8 61.1 118.4
63689-24-7 l i b 64.9 103.8 48.0 61.9 118.2
63689-25-8 11c 66.3 108.4 48.7 62.5 118.6

"In  CDC1,. Compare Scheme II.

the reaction to give the hydroxy ketones under the hydrolytic 
conditions present in the workup o f the reaction.

Nitrone 9 was isolated also in the reaction with 13 and other 
olefins and was presumably overlooked in previous work. Its 
yield varies, however, and the mechanism by which it is 
formed is still obscure.

After achieving the first objectives— construction o f pro- 
pellanes 14,12 7, and lla -c — we came to the last aspect o f  this 
work: synthesis and thermal cycloreversion o f enamines 17a,b 
and 21a - c  applying reaction conditions already worked out 
by Eschenmoser et al.s to the solid tetraphenylborate immi- 
nium salts 16a,b and 20a-c, respectively. On treating these 
salts with solid K jC O  i in dichlorom ethane at 0 °C , depro
tonation to the corresponding enamines took place. D iffer
ences in thermal stability o f  the enamines were observed as 
follows: compounds 17b and 21a were extremely unstable and 
could not be isolated even in solution at 0 °C. Instead, they 
were converted in good (76 and 81% overall) yields to the 
ten-m em bered lactones 18b and 22a, respectively. It was 
possible to trap 20b at 0 °C  and to take the IR and 'H N M R  
spectra and determine thereby its structure. However, rapid 
decomposition at 45 °C ~  10 min) gave the corresponding 
lactone 22b in 82% yield. 2rtc was converted at 21c in 78% 
yield. This material was far more stable (t\/-> at 80 °C ~  1.5 h) 
than the analogous com pounds 21a and 21b and decom posed 
to the 12-membered lactone 22c in only 56% yield. In com 
parison. the carbocyclic analogue 16a gave an extraordinarily 
stable enamine 17a in 87% yield. This was stable enough to 
allow recrystallization (m p 128 -135 °C dec), making this 
material one o f the most unusual mem bers o f  the N -alkyl-
6,6-dihvdro-2/7-1,2-oxazine series. Fortunately, this material 
still underwent thermolysis to the ten-m em bered ketone in 
35% (t at 80 °C ~  3.5 h) yield. T he differences in stability- 
are evidently dependent on ring size (com pare 21a and 21c) 
and the presence o f  the oxygen ring B as a part o f the internal 
ketal. Comparison o f 17a and 17b brought us to consider a 
possible anomeric effect leading to a higher energy content 
o f  the fragmenting system 14 24 which is released by cleaving 
the long and relatively weak neopentvl bond. The effect re-
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Scheme II

16a, X  = CH, 
b, X = O

17a, X  = CH2 
b, X = O

18a, X  = CH2 19a, X  = CH2
b, X  = O b, X  = O

22a, n = 1
b, n = 2
c, n = 3

24
suiting from lone-pair interactions existing in 17a and 21a-c 
does not exist in 17b. Steric hindrance in achieving a suitable 
conformation for cycloreversion was considered here as a 
possible reason for a thermal stability of 17a. Different con
formations of the cycloreverting intermediates can explain 
the appearance of 1:1 E/Z aldimines in 18b and 22a-c.5 The 
aldimines were converted to the unsaturated aldehydo lac
tones in 76% (18b —► 19b) and 65% (22a *• 23) yield using the 
Si02/H 20  hydrolysis used previously.5 Similarly, 18a was 
converted to 19a in 70% yield.

Enol ethers are very susceptible to cleavage under the re
action conditions and yield cycloaddition in low yields (18- 
25%). The resulting intramolecular ketals formed in the cy
cloaddition reaction serve as good models for a synthesis of 
medium- and large-ring lactones. The cleavage of the central 
bond in a polycyclic system, having an internal ketal and the 
N-alkyl-5,6-dihydro-2/i-l,2-oxazine ring as moieties, allow 
such a thermolytic process. In this process, formation of the 
lactone ring and lactone carbonyl grouping is achieved si
multaneously using as a tool the special properties of the

1,2-oxazine derivative. It looks, however, as if electronegative 
atoms could cause difficulties in the «-chloro nitrone cy
cloaddition to double bonds. Ring size was added to the list 
of steric effects governing the delicate cycloreversion process.2 
The anomeric effect resulting from the oxygen function on C-6 
in 17a and 21a-c is still under investigation.

Experimental Section15
Ag+-Induced Reaction of 7V-Cyclohexyl-2-chloroacetal- 

dehyde Nitrone 1 with Enol Ethers. A solution of the «-chloro ni
trone 1 in dry 1,2-dichloroethane (20 mL) was added under dry ni
trogen with stirring to a solution of AgBF4 in dry 1,2-dichloroethane 
(40 mL) and the enol ether at 0 °C during 2 h. After an additional 1 
h at 0 °C, the mixture was shaken with 5 g of KCN in 20 mL of water 
during 5 min. The aqueous solution was then extracted twice with 
dichloromethane, and the combined organic layers were dried over 
Na2S04. The residue obtained after removal of the solvents in vacuo 
was chromatographed over A120 816 (using ligroine-benzene mix
tures).

Products were obtained after reactions involving the following 
compounds.

(1) 3,4,5,6,7,8-Hexahydrobenzopyran (6)10. The enol ether 6 (1.5 
g, 10.85 mmol), AgBF4 (700 mg, 3.60 mmol), and 1 (700 mg, 3.98 mmol) 
gave 1.2 g of crude product. After chromatography, the following were 
obtained, (a) Propellane 7 (316 mg, 1.04 mmol): mp 138 °C (from 
hexane); 28% yield; IR 2225 and 1180 cm-1; 'H NMR b 0.9-2.0 and
2.0-3.0 (two m, 25 H), 3.S-4.2 (m, 2 H); MS m/e (304.435) 304 (12%), 
148 (100%), 136 (12%). Anal. Calcd for C18H28N20 2: C, 70.72; H, 9.25; 
N, 9.36. (b) 9 (47 mg) obtained from the mother liquor of 7 (0.28 mmol, 
7.86%); mp 113-114 °C; IR 2210 and 1530 cm*1; UV \max 254 nm (< 
9500); 'H NMR 1.9 (m, 10 H), 2.12 (s, 3 H), and 4.75 (m, 1 H); MS m/e 
(166.223) 166 (3%). Anal. Calcd for C9H|4N20: C, 65.00; H, 8.71; N,
16.51. (c) Hydroxy ketone 8 (190 mg, 1.2 mmol). This was recycled to 
give 152 mg of 6.

(2) 2,3,4,5,6-Pentahydroindano[l,2-b]oxepin (10a).11 The enol 
ether 10a (2.3 g, 12.35 mmol), «-chloro nitrone (1.8 g, 10.24 mmol), 
and AgBF4 (2.0 g, 10.27 mmol) gave 4.0 g of crude product. After 
chromatography the following were obtained, (a) Starting ether 10a 
(50 mg, 0.27 mmol), (b) Cycloaddition product 11a (703 mg): mp 112 
°C (from hexane); 19.35% yield; IR 3080, 3040, 2240, 1620 and 1100 
cm-1; 'H NMR f> 0.9-3.0 (m, 21 H), 3.7-4.5 (m, 3 H), and 7.0-7.5 (m, 
4 H); MS m/e (352.431) 352 (9%), 186 (100%). Anal. Calcd for 
C22H28N20 2: C, 74.71; H, 7.97; N, 7.95. (c) 9 (410 mg, 2.27 mmol), mp 
113 °C, obtained from the mother liquor of 10a. (d) Keto alcohol 12a 
(1.09 g, 5.3 mmol). This was recycled to give 0.84 g of 10a.

(3) 2,3,4,5,6,7-Hexahydronaphth[l,2-b]oxepin (10b).11 The enol 
ether (4.0 g, 19.97 mmol), «-chloro nitrone (3.6 g, 20.49 mmol), and 
AgBF4 (3.40 g, 20.55 mmol) gave 7.3 g of crude product. After chro
matography the following were obtained, (a) Starting ether 10b (50 
mg), (b) Propellane 1 lb (1 g, 2.720 mmol): mp 141 °C; 13.62% yield; 
IR 2240, 1600 and 1080 o n '1; ]H NMR b 0.9-1.9 (m, 18 H), 2.80 (d, 
J = 2 Hz, 4 H), 2.6-2.8 (m, 4 H), 3.90 (t, J = 2 Hz, 1 H), 4.20 (t, J = 5 
Hz, 2 H), and 7.30-7.60 (m, 4 H). Anal. Calcd for C2;sH3(>N20 2: C, 75.37; 
N, 7.64. (c) 9 (100 mg), mp 113 °C, obtained from the mother liquor 
of the lib cycloaddition product (22.01% yield), (d) Keto alcohol 12b 
(2.7 g, 12.37 mmol). This was recycled to give 2.1 g of 10b.

(4) 2,3,4,5,6,7,8-Heptahydrobenzo[G,7]cyclohept[l,2-b]oxepin 
(10c).11 The enol ether 10c (5.4 g, 25.19 mmol), chloro nitrone (3.7 g.
20.06 mmol), and AgBF4 (4.0 g, 20.54 mmol) gave 8.5 g of crude 
product. After chromatography the following were obtained, (a) 
Starting enol ether 10c (1.4 g). (b) Cvcloaddition product 11c (980 
mg): mp 161-162 °C (from hexane-dichloromethane); 11.86% yield; 
IR (KBr) 2230 and 1070 cm "1; >H NMR b 0.9-3.5 (m, 23 H), 4.0-4.5 
(m, 2 H), 4.8 (t, J = 7 Hz, 1 H), and 7.0-7.8 (m, 4 H); MS m/e (380.533) 
380 (18%), 353 (18%), 214 (100%). Anal. Calcd for C24H32N20 2: C, 
75.53; H, 8.34; N, 6.98. (c) 9 (750 mg), mp 112-113 °C, isolated from 
the mother liquor of 11c (4.51 mmol, 20.83% yield from 1). (d) Hy
droxy ketone 12c (3.7 g, 18.7 mmol). This was recycled to give 3.2 g 
of starting ether 10c.

(5) 1,2,3,4,5,6,7,8-Octahydronaphthalene (13).12 The olefin (500 
mg, 3.67 mmol), «-chloro nitrone (800 mg, 4.5 mmol), and AgBF4 (800 
mg) gave 1.2 g of crude product. After chromatography the following 
were obtained: (a) Propellane 14 (475 mg, 1.58 mmol; 43% yield): mp
93-94 °C (lit.12 95-96 °C); from dichloromethane-hexane. (b) 9 (20 
mg), mp 111-113 °C isolated from the mother liquor, (c) Nitrone 15 
(200 mg, 0.98 mmol; 26% yield): mp 137 °C; IR 1600 and 1530 cm*1; 
■H NMR <51.0-2.8 (m, 24 H), 2.6 (d, J = 6 Hz, 2 H), 3.5 (m, 1 H), 5.38 
(m, 1 H), and 6.46 (t, J = 6 Hz, 1 H); MS m/e (275.436) 275 (4%). Anal. 
Calcd for Ci8H2aNO: C, 78.90; H, 11.61; N, 5.08.
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Preparation of the Imminium Tetraphenylborate Salts, Note: 
All operations were carried out under dry nitrogen. A solution of 1 
mmol of nitrile in 1,2-dichloromethane (15 mL) was added dropwise 
with stirring to a solution of AgBF4 (1.08 mmol) in 1,2-dichloroethane 
(30 mL) at room temperature during 5 min. After an additional 15 min 
at room temperature, the mixture was filtered to a solution of 2.5 g 
of NaBPh4 in 20 mL of water. After shaking for 20 min, the resulting 
emulsion was filtered. The aqueous layer was extracted with dichlo- 
romethane, and the combined organic layers were dried (Na2S04). 
Removal of the solvents in vacuo left a residue which was treated with 
ether and solidified. This was crystallized from ether-dichloro- 
methane. The following were thus obtained.

(1) iV-Cyclohexyl-7-oxa-8-ammonium[4.4.4]propell-8-ene 
Tetraphenylborate (16a): from 14 in 93% yield; mp 135-157 °C 
(dec); IR 1660 and 1590 c m '1; ‘ H NMR S 0.9-2.0 (m, 26 H), 3.0 (m, 
1 H), 3.8 (s, 1 H), 5.12 (t, J  = 2 Hz, 1 H), 6.8-7.8 (m, 20 H). Anal. Calcd 
for C42H5oNOB: C, 84.68; H, 8.46; N, 2.35.

(2) JV-Cyclohexyl-7,1 l-dioxa-12-ammonium[4.4.4]propell- 
12-ene Tetraphenylborate (16b): from 7 in 97% yield; mp 141-163 
°C (dec); IR 1665 cm“ 1; 'H NMR b 0.9-2.0 (m, 22 H), 3.2 (m, 1 H), 5.05 
(t, 1 H), and 6.9-8.0 (m, 20 H). Anal. Calcd for C4iH48N02B: C, 82.40; 
H, 8.03; N, 2.34.

(3) iV-Cyclohexyl-2,3-benz-6,ll-dioxa-12-ammonium[5.4.3]- 
propellene Tetraphenylborate (20a): from 11a in 97% yield; mp 
138-162 °C (dec); IR 1643 and 1600 c m '1; NMR b 0.9-2.3 (m, 17 
H), 2.8 (m, 2 H), 3.4 (m, 4 H), 5.25 (t, 1 H), 7.2-7.8 (m, 24 H). Anal. 
Calcd for C45H48NO2B: C, 83.39; H, 7.63; N, 2.21.

(4) IV-Cyclohexyl-2,3-benz-7,12-dioxa-13-ammonium[5.4.4]- 
propelI-13-ene Tetraphenylborate (20b): from 1 lb in 92% yield; 
mp 145-170 °C (dec); IR 1670 and 1600 cm "1; ’ H NMR 6 0.9-2.0 (m, 
20 H), 3.0 (m, 3 H), 3.75 (m, 2 H), 5.30 (t, J = 1 Hz, 1 H), 6.7-7.8 (m, 
24 H). Anal. Calcd for C 46H MN 0 2 B: C, 83.45; H, 7.78; N, 2.16.

(5) iV-Cyclohexyl-2,3-benz-8,13-dioxa-14-ammonium[5.5.4]- 
propell-14-ene Tetraphenylborate (20c): from 11c in 81% yield; 
mp 143-182 °C (dec); IR 1665 and 1600 cm "1; ‘ H NMR b 0.9-2.0 (m, 
22 H), 2.5-2.8 (m, 3 H), 3.6 (m, 2 H), 6.4 (m, 1 H), 6.8-7.5 (m, 24 H). 
Anal. Calcd for C47HS2N0 2B: C, 83.49; H, 7.92; N, 2.11.

Deprotonation of the Tetraphenylborate Salts. The tetra
phenylborate imminium salt (1 mmol) was dissolved in dichloro- 
methane (20 mL) and stirred vigorously under nitrogen with K2CO3 
(Merck analyzed, powdered) at 0 °C during 1 h. After removal of the 
solvent, in vacuo at 0 °C, the following were obtained.

(1) JV-Cyclohexyl-7-oxa-8-aza [4.4.4] propell-9-ene(17a):from 
16a in 71% yield; mp 128-135 °C (dec); IR 1640 cm-1; 'H NMR S 
0.9-2.2 (m, 26 H), 2.9 (m 1 H), 4.40 and 5.90 (twod.e/ = 8 Hz, each 1 
H); MS m/e (275.436) 275 (2%). Anal. Calcd for CkTUsNO: C, 78.41; 
H, 10.32; N, 5.90. This was refluxed in chloroform (5 mL) under dry 
nitrogen. Samples were taken at 10-min intervals and IR and 'H  NMR 
spectra were taken to follow the reaction. After 1.5 h, signals at 6 6.10 
and 8.15 were of equal intensity as those at 4.40 and 5.90. An ab
sorption at 1720 cm" 1 indicated formation of a carbonyl function. The 
thermolysis proceeded for 5 h more, and solvents were removed in 
vacuo. Chromatography of the resulting oil yields 72 mg (0.26 mmol; 
36% yield) of 18a: mp 137-139 °C; IR 1720 and 1670 c m '1; 'H NMR 
S 0.9-2.2 (m, 28 H), 3.0 (m, 1 H), 6.10 (d, J  = 8 Hz, 1 H), and 8.15 (d, 
J = 8 Hz, 1 H); MS m/e (275.436) 275 (3%). Anal. Calcd for C18H29NO: 
C, 78.24; H, 10.30; N, 5.10.

(2) iV-Cyclohexylimino-A6'0-ethano-2-oxocyclodecan-l-one 
(18b): from 16b; after workup, no enamine was detected. Instead, 
lactone 18b was isolated in 78% yield as an oil: IR (neat) 1730, 1640, 
and 1605 cm "1; 'H NMR b 0.9-2.5 (m, 22 H), 3.0 (m, 1 H), 4.12 and
4.20 (two t, J  = 7 and 6 Hz, together 2 H), 5.80 and 5.86 (two d , J  = 
9 Hz, together 1 H, 1:1), and 8.21 (d, J  = 9 Hz, 1 H); MS m/e (277.408) 
277 (4%). Anal. Calcd for Ci7H27N0 2: C, 73.54; H, 9.45; N, 4.73.

(3) IV-Cyclohexylimino-A7'^-ethano-3,4,5,6-tetrahydro-8H- 
2-benzoxacin-l-one (22a): from 20a in 81% yield. After removal of 
the solvent, no enamine was detected. Instead, lactone 22a was iso
lated as an oil and was distilled at 150 °C (0.03 mmHg): IR 1720, 1645, 
and 1605 cm "1; *H NMR b 0.9-2.5 (m, 14 H), 3.0 (m, 1 H), 3.65 and 
3.78 (two s, 1:1, together 2 H), 4.32 (m, 2 H), 5.88 (d, J = 9 Hz, 1 H),
6.8-7.5 (m, 3 H), 7.82 (m, 1 H), and 8.16 (d, J = 9 Hz, 1 H); signals at 
(5 3.65 and 3.78 indicated a E-.Z = 1:1 in 22a; MS m/e (340.488) 340 
(4%). Anal. Calcd for C22H30NO2: C, 77.62; H, 8.84; N, 4.10.

(4) lV-Cyclohexylimino-A7̂ -ethano-3,4,5,6,8,9-hexahydro- 
2-benzoxacycloundecan-l-one (22b): from 20b. Propellane 21b 
(290 mg) was isolated as an oil at 0 °C: IR (neat) 1660 and 1600 c m '1; 
>H NMR b 0.9-2.2 (m, 18 H), 2.80 (t, J  = 7 Hz, 2 H), 2.0 (m, 1 H), 4.18 
(m, 2 H), 4.50 and 6.10 (two d, each 1 H), 6.6-7.8 (m, 4 H). On taking 
the 'H NMR spectrum at 45 °C cycloreversion took place. After 10 
min, a new signal at 8.10 and the old at b 4.10 were of the same in

tensity. The reaction continued for another 30 min at 45 °C, and the 
solvent was evaporated in vacuo. 22b was obtained in this way in 
quantitative yield: IR (neat) 1710, 1640, and 1600 cm-1; !H NMR b 
0.9-3.5 (m, 21 H), 4.42 (m, 2 H), 5.9 and 6.08 (two d, J  = 9 Hz, together 
1 H), 7.0-7.65 (m, 3 H), and 8.10 (d, J  = 9 Hz, 1 H); signals at 5.9 and
6.08 refer to E and Z isomers of 22b; MS m/e (354.514) 354 (4%). Anal. 
Calcd for C23H32N 02: C, 77.80; H, 9.22; N, 8.87.

(5) N-Cyclohexylimino-A7-tf-ethano-3,4,5,6,7,9,10-hexahy- 
dro-8//-2-benzoxacyclododecan-I-one (22c): from 20c. Propellane 
21c (290 mg) (0.78 mmol; 78% yield) was isolated: IR (neat) 1670 and 
1590 cm-1. On boiling the material in chloroform for 5 h, decompo
sition to the lactone 22c took place. The 'H NMR experiment indi
cated that the signals at b 8.25 and 6.10 were of same intensity after 
ca. 1.5 h. Heating was stopped after 5 h, since products other than the 
lactone were formed. After distillation (0.02 mmHg) at 160 °C, 152 
mg of 22c was isolated as a 1:1 E:Z isomer mixture: IR 1710 and 1600 
cm-1; ‘ H NMR b 0.9-3.5 (m, 23 H) 4.50 (m, 2 H), 6.0 and 6.10 (two d, 
4  = 8 Hz, together 1 H, 1:1),7.0-7.5 (m, 3 H). 8.0 (m, 1 h),and 8.25 (d, 
J = 8 Hz, 1 H); MS m/e 368 (368.540).

Procedure for Hydrolysis of Aldimino Lactones to Aldehydo 
Lactones. Aldimino lactone was filtered on a 100-fold S i02 + 10% 
water column at 0 °C using a 1:1 chloroform-benzene mixture as el
uent. Filtration was done in a rate of 3 mL/min and fractions of 3 mL 
were collected and analyzed on TLC. Those having product were 
evaporated to give the following compounds.

A6-"-Cyclodecanoneacetaldehyde (19a). 18a (32 mg, 0.11 mmol) 
yielded 15 mg of 19a (0.07 mmol; 70%), mp 167-169 °C, which was 
collected: IR (KBr) 2850,1725 1670, and 1620 cm "1; >H NMR b 0.9-3 
(m, 10 H), 4.05 and 6.05 (two A,J  = 9 Hz, each 1 H), and 10.0 (d, J =
1 Hz, 1 H); MS m/e (104.274). Anal. Calcd forC I2Hw0 2: C, 73.97; H,
5.10.

A6’"-Oxacyclodecanoneacetaldehyde (19b). 18b (100 mg) dis
tilled (0.05 mm, 120 °C) lactone 19b (0.27 mmol; 76% yield): IR (neat) 
1725, 1670, and 1620 cm -'; 'H NMR 0.93-3 (m, 8 H), 4.18 (t,J  = 6 Hz,
2 H), 5.90 (d, J = 8 Hz, 1 H), and 10.1 (d, J = 8 Hz, 1 H); MS m/e 106 
(196.247). Anal. Calcd for CnH^O;,: C, 67.57; H, 8.04.

A7-“ -3 ,4,5 ,6-Tetrahydro-8H-benzoxacin-l-oneacetaldehyde 
(23a). 22a (E + Z) (150 mg, 0.44 mmol) was hydrolyzed to give 68 mg 
(0.28 mmol; 65%yield) of 23a (E + Z): IR (neat) 2850,1710,1670and 
1595 cm-1; 'H NMR b 0.9-2.0 (m, 6 H), 2.60 and 2.92 (two, each 2 H),
3.72 and 4.00 (two, together 2 H in 1:1 ratio), 4.46 (q, J = 5 Hz, 2 H), 
5.30 and 5.70 (two d, J = 9 and 7 Hz, respectively, together 1 H); this 
is a 1:1 mixture of (E + Z )-23a; MS m/e 196 (196.247). Anal. Calcd 
for C15H160 3: C, 67.54; H, 8.24.
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Reactions of phthalaldehyde with ammonia and amines are described. Major products from ammonia were 
phthalimidine and 3-(2-cyanophenyl)isoquinoline. Primary amines reacted with 2 mol of aldehyde to produce N- 
substituted adducts whose steric requirements lead to unusual NMR spectra. At elevated temperatures unidenti
fied colored materials were formed. 1-Hydroxyisoindoles are proposed intermediates.

The reaction between phthalaldehyde and ammonia pro
duces colored polymeric1-3 products. These reactions have 
served as a basis for polarographic methods for the determi
nation of ammonia3 and for the location of sweat pores in the 
skin.4 Similar reactions of phthalaldehyde with various pri
mary amines, amino acids, and indoles also produce dark- 
colored products. Qualitative and semiquantitative methods 
for the detection of these nitrogen-containing materials de
pend on the fluorescence of their condensation products with 
phthalaldehyde.5-7

Preliminary to an investigation of the colored products, a 
study of these reactions under carefully controlled conditions 
was made.

Results

At room temperature water reacts reversibly with phthal
aldehyde (1) to produce a hydrate8 which was shown by NMR

4
a, R = H
b, R = Me
c, R = Ph
d, R = 2,6-Me,Ph

to have the structure 2; phthalaldehyde was recovered un
changed by evaporating the solution to dryness. By contrast, 
the reaction with ammonia is not reversible. In cold dilute 
dimethyl sulfoxide (Me2SO) an adduct formed which had an 
NM R spectrum consistent with 3a. The initially formed 
product dehydrated and rearranged to phthalimidine (4a), 
identified by comparison to an authentic sample.9 The diol 
3a, precipitated from dry ether at —70 °C, was very unstable 
and resinified rapidly when warmed to room temperature.

The products from the reaction of phthalaldehyde and 
ammonia in Me2SO depended on the initial concentration of 
aldehyde. While phthalimidine (4a) was produced in high 
yield in dilute MegSO solutions, more concentrated solutions 
yielded 3-(2-cyanophenyl)isoquinoline (5) and a dark polymer

with a consequent decrease in the yield of 4a. The struct ure 
of 5 was inferred from the following considerations: (1) IR 
showed a -C N ; (2) NM R showed nine aromatic protons and 
a tenth at 9.29 ppm, characteristic of the proton in the 1 po
sition of isoquinoline; and (3) its mass spectrum.

The reaction between phthalaldehyde and ammonia is 
strongly exothermic. The rate of ammonia addition had to be 
controlled carefully to maintain a low reaction temperature. 
Warming after the reaction had been completed did not affect 
the product composition, but at higher reaction temperatures 
greater amounts of polymer were formed at the expense of 4a 
and 5.

Reactions of excess aldehyde with primary amines in cold 
solutions (ether, acetone, benzene) produced 6 and N-sub- 
stituted phthalimidines 4 as the major isolable products.

Elemental analyses of the products (6) from the primary 
amines showed that they were made up of 2 mol of aldehyde 
and 1 mol of amine with the loss of 1 mol of water. Mas9 
spectra established their molecular weights and IR showed 
the presence of amide and hydroxyl groups, the latter of which 
was proved to be secondary by oxidation. In addition, the mass 
spectra indicated cleavage into two major fragments, each
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Table I. The Effect of N Substituent on Proton Chemical Shifts (ppm) in 6

Substituent
(R). Hm Hp A(5HP H„ A(5Hn H„ A<5H„

-M e 5.86 6.60 6.06 5.11
-CH M e„ 5.66 - 0.20 6.31 -0 .29 6.02 -0.04 5.15 +0.14
-CM e, 5.13 -0 .73 5.85 -0 .75 6.08 + 0.02 5.32 + 0.21
-Ph 5.28 -0 .58 6.58 - 0.02 6.03 -0 .03 5.78 +0.67
-2,6-M eiPh 5.63 -0 .23 6.25 -0 .35 5.63 -0 .43 5.30 +0.19

° Referred lo the Me compounds.

O

0C' n r

Hp H0 ,
'  Hn

on f B

H </

6a, R = Me
b, R = i-Pr
c, R = n-Bu
d, R = f-Bu
e, R = Ph
f, R = 2,6-Me2Ph

containing a phenyl group and one of which was identifiable 
as coining from a phthalimidine-like structure.

The NMR of the ferf-butylamine product (6d) showed only 
seven protons in the aromatic region and a doublet at 5.85 ppm 
(J = 9 Hz), the coupling of which showed it to be aromatic and 
adjacent to a bridgehead. Furthermore, the aliphatic hydrogen 
of the secondary alcoholic group was found upfield (5.18 ppm) 
from the region usually associated with such a proton. 1:,C 
NMR showed the tert-butyl group attached to the N atom.

Construction of the proposed structure (6d) from Catalin 
molecular models11’ showed crowding so severe that of the 
eight possible stereoisomers (four enantiomorphic pairs) only 
four would be expected to be formed. The NM R spectra in
dicate that one enantiomorphic pair is formed predomi
nantly.

In the preferred conformation the aromatic hydrogen (Hp) 
is situated closely above the center of the aromatic ring B. This 
accounts for the upfield shift of the aromatic proton. Similarly, 
when H m and H n are trann, Hm is centered over the aromatic 
ring A, accounting for its comparable upfield shift. The o- 
methyl groups in 6f prevent free rotation of the N -aryl group 
as indicated by models and by the nonequivalent absorptions 
of the two methyl groups. As a consequence Hn lies just above 
the N-aryl group and its absorption is shifted upfield to 
coincide with that of Hm.

Further evidence supporting the proposed structure is 
found in the NMR spectra of the lower homologues of 6d. The 
N-methyl derivative is much less crowded, allowing movement 
of Hm and Hp away from the phenyl rings, as compared to the 
tert-butyl derivative, and the chemical shifts are closer to the 
normal values for such protons. Chemical shifts of Hm and Hp 
in the isopropyl derivative 6b are intermediate between those 
of the methyl and feri-butyl derivatives (Table I). Models 
show that the freedom of rotation between the two benzylic 
nuclei increases in the order ferf-butyl <  isopropyl <  Me. The 
absorption due to Hn is relatively unaffected by the substit
uent on the N atom, but that due to H„ is shifted downfield 
as the bulkiness of the group on the N atom increases.

These compounds were readily oxidized in good yields to 
lactam lactones (7), for which the chemical shifts of H„, H,„ 
and Hp are not appreciably different from those of the parent 
compounds.

O

7a, R = Me 
b, R = f-Bu 

• c, R = Ph

Secondary amines reacted rapidly with equal moles of 
phthalaldehyde in Me2SO to form intermediates whose 
structures were not determined. The reaction continued 
slowly, forming 8 and regenerating 0.5 mol of phthalaldehyde.

NR,

b, R = Et
c, R = -(C H ,)S-
d, R = —(CH 2)20 (C H 2)2—

In the presence of excess amine the initial product underwent 
conversion to 8 quantitatively as inferred from NMR spectra. 
The structure of 8b was established by NMR and mass spec
trometry.

Discussion
The reactions between phthalaldehyde and ammonia or 

amines may be rationalized best by a 1-hydroxyisoindole in
termediate (9) from transannular dehydration of the adducts 
(3a-d).u Under conditions of low temperature and high 
dilution, hydroxyisoindoles could rearrange to phthalimidines
(4) by two 1,3-hydrogen shifts.

OH

o 6 nr
9a, R = H 

b, R = alkyl, aryl

Higher concentrations and temperatures favor the forma
tion of colored polymers. Isoindole is known to be highly re
active, readily forming dark tars under mild conditions.12 
Isoindole and its derivatives are most reactive in the 1 and 3 
positions toward dienophiles.13-17 The 1-phenyl derivative 
also resinifies readily, and it can be dimerized oxidatively 
through the 3 position by refluxing in benzene.18

The formation of cyanophenylisoquinoline (5) can be ra
tionalized by rapid dehydration of 3a as it is formed, pro
ducing the isoindole 9a which, by polar addition to unreacted 
pht halaldehyde present in the early stages of the reaction, 
would produce 10a (Scheme I). Subsequent attack on 10a by
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Scheme I

I"

OH

a, R = H
b, R = alkyl or aryl

ammonia (in excess as the addition continues) followed by a 
proton shift would form the amidine l l . 19 The latter may 
tautomerize to the unstable iminoamide which opens to the 
isomeric benzonitrile 12, and ring closure followed by dehy
dration would produce cyanophenylisoquinoline (5).

A similar sequence of reactions can explain the products 6 
from primary amines via the similar intermediate 10b. The 
reaction is amine limited so that the replacement of the -O H  
of 10b would not occur. Since N substitution would prevent 
rearrangement to an amidine, cyclization via the alkoxy anion 
would be favored and 6 would be produced.

Experimental Section

Water Adduct of Phthalaldehyde (2). A water (or DzO) slurry 
of phthalaldehyde was stirred for 2 days, during which time the al
dehyde dissolved. The mixture was filtered and the filtrate was ana
lyzed by NMR: NMR (DA)) b 6.14, 6.45 (s, s, 2, vis- and trans- 
OCHOH), 7.35 (s, 4, aromatic). The assignments of the absorptions 
for cis and trans isomers are based on those reported for the 1,3-di
al koxyphthalans and the polymer of phthalaldehyde.20

Ammonia Adduct of Phthalaldehyde (3a). A solution of 0.2 g of 
phthalaldehyde in 50 mb of anhydrous ether was cooled toO °C, and 
dry NHj was bubbled into the solution. A white solid formed imme
diately. The solution was centrifuged and the white precipitate was 
dried at —70 °C in vacuo: mass spectrum (70 eV) m/e 230, 134 (mo
lecular ion minus HvO), 133, 105, 77, 51, 50; after silation (iV,0-bis- 
(trimethylsilyl)trifluoroacetamide) 205 (molecular ion minus H_>0), 
190, 147, 133, 116, 105, 104, 77, 75, 74, 73. This result suggests mo- 
nosilation and loss of 1 mol of water.

Anal. Calcd for ChHuNO :̂ C, 63.6; H, 6.0; N, 9.3. Found: C, 62.8; H, 
5.8; N, 8.9.

The solid was very unstable, accounting for the poor elemental 
analysis and the trace material of mass 230 in the mass spectrum. 
Upon being warmed to room temperature, it darkened and formed 
a tarry polymer from which was extracted phthalimidine as the only 
identifiable product.

A solution of phthalaldehyde in Me-jSO (5%) was cooled to 18-20 
°C and dry ammonia was bubbled into the solution. The solution 
contained 3a: NMR (Me-»SO) <> 5.00, 5.,36 (s, s, 2, vis- and trans- 
CHOH), 7.27 (s, 4, aromatic).

After standing for several hours at room temperature the initial 
product was converted quantitatively to phthalimidine (4a). identified 
bv comparison of UV, NMR, and mass spectra to those of an authentic 
sample:9 UV (CH:,CN) 220 (i 1.09 X  H)1), 262 (i 1.31 X  10'), 268 (< 1.55 
X Iff1), 275 nm (< 1.38 X 10:1); NMR (Me^SO) d 4.41 (a, 2 ,-CHa-), 7.60

(m, 4, aromatic), 8.54 (s, 1, >NH); mass spectrum (70 eV) m/e 133 
(molecular ion), 132, 105, 104, 77.

3-(2-Cyanophenyl)isoquinoline (5). A solution of phthalaldehyde 
in Me2SO (20%) was cooled to 15 °C and dry ammonia was bubbled 
into the solution at a rate such that the temperature did not rise above 
18 °C. After the reaction was complete, the yellow solution was al
lowed to stand overnight, during which time it darkened. The solution 
was added to ten times its volume of water and the solid was filtered. 
The filtrate contained mainly phthalimidine and traces of the cy
anophenylisoquinoline.

The dried residue was extracted in a Soxhlet apparatus with hex
ane. The hexane solution rapidly assumed a blue fluorescence from 
the dissolved cyanophenylisoquinoline. Removal of solvent gave crude 
5 in 30% yield. Repeated crystallization from hexane gave pale yellow 
silky needles: mp 104-105 °C; UV max (CH AN) 222 (« 4.42 X 104), 
295 (< 9.52 X 10:!), 320 nm (< 4.4 X  10:1); IR (KBr) 2220 cm“ 1 (CN); 
NMR <5 8.00 (m, 9, aromatic), 9.29 (s, 1, Hi of isoquinoline); mass 
spectrum (70 eV) m/e (major peaks italicized) 230 (molecular ion), 
229, 203, 202, 201, 176, 175, 102, 101, 77, 76, 75. Elemental analyses 
consistently were low for no apparent reason.

Anal. Calcd for C16H10N2: C, 83.5; H, 4.4; N, 12.15. Found: C, 82.3; 
H, 4.1; N, 11.9.

Reactions Involving Excess Primary Amine. (1) Mcthylamine.
Dry CHsNH2 was bubbled into a Me2SO solution of phthalaldehyde 
(10%) maintained at a temperature below 20 °C. The solution con
tained 3b: NMR (Me2SO) 5 5.08, 5.47 (s, s, 2, vis- and irons-CHOH),
7.37 (m, 4, aromatic).

After a few hours these absorptions disappeared and the spectrum 
became identical with that of IV-methylphthalimidine (4b):21 NMR 
(MeaSO) <5 4.37 (s, 2, -CH 2-), 7.50, 8.1 (m, 4, aromatic).

(2) Aniline. To a stirred solution of 4.0 g (0.03 mol) of phthalal
dehyde in 75 mL of ether was added 3.0 g (0.032 mol) of aniline in 75 
mL of ether, whereupon 3c precipitated at once as a colorless solid,
5.2 g (77%). It was filtered and dried in vacuo: IR (KBr) 3280 (OH), 
1680 (C = 0 ), 1600, 1500 cm“ 1: NMR (Me2SO) h 5.51,5.93 (d, d, 4, AB 
pair, J = 18 Hz, -CHOH), 7.14 (m, 4, aromatic), 7.40 (s, 5. aromatic); 
NMR (Me2S0-D20) b 6.03 (s, 2, -OCHNPh-), 7.22 (m, 4, aromatic),
7.49 (s, 5, aromatic); mass spectrum (70 eV) m/e 209 (molecular ion 
minus H2O), 208, 181, 160, minor components (a) 284, 283, (b) 298, 
297, (c) 400, 399, 371.

Anal. Calcd for Ci4H,;1NO.: C, 74.0; H, 5.7; N, 6.2. Found: C, 73.6; 
H, 5.7; N, 6.1.

The compound 3d decomposed while the IR spectrum was being 
recorded; the hydroxyl absorption disappeared and the carbonyl 
absorption was enhanced.

From the filtrate was isolated a small amount of a yellow solid, 
which consisted of a mixture of 2-phenyiphthalimidine--’ and 2- 
phenyl-l-phenyliminoisoindoline.-’:i Recrystallization from benzene 
produced colorless prisms (0.25 g) of impure 2-phenylphthalimidine 
(4c). mp 157-160 °C, identified by IR, NMR. and mass spectra in 
comparison to an authentic sample.

Reactions Involving Excess Phthalaldehyde. (1) Methylamine. 
To a stirred solution of 12.0 g (0.09 mol) of phthalaldehyde in 200 mL 
of acetone was added 4.5 g (0.06 mol) of 40% aqueous methylamine 
in 100 mL of acetone. The solution turned pale yellow immediately 
and then darkened gradually to a reddish color as the product crys
tallized from the solution. The mixture was chilled in the refrigerator 
and filtered to give 6 g (35%) of 6a. Recrystallization twice f rom ace
tone or methanol gave colorless needles: mp 220-222 °C dec; UV max 
(CHAN) 228 (< 892), 248 (< 506), 269 (< 333). 276 nm (< 213); IR 3380 
(OH), 1680 cm-1 (-C b= 0)N -); NMR (Me-.SO) b 3.05, 3.07 (s, s. 3, 
>NCHa), 5.11 (m, 1, -OCH..N-), 5.83, 5.9(1 (d, d. 1, •/ = 2 Hz. -0 - 
CHmOH), 6.06 (m, 1, -0C H „0 -), 6.60 (d, 1, -/ = 9 Hz. H„), 6.82 (d, 1, 
J = 8 Hz, -OH), 7.4 (m, 7, aromatic); NMR (Me-jSO. silated) ii 3.03,
3.05 (s, 3, >NCH:<), 5.10 (m, 1, -O C H „N ), 6.07 (m, 2, -OCHOSiMe;l, 
-OCHnO~), 7.3 (m, 7, aromatic); mass sped rum (70 eV) m/e (major 
peaks italicized) 282 (molecular ion). 264, 247. 165. / 17. 116. 135. 118. 
117, 91, 77; after silation (N,0-bis(trimethvlsilyl)tnfluoroacetamide), 
425 (molecular ion), 338, 337, 322, 219, 207. 1-16. 116. 73.

Anal. Calcd forCnHisNOn: 0, 72.6; H, 5.4; N. 5.0. Found: (\ 72.3; 
H, 5.6; N, 4.9.

The NMR spectrum shows two different -NMe absorptions in
dicative of at least two isomeric compounds, one of which is present 
to a minor extent.

(2) Isopropylamine. To a stirred solution of 5.0 g (0.037 mol) of 
phthalaldehyde in 75 mL of dry ether was added 1.24 g (0.021 mol) 
of isopropylamine in 75 mL of dry ether. The product (>b crystallized 
from the solution as line colorless prisms: mp 186 188°Cdec; UV max
(CH;ICN) 229 (t 820), 248 (< 470), 268 (< 3411. 276 nm (< 222); IR (KBr) 
3400 (OH), 1680 cm“ 1 (-C(==0)N); NMR (Me>SO)d 1.38 (d. 6 .-/ =
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8 Hz, -CH(CH3)2), 4.20 (septet, 1, J  = 8 Hz, -CH(CH3)2), 5.15 (m, 1, 
-OCH0N<), 5.62, 5.70 ( d ,  d , l , J  = 4 Hz, -OCHmOH), 6.02 (m, 1, 
-OCHnO~), 6.31 (d, 1, J  = 8 Hz, Hp), 6.78 (d, 1, J = 8 Hz, -OCHOH),
7.5 (m, 7 aromatic); mass spectrum (70 eV) m/e (major peaks itali
cized) 310 (molecular ion), 309,175, 174,135,133,132,104, 77.

Anal. Calcd for Ci9Hi9N0 3: C, 73.8; H, 6.2; N, 4.5. Found: C, 73.8; 
H, 6.4; N, 4.6.

(3) n-Butylamine. A reaction similar to that with isopropylamine 
was run with n-butylamine. The product (6c) crystallized from the 
solution as fine colorless prisms: mp 177-179 °C dec; mass spectrum 
(70 eV) m/e (major peaks italicized) 324 (molecular ion), 305,189,147, 
146, 135,132, 119,104,90, 77.

Anal. Calcd for C20H21NO3: C, 74.3; H, 6.5; N, 4.3. Found: C, 74.0; 
H, 6.8; N, 4.3.

(4) tert-Butylamine. The reaction was run as that with n-butyl
amine. The product 6d, 3.0 g (50%), crystallized from the solution as 
fine colorless prisms: mp 218-220 °C d e c ; UV max (CH3CN) 229 (e 
810), 253 U 453), 269 (e 364), 276 nm (t 225); IR (KBr) 3380 (OH), 1680 
cm"1 (—C (= 0 )N —); NMR (Me2SO) b 1.60,1.64 (s, s, 9, >NC(CH3)3),
5.10 5.18 (d, d, 1, J  = 2 Hz, -OCHmOH), 5.32 (m, 1, -0C H oN<), 5.85 
(d, 1, J  = 9 Hz, Hp), 6.08 (m, 1, -OCHnO-), 6.83 (d, 1, J  = 10 Hz, OH),
7.4 (m, 7, aromatic); NMR (Me2S 0 -D 20 ) b 1.62, 1.64 (s, s, 9, 
>NC(CHi)3), 5.15 (d, 1, J = 2 Hz, -OCHmOH), 5.32 (m, 1, -O- 
CH„N<), 5.79 (d, 1, J  = 9 Hz, Hp), 6.08 (m, 1, -CH nO-), 7.4 (m, 7, 
aromatic); 13C NMR (Me2SO) b 28.2 (-C(CH3)3), 54.3 (>NCMe3), 63.9 
(-CH -), 81.7 (-CH -), 100.7 (-CH -), 121.8,122.9,127.7,128.8,129.5,
135.1,139.1,140.9,141.0 (12 aromatic), 168.0 (C = 0 ); mass spectrum 
(70 eV) m/e (major peaks italicized) 324 (molecular ion), 305,189, 144, 
135,133,132, 105,104, 77; after silation (N,0-bis(trimethylsilyl)tri- 
fluoroacetamide), 467 (molecular ion), 395, 394, 380,324,261, 207, 188, 
132, 130, 77, 75, 73.

Anal. Calcd for C,0H2;N 03: C, 74.3; H, 6.5; N, 4.3. Found: C, 74.0; 
H, 6.7; N, 4.2.

The NMR spectrum shows two feri-butyl absorptions indicative 
of at least two isomers being present, one of which is in a relatively 
small proportion.

(5) Aniline, To a stirred solution of 5.0 g (0.037 mol) of phthalal- 
dehyde in 75 mL of acetone was added dropwise 2.3 g (0.025 mol) of 
aniline in 75 mL of acetone. The solution gradually turned yellow and 
then deep red. The solution was heated and stirred at the boiling point 
for 1 h and then evaporated to dryness. To the red tar was added 25 
mL of benzene and the slurry was filtered to obtain 2.5 g (39%) of 
crude product, which crystallized from acetone as colorless prisms 
(6e): mp 196-198 °C dec; IR (KBr) 3280 (OH), 1670cm-1 (-C (= 0 ) 
N-); NMR (Me>SO) b 5.28 (m, 1, -0C H oN<), 5.78 (m, 1, -OCHmOH),
6.03 (d, 1, J  = 2 Hz, -OCHnO-), 6.58 (d, 1, J  = 9 Hz, Hp), 6.65 (m, 1, 
-OH), 7.5 (m, 12, aromatic); NMR (Me2S 0 -D 20 ) b 5.28 (d, 1, J  = 2 
Hz, -OCHmOH), 5.78 (m, 1, -0C H oN<), 6.02 (d, 1, J  = 2 Hz, -0 -  
CHnO-), 6.58 (d, 1, J = 9 Hz, Hp), 7.5 (m, 12, aromatic); NMR 
(pyridine) <5 5.86,5.95,6.05 (m, 3, -OCHO-), 6.70 (d, 1, J  = 9 Hz, ar
omatic), 7.35 (m, 9, aromatic), 7.98,8.06 (m, 3, aromatic); mass spec
trum (70 eV) m/e (major peaks italicized) 341 (molecular ion), 208, 
180 179 152 133 77.

Anal. Calcd for’c 22H17N 03: C, 77.0; H, 5.0; N, 4.1. Found: C, 76.9; 
H, 5.2; N, 4.0.

The filtrate contained 2-phenylphthalimidine.
(6) 2,6-Dimethylaniline. The reaction was run as that with iso

propylamine. The product, 0.6 g (8.7%), crystallized slowly from the 
solution as colorless needles (6f), which were recrystallized from 
ethanol: mp 248-250 °C dec, with prior discoloration at 235-240 °C; 
IR (KBr) 3300 (OH), 1675 cm" 1 (C = 0 ); NMR (CDCl^MeijSO) b 2.20 
(s, 1, -CH 3), 2.25, 2.30 (s, s, 6, -CH 3), 5.30 (s, 1, -0C H oN<), 5.64 (m, 
2, -OCHnO-, -OCHmOH), 6.25 (d, 1, J = 9 Hz, Hp), 6.65 (d, 1, J = 8 
Hz, OH), 7.20 (s, 3, aromatic), 7.35-8.00 (m, 7, aromatic); NMR 
(CDCl3-Me..SO-D,0) b 2.20 (s, 1, -CH;)), 2.25, 2.30 (s, s, 6, -CH:i), 5.29 
(m, 1, -OCH„N<), 5.64 (m. 2, -OCHnO-, -OCHmOH), 6.25 (d, 1, J  
= 9 Hz, Hp), 7.26 (s, 3, aromatic), 7.30-8.00 (m, 7, aromatic); mass 
spectrum (70 eV) m/e (major peaks italicized) 372 (molecular ion), 
354, 237, 236, 220, 218, 135, 132, 106, 105.

Anal. Calcd for 0 2iH2iN0;j: C, 77.6; H, 5.7; N, 3.8. Found: C, 77.4; 
H, 5.6; N, 3.6.

From the filtrate was isolated 4.0 g of 2-(2,6-dimethylphenyl)- 
phthalimidine (Id), which crystallized from ligroine in colorless 
prisms: mp 139-141 °C; IR 1675 cm“ ’ (C = 0 ); NMR (Me2SO) 2.2 (s, 
6, -CH 3), 4.73 (s, 2, -CH 2-), 7.23 (s, 3, aromatic), 7.5-8.0 (m, 4, aro
matic); mass spectrum (70 eV) m/e (major peaks italicized) 237 
(molecular ion), 222, 220, 165, 132, 106.

Anal. Calcd for Cj(iHi.-,NO; C, 81.0; H, 6.3; N, 5.9. Found: C, 81.0; 
H, 6.3; N, 5.9.

Oxidation of Dimeric Products. (1) Oxidation of 6a. To a stirred

suspension of 2.0 g (0.007 mol) of 6a in 50 mL of pyridine was added
2.0 g (0.02 mol) o f Cr03 in small portions over 15 min. Stirring was 
continued for 48 h. The mixture was poured into water and extracted 
with ether. Removal of the ether and crystallization of the colorless 
residue from methanol gave 1.6 g (80%) of colorless prisms of 7a; mp
212-215 °C dec; UV (CH3CN) 222 (< 1.81 X 104), 228 (< 1.47 X 104), 
268 (f 351), 275 nm (t 314); IR (KBr) 1680 (-C (= 0 )N -), 1760 cm" 1 
(—C (= 0 )0 ); NMR (CDC13, Me2SO) b 3.12 (m, 3, >NCH3), 5.28 (d, 
1, J = 3 Hz, -OCH„N<), 6.28 (d, 1, J = 3 Hz, -OCHnO-), 6.78 (m, 1),
6.96 (m, 1, aromatic), 7.6 (m, 6, aromatic); mass spectrum (70 eV) m/e 
(major peaks italicized) 279 (molecular ion), 165, 162, 146, 133, 118, 
117, 105,91,77, 42.

Anal. Calcd for C17Hi3N 03: C, 73.1; H, 4.7; N, 5.0. Found: C, 72.8; 
H, 5.1; N, 4.9.

(2) Oxidation of 6d. The oxidation was carried out as described 
for the methyl derivative. The product (7b) crystallized from meth
anol as colorless prisms (70%): mp 236-248 °C dec; IR (KBr) 1680 
( -C (= 0 )N -), 1760 cm" 1 ( -C (= 0 )0 ) ; NMR (Me2SO) b 1.58,1.62 (s, 
9, -C(CH3)3), 5.65 (d, 1, J = 2 Hz, -OCH„N<), 5.70 (d, 1, J = 9 Hz, 
Hp), 6.38 (d, 1, J = 2 Hz, -OCHnO-), 6.95-8.0 (m, 7, aromatic); mass 
spectrum (70 eV) m/e (major peaks italicized) 322 (molecular ion), 
321, 306, 266, 248, 188, 132, 104, 77, 57.

Anal. Calcd for C3„H19NO ¡: C, 74.8; H, 5.9; N, 4.4. Found: C, 75.2; 
H, 6.1; N, 4.5.

(3) Oxidation of 6e. The oxidation was carried out as described 
for the methyl derivative. The product (7c) crystallized from methanol 
as colorless prisms (83%): mp 227-229 °C; IR (KBr) 1680 (-C (= 0 )-  
N-), 1760 cm' 1 ( -C (= 0 )0 ) ; NMR (Me2SO) b 6.09 (d, 1, J = 2 Hz, 
-OCH„N<), 6.39 (d, 1, J = 2 Hz, -OCHnO-), 6.55 (d, 1, J = 9 Hz, Hp),
7.6 (m, 12, aromatic); mass spectrum (70 eV) m/e (major peaks itali
cized) 341 (molecular ion), 208, 180, 179, 152, 133, 77.

Ana). Calcd for (L ,H i5NO;f: C, 77.4; H, 4.4; N, 4.1. Found: C, 77.2; 
H, 4.5; N, 3.8.

Reactions with Secondary Amines. The amine (0.2 g) was added 
to 0.41 g of a 15% solution ot’ phthalaldehyde in dimethyl sulfoxide, 
and the solution was allowed to stand at room temperature. The re
action was followed by NMR.

Immediately after addition of the amine, absorptions were observed 
in the regions 5.75-5.90 (s, 1), 6.02-6.20 (d, 1, J = 4 Hz), 6.23-6.29 (s, 
1), 6.33-6.38 ppm (d, 1, J  = 4 Hz). Upon being warmed to 45 °C  or 
standing at room temperature for 2 weeks, the product was converted 
to the isobenzofurans 8 as show by NMR. Absorptions of the products 
contained two singlets associated with the cis- and frans-OCHNR2 
as follows: 8a (5.67, 5.92); 8b (5.77, 6.03); 8c (5.64, 5.84); 8d (5.70, 
5.90).

A 10% solution of phthalaldehyde in diethylamine was warmed to 
the boiling point. Removal of the excess amine and distillation of the 
residue produced 8b as a colorless oil (80%): bp 58-59 °C (15 /im); 
NMR (neat) b 1.0 (m, 12, -CH 2CH3), 2.65 (m, 8, -CH 2CH3), 5.82,5.96 
(s, s, 2, cis- and franx-OCHNEt2), 7.23 (s, 4, aromatic); mass spectrum 
(70 eV) m/e (major peaks italicized) 262 (molecular ion), 233,191, 190, 
162, 160, 134, 132, 199, 118, 116,91,77.

Anal. Calcd for Ci<sH2sN20: C, 73.2; H, 10.0; N, 10.7. Found: C, 73.2; 
H, 10.0; N, 10.5
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The isolation and structural elucidation of the new potent antileukemic trichothecenes baccharin (1), bacchari- 
nol (2), isobaccharinol (3), and isobaccharin (4) are reported. Baccharinol (2) and isobaccharinol (3) were shown 
to be esters of 8d-hydroxyverrucarol (9) by hydrolysis to 9 and the dimethyl esters 5 and 11. Hydrolysis of baccharin 
(1) and isobaccharin (4) gave 6 and esters 5 and 11. Conversion of 2 and 3 to the common intermediate 13 demon
strated that 4 and 3 were the C-13' epimers of 1 and 2, respectively.

In the course of a continuing search for tumor inhibitors 
of plant origin, an alcoholic extract of Baccharis megapo
tamica Spreng (Asteraceae)4 was found to show significant 
activity in vivo against P-388 leukemia in mice (PS)5 and in 
vitro against cells derived from human carcinoma of the na
sopharynx (KB). A preliminary communication6 described 
the structural elucidation of the potent antileukemic tricho- 
thecene triepoxide baccharin (1). It is the purpose of this paper 
to present in detail the isolation and structural elucidation of

i V
, .C H ,

1 .

baccharin (I), as well as the new potent antileukemic princi
ples baccharinol (2), isobaccharinol (3), and isobaccharin 
(4).7

Fractionation of the alcohol extract, guided by a combina
tion of P-388 in vivo assay in mice and KB testing in vitro, 
revealed that the inhibitory activity was concentrated, suc-
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cessively, in the ethyl acetate layer of an ethyl acetate-water 
partition and in the aqueous methanol layer of a 10% aqueous 
methanol-petroleum ether partition. The aqueous metha
nol-soluble material, following filtration through alumina, was 
submitted to column chromatography on alumina. Elution 
with 10% methanol in ether gave a fraction containing bac- 
charin (1) and isobaccharin (4), as well as other related tri- 
chothecene epoxides. Further column chromatography on 
silica gel, with methanol in chloroform as eluent, yielded pure 
baccharin (1), followed by a fraction which, after purification 
by preparative TLC, gave isobaccharin (4). Elution of the 
alumina column with methanol gave a residue containing 
baccharinol (2) and isobaccharinol (3). Rechromatography 
on silica gel with methanol-ether as eluent, followed by pre
parative TLC on silica gel, afforded the closely related com
pounds baccharinol (2) and isobaccharinol (3),

Elemental analysis and high-resolution mass spectrometry 
established that all four compounds were isomeric, with mo
lecular formula of CogHasOn. The ’ H NM R spectrum of each 
compound contained a pair of doublets (J = 4 Hz) centered 
at ca. 3.0 ppm corresponding to an exocyclic epoxide, as well 
as signals characteristic of a dienoate ester. Methanolysis of 
1 gave a dimethyl ester, later identified as 5, and a 15-carbon 
fragment which was later shown to be 6, a known compound8 
resulting from intramolecular opening of the 9,10-epoxide by 
the C-15 hydroxyl.

5, R
! s' / CH3 
-C ; ~H 

OH

8

was replaced with a carbon-carbon double bond. The last 
oxygen atom was shown to be present as a hydroxyl group in 
baccharinol (2), since acetylation of 2 in pyridine-acetic an
hydride gave triacetate 7. The allylic nature of the hydroxyl 
was demonstrated by oxidation of 2 to give the unsaturated 
ketone 8. The shift of the C-10 hydrogen resonance from b 5.46 
in 2 to 5 6.63 in the 'H  NMR spectrum of 8 confirmed the 
«,/i-unsaturated ketone functionality of 8 and therefore 
showed that the hydroxyl was allylic to the C-9,10 double 
bond.

Methanolysis of 2 yielded dimethyl ester 5, identical to that 
obtained from baccharin (1), and the trihydroxytrichothecene
9. Acetylation of 9 produced triacetate 10, the *H NM R

OR
9, R =  H

,c h 3
11, R =  -C —H 

OH

OH

Consideration of the above data suggested that these 
compounds were structurally related to the roridins, a class 
of macrocyclic diesters of the 12,13-epoxytrichothecene, 
verrucarol. Confirmation was obtained by the determination 
of the structure and stereochemistry of baccharin (1) via a 
direct single-crystal x-ray analysis, the results of which were 
described in our preliminary communication.6

The ‘ H NMR spectrum of baccharinol (2) was similar to 
that of baccharin (1) except that the C-16 methyl at 5 1.37 in 
1 was shifted to b 1.83 in 2 and the C -10H at6 3 .ll had shifted 
to 6 5.46, changes which indicated that the 9,10-epoxide in 1

JO, R =  Ac
spectrum of which contained a doublet of doublets (J = 8 and 
4 Hz) at 6 5.24 assigned to the C-8 hydrogen. Examination of 
molecular models showed that the observed coupling was more 
readily accommodated by the postulated stereochemistry with 
the C-8 oxygen function fl. Furthermore, trichothecenes with 
an « C-8 ester function are known,9 and the proton in question 
shows coupling constants of 5.5 and 0.2 Hz in these com
pounds."’

The spectral data of isobaccharinol (3) was nearly identical 
to that of baccharinol (2), suggesting the possibility that the 
two differed only in stereochemistry. Methanolysis of 3 gave 
8/i-hydroxyverrucarol (9), identical to that obtained from 2,. 
and the dimethyl ester 11. The ’ H NM R spectrum of 11 dif
fered substantially from that of 5 only in the chemical shift 
of the C-7 hydrogen, which was shifted from b 5.83 in 5 to b 5.96 
in 11, indicating the site of the postulated stereochemical 
change was probably at C-6' or C-I3'. Further evidence for a 
stereochemical change in the vicinity of C-6' or C-13' was 
obtained by a comparison of the l:iC NM R spectra of bac
charinol (2) and isobaccharinol (3) (Table 1). Careful assign
ment of the carbon spectra, utilizing broad band and off- 
resonance decoupling techniques, and the relative wealth of 
published 1:1C NMR spectra of related compounds,11 revealed 
that all of the corresponding carbon resonances of the two
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compounds had chemical shifts within a few tenths of 1 ppm 
of each other with only three exceptions. The exceptions were 
carbons 6', 13', and 14' which appeared at 86.7, 71.0, and 17.8 
ppm, respectively, in 2, and at 85.2, 69.0, and 15.8 ppm in 3.

The structure of isobaccharinol (3) was finally determined 
by chemical transformations. Catalytic hydrogenation of 3 
gave the tetrahydro derivative 12. Oxidation of 12 with pyri-

n ' / CH 3
12, R =  - C - H

OH

^ « 3
14 , 9 II 1 «

OH
dinium chlorochromate in dichloromethane yielded the diketo 
compound 13. The JH NM R spectrum of 13 showed reso
nances for a vinyl methyl (8 1.85, br s) and a vinyl proton (5 
6.52, dq, J  = 4 and 1.5 Hz) as in 8, and, in addition, contained 
a low-field methyl signal at 8 2.17, characteristic of methyl 
ketones. The infrared spectrum of 13 contained new carbonyl

absorptions at 1720 and 1690 cm-1 . Hydrogenation of bac- 
charinol (2) gave 14 which was oxidized to 13, identical in all 
respects to that derived from 3. The structure of isobacchar
inol (3), then, was established to be the C-13' epimer of bac- 
charinol (2).

The spectral data of isobaccharin (4) suggested that it had 
the same relationship to baccharin (1) as isobaccharinol (3) 
to baccharinol (2). Particularly enlightening was the 13C NMR  
spectra of 4 (Table I), in which the chemical shifts of C-6', 
C-13', and C-14' were nearly identical to those of 3, but dif
fered from those of 1 and 2. Methanolysis of 4 gave 6 and di
methyl ester 11, the same ester that was obtained from 3, 
confirming the structure of isobaccharin (4) as the C-13' ep
imer of baccharin (1).

Table 1 .13C NMR Spectra (8 in ppm from Me4Si)a

Baccharinol Isobaccharinol Baccharin Isobaccharin
(2) (3) (1) (4)

C-2 78.6 78.8 78.1 78.2
C-3 34.5 34.5 34.0 34.0
C-4 73.8 73.9 73.8 73.9
C-5 48.9 49.1 48.5 48.5
C-6 44.7 44.8 42.3 42.4
C-7 29.6 29.7 16.7 16.7
C-8 66.7 67.0 25.7 25.8
C-9 143.2 143.3 57.7 57.7
C-10 119.4 119.6 56.9 57.0
C -ll 66.4 66.7 66.6 66.7
C-12 65.0 65.4 65.2 65.4
C-13 47.2 47.5 47.1 47.2
C-14 6.5 6.7 6.5 6.6
C-15 64.4 64.6 63.1 63.1
C-16 18.3 18.5 21.6 21.6
C-l' 167.3 167.4 167.4 167.4
C-2' 55.9 56.3 56.0 56.1
C-3' 64.8 65.0 64.4 64.4
C-4' 74.9 75.5 75.3 75.6
C-5' 72.0 72.3 72.1 72.1
C-6' 86.7 85.2 86.8 85.3
C-7' 138.1 138.4 138.2 138.7
C-8' 125.3 125.3 125.1 125.0
C-9' 142.2 142.5 142.6 142.7
C-10' 117.7 117.5 117.4 117.1
C -ll ' 166.2 166.4 166.3 166.3
C-12' 11.8 11.9 11.6 11.6
C-13' 71.0 69.0 71.0 68.8
C-14' 17.8 15.8 17.7 15.6

a Spectra measured in CDCI3 solution containing from 5 to 30% 
CD3OD.

Trichothecenes, prior to now, have been observed only as 
secondary metabolites of imperfect fungi,12 and have never 
been found in higher plants. It is noteworthy, then, that we 
found trichothecenes in large amounts (ca. 0.02% w/w of dried 
plant material) in two separate collections of B. megapo- 
tamica, especially in view of their high cyto- and phytotoxi- 
city.12 14 An examination of the dried plant material revealed 
no obvious fungal contamination; however, it is possible that 
the compounds we isolated represent plant-altered fungal 
products. It also should be noted that, while baccharin (1), 
baccharinol (2), isobaccharinol (3), and isobaccharin (4) all 
show potent in vivo antileukemic activity against P-388 leu
kemia in mice,7 very similar compounds, e.g., roridin D (15),15

show no in vivo activity. The key difference seems to be the 
presence of an oxygen substitutent in the A ring of the tri- 
chothecene nucleus in the baccharinoids. Work is presently 
in progress in these laboratories to determine more fully the
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structural features which are necessary for high in vivo ac
tivity.

Experimental Section

General. Melting points were determined on a Mettler Model FP2 
hot stage and are uncorrected. Ultraviolet absorption spectra were 
determined on a Beckman Model DK-2A recording spectrophotom
eter. Infrared spectra were determined on Perkin-Elmer Model 257 
and Model 337 recording spectrophotometers. Nuclear magnetic 
resonance spectra were determined on a Van an HA-100 spectrometer 
or a JEOL PS-100 p FT NMR spectrometer interfaced to a Texas 
Instrument JEOL 980A computer, with tetramethylsilane as an in
ternal standard. Mass spectra were determined on Hitachi Perkin- 
Elmer Model RMU-6E and AEI Model MS-902 spectrometers. Values 
of [o]d were determined on a Perkin-Elmer Model 141 automatic 
polarimeter. Microanalyses were carried out by Spang Microanalytical 
Laboratory, Ann Arbor, Mich., and Atlantic Microlab, Inc., Atlanta, 
Georgia. Petroleum ether refers to the fraction of bp 60-68 °C. All 
thin-layer chromatography was carried out on prepared plates (E. 
Merck). Visualization of TLC was effected with short-wavelength UV 
and concentrated sulfuric acid-vanillin-ethanol (20:1:3) spray.

Extraction and Preliminary Fractionation of B a cch a ris  m e -  
ga p ota m ica . The dried ground twigs and leaves (54 kg) were ex
tracted in 18-kg batches in a Soxhlet extractor with 96 L of 95% eth
anol per batch, for successive periods of 6,15, and 24 h. The combined 
ethanol extracts were concentrated in vacuo and partitioned between 
water (15 L) and ethyl acetate (four 12-L portions). Concentration 
of the ethyl acetate layer gave a residue which was partitioned between 
10% aqueous methanol (12 L) and petroleum ether (three 12-L por
tions). The aqueous methanol-soluble material was taken up in 3 L 
of methanol-ethyl acetate (1:4) and filtered through a column of 
alumina (4.5 kg; activity II-III). The alumina was washed with an 
additional 6 L of methanol-ethyl acetate, and the combined filtrates 
were evaporated to give a residue which was subjected to column 
chromatography on alumina (6.5 kg, activity II-III) with ether fol
lowed by ether containing increasing amounts of methanol as eluent. 
Elution with 10% methanol-ether gave fraction A (10 g), and elution 
with methanol gave fraction B (48 g).

Isolation of Baccharin (1). Fraction A was further fractionated 
by column chromatography on silica gel 60 (1 kg). Elution with 2% 
methanol-chloroform gave fraction C (3 g) which was crystallized from 
methanol-chloroform. Recrystallization from acetone-hexane gave 
baccharin (1, 1.1 g, 0.002%): mp 238-240 °C; [a]24D +41.5° (c 2.2, 
CHCla); UV (EtOH) Amax U) 259 nm (18 700); IR (CHCI3) 3600,3450,
1760.1720.1650.1605 cm“ 1; NMR (CDC13) b 0.75 (3 H, s, 14-H), 1.20 
(3 H, d, J = 5.6 Hz, 14'-H), 1.37 (3 H, s, 16-H), 1.65 (3 H, s, 12'-H), 2.48 
(1 H, dd, J  = 16 and 8.8 Hz, 3«-H), 2.75,3.16 (each lH ,d ,J  = 4 Hz,
13-H), 3.11 (1 H, d, J = 5.8 Hz, 10-H), 3.37 (1 H, s, 2'-H), 4.24,4.42 (2 
H, AB q, J = 12.2 Hz, 15-H), 5.8 (1 H, m, 4-H), 5.82 (1 H, d, J = 11 Hz, 
lO'-H), 5.98 (1 H, dd, J = 15.5 and 2 Hz, 7'-H), 6.60 (1 H, dd, J = 11 
and 11 Hz, 9'-H), 7.48 (1 H, dd, J = 15.5 and 11 Hz, 8'-H); mass 
spectrum (chemical ionization: methane reagent gas) m/e  563.2476 
(M+ + H, calcd for C29H39Ou , 563.2492).

Anal. Calcd for C29H38O11: C, 61.91; H, 6.81. Found: C, 61.78; H,
6.81.

Isolation of Isobaccharin (4). Continued elution of the fraction 
A column with 2% methanol in chloroform gave fraction D (0.37 g). 
Fraction D was purified by preparative TLC, first on silica gel with 
8% methanol in chloroform as eluent, then on alumina with 25% 2- 
propanol in benzene as eluent, to give a residue which was crystallized 
from methanol-chloroform. Recrystallization from acetone-hexane 
gave isobaccharin (4,0.10 g, 0.00018%): mp 228-230 °C; [a]24D +42° 
(c 0.36, C H C I3); UV (EtOH) Xmax (e) 260 nm (21 300); IR (KBr) 3470,
1755.1710.1650.1605 cm“ 1; NMR (CDC13) (5 0.76 (3 H, s, 14-H), 1.17 
(3 H, d, J  = 6.6 Hz, 14'-H), 1.34 (3 H, s, 16-H), 1.68 (3 H, s, 12'-H), 2.47 
(1 H, dd, J = 16 and 8 Hz, 3«-H), 2.75, 3.16 (each 1 H, d, J = 4 Hz,
13-H), 3.09 (1 H, d, J = 6 Hz, 10-H), 3.35 (1 H, s, 2'-H), 4.22, 4.47 (2 
H, A B q ,J  = 12.2 Hz, 15-H), 5.8 (1 H, m, 4-H), 5.80 (1 H, d, J = 11 Hz, 
lO'-H), 5.93 (1 H, dd, J = 16 and 3 Hz, 7'-H), 6.60 (1 H, dd, J = 11 and 
11 Hz, 9'-H), 7.44 (1 H, dd, J = 16 and 11 Hz, 8'-H); mass spectrum 
(chemical ionization: methane reagent gas) m/e 563.2493 (M + + H, 
calcd for C29H39O11, 563.2492).

Anal. Calcd for C29H380irH 20 : C, 59.99; H, 6.94. Found: C, 59.79; 
H, 6.94.

Isolation of Baccharinol (2). Fraction B was subjected to column 
chromography on silica gel 60 (1 kg). Elution with 10% methanol in 
ether yielded fractions E and F. Fraction E was combined with similar 
material obtained from column chromatography or preparative TLC 
of adjacent fractions and crystallized from methanol-chloroform.

Recrystallization from acetone-hexane gave baccharinol (2, 3.5 g, 
0.0065%): mp 259-263 °C from methanol-chloroform-ether; («¡24d 
+ 165° (c 0.50, MeOH); UV (EtOH) \max (e) 260 nm (20 400); IR (KBr) 
3360,1750,1715,1640,1600 cm“ 1; NMR (CDCI3) b 0.83 (3 H, s, 14-H), 
1.18(3 H, d, J  = 6 Hz, 14'-H), 1.59 (3 H, s, 12'-H), 1.83 (3 H,s, 16-H),
2.50 (1 H, dd, J = 15 and 8 Hz, 3«-H), 2.88,3.13 (each 1 H, d, J = 4 Hz,
13- H), 3.44 (1 H, s, 2'-H), 4.24,4.44 (2 H, AB q, J = 12 Hz, 15-H), 5.46 
(1 H, d, J = 5 Hz, 10-H), 5.8 (1 H, m, 4-H), 5.83 (1 H, d, J = 11 Hz, 
lO'-H), 6.02 (1 H, dd, J = 15 and 3 Hz, 7'-H), 6.63 (1 H, dd, J = 11 and 
11 Hz, 9'-H), 7.42 (1 H, dd, J = 15 and 11 Hz, 8'-H); mass spectrum 
(chemical ionization: methane reagent gas) m)e 563.2465 (M+ + H, 
calcd for C29H39O11, 563.2492).

Anal. Calcd for C^H^On: C, 61.91; H, 6.81. Found: C, 61.69; H, 
6.87.

Isolation of Isobaccharinol (3). Preparative TLC of fraction F 
on silica gel with 10% methanol in chloroform as eluent gave baccharin
(2) which was combined with fraction E and a residue which was 
crystallized from methanol-chloroform-ether. Recrystallization from 
acetone-hexane gave isobaccharinol (3,0.20 g, 0.00037%): mp 249-251 
°C; [«]24d + 149° (c 0.66, MeOH); UV (EtOH) Amax (<) 260 nm 
(20 400); IR (KBr) 3420, 1750, 1720,1650, 1605 cm’ 1; NMR (CDC1-,) 
b 0.83 (3 H, s, 14-H), 1.16 (3 H, d, J = 6 Hz, 14'-H), 1.65 (3 H, s, 12'-H),
1.83 (3 H, s, 16-H), 2.84,3.13 (each 1 H, d, J = 4 Hz, 13-H), 3.38 (1 H, 
s, 2'-H), 4.24,4.46 (2 H, AB q, J = 12 Hz, 15-H), 5.52 (1 H, d, J = 5 Hz,
10-H), 5.8 (1 H, m, 4-H), 5.81 (1 H, d, J  = 11 Hz, lO'-H), 5.92 (1 H, dd, 
J  = 15 and 3 Hz, 7'-H), 6.59(1 H,dd, J =  11 and 11 Hz, 9'-H), 7.40 (1
H, dd, J  = 15 and 11 Hz, 8'-H); mass spectrum (chemical ionization: 
methane reagent gas) m/e 563.2493 (M+ + H, calcd for C29H390U, 
563.2492).

Anal. Calcd for C,<,H:IHOi,: C, 61.91; H, 6.81. Found: C, 61.86; H,
6.85.

Baccharinol Triacetate (7). A solution of 50 mg of baccharinol 
(2) in 2 mL of pyridine and 1 mL of acetic anhydride was allowed to 
stand at room temperature for 18 h. The solvent was removed in vacuo 
and the residue was crystallized from dichloromethane-hexane to give 
47 mg of baccharinol triacetate (7): mp 255-257 °C; [«]28d +145° ( c  
0.39, CHCI3); UV (EtOH) Amax (t) 257 nm (18 700); IR (KBr) 1750 
(sh), 1735, 1715 (sh), 1640, 1600 cm“ 1; NMR (CDC13) b 0.80 (3 H, s,
14- H), 1.22 (3 H, d, J  = 6.3 Hz, 14'-H), 1.71 (6 H, s, 16-H and 12'-H),
2.03, 2.09, 2.16 (each 3 H, s, -OAc), 2.81, 3.13 (each 1 H, d , ,1 = 4 Hz,
13-H), 3.50 (1 H, s, 2'-H), 4.29,4.53 (2 H, AB q, J = 12 Hz, 15-H), 5.57 
(1 H, d ,J  = 5 Hz, 10-H), 5.8(1 H, m, 4-H), 5.81 (1 H, d, J = 11 Hz, 
lO'-H), 5.90(1 H, dd, J  = 15.5 and 3 Hz, 7'-H), 6.60 (1 H ,dd ,J  = 11 
and 11 Hz, 9'-H), 7.41 (1 H, dd, J  = 15.5 and 11 Hz, 8'-H); mass 
spectrum (chemical ionization: methane reagent gas) m/e 689.2830 
(M+ + H, calcd for CmsH ^O h , 689.2809).

Anal. Calcd for C:l,>^44014: C, 61.04; H, 6.44. Found: C, 61.21; H.
6.42.

8-Ketobaccharinol (8). Baccharinol (2, 56 mg, 0.1 mmol), pyri- 
dinium chlorochromate (34 mg, 0.15 mmol), and anhydrous sodium 
acetate (3 mg, 0.3 mmol) were stirred in 4 mL of dichloromethane for
I. 5 h. The reaction mixture was filtered, the solids were washed with 
10 mL of additional dichloromethane, and the combined filtrate was 
evaporated in vacuo. Preparative TLC on silica gel with 10% methanol 
in chloroform as eluent followed by crystallization from 1,2-dichlo- 
roethane-ether yielded 8-ketobaccharinol (8, 27 mg): mp 265-266 °C; 
[ « P D +127° (c 0.39, CHCh); UV (EtOH) Amax U) 259 nm (19 300), 
235 (sh) (14 300); IR (KBr) 3450, 1760, 1715, 1680, 1645, 1605 cm "1; 
NMR (CDCI3) 6 0.81 (3 H, s, 14-H), 1.19 (3 H, d, J  = 5.5 Hz, 14'-H), 
1.49 (3 H, s, 12'-H), 1.85 (3 H, s, 16-H), 2.86, 3.16 (each 1 H, d , J  = 4 
Hz, 13-H), 3.53 (1 H, s, 2'-H), 4.15,4.45 (2 H, A B q.J  = 12.5 Hz, 15-H),
5.8 (1 H, m, 4-H), 5.85 (1 H, d, J  = 11 Hz, lO'-H), 6.05 (1 H, dd, J  =
15.5 and 3 Hz, 7'-H), 6.62(1 H ,dd,J = Hand 11 Hz, 9'-H), 6.63 (1 H, 
br d, J  = 5 Hz, 10-H), 7.52 (1 H, dd, J  = 15.5 and 11 Hz, 8'-H); mass 
spectrum (chemical ionization: methane reagent gas) m/e 561.2320 
(M + + H, calcd for C29H37O11, 561.2336).

Anal. Calcd for CzaH^On: C, 62.13; H, 6.47. Found: C, 61.89; H,
6.49.

Hydrolysis of Baccharin ( 1 ). A solution of 25 mg of baccharin ( 1 ) 
and 20 mg of lithium hydroxide monohydrate in methanol was st irred 
at room temperature for 3 h. The reaction mixture was passed through 
a small column (ca. 5 g) ofDowex 50W-X8 ion-exchange resin and the 
methanol was evaporated. The residue was treated with excess 
ethereal diazomethane for 30 min. Evaporation of the solvent followed 
by preparative TLC on silica gel, developed with 6% methanol in 
chloroform, gave trichothecene 6 (9.2 mg), a compound previously 
described,8 and dimethyl ester 5 (7.9 mg), as a colorless glass: [a]l9D 
+60° (c 1.19, CHCI3); UV (EtOH) Amax (0  256 nm (20 000); IR 
(CHCL) 3500, 1745, 1710, 1640, 1610 cm -1; NMR (CDC13) b 1.14 (3 
H, d, J  = 6 Hz, 14-H), 1.37 (3 H, s, 12-H), 3.74, 3.81 (each 3 H, s,
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-COOCH3), 5.74 (1 H, d, J = 11 Hz, lO'-H), 5.83 (1 H, dd, J = 15 and
7 Hz, 7'-H), 6.59 (1 H, dd, J = 11 and 11 Hz, 9'-H), 7.59 (1 H, dd, J = 
15 and 11 Hz, 8'-H); mass spectrum m/e 300,285, 268, 211,193,187, 
161, 159, 141,137, 109.

Methanolysis of Baccharinol (2). To a solution of 25 mg of bac- 
charinol (2) in 2 mL of dry methanol at room temperature under argon 
was added slowly 0.4 mL of 1.4 M n-butyllithium in hexane. The 
mixture was st irred for 2 h, poured onto a small column of silica gel, 
and washed with 20% methanol in ethyl acetate. The filtrate was 
evaporated and the residue subjected to preparative TLC on silica 
gel, developed with 10% methanol in chloroform, to give dimethyl ester 
5 (9.7 mg) identical to that obtained from baccharin (1) and the 
trihydroxytrichothecene 9 (11.1 mg), which was crystallized from 
acetone-hexane: mp 185-186 °C; [o]2Hp + 14.5° (c 0.38, MeOH); NMR 
(CDCl3-CD :iOD, 9:1) <5 0.80 (3 H, s, 14-H), 1.70 (3 H, s, 16-H), 2.38 (1
H, dd, J = 16 and 8 Hz, 3«-H), 2.73,2.97 (each 1 H, d, J = 4 Hz, 13-H),
3.69 (2 H, s, 15-H), 3.96 (1 H, dd, J = 8 and 4 Hz, 8-H), 4.49 (1 H, dd, 
J = 8 and 3.4 Hz, 4-H), 5.32 ( lH ,d ,J  = 5.4 Hz, 10-H); mass spectrum 
m/e 282.14659 (M+, calcd for C15H220 5, 282.14671).

Anal. Calcd for C15H22O5: C, 63.81; H, 7.86. Found: C, 63.95; H,
7.82.

Acetylation of 4/J,8/3,15-Trihydroxy-12,13-epoxytrichothecene 
(9). A solution of 29 mg of 9 in 1 mL each of pyridine and acetic an
hydride was allowed to stand at room temperature for 18 h. The sol
vent was removed in vacuo and the residue crystallized from ben
zene-hexane to give 10, 20 mg: mp 124-126 °C; [«]d +26° (c 0.55, 
CKCI3); IR (CHCI3) 1735 cm "1; NMR (CDC13) S 0.80 (3 H, s, 14-H),
I. 70 (3 H, s, 16-H), 2.0 (3 H, m, 3/1-H, 7-H), 2.07, 2.08, 2.11 (each 3 H, 
s,-OAc),2.52 (1 H, dd. J = 15.5 and 7.5 Hz, 3«-H), 2.85 (1 H, d, J =
5.1 Hz, 2-H), 2.82, 3.14 (each 1 H, d, J = 4 Hz, 13-H), 3.70 (1 H, d, J 
= 5.8 Hz, 11-H), 4.06, 4.23 (2 H, AB q, J = 12.5 Hz, 15-H), 5.24 (1 H, 
dd, J — 8 and 4 Hz, 8-H), 5.6 (2 H. m, 4-H and 10-H); mass spectrum 
m/e 408.17939 (M+, calcd for C2lH280 8, 408.17840).

Anal. Calcd for C2,H280 8: C, 61.75; H, 6.91. Found: C, 61.66; H, 
7.02.

Methanolysis of Isobaccharinol (3). By a procedure similar to 
that described for 2, isobaccharinol gave the trihydroxytrichothecene 
9, identical to that obtained from 2, and the dimethyl ester 1 1: [a]Z7D 
+38° (c 0.14, CHCI3); UV (EtOH) Xmax (<) 257 nm (19 100); IR 
(CHCI3) 3500, 1750, 1720, 1645, 1610 c m '1; NMR (CDC13) a 1.13 (3 
H, d, J = 6 Hz, 14-H), 1.36 (3 H, s, 12-H), 3.74, 3.81 (each 3 H, s, 
-COOCH3), 5.73 (1 H, d, J = 11 Hz, lO'-H), 5.96 (1 H, dd, J = 15.5 and
8 Hz, 7'-H), 6.60 (1 H, dd, J = 11 and 11 Hz, 9'-H), 7.56 (1 H, dd, J =
15.5 and 11 Hz, 8'-H); mass spectrum m/e 300, 285, 268, 211,193,187, 
161, 159, 141, 137, 109.

Methanolysis of Isobaccharin (4). By a procedure similar to that 
described for 2, isobaccharin (4) gave 6 and 11, identical to those de
scribed above.

Catalytic Hydrogenation of Baccharinol (2). A solution of 
baccharinol (2, 25 mg) in 25 mL of absolute ethanol was hydrogenated 
at atmospheric pressure using 10% palladium on charcoal (9 mg) as 
catalyst. After 2 equiv of hydrogen was taken up, the catalyst was 
removed by filtration and the solvent evaporated to afford a colorless 
glass. Crystallisation from acetone-hexane gave tetrahydrobac- 
charinol (14): mp 245-246 °C; [«]22p +32° (c 0.53, CHC13); IR (KBr) 
3430,1745,1735 cm“ 1; NMR (CDCI3) b 0.83 (3 H, s, 14-H), 1.13 (3 H, 
d, J = 6 Hz, 14' H), 1.51 (3 H, s, 12'-H), 1.83 (3 H, s, 16-H), 2.85,3.16 
(each 1 H, d, J = 4 Hz, 13-H), 3.36 (1 H, s, 2'-H), 4.16, 4.31 (2 H, AB 
q, J = 12 Hz, 15-H), 5.47 (1 H, d, J = 5 Hz, 10-H), 5.70 (1 H, dd,J =
7.5 and 3.5 Hz, 4-H); mass spectrum (chemical ionization: methane 
reagent gas) 567.2811 (M + + H, calcd for C29H430n, 567.2805).

Anal. Calcd for C29H42On : C, 61.47; H, 7.47. Found: C, 61.49; H, 
7.48.

Catalytic Hydrogenation of Isobaccharinol (3). By the same 
procedure as that described above, isobaccharinol (3) afforded te- 
trahydroisobaccharinol (12): mp 248-250 °C; |aj22p +35° (c 0.27, 
CHCI3); IR (KBr) 3400,1755, 1735 cm“ 1; NMR (CDCI3) 6 0.83 (3 H, 
s, 14-H), 1.15 (3 H, d, J = 6.5 Hz, 14'-H), 1.51 (3 H, s, 12'-H), 1.83 (3 
H, s, 16-H), 2.85, 3.16 (each 1 H, d, ,J = 4 Hz, 13-H), 3.40 (1 H, s, 2'-H),
4.12, 4.38 (2 H, AB q, J = 12 Hz, 15-H), 5.50 (1 H, br d, J = 5 Hz, 
10-H), 5.71 (1 H, dd, J = 8 and 4 Hz, 4-H); mass spectrum (chemical

ionization: methane reagent gas) 567.2811 (M+ + H, calcd for 
C.>9H430 ii , 567.2805).

Anal. Calcd for C^H^On: C, 61.47; H, 7.47. Found: C, 61.47; H,
7.50.

Oxidation of Tetrahydrobaccharinol (14). Tetrahydrobac- 
charinol (14, 22 mg, 0.04 mmol), pyridinium chlorochromate (45 mg, 
0.21 mmol), and anhydrous sodium acetate (5 mg, 0.06 mmol) were 
stirred in 2 mL of dichloromethane for 2 h. The reaction was filtered 
and the solids were washed twice with 2 mL of dichloromethane. The 
combined filtrates were extracted with 10 mL of water, and the solvent 
was evaporated. Preparative TLC on silica gel, developed with 6% 
methanol in chloroform, gave a colorless glass (17 mg). Crystallization 
from acetone-hexane afforded 13: mp 260-262 °C; [o ]24d  +49° (c 0.34, 
CHCI3); UV (EtOH) Xmax (e) 227 nm (8450); IR (KBr) 3400, 1760, 
1730,1720,1690 cm“ 1; NMR b 0.82 (3 H, s, 14-H), 1.44 (3 H, s, 12'-H),
1.85 (3 H, br s, 16-H), 2.17 (3 H, s, 14'-H), 2.85,3.17 (each 1 H, d, J = 
4 Hz, 13-H), 3.51 (1 H, s, 2'-H), 4.05, 4.47 (2 H, AB q, J = 12.5 Hz,
15-H), 5.80 (1 H, dd, J = 7.5 and 4 Hz, 4-H), 6.52 (1 H, dq, J = 4 and
1.5 Hz, 10-H); mass spectrum (chemical ionization: methane reagent 
gas) 563.2482 (M+ + H, calcd for C29H39O11, 563.2492).

Anal. Calcd for CjgHsgOn: C, 61.91; H, 6.81. Found: C, 61.67; H,
6.88.

Oxidation of Tetrahydroisobaccharinol (12). By the same 
procedure as that described for 14, tetrahydroisobaccharinol (12) gave 
13, identical to that obtained from 14.

Registry No.—1, 61251-97-6; 2, 63783-94-8; 3, 63814-57-3; 4, 
63814-58-4; 5 ,63783-95-9; 6,63783-96-0; 7,63783-97-1; 8,63783-98-2; 
9, 63783-99-3; 10, 63784-00-9; 11, 63814-59-5; 12, 63784-01-0; 13, 
63784-02-1; 14 ,63814-60-8.
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2-Oxo-ercdo-bicyclo[2.2.1]hept-3-yl triflate (4) reacts with sodium methoxide in methanol to give ejco-2,2-di- 
methoxybicyclo[2.2.1]heptan-3-ol (5) as the major product along with smaller amounts of the endo epimer 6. Com
plete deuterium incorporation was observed in the carbinyl position of these ketal alcohols when the reaction was 
carried out in the presence of methanol-di. These results were interpreted in terms of the intermediacy of an alkoxy 
epoxide intermediate which results from endo attack at the carbonyl center and intramolecular displacement of 
triflate. The epoxide intermediate could be independently generated, in situ, by epoxidation of 2-methoxybicyclo-
[2.2.1]hept-2-ene (17), but opened to give 5. The reaction appears to be quite general for «-keto triflates. Opening 
of the methoxy epoxides derived from 2-oxo-exo-bicyclo[2.2.1]hept-3-yl triflate (12) and oxocyclohex-2-yl triflate
(32) gave «-methoxy ketone products in addition to the ketal alcohols. Hydride migration in a zwitterionic interme
diate is the suggested origin instead of direct Sn2 displacement of triflate. Triflate 32 gave no Favorskii ring con
traction or deuterium incorporation in methanol-dj, suggesting that epoxide formation is much more rapid than 
potential enolization processes.

a-Hydroxy ketones are easily prepared via the Ruhlmann 
and Schrapler modification of the acyloin condensation1 or 
epoxidation of silyl enol ethers.2 The carbonyl function next 
to the hydroxyl group, in principle, should allow the prepa
ration of secondary trifluoromethanesulfonate (triflate) esters 
without the problem of in situ solvolysis. It was also antici
pated that the extreme lability of this leaving group could lead 
to unusual transformations of the a-keto triflates. We have 
prepared some of these triflate esters and have undertaken 
a study of their reaction with sodium methoxide with the goal 
of understanding the diverse mechanistic processes which can 
occur.

straightforward. Treatment of triflate 4 with excess sodium 
methoxide in methanol at 0 °C led to formation of 3,3-dime- 
thoxy-exo-bicyclo[2.2.1]heptan-2-ol (5) in 68% yield and 12% 
of 3,3-dimethoxy-endo-bicyclo[2.2.1]heptan-2-ol (6). Even 
under more strenuous conditions, keto tosylate 7 failed to

Results and Discussion
2-Oxo-e«do-bicyclo[2.2.1]hept-3-yl Triflate. a-Hydroxy 

ketone 3 could be readily prepared from bis(trimethylsilyl) 
ether 1 in a methanolysis procedure. The intermediate keto 
silyl ether 2 can be isolated without significant amounts of the 
a-hydroxy ketone 3 if triethylamine is added. Conversion of 
3 to 2-oxo-ercdo-bicyclo[2.2.1]hept-3-yl triflate (4) was

Scheme I

1

NaOCHj
CHjOH

undergo the analogous reaction. Chloro ketone 8 was epi- 
merized under the attempted reaction conditions to a 1:1.6 
mixture of exo and endo isomers,'1 while tosylate 7 gave none 
of the ketal alcohol. This is in line with the approximately 105 
greater reactivity of triflates relative to tosylates.5

A mechanistic scheme to account for the formation of 5 is 
given in Scheme II. We envisage three competing reactions 
of triflate 4 with methoxide. Process a involves endo attack 
of methoxide at the carbonyl center leading to tetrahedral 
intermediate 9. Collapse of 9 would lead to the exo epoxide 10. 
Opening of epoxide 10 under the reaction conditions4 via 
zwitterion 11 would lead to the observed 3,3-dimethoxy- 
exo-bicyclo[2.2.1]heptan-2-ol (5). This opening of epoxide 10 
followed by methanol capture is preferred over a bimolecular 
process involving methoxide attack on epoxide 10. That such 
processes can occur has been shown in the uncatalyzed 
opening of allylic epoxides via allylically stabilized cationic 
intermediates.11

The viability of the suggested mechanism has been sup
ported by the in situ generation of epoxide 10 as shown in 
Scheme III. Ketalization of 3-chloronorcamphor (8) gave 16. 
Attempted dechloromethoxylation with sodium in liquid 
ammonia gave norcamphor dimethyl ketal 18 and only traces 
of 17. Treatment of 16 with magnesium-ethylene dibromide 
in refluxing tetrahydrofuran gave the desired, extremely acid 
sensitive, enol ether 17. Reaction with m-chloroperbenzoic 
acid in methanol containing sodium carbonate gave none of 
epoxide 10. The product of methanol addition, ketal alcohol 
5, along with norcamphor dimethyl ketal 18 were produced. 
This observation strongly supports the intermediacy of exo 
epoxide 10 in the reaction of keto triflate 4 with sodium 
methoxide.

The formation of alkoxy epoxides by such a mechanism is 
not unprecidented. Alkoxy epoxides intervene in the reaction 
of certain aromatic halo ketones, namely, 20," 21,7-8 and 22,9 
with sodium methoxide. The reactions are overall second
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Scneme II

6

14

order. With care, in certain cases the epoxide intermediates 
can be isolated.10 The present example is of special interest 
in that the system is purely aliphatic and involves endo attack 
on a norbornyl system. The highly reactive triflate leaving

0 0 0
11 11 11

<P— C— CHC10 Ar— C— CClAr, Ar— C— CHBrR

20 21 22

group is necessary to achieve the epoxide-forming reaction in 
this system, since direct rearward displacement of a leaving 
group in the intermediate methoxide complex in this rigid 
system is precluded.

An alternate reaction pathway for triflate 4 (path b) in
volves isomerization to the exo epimer 12. Addition of meth
oxide from the exo side of 12 would lead to the 3,3-dime- 
thoxy-ercdo-bicyclo[2.2.1]heptan-2-ol (6) as shown in Scheme
II. We believe that this process must be included to account 
for the small amount of 6 seen in this reaction. Process c, which 
involves exo attack of methoxide at the carbonyl center of 4, 
is, no doubt, a more rapid process than the endo attack route. 
It is suggested that this process is nonproductive and revers
ible with the two products arising via paths a and b. The 
overall conversion of 4 to 5 represents a rare case of the major 
product of a reaction resulting from endo attack on an unen
cumbered bicyclo[2.2.1]heptyl system. In methanol-di, the 
ketal alcohol product 5d was completely deuterated in the a 
position. Apparently, rapid reversible deprotonation of 4 
giving enolate ion 23 occurs faster than the endo attack of 
methoxide at the carbonyl center.

2-Oxo-aar<?-bicyclo[2.2.1]hept-3-yl Triflate. The sug
gested origin of endo-3,3-dimethoxybicyclo[2.2.1]heptan-2-ol
(6) in the reaction of triflate 4 with sodium methoxide involved 
the intermediacy of exo-triflate 12. The independent prepa
ration of 12 was accomplished by epoxidation hydrolysis of 
silyl enol ether 24 which gave the dimer of 25. Subsequent 
conversion to the triflate derivative 12 and treatment of 12 
with sodium methoxide in methanol gave the endo ketal al
cohol 6 and a small amount of endo-3-methoxybicyclo[2.2.1]- 
heptan-2-one (27). The inverted stereochemistry of 27 (rela
tive to 12) initially suggests an Sn2 type displacement as its 
origin. While we have not ruled out this possibility, we prefer 
the hydride shift mechanism shown in Scheme VI to account 
for the formation of 27. This mechanism, in addition to ac
counting for the stereochemistry of 27, also accounts for the 
fact that endo-triflate 4 gives none of the analogous exo-3- 
methoxybicyclo[2.2.1]heptan-2-one. Such a product would 
require an endo hydride migration in a norbornyl system. Such 
processes are quite unfavorable.11 An Sn2 mechanism for the

Scneme IV

19 12 27
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Scheme VI Although the preparation of certain triflate derivatives of 
«-hydroxy ketones was quite straightforward, all attempted 
preparations were not uniformly successful. Attempted con
version of 2-hydroxycyclopentanone to the triflate derivative 
by usual procedures gave no isolable products. The triflate 
derivative of 2-hydroxycyclohexanone (32) decomposed 
readily when inpure. Also attempts to prepare 32 in pyridine 
as solvent were unsuccessful. Also unsuccessful was an at
tempt to prepare the triflate derivative of 35. In addition to 
recovered starting alcohol, only a product of dehydration, 36, 
was isolated.14

Scheme VII

Scheme VIII

formation of 27 would also require an endo approach of 
methoxide on 12. This process should be less favorable than 
an exo approach to triflate 4. The relative amounts of keto 
ethers formed in reaction of inflates 4 and 12 with sodium 
methoxide are therefore not consistent with an Sn2 pro
cess.12

Generality of the Reaction. Attention was next turned 
to an evaluation of the generality of the reaction of «-keto 
inflates with sodium methoxide. Hydroxy ketone 29 could be 
prepared by epoxidation-hydrolysis of silyl enol ether 28. 
Reaction of the triflate derivative 30 with sodium methoxide 
gave ketal alcohol 31. The triflate derivative 32 of 2-hydrox
ycyclohexanone also gave a ketal alcohol product 33 along with 
2-methoxycyclohexanone (34). It is interesting to note that 
none of the Favorskii product, methyl cyclopentanecarbox- 
ylate, is formed under the reaction conditions. The reaction 
of 32 truely contrasts with the reaction of 2-chlorocyclohex- 
anone with methoxide13 and demonstrates the generality of 
the alkoxy epoxide forming reaction even when the Favorskii 
ring contraction is a mechanistic alternative. The triflate 
leaving group is undoubtedly the key which allows rapid ep
oxide formation while bypassing the Favorskii product. The 
keto ether product could arise by a direct displacement of 
triflate by methoxide as well as by a variety of processes in
volving the alkoxy epoxide intermediate. In contrast to triflate 
4, reaction of 32 with sodium methoxide in methanol-di gave 
no deuterium incorporation in the carbinyl position of ketal 
alcohol product 33. This attests to the rapidity of the epox
ide-forming reaction to the complete exclusion of enolate- 
forming reactions of 32.

Experimental Section

NMR spectra were recorded on a Varian A-60A or XL-100 spec
trometer. Mass spectra were recorded on an AEI Scientific Apparatus 
MS902 spectrometer. Infrared spectra were recorded on a Perkin- 
Elmer 455 or Infracord spectrometer.

Methanolysis of 1. Bis(trimethylsilyl) ether I (5.0 g), prepared as 
previously described,15 was dissolved in 25 mL of dry methanol under 
nitrogen. After refluxing for 15 min, the solvent was removed under 
vacuum leaving 2.2 g of crude 3. The residue was slurried with pentane 
and 1.66 g (71%) of crystalline 3 was collected: mp 137-143 °C (lit.16 
mp 143-151 °C); IR (neat) co-h 2.88 (itn, t>c _ o  5.71 nm; NMR (CC14) 
b 4.0-4.2 (1 H, br s, exchanges with D2O), 3.88 (1 H, d of d, J = 1.5 and 
5 Hz), 2.25-2.85 (2 H, m), 1.1-2.3 (6 H, m).

Methanolysis of 1 with Triethylamine Present. Bis(trimeth- 
ylsilyl) ether 1 (10 g) was dissolved in 50 mL of dry methanol con
taining five drops of triethylamine. After a 2-h reflux, the solvent was 
removed under vacuum, and the infrared and NMR spectra of the 
residue were recorded: IR (neat) no OH, ¡>c=o 5.68 nm, i'c—c 5.95 tim 
(m, unreacted 1); NMR (CCD b 3.78, (d of d, J = 1.3 and 4.5 Hz, C-3 
H of 2), and multiplets at 2.4-2.65, 0.75-2.3, 0.05-0.25 consistent with 
a mixture of 2 and 1. After addition of 50 mL of dry methanol and 
another 2-h reflux, the solvent was again removed by vacuum. The 
residue had an infrared spectrum consistent with a mixture of 1, 2, 
and 3. Even longer reflux times with more methanol consumed 1 and 
gave mixture of 2 and 3.

Preparation of 4. Pyridine (30 mL) was cooled in an ice-water bath 
and 8.46 g of trifluoromethanesulfonic anhydride was added slowly 
dropwise with stirring. The ice bath was removed until the white 
precipitate dissolved completely and the solution was recooled in the 
ice bath. Keto alcohol 3 (3.15 g) was added slowly in small portions, 
and the resulting solution was stored at —15 °C for 2.5 h. The solution 
was then diluted with 30 mL of ether and extracted with water. The 
water layer was separated and extracted with ether, and the combined 
ether extracts were washed with water, cold dilute hydrochloric acid 
until acidic, and brine. After standing over sodium sulfate, the solvent 
was removed through a Vigreux column on a steam bath and the 
residue was distilled to give 5.31 g (82%) of 4: bp 62-64 °C (0.05 mm); 
IR (neat) C = 0  5.64 ^m; NMR (CC14) b 4.89 (1 H, d, J  = 5 Hz), 
2.87-3.15 (1 H, m), 2.65-2.87 (1 H, m), 1.0-2.5 (6 H, m); mass spec
troscopic molecular weight, 258.0191 (calcd for C8H9F3O4S, 
258.0173).

Reaction of 4 with Sodium Methoxide in Methanol. Sodium 
(0.96 g) was dissolved in 25 mL of dry methanol under nitrogen and 
the solution was cooled to 0 °C. Triflate 4 (1.88 g) was added dropwise 
and the solution was refluxed for 1.8 h. After diluting with ether, the 
solution was extracted with water. The water layer was extracted with 
another portion of ether. The combined ether extracts were washed 
with water and brine, and dried over sodium sulfate. The solvents were 
removed through a Vigreux column and the residue was distilled to 
give 0.85 g (80%) of a 5.7 to 1 mixture of 5 and 6,Uc bp 67-69 °C (1.5 
mm). In a separate run, gas chromatographic analysis on 5 ft, 5% SE30 
on chromsorb G (column A), showed immediate consumption of 4 
when added to sodium methoxide in methanol at 0 °C. Ketal alcohol 
5 had the following spectral properties: NMR (CC14) b 3.1-3.4 (7 H, 
m with sharp s at 3.18 and 3.29), 2.7-3.0 (1 H, br s, exchanges with 
D2O), 1.87-2.40 (8 H, m); mass spectroscopic molecular weight 
172.1076 (calcd for C9H160 3, 172.1099).
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Reaction of 4 with Sodium Methoxide in Methanol-di. The
procedure was the same as that above, except the reaction time was 
10 min at 25 °C after addition of 4. Sodium (0.16 g), 7 mL of metha- 
nol-cL, and 0.79 g of 4 gave 0.42 g (79%) of 5-d: bp 69 °C (2 mm). 
Complete deuteration at C-3 was confirmed by conversion of 5-d to 
its acetate1 lc followed by NMR analysis. The NMR of the acetate of 
5 shows the C-3 H cleanly separated from all other absorptions.110

Preparation of 7. Keto alcohol 3 (1.34 g) was dissolved in 15 mL 
of pyridine and cooled to 0 °C in an ice-water bath. p-Toluenesulfonyl 
chloride (2.13 g) was added in small portions and the solution was 
stored at —5 °C for 24 h. The reaction mixture was diluted with 50 mL 
of ether and extracted with water, dilute hydrochloric acid until acidic, 
brine, and dried over sodium sulfate. The solvent was removed by a 
rotary evaporator, leaving 2.36 g (79%) of 7 which was recrystallized 
from methanol: mp 102.5-103.5 °C; IR (neat) vc=o 5-69 jim; NMR 
(CDCl:i) b 7.75-8.0 (2 H, m), 4.58 (1 H, d, J = 5 Hz), 2.55-3.05 (2 H, 
m), 2.45 (3 H, s), 1.2-2.2 (6 H, m).

Anal. Calcd for C]4H160 4S: C, 59.98; H, 5.75. Found: C, 60.09; H,
5.77.

Preparation of 16. Chloro ketone 817 (8.0 g) was dissolved in 40 
mL of dry methanol and 7.4 g of trimethyl orthoformate. p-Tolu- 
enesulfonic acid monohydrate (250 mg) was added and the solution 
was refluxed for 10.5 h. After cooling, the acid was neutralized with 
sodium methoxide and the solvents were removed at 140 mm. The 
residue was distilled to give 10.12 g (96%) of 16: bp 73-75 °C (0.85 
mm); NMR (100 MHz, CDCl:i) b 3.69 ( lH ,d ,« /  = 2.5 Hz), 3.34 (3 H, 
s), 3.25 (3 H, s), 2.25-2.55 (2 H, m), 1.1-2.25 (6 H, m); mass spectro
scopic molecular weight 190.0752 (calcd for C9H15O2CI, 190.0760).

Preparation of 17. Chloro ketal 16 (2.02 g) was dissolved in 15 mL 
of dry tetrahydrofuran (THF) and 0.84 g of magnesium was added. 
After refluxing for 1.5 h under nitrogen, 4 g of 1,2-dibromoethane in 
5 mL of THF1 was added dropwise over 3 h to the refluxing mixture. 
The mixture was cooled, filtered, and diluted with ether. The organic 
phase was extracted with dilute sodium carbonate and brine, and 
dried over sodium sulfate. Two drops of triethylamine were added 
and the solvents were removed through a Vigreux column. The residue 
was distilled to give 0.34 g of a mixture of three products containing 
60% of 17 or 15% overall yield of 17 from 16. Enol ether 17 had spectra 
consistent with those previously reported.18

Reaction of 17 with m-Chloroperbenzoic Acid in Methanol. 
Sodium acetate (94 mg) and sodium carbonate (122 mg) were sus
pended in 3 mL of dry methanol. m-Chloroperbenzoic acid (284 mg) 
was added. The enol ether 17 (170 mg, 60% of the mixture as prepared 
above) was added in 1 mL of methanol at 0 °C. After the addition of 
17, the reaction was warmed to 25 °C and stirred for 1 h. Ether and 
water were added, and the phases were separated. The ether layer was 
washed with dilute sodium thiosulfate and brine, and dried over so
dium sulfate. The solvents were removed through a Vigreux column 
and the residue was distilled (1-2 mm) to give 70.3 mg of a mixture 
of 5 (60%) and 1818 (40%).

Reaction of 16 with Sodium in Liquid Ammonia. Liquid am
monia (10 mL) was condensed into a mixture of 1 g of 16 in 2 mL of 
dry ether. Sodium was then added in small pieces under nitrogen until 
a blue color persisted, and the solution was stirred for another 15 min. 
Water was carefully added. After the ammonia had evaporated, the 
aqueous phase was extracted with two portions of ether. The com
bined ether extracts were washed with brine and dried over sodium 
sulfate. The solvent was removed through a Vigreux column and the 
residue was distilled to give 0.56 g of a 4 to 1 mixture of 1818 and
17.

Preparation of 24. Methyl lithium (138 mL of 1.84 M) was added 
slowly dropwise to 27.6 g of diisopropylamine dissolved in an equal 
volume of dry ether under nitrogen. The resulting solution was cooled 
to —78 °C in a dry ice-acetone bath and 19.7 g of norcamphor in 20 
mL of ether was slowly added dropwise. After stirring for 10 min, the 
solution was warmed to 0 °C and 46 mL of chlorotrimethylsilane was 
added all at once. The solution was warmed to 25 °C and stirred for 
30 min. The mixture was then extracted with cold dilute sodium bi
carbonate and brine, and dried over sodium sulfate. The solvents were 
removed through a Vigreux column and the residue was distilled to 
give 26.08 g (80%) of 24: bp 58-63 °C (14 mm); IR (neat) i>c—c 6.20 pm; 
NMR (CC14) h 4.50 (1 H, d, J = 3 Hz), 2.3-2.8 (2 H, m), 0.7-1.9 (6 H, 
m), 0.07 (9 H, s); mass spectroscopic molecular weight 182.1109 (calcd 
forCioHisOSi, 182.1127).

Reaction of 24 with nr-Chloroperbenzoic Acid. m-Chloroper
benzoic acid (6.12 g of Aldrich 85% peracid) was suspended in 130 mL 
of dry hexane and the mixture was cooled in an ice-methanol bath. 
Silyl ether 24 (5 g) was dissolved in 50 mL of hexane and was added 
dropwise over 15 min. After stirring for another hour, the m-chloro- 
benzoic acid was removed by filtration, and the filtrate was concen

trated under reduced pressure. The residue was dissolved in 60 mL 
of ether and 50 mL of 15% aqueous sodium hydroxide was added. 
After vigorously stirring the system for 11.5 h, the phases were sepa
rated and the aqueous phase was extracted with a 20-mL portion of 
ether. The combined ether phases were washed with a small portion 
of water and brine, and dried over sodium sulfate. The solvent was 
removed by a rotary evaporator, leaving an oil which consisted mostly 
of noncamphor and 25. Upon standing, the dimer crystallized from 
the oil and was collected in several crops. The yield was 0.28 g (8%) 
which could be cleaved to monomer 25 by heating to its melting point 
or by sublimation at 1-2 mm. The dimer of 25 melted at 139-145 °C. 
Previously reported 2519 had the following properties: IR (neat) i'o~h
2.84 pm, vc—o  5.79 pm; NMR (CDC13) b 3.52 (1 H, d, J  = 2.8 Hz), 2.98 
(1 H, br s, exchanges with D2O), 2.5-2.7 (2 H, m), 1.1-2.4 (6 H, m).

Preparation of 12. Pyridine (3 mL) was cooled in an ice-water bath 
and 0.29 g of triflic anhydride was added dropwise. Monomer 25 (0.100 
g), prepared by heating the dimer to the melting point, was added 
rapidly using a small amount of methylene chloride as solvent. The 
resulting solution was stored at -1 5  °C for 55 min. Ether (10 mL) was 
added, and the mixture was extracted with water, cold dilute hydro
chloric acid until acidic, and brine, and dried over sodium sulfate. The 
solvent was removed through a Vigreux column, the last traces by 
rotary evaporator. Pentane (5 mL) was added to the residue and the 
solution was stored at -15  °C overnight. The solid which had formed 
was separated by decantation of the solvent and washing with another 
portion of fresh pentane. The solid was unreacted dimer (0.04 g). The 
pentane solution was concentrated by rotary evaporator and the 
residue was distilled to give 0.076 g (62% based on unrecovered 25) 
of 12: bp 65-72 °C (0.07 mm); IR (neat) n>=o 5.64 pm; NMR (CC14) 
b 4.43 (1 H, d, J  = 2.8 Hz), 2.6-3.0 (2 H, m), 1.4-2.4 (6 H, m); mass 
spectroscopic molecular weight, 258.0198 (calcd for CgHgFsCLS, 
258.0173).

Reaction of 12 with Sodium Methoxide in Methanol. Triflate 
12 (0.0511 g) was dissolved in 0.4 mL of dry methanol at 25 °C, and 
0.3 mL of 1 M sodium methoxide in methanol was immediately added 
all at once. After stirring for 1 h, the solution was diluted with 7 mL 
of ether. The ether phase was extracted with water and brine, and 
dried over sodium sulfate. Gas chromatographic analysis on column 
A indicated two products, 6 and 27, which were identified by spectral 
comparison with authentic samples110 after separation by preparative 
gas chromatography on 6 ft, 5% SE30 on chromosorb G (column B). 
The yields of 6 and 27 were 70 and 22% as determined by gas chro
matography using napthalene as an internal standard.

Preparation of 28 The procedure was identical to that used for 
the preparation of 24. Diisopropylamine (1.80 g), 1.84 M methyl- 
lithium (9.2 mL), bicyclo[2.2.2]octan-2-one (2.00 g), and chlorotri
methylsilane (3.5 g) gave 2.87 g (88%) of 28: bp 85-87 °C (12 mm); IR 
(neat) <-C- c  6.08 pm; NMR (CC14) b 4.98 (1 H, d of d, J = 2 and 7 Hz),
2.0-2.3 (2 H, m), 1.1-1.9 (8 H, m), 0.14 (9 H, s); mass spectroscopic 
molecular weight, 196.1277 (calcd for CnH2oOSi, 196.1283).

Reaction of 28 with m-Chloroperbenzoic Acid in Hexane. The 
procedure was identical to that used for the reaction of 24 with with 
m-chloroperbenzoic acid. Silyl ether 28 (1.70 g) dissolved in 12 mL 
of hexane was added to a cooled suspension of 1.57 g of m-chloro- 
perbenzoic acid in 35 mL of hexane. After filtration and solvent re
moval, the residue was partitioned between 13 mL of ether and 25 mL 
of 10% aqueous sodium hydroxide for 12 h. Workup gave a mixture 
of bicyclo[2.2.2]octan-2-one and the desired hydroxy ketone 29 in a 
ratio of about 2 to 1 as determined by gas chromatographic analysis 
(column A). The hydroxy ketone dimer was separated by slurrying 
the mixture with petroleum ether and filtering off the insoluble dimer. 
The yield of dimer was 0.33 g (27%). The monomeric 29 could be ob
tained by heating the dimer to the melting point as previously de
scribed.20

Preparation of 30. Pyridine (2.5 mL) was cooled in an ice-water 
bath and 0.33 g of triflic anhydride was added slowly dropwise. The 
dimer of 29 (0.13 g) was melted (sealed tube) and transferred to the 
cooled solution with 1.5 mL of pyridine. After storing at —15 °C for 
2 h, 10 mL of ether was added, and the organic phase was extracted 
with cold water, cold dilute hydrochloric acid until acidic, cold water, 
and brine, and dried over sodium sulfate. The solvents were removed 
through a Vigreux column on a steam bath, with the last traces being 
removed by a rotary evaporator, leaving 0.21 g (87%) of offwhite un
stable solid triflate 30, mp 48-51 °C; IR (KBr pellet) vc=o 5.73 pm; 
NMR (CC14) b 4.88 (1 H, d, J = 2.7 Hz) 2.3-2.6 (2 H, m), 1.5-2.3 (8 H, 
m); mass spectroscopic molecular weight, 272.0340 (calcd for 
C9Hn F30 4S, 272.0330).

Reaction of 30 with Sodium Methoxide in Methanol. Sodium 
(0.10 g) was dissolved in 4 mL of dry methanol and the solution was 
cooled in an ice-water bath. Keto triflate 30 (0.13 g) was dissolved in
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dry ether and added dropwise. The solution was refluxed for 30 min, 
cooled, and diluted with 20 mL of ether. The organic phase was ex
tracted with water and brine, and dried over sodium sulfate. The 
solvent was removed through a Vigreux column and the residue was 
distilled to give 0.05 g (56%) of 31, contaminated with traces of two 
lower boiling unidentified components: bp 80-83 °C (2.0 mm); IR 
(neat) i/0-h 2.73 nm; NMR (CC14) <5 3.50-3.65 (1 H, m), 3.26 (3 H, s),
3.20 (3 H, s), 2.8-3.1 (1 H, br s, exchanges with D2O), 1.0-2.0 (10 H, 
m); mass spectroscopic molecular weight, 186.1252 (calcd for 
CioHigOs, 186.1256).

Preparation of 32. Pyridine (0.68 g) was dissolved in 22 mL of 
methylene chloride and the solution was cooled in an ice-water bath. 
2-Hydroxycyclohexanone dimer (0.70 g) was heated to its melting 
point (sealed tube) and quickly transferred to the cooled solution. 
Triflic anhydride (2.25 g) was added dropwise and the solution was 
stored at —15 °C for 1 h. A cold, rapid workup was necessary to pre
vent decomposition of 22. The solution was diluted with 50 mL of 
ether, extracted with cold water, cold dilute hydrochloric acid until 
acidic, and cold saturated sodium chloride (brine), and dried over 
sodium sulfate. The organic phase was decanted from the drying agent 
into a flask containing a small amount of sodium bicarbonate, and the 
solvent was removed on a rotary evaporator. The crude residue 
crystallized to give 1.76 g (118%) of 32 as an unstable offwhite solid: 
mp 59-62 °C dec; IR (neat) vc—o 5.81 pm; NMR (CCI4) 5 4.9-5.3 (1 
H, m), 1.3-2.8 (8 H, m).

Reaction of 32 with Sodium Methoxide in Methanol. Keto tri- 
flate 32 (0.50 g) was dissolved with stirring in 3 mL of 1 M sodium 
methoxide in methanol. After stirring at room temperature for 30 min, 
the solution was diluted with ether and extracted with water and 
brine, and dried over sodium sulfate. The solvent was removed on a 
steam bath through a Vigreux column and the residue distilled to give 
0.10 g of a 3.5 to 1 mixture of 33 and 34, identified by spectral com
parison with authentic samples. Gas chromatographic analysis con
firmed the absence of both 2-cyclohexen-l-one and methyl cyclo- 
pentanecarboxylate. In a duplicate reaction, crude triflate 32, pre
pared from 0.56 g of 2-hydroxycyclohexanone, gave 0.24 g of 33 and
34.

Reaction of 35 with Triflic Anhydride. Pyridine (0.80 g) and 1 
g of 35 were dissolved in 10 mL of methylene chloride. The solution 
was cooled in an ice-water bath and 2.6 g of triflic anhydride was 
slowly added dropwise. Precipitation of a white solid was observed. 
After standing at —15 °C for 30 min, the mixture was diluted with 
ether and extracted with water and brine, and dried over sodium 
sulfate. The solvents were removed on a steam bath through a Vigreux 
column, leaving an unstable residue which discolored rapidly upon 
standing. Addition of 10 mL of 1 M sodium methoxide in methanol 
followed by a standard aqueous workup and removal of solvent gave 
a residue which was distilled in two fractions. Fraction one contained 
0.37 g (37%) of 35, bp 35 °C (0.06 mm). Fraction two contained 0.34 
g (36%) of 36,14 bp 80-82 °C (0.07 mm). When pyridine was used as 
solvent for this reaction, only unreacted 35 and 1-acetylcyclohexene 
was recovered in 1 to 2.2 ratio.
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Note Added in Proof. Epoxidation of 1-methoxycyclo- 
hexene in methanol has recently been found to also give 
33.21
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hydroxycyclohexanone dimer, 30282-14-5.
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a-Hydroxy ketals are found to rearrange when treated with acid to give alkoxy ketones. The k-n/ky, value of 3.1-3.5 
for endo-2,2-dimethoxybicyclo[2.2.1]heptan-3-ol (4) suggests a mechanism involving rate-limiting hydride migra
tion to an «-alkoxy cation. exo-2,2-Dimethoxybicyclo[2.2.1]heptan-3-ol (5) gives a dimeric product consistent with 
the low propensity for endo-hydride migration in the norbornyl system. Solvolysis of tosylate and triflate deriva
tives of «-hydroxy ketals gives rates largely inductively retarded by the dimethoxy grouping. Hydrolysis or acetoly- 
sis of 2,2-dimethoxycyclobutyl tosylate (23) gave methyl cyclopropanecarboxylate (32) via a ring-contraction pro
cess. 2,2-Dimethycyclopentyl triflate (26) gave 2,3-dimethoxycyclopentene (38) on acetolysis and 1,1,2-trimethoxy- 
cyclopentane on methanolysis. These products arise from methoxy participation. endo-2,2-
Dimethoxybicyclo[2.2.I]hept-3-yl triflate (28) gave products arising from a ka process and from methoxy participa
tion. Additionally, methyl cyclohex-3-enecarboxylate (41) was produced. A deuterium-labeling study showed that 
41 was produced from the rarely observed C1-C 7 participation in the norbornyl system. The migration is suggested 
to arise from the increased demand for participation as a result of the inductively destabilizing dimethoxy substitu
ents.

a-Hydroxy ketals are readily available from the corre
sponding acyloins, which are in turn prepared using the 
Ruhlmann and Schrapler modification of the acyloin con
densation.1 Complimenting this route is the recently devel
oped procedure involving epoxidation, hydrolysis of silyl enol 
ethers.2 The presence of both the alcohol and masked keto 
functionality makes the hydroxy ketal potentially interesting 
from a synthetic viewpoint and additionally with respect to 
potential rearrangement processes. We have undertaken a 
study of some of the reactions which these acyloin derivatives 
undergo with the goal of elucidating mechanistic processes. 
Reported here are the results of these studies.

Results and Discussion

Acid-Catalyzed Rearrangements of a-Hydroxy Ketals.
a-Hydroxy ketals 1-4 were prepared by ketalization of the 
appropriate a-hydroxy ketone produced in the acyloin con
densation. The exo-hydroxy ketal 5 was produced in the un
usual reaction of endo-keto triflate 6 with sodium methoxide 
in methanol.'*

(CH2)„ V'

,0H

'H

\ >  

n = 2,3,4

H

OTf

2, n = 3
3, n = 4

Ketal alcohols 1-5 undergo rearrangement when treated 
with hydrochloric acid vapors. Table I gives the products and 
reaction conditions employed for these transformations. Conia 
has previously reported rearrangement of 1 under thermal
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conditions at temperatures greater than 200 °C and has sug
gested mechanisms ranging from entirely concerted to acid 
catalyzed.4 We have found that 1 is thermally stable in base- 
washed glassware and that the reaction of 1 is truely acid 
catalyzed. The mechanism of rearrangement of 1 remains open 
to question and we therefore sought to shed further light on 
this process.

Among other mechanisms, Conia has suggested that alde
hyde 16 is involved in formation of 7. Aldehyde 16 was shown 
to rapidly rearrange to 7 on treatment with acid.4c’d We 
therefore prepared deuterated alcohol \-d2 by the route shown 
in Scheme I to evaluate the importance of the rearrangement 
processes shown in Scheme II.

After many attempted alternate oxidations, 2,2-di- 
methoxycyclobutanone (12) was prepared in 83% yield by 
oxidation of 1 with the trifluoroacetic anhydride-dimethyl 
sulfoxide-triethylamine reagent.5 Exchange of 12 in metha- 
nol-di with sodium methoxide followed by lithium aluminum 
hydride reduction gave \-d2.

Acid-catalyzed rearrangement of l-d2 gave, by NM R de
termination, equal amounts of 6a and 6b. This observation 
suggests the complete involvement of a symmetrical inter
mediate 16 in the rearrangement of 1. The mechanism most 
consistent with this and Conia’s observed acid-catalyzed re-



4232 J. Org. Chem., Vol. 42, No. 26, 1977 Creary and Rollin

Table I. Acid-Catalyzed Rearrangement o f  
O-Hydroxy Ketals

A lco-

Re- 
action 

Temp, time,
hoi Registry no. °C min Products (% yield)

1 42082-99-5 100

63703-34-4 100

63703-35-5 110

50

63703-33-3 120 18

18

20

OCH,

r ~  (67)

V i \
6 7

(89 )

OCH, ( 2 2 )  

OCH,

OCH,

OCH,

0
(87 )

(89 )

1-d,
H +

D-

OCHa

D-

D
0  

16-d2

Scheme II

,OCH:l

D-
OH

OCH,, 

-H
6a

OH

13 14

-H 6a + 6b

ethers. However, attempts to rearrange ketals 17 and 18 under 
more strenous conditions than those in Table I were unsuc
cessful. Reasons for these failures may lie in the decreased 
migratory aptitude of the methyl group and steric strain in 
the transition state 19 necessary for phenyl migration.8

arrangement of 16 involves ring contraction of 13 (^i) occur
ring at a rate much faster than hydride migration (^2). The 
acid-catalyzed conversion of 16 to 6 probably proceeds via 
reprotonation of 16 leading to 13 and subsequent hydride 
migration. Concerted thermal rearrangements of 1 and 16 now 
appear improbable under the current reaction conditions.

Hydroxy ketals 2 ,3 , and 4 also rearrange to give analogous 
methoxy ketone products. No evidence is seen for ring-con
traction processes. This general type of reaction has some 
precedent.6 Certain «-hydroxy ketones produce methoxy 
ketones when treated with methanolic hydrochloric acid.6® 
Ainsworth has produced a methoxy ketone directly from a 
bis(trimethylsilyl) enol ether under similar conditions.611 
However, we are unaware of any studies designed to elucidate 
mechanistic details of this transformation. Table II gives rate 
data for rearrangement of 4 and the deuterated analogue 4-d. 
The deuterium isotope effect &h/&d is large (3.1 to 3.5) and 
consistent with carbon-hydrogen bond fragmentation in the 
rate-controlling step. In view of this isotope effect, we suggest 
hydride migration to a cationic center generated by acid- 
catalyzed loss of methoxide is rate determining. The overall 
mechanistic scheme is reminescent of the pinacol rearrange
ment in which deuterium isotope effects are also analogous7 
(primary). The rearrangement reaction of «-hydroxy ketals 
provides a novel route for the preparation of certain a-keto

Treatment of exo-3-hydroxynorcamphor dimethyl ketal 
5 with acid gave only l l .10 Undoubtedly, the low propensity 
for endo-hydride migration in the norbornyl system9 accounts 
for this product, which is suggested to arise as shown in 
Scheme III. Intermolecular capture of 20 by 5 occurs in pref-

Scheme III

- C H 3O H

t s l o w i H+I -CHjOH

Table II. Rearrangement Rates o f  4 and 4-d in 0.057 M HC1 in Di-u-propyl Ether 

Com pound Temp, °C fc,s~ ' A H 1 , kcal A S '.e u

HO

OCH,

H

OCH

OCH

HO 0 ( 'H 

4d

35.0 (1.05 ± 0 .03) X 1 0 ~4
50.0 (4 .68 ± 0 .11) X 1 0 -4 19.1 + 0.8

35.0 (3.05 ± 0 .07) X 1 0 -5
50.0 (1 .53 ± 0 .03) X 1 0 ~4 20.6 t 0.5

- 1 5  * 2

- 1 2  + 2

hf-i/K'D

3.5 * 0.2 
3.1 - 0.2
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Table III. Solvolysis Rates of a-Hydroxy Ketal Derivatives

Compound

OCH,

---------- OCH

OTs
23

Registry no. Solvent Temp, °C k, s“ 1
A / / , 4
kcal

AS*
eu

ferel25°C *rel6°°C 
(HOAc)b (70% acetone)

63703-37-7 HOAc 25.0° 3.15 X IO' 9 1.5 X 104
100.0 (7.33 ± 0.05) X 1 0 '5 29.1 0.2
120.0 (5.71 ± 0.10) X 1 0 '4

70% 60 .0“ 1.53 X 10_<i
acetone 90.0 4.39 X 1 0 ' 5 26.5 - 5 .8 2.7

100.0 (1.19 ± 0.02) X lO " 4
110.0 3.18 X 1 0 " 4

10437-85-1 HOAc 25.0“>c 6.97 X 10 ' 7 3.4 X 106
70% 60.0 (6.58 ± 0.03) X lO -4 1140
acetone

63703-38-8 70% 60 .0“ 5.78 X 10' 7
acetone 100.0 (5.80 ± 0.01) X i o - 27.5 - 4 .7 1.0

120.0 (4.03 ± 0.01) X i o -

63703-39-9 HOAc 25.0 (2.37 ± 0.05) X i o - 1.2 X 104 b

3558-06-3 HOAc 25.0“ .d 1.68 X i o - 8.2 X 106
25.0“ 2.06 X i o - 1.0 b

63703-40-2 HOAc 100.0 (2.21 ± 0.08) X i o - 26.8 - 3 .8
120.0 (1.47 ± 0.08) X i o -

840-90-4 HOAc 25.0“ ’“ 8.3 X i o - 3.9 X 10s

63703-41-3 HOAc 25.0
60.0

(3.06 ± 0.05) X 
(1.97 ± 0.02) X

i o -
i o -

22.8 - 2.6 1.5 x 103 b

959-42-2 HOAc 25.0“ ’“ 2.3 X IO" 5 1.1 X 10"

“ Extrapolated value.b For the tosylate derivative assuming k ROTf/^ROTs~ 1 0 5 . c Reference 18. d Reference 19. e Reference 
20 .

erence to endo-hydride migration, leading ultimately to 11 
rather than 22. This reaction provides yet another example 
of the avoidance of endo-2,3-hydride migration in a norbornyl 
system.

Solvolysis of a-Hydroxy Ketal Derivatives. Hydroxy 
alcohols 1 and 2 were converted to the tosylate derivatives 23 
and 25, respectively, and 2, 4 and 5 were converted to the 
corresponding triflates. Solvolytic rate data are given in Table 
III. Immediately apparent are the decreased rates (102 to 105) 
of solvolysis of the a-ketal derivatives relative to their un
substituted analogues. This rate retardation is a result of the 
electron-withdrawing «-dimethoxy grouping adjacent to the 
ionization center. Product analyses were therefore carried out 
to evaluate the effect of increasing inductive destabilization 
on neighboring-group participation as reflected by rearranged 
products.

Solvolysis of 2,2-dimethoxycyclobutyl tosylate (23) in 70% 
aqueous acetone gave only methyl cyclopropanecarboxylate 
(32). The same product was observed in the pyrolysis of 1- 
bromo-2,2-dimethoxycyclobutane4a and was suggested to arise 
via a concerted process.411 In the solvolytic reaction, the

rearranged ester 32 suggests an assisted ionization leading to 
33. Attempts to prepare the triflate derivative of 1 by reaction 
with trifluoromethanesulfonic anhydride in pyridine gave only 
ester 32 apparently by the in situ ionization of 34. No products

OCH3 

------ OCH3

T)Ts
23 32

OCH,

cC+ OCH:, 
33

Scheme IV
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Scheme V
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of retained cyclobutyl structure or homoallylic rearrangement 
products were produced.

Despite the expected stability of cation 33, the rate of sol
volysis of 23 is less than cyclobutyl tosylate 24. Apparently, 
the transition state for ionization of 23 still reflects some of 
the inductive effect of the dimethoxy grouping. The relative 
stability of 33 vs. that of the much debated intermediate in 
the solvolysis of cyclobutyl tosylate 2411 is not the only factor 
influencing the rate of solvolysis of 23. However, by any 
method of estimation, there is still substantial anchimeric 
assistance in the ionization of 23.

In order to determine whether an analogous ring contrac
tion could occur in a cyclopentyl system, the tosylate and 
triflate derivatives 25 and 26 of alcohol 2 were prepared. 
Methanolysis of 25 gave 1,1,2-trimethoxycyclopentane (35) 
which could be prepared independently by treatment of 2 with 
sodium hydride followed by methyl iodide. However, the or
igin of the methoxy groups in 35 was uncertain due to the high 
temperature necessary to methanolize 25. Triflate 26 was 
therefore prepared. Methanolysis in methanol-c^ gave 36 and 
37 with the deuterium incorporated in the ketal function 
(Scheme V). The structural assignments on 36 and 37 were 
based on NMR. A mixture of 36 and 37 showed a three-proton 
methoxy signal at 8 3.29, as well as signals at 8 3.14 and 3.21, 
having a combined integral of three protons. The signal at 8
3.29 is assigned to the ether methoxy group. The signals at 8
3.14 and 3.21 (ketal protons) exchange rapidly when 1,1,2- 
trimethoxycyclopentane is treated with methanol-c/4 and a 
trace of toluenesulfonic acid, while the signal at 8 3.29 does not 
exchange.

The isolation of 36 and 37 shows that methoxy group mi
gration giving 39 must have occurred. The ks process does not 
appear to be important in this system. A similar methoxy 
participation process is suggested to occur in the acetolysis 
of 26 which gave exclusively enol ether 38. Apparently, the 
driving force for ring contraction is insufficient in 26 to pro
duce 40, despite its expected stability. The increased demand 
for stabilization in the solvolysis of 26 results in methoxyl 
participation giving 39 rather than <j participation giving 
40.

Attention was next turned to the bicyclo[2.2.1]heptyl sys
tem. Solvolysis of triflate 28 gave exo-2-methoxynorcamphor
(22), 4-carbomethoxycyclohexene (41), and keto acetates 42 
and 43. The structure of 22 was based on its spectral properties 
as well as its independent synthesis, as shown in Scheme VI. 
Methylation of alcohol 5 followed by hydrolysis gave authentic
22. Ester 41 could be prepared independently from the acid 
44. The structure of keto acetate 42 was inferred from its 
spectral properties and proven by its alternate preparation 
from 5. Conversion of 5 to the corresponding acetate 45 fol
lowed by treatment of 45 under the reaction conditions re
sulted in its complete conversion to 42. The structure of 43 was 
inferred from its spectral properties. Spectral comparison with 
exo-2-acetoxy-7-ketonorbornane showed the solvolysis

Scheme VI

product to be different and therefore, in all probability, the 
endo epimer.

Keto acetate 42 is suggested to arise via ketal acetate 45 
which has been shown to deketalize under the reaction con
ditions. The source of 45 may be a solvent-assisted process or 
may involve a classical 2-norbornyl cation, which captures 
solvent from the exo side. The endo-2-acetoxy-7-ketonor- 
bornane (43) would be a Wagner-Meerwein rearrangement 
product of such a cation. Such products have been seen in the 
solvolysis of 7,7-dimethoxy-2-norbornyl tosylate.12

A second process is a methoxy-assisted pathway (/e^i) which 
leads to 4713 and ultimately to 22. This 1,2 type of methoxy 
participation in solvolytic displacement reactions is a well- 
documented phenomenon.14 However, such participation 
usually leads to onium-type ions.14b>c The fact that complete 
migration occurs to give 47 as an intermediate can be attrib
uted to the cationic stabilizing influence of the second me
thoxy group.

Scheme VII
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Perhaps the most unusual process which 28 undergoes in
volves the rare case of C1-C 7 bond participation (k^)  and 
resultant migration of C7 . Such processes are quite infrequent 
in the norbornyl system and occur usually when the inter
mediate is greatly stabilized or the demand for stabilization 
in the cationic intermediate is enormous. Examples of such 
participation include the acid-catalyzed decomposition of 
diazonorcamphor via 50,15 and the solvolyses of 5116 and 52.17 
The deamination of 53 also results in some C1-C 7 migration.8

52 53

The C1-C 7 bond participation in the solvolysis of 28 probably 
reflects the enormous demand for stabilization induced by the 
dimethoxy grouping. Such C1-C 7 participation is consistent 
with increased participation as a function of increased electron 
demand. Fragmentation of the indicated bond in 48 (which 
may be in concert with C1 -C 7 participation) leads to 49 and 
ultimately to the monocyclic ester, methyl cyclohex-3-ene- 
carboxylate (41).

An alternative mechanism that must also be considered for 
the formation of methyl cyclohex-3-enecarboxylate (41) is 
shown in Scheme VIII. Wagner-Meerwein rearrangement of 
a classical ion generated from 28 followed by fragmentation 
of the C,-C7 bond of such a rearranged cation could lead in 
principle to 41. This mechanism has been ruled out as a source 
of 41. Solvolysis of 28-d gave exclusively 41 -3d, which is con
sistent with the /îa2 process. The Wagner-Meerwein rear
rangement-fragmentation mechanism predicts formation of 
41 -4d.

Scheme VIII

COvCH;,
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CO.CH ;

D OH 
57

1
CO ('ll

D
41 -4d

The assignment of the position of the deuterium in the 
solvolysis product of 28-d was made by 13C NMR spectros
copy. Ester 41 showed olefinic 13C signals at 5 124.9 and 126.4 
(vs. Me4Si). The solvolysis product showed only a signal at 5 
126.4. An authentic sample of 41 -4d was prepared by sodium 
borodeuteride reduction of ketone 56. Elimination with triflic 
anhydride in pyridine gave 41 -4d. The 13C spectrum of 41 -4d 
showed only the C3 olefinic signal at 0 124.9. (The unenhanced 
C4 triplet does not appear under the spectral conditions.) The 
infrared spectrum of 41 -4d is also significantly different from 
that of the solvolysis product. Hence, the structure of the 
solvolysis product must be 41-3d. Ester 41 therefore cannot 
arise by the Wagner-Meerwein rearrangement-fragmentation 
mechanism of Scheme VIII.

Solvolysis of triflate 30 gave, as expected, a product of 
Wagner-Meerwein rearrangement, ketal acetate 58. The

30
HOAc

58
similarity of this product with those observed in the solvolysis 
of 7,7-dimethoxy-exo-2-norbornyl tosylate12  suggests a similar 
cationic intermediate. The chemistry of this intermediate has 
been discussed. The major effect of the dimethoxy grouping 
in 30 is a large inductive rate retardation with no resultant new 
or unusual processes.

Experimental Section
NMR spectra were recorded on a Varian A-60A or XL-100 spec

trometer. Mass spectra were recorded on an AEI Scientific Apparatus 
MS902 spectrometer. Infrared spectra were recorded on a Perkin- 
Elmer 455 or Infracord spectrometer.

2.2- Dimethoxycyclobutanol (1). Dry methanol (76 mL) was 
added to 50 g of l,2-bis(trimethylsiloxy)cyclobutene, which was 
prepared by the procedure of Bloomfield.10 After refluxing under 
nitrogen for 6.5 h, 50 mL of solvent was removed at reduced pressure. 
More dry methanol (50 mL), 30.9 g of trimethyl orthoformate, and 
50 mg of p-toluenesulfonic acid monohydrate were added, and the 
solution was stirred for 4 h. Acid was neutralized with 14 mg of sodium 
methoxide and the solvents were removed at 140 mm through a Vi- 
greux column. The residue was distilled to give 22.5 g (79%) of 1, 
previously prepared in a similar manner.40 Hydroxy ketal 1 had the 
following properties: bp 43-45 °C (1.4 mm); NMR (CCD 6 3.8-4.2 (1 
H, m), 2.9-3.4 (7 H, m with sharp s at 3.18 and 3.26, 1 H exchanges 
with D20), 1.0-2.3 (4 H, m).

2.2- Dimethoxycyclopentanol (2). l,2-Bis(trimethylsiloxy)cy- 
clopentene (107 g), prepared by the method of Ruhlmann,16 was 
dissolved in 570 mL of dry methanol, and the solution was refluxed 
for 6 h. Solvents were removed under vacuum and the residue was 
distilled to give a mixture of acyloin and ketal (about 60% ketal). To 
complete ketalization, 5 g of this mixture was dissolved in 10 mL of 
dry methanol and 2.2 mL of trimethyl orthoformate and 4 mg of p- 
toluenesulfonic acid monohydrate was added. After stirring at 25 °C 
for 30 min, the acid was neutralized with sodium methoxide and the 
solvents were removed by vacuum distillation. The residue was dis
tilled to give 5 g of 2: bp 64-66 °C (4.5 mm); NMR (CCI4) v 3.7-4.0 (1
H, m), 3.28 (3 H, s), 3.19 (3 H, s), 2.21 (1 H, s exchanges with D20),
I. 3-2.2 (6 H, m); mass spectroscopic molecular weight, 146.0908 (calcd 
for C7H14CL, 146.0943).

2.2- Dimethoxycyclohexanol (3). 2-Hydroxycyclohexanone dimer 
(Aldrich Chemical Co.) (0.50 g) was heated to the melting point in a 
sealed tube and the liquid monomer was added to 0.58 g of trimethyl 
orthoformate and 5 mL of dry methanol. A small crystal of p-tolu
enesulfonic acid monohydrate was added and the solution was stirred 
for 2 h at 25 °C. Neutralization of the acid with sodium methoxide 
followed by distillation of solvents at 140 mm left a residue which 
distilled to give 0.51 g (73%) of 3: bp 66-68 °C (2 mm); NMR (CCI4) 
(5 3.57-3.82 (1 H, m), 3.16 (6 H, s), 1.0—2.1 (9 H, m, 1 H exchanges with 
D20 ); mass spectroscopic molecular weight, 160.1096 (calcd for 
C8H160 :i, 160.1099).

2.3- Bis(trimethylsiloxy)bicyclo[2.2.1]hept-2-ene. Sodium (29.0 
g) was dispersed in 1.5 L of refluxing toluene and 137 g of chlorotri- 
methylsilane was added, cis -1,3-Dicarbomethoxycyclopentane (42.6
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ring. A white solid precipitate formed and was dissolved by warming 
the mixture to near 20 °C. After recooling the solution to 0 °C, 1 equiv 
of the alcohol was added slowly dropwise with stirring and the re
sulting solution was stored at —5 °C for the noted times. Workup 
consisted of a threefold dilution with ether, extraction with ice-cold 
water, ice-cold dilute hydrochloric acid until the aqueous phase was 
acidic, and brine, and drying over sodium sulfate. After removal of 
the solvent, distillation under high vacuum gave the triflate products, 
which were unstable at room temperature in air.

Attempted Preparation of 2,2-Dim ethoxycyclobut-l-yl T r i
flate. Nine grams of pyridine, 2.8 g of triflic anhydride, and 1.09 g of 
1 gave, after 12 h at —5 °C, no triflate, and the only product present 
was identified as methylcyclopropane carboxylate by comparison of 
its infrared spectrum with an authentic sample.

Preparation of 26. Ten milliliters of pyridine, 2.24 g of triflic an
hydride, and 0.6 g of 2, after 1.5 h at —5 °C, rapid workup and rotary 
evaporation of the solvent gave 0.84 g of 26 which was stable at 0 °C 
only for about 1 day: NMR (CC14) ¿5 4.9-5.1 (1 H, m), 3.32 (3 H, s), 3.23 
(3 H, s), 1.4-2.6 (6 H, m).

Preparation of 28. Eleven milliliters of pyridine, 2.6 g of triflic 
anhydride, and 1.0 g of 4 after reaction for 1 h and distillation give 1.54 
g (87%) of 28: bp 67-69 °C (0.15 mm); NMR (CC14) h 4.78 (1 H, d, J 
= 5 Hz), 3.25 (3 H, s), 3.19 (3 H, s), 2.3-2.8 (3 H, m), 1.1-2.0 (6 H, 
m).

Preparation of 30. Ten milliliters of pyridine, 1.7 g of triflic an
hydride, and 0.71 g of 5 gave after distillation at less than 0.07 mm 1.16 
g'(92%) of 30: NMR (CC14) & 4.47 (1 H, d, J = 2.5 Hz), 3.31 (3 H, s), 3.23 
(3 H, s), 2.3-2.6 (2 H, m), 1.1-2.25 (6 H, m).

Kinetics Procedure. The kinetics procedure for runs in acetic acid 
is described elsewhere,'-1 as is the kinetics procedure in 70% aqueous 
acetone.-'

Solvolysis of 23. Product Analysis. Tosylate 23 (0.497 g) and 0.43 
g of triethylamine were dissolved in 12 ml. of 70% aqueous acetone 
and heated (sealed tube) at 100 °C for 18 h. A standard workup and 
distillation gave one product homogeneous by gas chromatographic 
analysis at 60 °C on 6 ft, 10% XE 60 on Chromosorb P which was 
identical by infrared and NMR spectral comparison to methylcy
clopropane carboxylate. An authentic sample was prepared by es
terification of the acid by standard techniques. The yield of methyl- 
cyclopropane carboxylate was 86% as determined in a separate run 
hy gas chromatography, using di-n-butyl ether as an internal stan
dard.

Solvolysis of 26 in Methanol-tf4. Product Analysis. Crude tri
flate 26 (0.2 g) and 0.15 g of triethylamine were dissolved in 2 mL of 
methanol-d., and the solution was heated (sealed tube) at 30 °C for 
50 min. A standard workup and distillation gave 0.03 g of 36 and 37: 
bp 60-70 °C (14 mm); NMR (CC14) b 3.1-3.5 (7 H, m with 3 sharp s 
at 3.14, 3.21, 3.29; relative areas 0.61:0.39:1), 1.2-2.1 (6 H, m).

Solvolysis of 26 in Acetic Acid. Product Analysis. Crude triflate 
26 (0.29 g) and 0.14 g of sodium acetate were dissolved in 7 mL of 
acetic acid and the solution was heated (sealed tube) at 55 °C for 30 
min. Workup consisted of dilution with ether and extraction with 
water, dilute sodium carbonate until basic, and brine, and drying over 
sodium sulfate. Solvents were distilled through a Vigreux column and 
the residue was distilled and analyzed by gas chromatography which 
showed one major (~80%) product and two minor unidentified 
products. For the major product 38:1R (neat) tv—c  6.04 mm; NMR 
(CC14) b 4.5-4.7 (1 H, m), 3.95-4.25 (1 H, m), 3.59 (3 H, s), 3.30 (3 H, 
s), 1.4-2.5 (4 H, m); mass spectroscopic molecular weight, 128.0853 
(ealed for C7H ,/% , 128.0837).

Hydrolysis of 38. Enol ether 38 (30 mg) was dissolved in 0.5 mL 
of dilute hydrochloric acid, and methanol was added to cause complete 
solution. After heating at 50 °C for 5 min, the solution was saturated 
with salt and extracted with ether. The ether extract was dried over 
sodium sulfate and solvents were removed by aspirator. The infrared 
spectrum of the residue indicated methanol and 8 to be present.

Solvolysis of 28. Product Analysis. The procedure was identical 
to that used for 26. Acetic acid (31 mL),0.71 g of 28,0.31 mL of acetic 
anhydride, and 0.28 g of sodium acetate, after heating at 120 °C for
1.75 h and distillation, gave 270 mg of a mixture of 22,41,42, and 43 
which were separated by preparative gas chromatography on column 
A. Structural assignments of 22,41, and 43 were confirmed by inde
pendent syntheses. Product 43 showed a carbonyl band at 5.57 Mm, 
but did not exhibit other spectral properties consistent with authentic 
exo-2-acetoxybicyclo[2.2.1]heptan-7-one and was assigned the endo 
structure 43. Cyclohex-3-enecarboxaldehyde was oxidized to cyclo- 
hex-3-enecarboxylic acid as previously described.-1’ An acid-catalyzed 
esterification gave authentic 41. Yields of 22, 41,42, and 43 were 18, 
23, 31, and 18%, respectively, as determined in a separate run by gas 
chromatography using column B and naphthalene as an internal

standard.
Methylation of 5. Sodium hydride (0.1 g) was suspended in 5 mL 

of tetrahydrofuran and 0.5 g of 5 was added at 25 °C. The mixture was 
refluxed under nitrogen for 15 min. After cooling, an excess of methyl 
iodide was added and the mixture was refluxed for 1 h. The mixture 
was again cooled and 3 mL of water was added slowly. Ether was 
added and the phases were separated. The ether layer was washed 
with brine and dried over sodium sulfate. The solvent was removed 
through a Vigreux column, with the last traces by aspirator. The 
residue was distilled to give 0.44 g of 2,2,3-trimethoxybicy- 
clo[2.2.1]heptane: bp 63 °C (1.7 mm); NMR (CC14) b 3.30 (3 H, s), 3.24 
(3 H, s), 3.13 (3 H, s), 2.90 (1 H, d, J = 2.5 Hz), 0.9-2.4 (8 H, m).

Preparation of 22. Three milliliters of 5% aqueous sulfuric acid 
was added to 0.32 g of 2,2,3-trimethoxybicyclo[2.2.1]heptane. The 
heterogeneous mixture was stirred at 25 °C for 12 h. Ether was added 
and the phases were separated. The ether phase was washed with 
saturated sodium carbonate and brine, and dried over sodium sulfate. 
Solvent was removed through a Vigreux column and the residue was 
distilled to give 170 mg (71%) of 22: bp 53-55 °C (4.7 mm); IR (neat) 
ec^ o  5.69 Mm; NMR (CC14) b 3.41 (3 H, s), 2.89 (1 H, d, J = 2.5 Hz),
1.1-2.6 (8 H, m); mass spectroscopic molecular weight, 140.0815 (ealed 
for C8H120 2, 140.0837).

Preparation of 45. A solution of 0.48 g of 5 in 7 mL of pyridine was 
cooled to 0 °C and 0.42 g of acetyl chloride was added slowly dropwise. 
After stirring at 25 °C for 35 min, the solution was diluted with ether 
and extracted with water, dilute hydrochloric acid until acidic, and 
brine, and dried over sodium sulfate. Removal of solvents and dis
tillation of the residue gave 0.48 g (84%) of 45: bp 79-81 °C (1.9 mm); 
IR (neat) cc-=o 5.74 Mm; NMR (CC14) b 4.40 (1 H, d, J = 2.5 Hz), 3.18 
(6 H, s), 0.9-2.5 (11 H, m with sharp s at 1.99).

Acetolysis of 45. Eleven milliliters of 0.1 M sodium acetate-acetic 
acid was added to 0.364 g of 45 and after heating (sealed tube) at 100 
°C for 15.75 h the contents were diluted with ether, and water was 
added. The aqueous phase was extracted with another portion of ether 
and the combined ether extracts were washed with dilute sodium 
carbonate and brine and dried over sodium sulfate. Removal of solvent 
afforded a residue which was distilled to give 42, 0.253 g (88%): bp
57-59 °C (0.08 mm); IR (neat) i'c o 5.65 and 5.74 Mm; NMR (CC14) 
b 4.44 (1 H, d, J = 2.5 Hz), 2.4-2.7 (2 H, m), 1.2-2.3 (9 H, m with sharp 
s at 2.04); mass spectroscopic molecular weight, 168.0818 (ealed for 
C9H ,20 :,, 168.0786).

Solvolysis of 30. Product Analysis. The procedure was identical 
to that used for 26 and 28. Triflate 30 (0.0776 g), 0.03 mL of acetic 
anhydride (0.03 mL), and 0.2 M sodium acetate-acetic acid (3 mL) 
at 100 °C for 10 min gave 28.3 mg (52%) of the previously reported
58.12 Longer reaction times (15 h) lead to formation of nortricyclanone 
and exo-2-acetoxybicyclo[2.2.1]heptan-7-one.

Solvolysis of 28-d. Deuterated 28-d (prepared in a manner anal
ogous to 28 from 4-d) was solvolyzed in acetic acid using the procedure 
for product analysis of 28. Preparative gas chromatographic separa
tion of the products gave pure 41 -3d: l:,C NMR (CDC1:1) b 176.0,126.4 
(C-4), 51.5, 39.2, 27.4, 25.1, 24.3, C-3 was not observable; IR (neat) 
c c „o  5.73 Mm, kc—c 16-9 Mm, <>c.n 4.41 Mm; mass spectroscopic mo
lecular weight, 141.0895 (ealed for C8H nD 02 141.0900).

Preparation of 57. Methyl 4-cyclohexanonecarboxylate (56) (0.897 
g) was dissolved in 5 mL of dry methanol containing one drop of tri
ethylamine. Sodium borodeuteride (0.124 g) was added slowly to the 
solution at 5 °C and the reaction was allowed to warm to 25 °C. After 
stirring for 2 h, the solution was added to 0.8 g of acetic acid in 3 mL 
of water cooled in an ice bath. After 2 min, the aqueous phase was 
extracted with 2-10-mL portions of ether, and the combined ether 
extracts were washed with dilute sodium carbonate and brine and 
dried over sodium sulfate. The solvent was removed through a Vigreux 
column and the residue was distilled to give 0.710 g (78%) of 57: bp
71-76 “C (0.08 mm); IR (neat) i>oh  2.85 Mm, cc=o 5.75 Mm; NMR 
(CC14) b 3.58-3.75 (3 H, overlapping sharp s at 3.29 and 3.31), 2.75 (1 
H, s, exchanges with D20 ), 0.9-2.6 (9 H, m); mass spectroscopic mo
lecular weight, 159.1032 (ealed for C8H i8DO;i, 159.1004).

Preparation of 41 -4 d . Deuterated alcohol 57 (0.600 g) was dis
solved in 6 mL of pyridine and the solution was cooled to 0 °C in an 
ice-water bath. Triflic anhydride (1.27 g) was added slowly dropwise, 
the reaction was stored, at —5 °C for 35 min. The solution was diluted 
with 10 mL of ether and extracted with water. The water extract was 
extracted with one more portion of ether and the combined ether 
extracts were washed with dilute hydrochloric acid until acidic and 
brine, and dried over sodium sulfate. The solvent was removed 
through a Vigreux column, and the residue was distilled to give 0.300 
g (56%) of 41 -4d: bp 72-73 °C (12 mm); IR (neat) i'c o 5.73 Mm, i’c.d
4.41 M m ,  ec - c  17.0 M m ;  NMR (CDCl:t) b 5.6-S.9 (1 H, m ) ,  3.70 (3 H, 
s), 1.4-2.8 (7 H, m); fully decoupled 1:iC NMR (CDCfO b 176.0,124.9
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(C-3), 51.5, 39.2, 27.4, 25.1, 24.3; C-4 was not observable; mass spec
troscopic molecular weight, 141.0891 (calcd for CgHnDC^, 141.0900). 
Ester 41 showed 13C NMR (CDC13) à 176.0,126.4 (C-4), 124.9 (C-3),
51.5, 39.2, 27.4, 25.1, 24.3; IR (neat) rc= o  5.73 Mm, ec= c  15.1 Mm.
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The photochemical cycloaddition of benzonitrile to a diverse array of alkenes has been studied in order to deter
mine the factors controlling the site of addition to the nitrile. The reaction course depends critically on the number 
and type of electron-donating groups on the alkene. Alkenes having four alkyl substituents, or two alkoxyls, or two 
alkyl and one alkoxyl, undergo addition to the C = N  triple bond, furnishing mainly 2-azabutadienes, together with 
varying amounts of their azetine precursors. With less electron-rich alkenes, i.e., those containing two or three alkyl 
groups, addition occurs at the 1,2 positions of the ring, furnishing l-cyanobicyclo[4.2.0]octadienes. Both types of 
alkenes strongly quench benzonitrile fluorescence, indicating intermediacy of excited nitrile singlets. It is speculat
ed that the difference in reaction sites for the two classes is the result of different sites of complexation at benzoni
trile in singlet exciplexes.

Much of the vast amount of research performed during 
the past 15 years on the photochemical behavior of organic 
molecules has centered on carbonyl compounds, particularly 
ketones.1 A wide array of interesting transformations have 
been observed, the reaction course depending on the exact 
structure of the ketone and upon the presence or absence of 
substrates or reactive solvents. In contrast, there have been 
very few reports on the photochemistry of nitriles and other 
carboxylic acid derivatives. In an early study, Buchi and col
leagues showed that benzonitrile undergoes a [2 +  2] cy
cloaddition at the 1,2 positions of the benzene ring to certain 
alkenes, including 2-methyl-2-butene and ethoxyethylene, 
to yield l-cyanobicyclo[4.2.0]octadienes.2 Certain oyl-un- 
saturated nitriles, such as acrylonitrile,38 2-cyanobutadiene,3b

and l-cyanocyclohexene,:k' are reported to add alkenes across 
the C = C  double bond and/or dimerize. Naphthonitriles have 
been observed to add certain alkenes at the 1,2 positions,4“ as 
does naphthalene itself to acrylonitrile,4,,<l via intermediate 
exciplexes. Two groups have observed [2 +  2] cycloaddition 
of 9-phenanthronitrile to alkenes at the 9,10 positions.s Since 
the publication of some of the present results, Yang and co- 
workers have very recently reported both 2-azabutadienes and 
azetines to be formed from benzonitrile and naphthonitriles 
with 2,3-dimethyl-2-butene.fi

In a preliminary communication, it was reported that 
photochemically excited benzonitrile adds to certain elec
tron-rich alkenes, such as 2,3-dimethyl-2-butene and 1,1- 
dimethoxy-2,2-dimethylethylene, across the cyano group to
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Table I

Registry
no. Alkene

% yield of 
2-azabutadienes 

and azetine“

% yield of 
bieyclo[4.2.0]- 
octadienes“

Ionization
potentials,

eV
5634-54-8 1,1 -Dimethoxy-2,2-dimethylethylene (2) 45
922-69-0 1,1-Dimethoxyethylene (3) 28
931-57-7 1-Methoxycyclohexene (4) 46
764-13-6 2,5-Dimethyl-2,4-hexadiene (5) 54 8.1

1674-10-8 1,2-Dimethylcyclohexene (6) 67 6 8.5
563-79-1 2,3-Dimethyl-2-butene (7) 74 8.5
513-35-9 2-Methyl-2-butene (8) 6 65 8.80
142-29-0 Cyclopentene (9) 35 9.03
115-11-7 Isobutene (10) 46 9.3
121-46-0 Norbornadiene (11) 41 8.4
108-05-4 Vinyl acetate (12) 60
116-11-0 2-Methoxypropene (13) 43
156-60-5 trans- 1,2-Dichloroethylene (14) 27

“ Yields given are of isolated products. h Includes product from hydrogen abstraction by CN.

Table II. Reaction of Benzonitrile with Alkenes of Type
B

Alkene Adduct(s) 4*254
4*254 + 
diene

%
isolated

yield

Mp of NPM 
adduct, 

°C
8 29, 30 0.18 0.13 63 247-248
9 36 0.11 0.07 27 214-215

10 33 0.02 40 184-185
11 38 36
12 35 0.15 0.11 61 211-212
13 34 0.16 52 163-164
14 37 0.08 35

afford 2-azabutadienes, the products of electrocyclic ring 
opening of azetines produced by an initial [2 +  2] cycloaddi
tion across the CN function.7 Addition to alkenes of lower 
71-electron density, such as isobutene and cyclohexene, oc
curred at C (l)-C (2) of the aromatic ring to give substituted 
bicyclo[4.2.0]octadienes, in agreement with the results of 
Buchi et al.2 Since the initial report, the author has extended 
the study to numerous other alkenes and has characterized 
some products not identified earlier, including the azetines 
in certain cases. Furthermore, additional information con
cerning the mechanism has now been obtained which requires 
a modification of the hypothesis presented in ref 7. There 
follows herewith the results of the detailed study.

tions of 1 with a number of other alkenes in order to delineate 
precisely the combination of structural features necessary to 
result in reaction at the cyano group. The first six alkenes 
(2-7) belong in the former category, group A, whereas the 
remainder (8-14) belong in the latter, group B. Brief inspec
tion reveals that, in order for reaction at the cyano group to 
predominate, either four alkyl groups, or two alkyl and one 
alkoxy group, must be located on the doubly bonded carbons. 
The dramatic difference caused by a single methyl group is 
illustrated by the divergent results obtained with 2,3-di- 
methyl-2-butene (7), with which reaction of 1 occurs exclu
sively at the cyano group, and 2-methyl-2-butene (8), in which 
over 90% of the products result from addition to the benzene 
ring. The reaction of 1 with alkenes 4 and 13 illustrates the 
same striking difference caused by one alkyl group.

2,3-Dim ethyl-2-butene. Irradiation through Vycor of 
hexane solutions of 1 with a two- to tenfold excess of 2,3- 
dimethyl-2-butene (7) until 50% of 1 was consumed gave two 
products (Scheme I): 2,5-dimethyl-3-phenyl-4-azahexa-
2,4-diene (15; 66% based on unrecovered 1), and its valence 
isomer, 2-phenyl-3,3,4,4-tetramethyl-l-azetine (16; 8%). The 
structure of azadiene 15 was deduced from its spectral prop
erties, which include N M R  singlets at r 7.84, 8.08, 8.15, and 
8.32, indicative of methyls on vinyl carbons, and was estab
lished conclusively by its rapid hydrolysis by cold aqueous acid

Scheme I

Results C = N
The addition of photoexcited benzonitrile to carbon-carbon 

double bonds may proceed either across the cyano group or 
at the 1,2 positions of the benzene ring. The more electron-rich 
alkenes, such as 2,3-dimethyl-2-butene, react at the nitrile 
function to give varying amounts of 2-azabutadienes and their 
valence tautomers, the 1-azetines. Less electron-rich alkenes, 
including those with one to three alkyl substituents on the 
double bond, add to the benzene ring to give bicyclo[4.2.0]- 
octadienes. In all cases except those of alkenes possessing no 
allylic hydrogens, there are also formed products resulting 
from coupling of radicals produced by allylic hydrogen ab
straction from the alkene, e.g., 2,3,6,7-tetramethylocta-2,6- 
diene from 2,3-dimethyl-2-butene. The chemical yields of the 
products obtained are given in Tables I and II. The results in 
some cases were previously noted,7 for example, the formation 
of the major product with 2,3-dimethyl-2-butene. However, 
the earlier report did not metnion the minor product, azetine 
16, which had at that time escaped our notice. Since then we 
have conducted a thorough examination of the reaction mix
tures for products of this type, and have examined the reac
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the gas and thin-layer chromatographic techniques available, 
but were identified by the NMR signals in the spectrum of the 
mixture. Isomer 27a, which exhibits an AB pattern at r 3.78 
and 4.30 (J = 11.4 Hz), is assigned the E geometry, since it 
shows four well-separated methyl singlets, whereas isomer 27b 
shows a narrow six-hydrogen doublet at r 8.18 and a six- 
hydrogen singlet at r 8.27. Geometric isomer 27a bears an alkyl 
group (isobutenyl) on C-4 of the 2-azahexatriene chain which 
is cis to the ¡mine function. The same is true in azadiene 15, 
whose NMR spectrum shows four well-separated methyl 
signals, the alkyl group which corresponds to the iso butenyl 
of 15 being one of those methyls. The fact that the methyls of 
the ¡mine moiety of 15 exhibit different chemical shifts may

be attributed to the existence of the compound predominantly 
in the transoid conformation, in which the methyl syn to the 
benzene ring will experience an environment different from 
the other, a consequence of the nearby phenyl group. It 
therefore seems likely that the transoid conformation of 27a 
will be considerably more populated than in the case of 27b, 
since in the cisoid form of 27b (shown) only a hydrogen atom, 
rather than an alkyl, is syn to the imine proximate methyl 
group. On this basis, it seems more likely that 27a will have 
its transoid conformer more highly populated than will 27b, 
and consequently its imine methyls will exhibit significantly 
different chemical shifts.

Acid hydrolysis of the 27a-b mixture gave 2-methyl-5- 
phenyl-2-hexen-l-one (28), whose spectral properties were 
in agreement with expectation, thus further securing the gross 
structural assignment of 27. It seems worth noting that the 
double bond of 28 shows no inclination to shift into conjuga-

O

28

tion with the ketonic carhonyl group; evidently the stabilizing 
effect of a trialkyl substitution vs. dialkyl outweighs the sta
bility to be gained via conjugation with carbonyl.

2-Methyl-2-butene. Irradiation of 1 with either an equi
molar amount or a tenfold excess of 2-methyl-2-butene (8 ) 
gave an identical mixture of adducts (Scheme 111); the yield 
was 62% under the latter conditions (4> = 0.17). The major 
(70% of the mixture) component has been shown by earlier 
workers2 to be the l-cyanobicyclo|4.2.0]octadiene 29. Treat
ment of the mixture with N-phenylmaleimide (NPM) gave 
one pure product whose spectral properties were in accord 
with those expected of a Diels-Alder adduct of 29 and NPM.

Scheme III

A small amount of a second adduct, possibly derived from the 
regioisomer 30, was also observed.

Because of the fishy amine-like odor of the distilled product 
mixture from 1 and alkene 8, it was suspected that azetines 
and/or azadienes might be present therein. Extraction of a 
cold ether solution of the product mixture with ice-cold 10% 
hydrochloric acid, followed by immediate basification and 
reextraction, led to the isolation of an acid-soluble organic 
fraction, amounting to ~9%  of the total product. By prepar
ative GC one pure component, azetine 31, was isolated in pure 
form (yield, 4%) and identified by spectral means. Allowing 
the acid extracts to stand at room temperature, followed by 
reextraction with ether, resulted in the isolation of propio- 
phenone as its 2,4-dinitrophenylhydrazone. In the course of 
work described in part in ref 2, Ayer isolated from the acid- 
soluble fraction of the product mixture propiophenone, iso- 
butyrophenone, and «,/J-dimethyl-/i-arninobutyrophenone, 
all in the form of derivatives.10 The formation of all the 
products mentioned can reasonably be accounted for by the 
transformations shown in Scheme III, involving hydrolysis 
of azetines 31 or 32, or of the ring-opened 2-azadiene valence 
isomers derived therefrom.

Isobutene. The photochemical addition of 1 to isobutene 
proceeded at a considerably slower rate than to the more 
highly alkylated alkenes; after 30 h of irradiation, only 25% 
of 1 had been destroyed. Workup gave a 42% chemical yield 
of a mixture of one major and two minor isomers. A pure 
sample of the major isomer, compound 33, was obtained by 
repeated gas chromatography. It was additionally charac
terized by its Diels-Alder adduct with NPM.

2-Methyoxypropene, Vinyl Acetate, Cyclopentene,
1,2-Dichloroethylene, and Bicyclo[2.2.1 jheptadiene. Ir
radiation of mixtures of 1 with all of these monoalkenes led 
to mixtures which, on the basis of their NMR and mass 
spectral properties, are formed hv attachment of the substrate 
to the aromatic ring of 1. The major isomer in each case must 
be a bicyclo[4.2.0]octadiene, since adducts with NPM could 
be obtained in the yields listed in Table II. It is likely that 
regio- and stereoisomers of the same gross structure (34-38) 
make up a large portion of the remainder of each mixture. In 
the case of the mixture obtained with 2-methoxypropene,
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Photochemical Cycloadditions of Benzonitrile to Alkenes

Figure 2.

This evidence, together with the observed photochemistry 
of 1 and alkenes, supports the formation of exciplexes from 
excited singlet 1 and ground-state alkenes and dienes. Aryl 
nitriles such as naphthonitriles form fluorescent exciplexes 
with alkenes.12 Exciplexes have been implicated as interme
diates in numerous photochemical cycloaddition reactions of 
aromatic compounds.4 5’13“15 Firm evidence for their inter
mediacy has been presented in some cases.5’15 It appears, 
therefore, that singlet exciplexes are involved in the formation 
of both types of products observed in the present study.

An alternate explanation of the present observations in
volves charge-transfer complexes of ground-state 1 with 
various alkenes. Such a charge-transfer complex is believed 
to be an intermediate in the photochemical cycloaddition of 
benzene and maleic anhydride.115 The most direct evidence 
for formation of charge-transfer complexes is nonadditivity 
in the UV-visible spectrum of mixtures of the two compo
nents. There does appear to be a slightly enhanced absorption 
area on the tail of the UV spectrum of benzonitrile when al- 
kene 7 is added. However, this effect is small, and does not 
seem sufficient to justify invoking the intermediacy of 
charge-transfer complexes here.

There remains to be considered the reason for the great 
dependence on the site of addition to benzonitrile on alkene 
structure. It can be seen from the quantum yields for addition 
of 1 to alkenes 7 (4> = 0.24 at infinite alkene concentration), 
8, 9, and 10 (Table II) that the rates of conversion of the ex
ciplexes to adducts vs. the rate of collapse to starting com
ponents is also a sensitive function of alkene structure. 
However, the differences in efficiencies of addition to 8-10 are 
of minor interest. Our concern here is in the difference in be
havior of alkenes of categories A and B. One possibility is that 
the exciplexes formed with the two types of alkenes differ in 
the site of complexation with excited singlet 1, i.e., in exciplex 
geometry. The more electron-rich alkenes, of category A, lie 
directly over the cyano group of excited 1, as shown in Figure 
2, whereas the less electron-rich alkenes, of category B, in the 
exciplex are located over the face of the benzene ring of 1, the 
site of higher electron density. One piece of evidence which 
is consistent with this hypothesis is the observation of dis
tinctly different exciplex emissions from mixtures of 1 with 
the two alkenes, 7 and 8. Addition of either alkene results in 
enhanced emission in the 320-360-nm range, distinct from the 
fluorescence of 1. While the effect is moderate in the case of 
8 (a type of B alkene), the enhancement is enormous for alkene 
7 (a type A alkene). Since the only gross structural difference 
of the components is one methyl group, the most likely ex
planation for the difference in exciplex emission is a consid
erably different geometry in the two exciplexes.

Since the behavior of various alkenic substrates toward 
excited singlet 1 depends on the rr-electron density of the 
substrate, as determined by the number and kind of elec
tron-donating substituents on the double bond, we should be 
able to predict whether still other alkenes will behave as a 
member of group A or B. One measure of 7r-electron density 
of alkenes is the ionization potential. Inspection of the ion
ization potentials of several of the alkenes used here (Table 
I) reveals those of IP of 8.6 eV or below add to the cvano group 
of 1 (group A), whereas those of IP 8.7 eV or above belong to 
group B. The exception to this is norbornadiene. Attempts 
have been made to correlate with ionization potential, but 
with limited success.18

Studies are in progress on the behavior of substituted 
benzonitriles and related compounds.

Experimental Section
Irradiations were conducted in an annular apparatus using light 

from a Hanovia 450-W medium-pressure mercury arc lamp, filtered 
through Vycor (transmits >220 nm) and cooled by ice water in an 
immersion well. All photochemical reaction solutions were flushed 
with argon for 1 h prior to irradiation and an argon atmosphere was 
maintained during irradiation. NMR spectra were obtained on Varian 
A-60 and HR-220 instruments. Mass spectra were obtained on a Hi
tachi Perkin-Elmer Model RMU-6E. Gas chromatography was per
formed on the following columns: column A, 2 ft X 0.25 in., 10% SE-30 
on Chromosorb W; column B, 2 ft X  0.25 in., 15% Carbowax 20M on 
Chromosorb W; column C, 6 ft X  0.25 in., 10% SE-30 column D, 6 ft 
X 0.25 in., 15% Carbowax 20M; column E, 6 ft X 0.375 in., 25% SE-30; 
and column F, 6 ft X  0.25 in., 15% Carbowax 20M on Chromosorb W 
+ 2% KOH. Emission spectral data were obtained on a TRW In
struments Nanosecond Fluorescence Apparatus of Dr. Raymond 
Chen of the National Institutes of Health. Some of the quenching 
experiments were performed by Dr. Paul Engel at Rice University on 
an Aminco-Bowman Apparatus.

Irradiation of Benzonitrile with 2,3-Dimethyl-2-butene. A
solution of 1 (4.0 g, 0.04 mol) and 2,3-dimethyl-2-butene (7,20 g, 0.24 
mol) in spectrograde hexane (80 raL) was irradiated through a Vycor 
filter for 4 h. Following evaporation of the solvent and excess alkene 
7 from the yellow solution, the residue was fractionally distilled to give: 
(a) 1.4 g of recovered 1, bp 35-38 °C (4 mm); (b) 1.8 g, bp 38-45 °C (0.2 
mm); (c) a product mixture, bp 70-74 °C (0.1 mm) (3.3 g, 78%). Sep
aration of fraction c on column F at 170 °C afforded pure 15 [retention 
time 5.2 min, 90% of total, 66% yield; IR (film) 1656 cm-1; NMR r 2.70 
(5 H, s, br), 7.84 (3 H, s), 8.08 (3 H, s), 8.15 (3 H, s), 8.32 (3 H, s); m/e 
187 (13, P), 172 (18), 148 (29), 131 (25), 105 (100), 77 (74). Anal. 
CuiHnN: C, H, N] and 16 [retention time, 7.0 min, 10% of total, 8% 
yield; IR 1580 cm-1; NMR t 2.2 (2 H, m), 2,5-2.7 (3 H. m), 8.62 (6 H, 
m), 8.68 (6 H, m); m/e 187 (13, P), 172 (15), 131 (12), 104 (100), 103 
(76), 91 (60), 84 (39). Anal. CmHirN: C, H[. There was present a third 
peak, of retention time 8.8 min (3% of total), which was not identified. 
Fraction b showed three peaks on column D at 120 °C, of retention 
times 4.5, 4.9, and 6.1 min, with relative areas of 28:15:57. The first 
and third peaks were sufficiently well separated to allow collection 
of pure samples. The third peak showed two slightly broadened NMR 
singlets at r 7.8 and 8.3 in the ratio 2:9, and a mass spectral parent ion 
at m /e  166 with the major peak at 83, indicating structure 17. The first 
peak showed a very similar mass spectrum, and NMR signals at r 5.2 
(4 H, s br), 8.2 (6 H, s br), and 8.7 (12 H, s), and hence is 18.

Hydrolysis of 15. A mixture of imine 15 (0.97 g, 5.0 mmol), 15 mL 
of tetrahvdrofuran, and 5 mL of 3% aqueous hydrochloric acid was 
allowed to stand at 10-15 °C for 2 h. Solid sodium bicarbonate was 
added until the solution was approximately neutral. The solution was 
distilled at 80 mm (bath temperature 35 °C) until the volume was 
reduced by two-thirds. Treatment of the distillate with 2,4-dinitro- 
phenylhydrazine solution in the usual manner and recrystallization 
of the orange precipitate from ethanol gave the acetone 2,4-DNPH 
derivative (0.23 g), mp 126 °C, identical with an authentic sample. 
Extraction of the pot residue twice with ether, drying and evaporation 
of the combined extracts, and short-path distillation gave isobu- 
tyrophenone (0.42 g, 60%), identical in all respects with an authentic 
sample (IR, melting point, and mixture melting' point of 2,4- 
DNPH).

Irradiation of 1 with l,l-Dimethoxy-2,2-dimethylethylene (2).
A solution of 1 (3.0 g, 0.03 mol) and ketene acetal 2 (20 g, 0.17 mol) in 
spectrograde hexane (110 mL) was irradiated for 7 h. The solvent was 
evaporated and the excess 2 was recovered by distillation under re
duced pressure, bp 40-44 °C (12 mm). Fractional distillation of the 
residue gave two fractions. The first, bp 56-59 °C (0.1 mm), further 
purified by GC on column C, was dimethvl tetramethylsuccinate: IR 
(film) 1734 cm“ 1; NMR r 6.2 (6 H, s), 8.6 (12 H, s); m/e 202 (P, Cl), 
143 (58), 102 (100). The second fraction, bp 86-88 °C (0.08 mm), was 
almost pure imido carbonate 20: IR (film) 1686 cm-1; NMR r 2.8 (5 
H, s), 6.30,6.34 (3 H each, s), 8.36 (6 H, s); m/e 219 (P, 92), 204 (32), 
129 (100), 115 (78). Anal. C l:1H 17NO./. C, H.

Irradiation of 1 with 1,1-Dimcthoxyethylene. Irradiation of 2 
g of 1 with 10 g of ketene dimethyl acetal in 80 mL of spectrograde 
hexane at 2537 A for 3 h gave a yellow solution. After evaporation of 
the solvent and excess reactants, short-path distillation gave 0.42 g 
of a vellow, unstable oil, bp 45-50 °C (bath, (0.06 mm) (21): IR (film) 
1680, 1740 cm” ; NMR r 2.8 (5 H), 5.3 (2 H, br); m/e 191 (30). 176 (21),
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103 (46). A satisfactory analysis was not obtained, owing to the com
pound’s instability.

Photochemical Reaction of 1 with 1,2-Dimethylcyelohexene
(6). Irradiation of a solution of 1 (3.0 g, 0.03 mol) and 6 (22 g, 0.20 mol) 
for 6 h and workup in the usual manner gave 1.6 g of recovered 1 and
1.9 g of a product mixture, bp 102-105 °C (0.08 mm). Separation was 
readily accomplished by GC on column F at 190 °C. The first peak, 
of retention time 2.6 min, was hydrocarbon 25 (19% of total): NMR 
r 7.5-8.4 (20 H, m, br), 8.3 (6 H, s); m/e 218 (Cl), 110 (100), 109 (38). 
Anal. CiBH2H: C, H.

Peak 2, retention time 6.8 min, was ¡mine 24: IR 1650 cm-1; NMR 
r 2.1 (2 H, m), 2.6 (3 H, m), 4.61 (1 H, br), 5.12 (1 H, m), 6.1 (1 H, m, 
v br), 7.0-8.4 (8 H, m), 8.66 (3 H, s); m/e 213 (P, 8), 120 (18), 134 (43), 
105 (100). Anal. ClriH1HN: C, H, N.

Peak 3, rentention time 8.7 min, was azetine 22: IR 1568 cm-1; 
NMR x 2.2 (2 H, m, br), 2.6 (3 H, m), 7.9-S.7 (8 H, m), 8.70 (6 H, s); 
m/e 213 (P, 45), 198 (62), 189 (26), 120 (34), 104 (27), 84 (100). Anal. 
C)sH i9N: C, H, N.

Peak 4, retention time 11.5 min, was enamine 23: IR 1647 cm-1; 
NMR r 2.73 (5 H, s), 7.6-8.9 (8 H, m), 7.83 (3 H, s), 8.21 (3 H, s); m/e 
213 (P, 9), 170 (18), 134 (44), 105 (100), 91 (16). Anal. C ,sHlqN: C. 
H.

Hydrolysis of Azadiene 23. A mixture of 23 (0.22 g, 1.0 mmol), 
tetrahydrofuran (15 mL), water (3 mL), and 2 drops of concentrated 
hydrochloric acid was stirred at 10 °C for 4 h. Concentration by rotary 
evaporation, dilution with water, and extraction with ether (2 X 15 
mL), followed by drying of the combined extracts, evaporation of 
solvents, and short-path distillation gave 2-methyl-l-phenyloc- 
tane-l,7-dione (0.146 g, 62%): bp 110 °C (bath, 0.08 mm); IR 1680 
cm "1; NMR r 2.3 (2 H, m), 2.7 (3 H, m), 7.1-8.4 (12 H, m), 7.78 (3 H, 
s); m/e 232 (P, 1.2), 134 (37), 105 (100). Anal. C15H200 2: C, H.

Photochemical Reaction of 1 with 1-Methoxycyclohexene. A 
solution of 1 (3.0 g) and 1-methoxycyclohexene (4) (30 g) in spectro- 
grade pentane (80 mL) was irradiated in the usual manner for 10 h. 
Workup gave 1.1 g of recovered 1, a low-boiling fraction [bp 64-76 °C 
(0.08 mm)] which appeared to consist of compounds formed by 
combination of radicals derived from hydrogen abstraction from al- 
kene 4 (mass spectral parent ion at m/e 214; no C = N  or C==N bands 
in IR; methoxyls in NMR at r 6.20-6.24) and a product fraction from 
which one pure compound (26) was isolated bv GC (~85% of total, 1.8 
g, 42%); bp 104-108 °C (0.08 mm); IR 1682 cm "1; NMR r 2.5-2.9 (5 
H, m), 4.7 (1 H, t, J  = 8 Hz),6.1 (3 H, s), 7.6-8.5 (8 H, m); m/e 215 (36,
P), 200 (52), 184 (50), 112 (49), 111 (60), 84 (100). Anal. C14H17ON: 
C, H.

Photochemical Reaction of Benzonitrile with 2,5-Dimethyl-
2,4-hexadiene. A solution of 1 (3.0 g) and diene 5 (20 g) was irradiated 
through Vycor for 10 h. Workup in the usual manner gave, besides 1.5 
g of recovered 1,1.7 g of a mixture of geometric isomers 27a and 27b; 
bp 118-120 °C (0.08 mm) after a second fractional distillation; IR 1655 
c m '1; NMR r 2.S-2.7 (5 H, m), 3.78, 4.30 (2 H, AB, J  = 11.4 Hz, Ac 
= 32, isomer A), 3.93,4.22 (2 H, AB of isomer B further split by allylic 
coupling to CH:d, for isomer A, 3-H singlets at 7.78, 7.91, 8.10, 8.23; 
for isomer B, 6-H doublets (J ~1 Hz) at 8.18, 8.27; m/e 213 (P, 40), 
198 (31), 157 (100), 104 (61). Anal. Clr,H19N: C, H, N.

Hydrolysis of 27a and 27b. A solution of 27a-b (0.8 g) and 4 drops 
of concentrated hydrochloric acid in THF was allowed to stand at 
room temperature for 6 h. Dilution with water, extraction with ether 
(2 X 10 mL), drying and concentration of the extracts, and distillation 
of the residue gave 0.45 g (73%) of l-phenyl-4-methyl-3-penten- 
1-one (28): bp 120 °C (bath, 0.08 mm); IR 1682 c m '1; NMR r 2.0 (2 
H, m), 2.5 (3 H, m), 4.50 (1 H, 3q, ,J = 7.5, J ' = 1.6 Hz), 6.38 (2 H, d, 
br, J = 7.5 Hz), 8.24, 8.72 (3 H each, s); m/e 162 (P, 2), 105 (1(K)). Anal. 
C12H l40: C,H.

Photochemical Reaction of Benzonitrile with 2-Methyl-2- 
butene. A solution of 1 (3.0 g, 0.03 mol) and 2-meth_vl-2-butene (22
g, 0.3 mol) and spectrograde pentane (150 mL) was irradiated for 8
h. The usual workup gave a product fraction, bp 62-70 °C (0.1 mm) 
(1.8 g, 70%), in addition to recovered 1 (1.3 g). The combined product 
fractions from four such reactions were dissolved in 60 mL of ether, 
cooled in ice, and rapidly extracted with three 15-mL portions of 
ice-cold lOX) hydrochloric acid.

The combined extracts were made basic with 20% NaOH, keeping 
the temperature below 5 °C by cooling with an ice-salt bath. Reex
traction with ether (3 X 10 mL) gave 0.51 g of acid-soluble material 
which was short-path distilled to afford 0.26 g of colorless oil. Puri
fication by GC on column F gave azetine 31: IR 1576 cm-1; NMR r
2.3-2.S (5 H, m), 7.1 (1 H. q. J  ~7 Hz), 8.6 (3 H, d, J  ~ 1  Hz), 8.8 (6 H. 
s); m/e 173 (P, 4), 158(13). 103 (100), 70 (38).

The neutral material remaining in the ether layer after acid ex
traction was a mixture of t hree major components in the ratio 7:2:1.

The NMR spectrum of the mixture exhibited peaks in agreement with 
the assignment of 29 as the major product. Warming of the nitrile 
mixture (0.30 g) with A'-phenylmaleimide in benzene at 40 °C for 4 
h, followed by addition of half a volume of hexane and cooling over
night at 5 °C, led to formation of a yellowish solid. Filtration and re- 
crystallization from chloroform-hexane gave colorless needles (0.18 
g): mp 247-248 °C; IR 1705 c m '1; NMR r 2.7 (5 H, s, br), 3.5-3.9 (2 
H, br), 6.4-7.9 (H, m), 8.71 (3 H, d, J  = 6 Hz), 9.00 (6 H, s). Anal. 
C22H22N20 2: C, H, N.

Photochemical Reaction of Benzonitrile with Isobutene. A
solution of 1 (3.0 g) and isobutene (30 mL) in spectrograde pentane 
was cooled externally with a dry ice-acetone bath while a glycol-water 
mixture at -3 0  °C was circulated through the immersion well. The 
solution was irradiated through Vycor for a total of 62 h, interrupting 
the irradiation three times to allow the apparatus to cool off overnight. 
Evaporation of solvent and fractional distillation of the residue gave
0.94 g of almost colorless oil 33: bp 60-62 °C (0.2 mm); IR (film) 2242 
c m '1; NMR r 3.8-4.3 (4 H, m), 6.7-S.2 (3 H, m), 8.85 (3 H, s), 8.97 (3 
H, s); m/e 159 (P, 31), 144 (70), 117 (48), 104 (71), 103 (100), 77 (49). 
Anal. Calcd for C ,,H l:!N: C, 83.04; H, 8.27. Found: C, 82.74; H, 8.01. 
Analysis on column G at 160 °C shows one major component with ~4% 
of a second.

Warming of a solution of 33 (0.20 g) and N -phenylmaleimide (0.22 
g) in benzene at 40 °C for 3 h, followed by cooling at 0 °C overnight 
gave a precipitate which was recrystalliZed from benzene-hexane to 
give colorless blades (0.23 g): mp 184-185 °C; IR (KBr) 1705, 2238 
c m '1; NMR r 2.7-2.8 (5 H), 4.1-4.3 (2 H, m), 6.1-8.2 (5 H, m), 8.72,
8.80 (3 H each, s); m/e 334 (P). Anal. C2iH2„N20 2: C, H.

Photochemical Reaction of Benzonitrile with 2-Methoxy- 
propene (13), V inyl Acetate (12), Cyclopentenc (9), 1,2-Dichlo- 
roethylenc (14), and Norbornadiene (11). Solutions of 3.0 g of 1 
(0.03 mol) and a tenfold excess of each alkene were irradiated and 
worked up in the usual fashion. Listed below are the irradiation times, 
yields of products (33-38), and pertinent spectral features of the 
mixture. All gave satisfactory C and H analyses unless so designat
ed.

2-Methoxypropenc: 30 h; 52%; bp 82-85 °C (0.1 mm); IR 2238 
cm-1; NMR r 3.9-4.5 (4 H, m), 6.70 and 6.78 (singlets, total 3 H). 7.9 
(2 H, AB, J = 13 Hz), 8.41 and 8.53 (singlets, total 3 H); m/e 175 (21), 
160 (11), 104 (100), 103 (44). (V-Phenylmaleimide adduct of major 
component (34): mp 163-164 °C; IR (KBr) 2240 (m), 1698 (s) cm-1; 
NMR t 2.6-2.8 (5 H, m), 3.9 (2 H, m), 6.8-7.5 (3 H, m), 6.83 (3 H, s),
8.07 (2 H, AB, J = Hz), 8.41 (3 H, s); m/e 348 (P)

Vinyl acetate: 12 h, with cleaning of polymer from apparatus after 
6 h; 61% bp 96-99 °C (0.08 mm); IR (film) 2237 (m), 1732 (s) c m '1; 
NMR r 3.8-4.3 (4 H, m), 5.1 (1 H, m), 6.5-7.7 (3 H, m), 7.90, 8.04, 8.07 
(all s, total, 3 H); m/e 189 (74), 129 (100); 104 (23), 103 (26). A'- 
phenylmaleimide adduct of major component (35): mp 211-212 °C; 
IR 2236 (m), 1736, 1700 (s) c m '1; NMR 7 2.8 (5 H), 4.1 (2 H, m), 5.1 
(1 H, m), 6.6-7.9 (4 H, m), 7.88 (3 H, s); m/e 362.

Cyclopentene: 24 h; 35%; bp 94-96 °C (0.1 mm); IR (film) 2240 
cm-1; NMR r 4.1-4.5 (~2.6 H), 0.4-8.7 (9 H, m, br); m/e 171 (P, 45), 
170 (26), 143 (29), 142 (36), 104 (41), 103 (87), 81 (100). N-Phenyl- 
maleimide adduct of major component (36): mp 214-215 °C; IR 1700, 
2240 c m '1; NMR r 2.8 (5 H), 3.9-4.1 (2 H, m), 6.7-0.8 (2 H, m), 7.2-8.4 
(10 H, m); m/e 344.

1,2-Dichloroethylene: 30 h, with cleaning of polymer from the 
surfaces of the immersion well on three occasions during that time; 
27%; bp 93-96 °C (bath, 0.06 mm); IR 2242 c m '1; NMR r 3.9-4.3 (~4 
H, m, br), 5.8-6.9 (3 H, m, br); m/e 203, 201. 199 (parent, dichloro 
compound isotope distribution), 164 (100), 103 (22). A satisfactory 
analysis could not be obtained for this material (37).

Norbornadiene: 20 h; 42%; bp 108-110 °C (0.08 mm); IR (film) 
2240 cm -'; NMR r 3.6-4.2 (6 H, m), 6.4 8.7 (7 H, m); m/e 195 (P, 17), 
103 (40), 92 (26), 91 (100). Anal. C14H I:,N: C, H.

Irradiation of 2-Cyanothiophene (41) and Alkene 7. A solution 
of 2-cyanothiophene (1.1 g,0.01 mol) and tetramethylethvlene 7 (20 
g) made up to 120 mL in spectrograde pentane was irradiated through 
Vycor for 6 h. Workup in the usual manner gave, besides 0.4 g of re
covered 41, adduct 44 (0.28 g, 24%): bp 76-79 °C (0.1 mm); IR 2230 
c m '1; NMR r 3.70(1 H .2 d ,J '~ l Hz), 4.52(1 H, 2d. J = 6, -7' ~3 Hz).
6.42 (1 H, m), 8.63, 8.68, 8.80, 8.95 (3 H each, s); m/e 193 (P. 0.6), 178 
(14), 109 (61), 84 (100). Anal. C,|H,r,NS: C, H.

Photolysis o f  2-Cyanonaphthalene (40) with 2,3-DimethyI- 
2-butene. A solution of 40 ( 1.2 g) and alkene 7 (20 g) in 80 ml, of 
spectrograde pentane was irradiated through Corex for 10 h. Evapo
ration of excess alkene, followed by short-path distillation, gave almost 
pure adduct 42 (0.56 g): bp 120 °C (0.06 mm); IR 2235 c m '1; NMR 
r 2.7-3.1 (4 H. m). 3.49. 4.28(2 H. AB ,./ = 9.6 Hz), 6.30(1 H. s, br),
8.52 (3 H. s). 8.90 (6 H.s),9.21 (3 H.s); m/e 237 (P.0.4), 153(60), 105



(100), 84 (73). Anal. C 17H19N: C, H. When the crude oil remaining 
after evaporation of excess alkene was chromatographed on silica gel, 
elution with mixtures of benzene and ethyl acetate gave fractions 
containing first 0.3 g of 42, followed by fractions which on evaporation 
gave 0.16 g of an oil which appears to be azetine 43: IR 1660 cm-1; 
NMR r 2.2-2.7 (7 H, m), 8.62 (6 H, s), 8.69 (6 H, s); m/e 237 (Par
ent).
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Pyridine (V-oxides and phenylethynyltriphenylphosphonium bromide react in chloroform to produce a- and ff- 
benzoylpyridyltriphenylphosphonium methylides. When sublimed at ca. 200 °C, these enol phosphoranes yield 
triphenylphosphine oxide and a- and /j-phenylethynylpyridines.

Recently we have been exploring the chemistry of ethyn- 
ylphosphonium salts (2).1 Here we report on process 1 which 
juxtaposes steps which have separately become familiar. By 
bringing together pyridine N-oxides (1) with 2 (eq 1), we have

PhC =C PPh,+Br“

1

------------ - R— f t t l — C = C P h  +  PhJPO (1)180-200T

4

obtained some new enol phosphoranes (3) and pyridyla- 
cetylenes (4) which are collected in Table I.

Michael additions of ylides, e.g., = N +— N - — ,
= S +— N _— , = N +— 0 ~ , to alkynes are known and have been

reviewed both generally23 and in the context of specialized 
topics,, e.g., nitrone,2b azomethine ylide2c and other dipolar 
cycloadditions,2d indolizine synthesis,23 and nuclear substi
tution in heteroaromatic N-oxides.2-4 * * Pertinent here is the 
specific area of N-oxide attacks on activated alkynes. Al
though apparent rearrangements in pyridine iV-oxide chem
istry yield numerous «-substituted pyridines, those which give 
d-pyridines have few precedents but are not unknown.2 5 
Indeed, the recent elucidation of possible mechanisms and 
products of the reaction of pyridine (or quinoline) with 
phenylpropionitrile, described by Abramovitch’s group, 
stimulated our interest in this area (eq 2).:i

Now there are other syntheses which appear to be related 
to those of eq 1, at least in overall effect. Pyridine N-oxides 
and pyridines, usually as salts, and metal acetylides give 2- and 
occasionally 4-ethynylpyridines;lia d pyridine, benzoyl chlo
ride, and silver phenylacetylide yield N-benzoyl-2-phenyl- 
ethynyl-l,2-dihydropyridine.Ke The thermal conversion of the 
phosphorane enolate, 3 to 4, has ample precedent in other 
alkyne syntheses.7
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Table I. Products of the Reaction of RC5H4NO (1 ) and PhC=CPPH 3+Br (2)

(RC5H3N)-n-Ph3P+C—C(Ph)0~ (3)

3 R n

Regis
try
no.

Yield
%

Mp,
°C Formula

c H NMR (CDCl.d, <5
IR(KBr),

cm-1
Caled Found Caled Found H2 H3 H4 H5 H6 "CO "PC

a H 2 63731- 55.7°
21-5

b 3 63731- 203-204 C;, iH24NOP 81.38 81.15 5.28 5.33 1500 1101
22-6

c 2-Me 5 63731- 45.5 222-223 c 32h 26n o p 81.51 81.88 5.56 5.54 6.61 6.97 7.93 1480 1100
23-7

d 3-Me 2 63731- 61.7 189-190 c 32h 26n o p 81.51 81.89 5.56 5.55 6.51 1500 1100
24-8

e 5 63731- 1.1 209.5- 81.03 5.29 7.88 6.83 7.88 1502 1100
25-9 210.5

f 4-Me • 2 63731- —13 178.5- c 32h 26n o p 81.51 81.98 5.56 5.46 6.75 6.53 1495 1100
26-0 179.5

g 3 63731- —27 230-231 81.94 5.56 8.05 6.80 8.05 1495 1097
27-1

h 4-C1 2 63731- 29 206-207 c 31h 23n o p - 75.68 76.02 4.71 4.74 6.91 6.63 1507 1105
28-2 Cl

i 4-MeO 2 63731- —13 169.5-171 c 32h 26n o 2p 79.03 5.35 6.45 6.25 1510 1100
29-3

78.83 5.38
j 3 63731- -1 3 221.5-222 78.86 5.32 8.1 6.30 8.1 1480 1100

30-6
(RC3H3N) -n C=='CPh (4)

Regis- Mp or
try Yield, bp (mm), C H NMR (CCI4) h 1R, cm-1 ,

4 R n no. % °C Formula Caled Found Caled Found H2 H3 H4 H5 H6 "C^C

a H 2 13141- Ci3H9N 2215 (m)
42-9

b H 3 13238- 95 50-51 c 13h 9n 8.77 8.51 2210 (w)
38-5

c 2-Me 5 63731- 85 60.5-61 Ci4H „N 87.01 87.13 5.74 5.76 7.03 7.59 8.67 2200 (w)
31-7

d 3-Me 2 63731- 94 105 (0.1) Ch H „N 87.01 86.88 5.74 5.60 7.00 8.35 2210 (s)
32-8

f 4-Me 2 63731- -100 105 (0.1) ChH h N 87.01 86.65 5.74 5.67 6.9 8.35 2200 (w)
33-9

g 4-Me 3 63731- -100 105 (0.1) Ci4H „N 87.01 86.82 5.74 5.70 8.45 7.03 8.45 2205 (w)
34-0

h 4C1 2 63731- 84 105 (0.1) Ci3H8N- 8.45 2220 (s)
35-1 C\h

a Isomer mixture. h Analyzed as picrate.

With respect to process 1, we found that 4-methoxy and
4-nitropyridine iV-oxides produced at least some 3; the sub
sequent conversion of 3 to 4 led to complex mixtures. Guided 
by the work on process 2 in which 7 -Cl, NO2 and MeO of 1 
could be replaced,3a-c we also found another route whereby /3-3 
could be consumed (eq 3). This constitutes a possible obstacle 
to j3-4 products. Although we did not isolate other plausible 
products of reaction of 3 with 2, e.g., divinyl ethers,3 the in-

<3)

volvement of 2 in such reactions has precedent and would not 
be unexpected.1 At this stage, therefore, we believe that 
speculations on extensions of process 1 or rationalizations of 
the orientation, a-3 vs. /1-3, are unwarranted. What does 
emerge is that we do have a practical route to some a- and 
(8-ethynylpyridines.

We apply the mechanism which Abramovitch used to ac
count for the products of eq 2 to the formation of 3 in eq 4.3 
It is not clear whether 5 is formed in one or two steps but 
“dipolar” adducts of the type 5 have actually been isolated by 
others.2 3 Elimination at the 1,2 positions of 5 yields o-2 or a-3; 
the corresponding step in eq 2 is favored by added triethyla,- 
mine.3b
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1 +  2

t

R- Q c PPh‘ * B ,~
COPh

Although the azanorcaradiene (6) appears to be the most 
plausible precursor of 0-3, it is not obvious why this route 
competes so well. (Another postulated addition-rearrange
ment is on record: with mercaptans in acetic anhydride pyri
dine, N -oxides yield both 2- and 3-pyridyl sulfides, the latter 
presumably forming via a 2,3-episulfonium species analogous 
to 6.5) An interesting option for 6 is that it may isomerize to 
the azepine. The literature does in fact indicate that some 
azepines are thermodynamically favored over isomeric aza- 
norcaradienes and that the barrier is l'ow, e.g., AG* <  11 
kcal/mol at < —40 °C .8 On the other hand, pyrolysis of several
3-acyl-3/i-azepines at 150 °C effected ring contraction to 3- 
acylmethylpyridines, presumably by way of an intermediate 
like 6.9 It would appear that the energetics favor the pyridine 
structure. Moreover, the presence of base, i.e., excess 1, bro
mide ion, or pyridine products, may facilitate the formation 
of /S-3. Clearly, the diversion of 6 in some way, e.g., to azepine, 
Diels-Alder adduct, etc., would provide additional support 
for the proposed route to (J-3.

Several prominent spectral characteristics of 3 and 4 have 
been included in Table I. These correspond to literature cor
relations of IR and *H N M R  data for pyridines4®10 and were 
invaluable aids in assigning isomeric structures.

Experimental Section

Melting points are uncorrected. Infrared spectra were measured 
on Perkin-Elmer 237 and Beckman IR8 spectrophotometers: solids 
were taken in KBr pellets while liquids were taken as films. NMR 
spectra were measured on a Varian T-60 instrument: compounds 3 
were taken in CDCl.j and 4 in CCI4 solution, except as noted below. 
Mass spectra were measured on a Varian MAT CH-7 spectro
graph.

The unsubstituted 1 was distilled before use; the other iV-oxides 
were used directly. Compound 2 was prepared in the standard way.11 
Many of the properties of 3 and 4 are given in Table I. After a de
scription of our standard methods of synthesis and purification, ad
ditional data for 3 and 4 will be listed in abbreviated form. IR ab
sorptions are strong(s), unless otherwise indicated.

Reactions of Pyridine A-Oxides (1) with Phenylethynyltri- 
phenylphosphonium Bromide (2). The standard procedure was 
to add 1(7-10 mmol) to a solution of 2 (5 mmol) in chloroform (ca. 30 
mL) under nitrogen and heat at reflux temperature for ca. 24 h. After 
the solvent was evaporated, the residue was taken up in methanol 
(30-40 mL) and heated with 10% aqueous potassium hydroxide (15-20 
mL) at ca. 75 °C for 2-3 h. The methanol was evaporated and the 
aqueous mixture was extracted, usually with chloroform-ether, and 
occasionally with ether, then dried over magnesium sulfate and fil
tered. A few milliliters of ether was added to this filtrate, whereupon 
the bulk of the product(s), mainly 0-3 compound(s), precipitated. The 
solid was filtered off. At this point a purification cycle was started.

The filtrate was treated with hydrochloric acid (3 M) and ether. The 
ether layer which was washed with aqueous base and dried usually 
yielded some triphenylphosphine oxide. The hydrochloric acid layer 
was treated with chloroform several times; this chloroform extract, 
which was washed with aqueous base and dried, yielded mainly a-3. 
The hydrochloric acid layer was treated with a slight excess of po
tassium hydroxide and extracted with chloroform. On workup the 
chloroform solution yielded mainly (3-3.

To purify a-3, it was dissolved in chloroform and extracted with 
3 M hydrochloric acid. This tended to remove 0 -3.

To purify the (3-3, it was dissolved in 3 M hydrochloric acid and 
extracted with chloroform. This tended to remove the a-3.

Occasionally, samples of impure 3 were purified by recrystallization 
from ethyl acetate or by column chromatography on alumina with 
chloroform as a solvent. The rf-substituted compounds usually have 
the higher melting point and are easier to crystallize.

Conversion of Benzoylpyridyltriphenylphosphonium  
Methylides (3) to Phenylethynylpyridines (4). In the standard 
procedure, 3 was heated under nitrogen in a sublimation apparatus 
at 180-200 °C for 4-5 h. The product was then collected by sublima
tion at ca. 1 mm. The sublimate was further separated by column 
chromatography on alumina. Triphenylphosphine was eluted in high 
yields (88- 100%) by chloroform.

Some picrates of 4, e.g., 4a and 4b, are readily prepared in ethanol. 
Since these compounds may dissociate readily when heated in solution 
or treated with base, a picrate may be a useful form in which to store
4.

Reaction of Pyridine A-Oxide (la) and 2. Compound 3b was (3a
was not) separated from the mixture of 3a and 3b. For 3b: NMR 6
7.0- 8.27 (m); IR 3050 (w), 1449,1357,1213,970 (m), 763,752,739,732 
cm-1. Compound 4b: lit.12 mp 47-48.5 °C; NMR d 7.0-7.8 (m), 8.51 
(d, 1 H, J = 4 Hz); IR (KBr) 3030 ±  35 (b, w), 1488,1411,1018,811, 
755, 685 cm-1; MS (m/e) 179 (parent).

The picrate of 4b had mp 157-159 °C dec from ethanol.
Compound 4a, prepared by another route,60 was shown to be es

sentially pure by GC. It is a low-melting solid (lit.13 mp 29-32 °C; lit.6* 
bp 116 °C (0.1 mm)) whose picrate had mp 147-150 °C dec (lit.13 mp
152-153 °C dec).

Since 3a and 4a were not separated free from their isomers 3b and 
4b respectively, in eq 1, their presence was established in two ways. 
The mixture of 3a and 3b was pyrolyzed to give 4a and 4b which was 
oxidized with potassium permanganate according to a literature 
procedure.14 Benzoic acid (66% yield) and pyridine carboxylic acids 
(39% yield) were formed. The latter were esterified with 1-butanol 
and analyzed by GC on an SE column kept at 145 °C. The retention 
times of the two esters were identical with those of authentie samples 
made from a-picolinic and nicotinic acids.

Another experiment was designed to estimate the product ratios 
3a/3b and 4a/4b. Accordingly, la  (286 mg, 3 mmol) and 2 (887 mg) 
were combined in the standard way. Compounds 3 (510 mg, 55.7% 
yield) were carefully separated from triphenylphosphine oxide (108 
mg) by the standard workup and sublimed under nitrogen at 180-200 
°C for 5 h. The components of the sublimate were obtained by chro
matography on alumina, 4a and 4b (142 mg, 71% yield) being eluted 
by benzene and triphenylphosphine oxide (185 mg, 60% yield) by 
chloroform. The ratio 4a/4b = 1/3 was established by GC using an 
SE column at 180 °C. The retention times of 4a and 4b in the mixture 
were identical with those of the individual compounds.

Reaction of a-Picoline IV-Oxide (lc) and 2. For 3c: NMR 0 2.33 
(d, 3 H, J = 2 Hz), 6.61 (d, 1 H, J = 8 Hz), 7.0-7.9 (m); IR 3010 ±  40 
(b, w) 1480, 1370,1260, 1170 (w), 1024 (m), 959 (m), 745, 690 cm“ 1. 
For 4c: NMR & (CC14/CDC13) 2.53 (s, 3 H), 7.03 (d, 1 H, J  = 8 Hz),
7.2-7.5 (m), 7.59 (dd, 1 H, J  = 8 and 2 Hz); IR (KBr) 3025 (w), 2920 
(w), 1593,1493,1020 (m), 823 (m), 745,680 (m) cm“ 1; MS (m/e) 193 
(parent).

Reaction of j3-Picoline N - Oxide (Id) and 2. For 3d: NMR 5 2.10 
(s, 3 H), 6.51 (ddm, 1 H, J = 7.5 Hz), 7-8 (m); IR (KBr) 3023 (w), 1473, 
1463, 1367, 743 (m), 716 (m), 688 cm“ 1. For 3e: NMR 5 1.78 (s, 3 H),
7.0- 7.8 (m); IR (KBr) 3000 (w), 1433 (m), 1363 (m), 1277 (m), 760 (w), 
745 (w), 715 (m), 691 cm“ 1. For 4d: NMR (CC14) 2.45 (s, 3 H), 7.00 (dd, 
1 H, J = 8 Hz, J  = 5 Hz), 7.2-7.6 (m), 8.35 (dm, 1 H, J  = 5 Hz); IR 
(neat) 3050 (m), 1580 (m), 1490, 1441, 1105 (m), 785 (m), 755, 685 
cm-1; MS (m/e) 193 (parent).

Reaction of 7 -Picoline IV-Oxide (If) with 2. For 3f: NMR 5 1.97 
(s, 3 H), 6.53 (dm, 1 H, J = 5 Hz), 7.0-7.9 (m), 7.97 (d, 1 H, J  = 5 Hz); 
IR 3041 (w), 1594,1495,1436,1358,1270 (m) 1100,1021 (m), 780 (m), 
750,719,675 cm“ 1. For 3g: NMR <5 2.07 (s, 3 H), 6.80 (dm, 1 H, J  = 5 
Hz), 7.0-7.8 (m); IR 3040 ±  40 (w) 1495,1437 (m), 1375 (m), 1124 (m), 
1095,957 (m), 760 (m), 721,685 cm -1. For 4f: NMR 5 2.28 (s, 3 H), 6.9 
(d, 1 H, J = 5 Hz), 7.1-7.7 (m) 8.35 (d, 1 H, J  = 5 Hz); IR (neat) 3050
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(w), 2915 (w), 1599, 1492 (m), 920 (w), 820 (m), 751, 684 cm“ 1; MS 
(mie) 193 (parent). For 4g: NMR <5 2.47 (s, 3 H), 1.2-1.1 (m); IR (neat) 
3050 (b, w), 2920 (b, w), 1588,1492,1440,1400,1216 (w), 1117 (w), 823 
(m), 750,685 cm-1; MS (m/e) 193 (parent).

Reaction of 4-Chloropyridine IV-Oxide (lh) with 2. For 3h: 
NMR 6 6.63 (dm, 1 H, J = 5 Hz), 7-8 (m); IR 3050 (b, w), 1563 (m), 
1540 (m), 1476 (m), 1430,1392,1340,1127 (m), 1013 (m), 755 (m), 739 
(m), 720,686 cm“ 1. For 4h: NMR & 11-1.1 (m), 8.45 (d, 1 H, J = 5 Hz); 
IR (neat) 3050 (m), 1597 (w), 1567,1545,1491 (m), 1453 (m), 1381 (m), 
1095 (m), 890 (m), 823 (m), 755, 685 cm“ 1; MS (m/e) 213 (parent).

A picrate of 4h had mp 165-167 °C dec from ethanol: IR (KBr) 2205 
(m) 1640 cm-1. Anal. Calcd for C19H11N4O7CI: C, 51.53; H, 2.50. 
Found: C, 51.54; H, 2.74.

2-Phenylfuro[3,2-c]pyridine. This compound was obtained both 
from the aqueous and chloroform portions in the preparation of 3h. 
Column chromatography yielded the furopyridine (27% yield), from 
the benzene eluate: mp 123.5-124 °C; NMR (CDCln) 7.0 (d, H3, J = 
1 Hz), 7.43 (m, 4 H), 7.83 (m, 2 H), 8.45 (d, H6, J  = 6 Hz), 8.90 (d, H4, 
J = 1 Hz); IR (KBr) 1462 (m), 1456 (m), 1260 (m), 1011 (m), 883,826, 
752,680 (m) cm-1; MS (m/e) 195 (parent). Anal. Calcd for C13H9NO: 
C, 79.98; H, 4.65. Found: C, 80.52; H, 4.67.

Reaction of 4-Methoxypyridine IV-Oxide (li) with 2. For 3i: 
NMR S 3.4 (s, 3 H), 6.25 (dm, 1 H ,J  = 6 Hz), 7-8 (m); IR 3050 (w), 
1580,1475,1437,1365,1207 (m), 742 (m), 718 (m), 687 (m) cm“ 1. For 
3j: NMR 5 3.33 (s, 3 H), 6.30 (d, 1 H, J = 6 Hz), 7-7.8 (m), 8.1 (2 H); 
IR 3021 (b, w), 1573,1430,1368,1272,1020,960 (m), 850 (m), 800 (m), 
743, 705 ±  20 (b) cm“ 1.

Reaction of 4-Nitropyridine IV-Oxide (lk) with 2. In this sys
tem, the “standard” conditions were altered: The reaction was carried 
out in DMF as solvent at 110 °C for 3d. The solvent was then evapo
rated under reduced pressure and the residue was treated with 
methanol and 10% aqueous potassium hydroxide at reflux tempera
ture for 3 h. The solid was filtered and purified by chromatography; 
the filtrate was extracted with chloroform and subjected to the 
standard purification cycle yielding 2-phenylfuro[3,2-c]pyridine (4% 
yield), mp 118.5-119 °C, by column chromatography and sublima
tion.
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Vilsmeier-Haack formylation of pyrroles is well established, but its extension to aroylation, despite offering ad
vantages over other methods, has not been properly exploited as no systematic study of the reaction has been re
ported. The latter reaction has been reexamined and a method for the aroylation of tertian pyrroles on a 5-200- 
mmol scale in yields of 85-96% is given together with a brief discussion of the reactivity of pyrroles and carboxam
ides, the preparation of the amide-phosphoryl chloride complex, azafulvene formation, and general experimental 
conditions necessary for efficient reaction. The preparation of 2-benzoylpyrrole is described to illustrate the im
provements, and several new aroylpyrroles are reported.

The Vilsmeier-Haack reaction1 (Scheme I2) is well estab
lished3 as a means of formylating pyrroles (Scheme I, R = H) 
and the experimental procedure widely used is that of Sil- 
verstein et al.4 The reaction offers the advantages of mono- 
formylation,5 virtually exclusive attack6 at the «  position of 
unsubstituted pyrroles lacking bulky N substituents7 and 
consistently high yields.

The reaction was later extended to include the acylation8 
(Scheme I, R = alkyl) and aroylation9 (Scheme I, R = aryl) of 
pyrroles. While retaining the other advantages of the for
mylation reaction, the extended processes usually gave poorer 
yields. Consequently, aroylation by the Vilsmeier-Haack

method, notwithstanding occasional reported yields of 80% 
or more,10’11 appears to have fallen into disfavor and to have 
been supplanted by other procedures,12 themselves often se
verely limited in their application to pyrrolic substrates.

Despite recognition13 that “ the conditions employed in the 
Vilsmeier-Haack condensation can be critical”, no systematic 
investigation of the experimental conditions necessary for 
efficient aroylation by this procedure has yet been reported. 
Consequently, the conditions commonly employed are those 
reported for the formylation of pyrrole,4 which are, in fact, 
unnecessarily harsh and unsuitable for the aroylation of 
pyrroles.
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Accordingly, we undertook a thorough investigation14 of the 
aroylation of pyrroles by the Vilsmeier-Haack procedure and 
wish to report those results which bear directly on the use of 
the reaction as an efficient method for the preparation of aroyl 
pyrroles.

The Amide. Despite the widespread use of N,N-dimeth- 
ylamides (1, Ri, R2 = CH:i) in reported Vilsmeier-Haack 
procedures, it was found that morpholides (1, R jR2 = 
-C H 2CH2OCH2CH2-)  were better reagents except when the 
phenyl nucleus carried a strongly electron withdrawing group 
such as a nitro group which rendered reaction with phosphoryl 
chloride incomplete. In such cases, the dimethylamide an
alogues gave better results.

Morpholides formed complexes (2 , R iR2 = -C H 2- 
CH2OCH2CH2-)  with phosphoryl chloride which were eight 
to ten times more reactive than the corresponding N ,N - 
dimethylamide complexes. This may be ascribed to en
hancement of the activating effect of the morpholine oxygen 
atom by coordination of that atom with the excess phosphoryl 
chloride used in the present procedure.

Thiobenzamide-phosphoryl chloride complexes,15 although 
readily formed, are unreactive toward pyrrole and appear to 
be of little synthetic utility.

Formation of the Vilsmeier-Haack Reagent (Scheme 
I, Step a). A report that amide-phosphoryl chloride complex 
formation (2, R = aryl) is best carried out in the absence of 
solvent10 was confirmed and it was further shown that such 
reaction could readily be followed by NM R spectrometry 
using the neat complex. The progress of the reaction was ap
parent from the relative intensity of new signals 0.7 to 1 ppm 
downfield of the original signals due to the nitrogen-substit
uent protons and ca. 0.3 ppm downfield of the original aro
matic proton resonances. Following complex formation was 
necessary, as complete reaction prior to admixture with the 
pyrrole proved essential.

By custom, complex formation is carried out by treating the 
amide with no more than 1 equiv of phosphoryl chloride, often 
in the presence of halogenated hydrocarbons.411 In fact, an 
excess of 1 to 10 equiv of phosphoryl chloride had no adverse 
effect on the Vilsmeier-Haack reaction itself and was bene
ficial during complex formation not only because of a reduc
tion in viscosity which assisted monitoring by NM R spec
trometry but also because the rate of complex formation was 
increased thereby.10 The optimum quantity of phosphoryl 
chloride was found to be 2 to 2.5 equiv, and the presence of 
halogenated solvents during complex formation was avoided 
as these solvents promoted dissociation of the complex.

The rate of complex formation was found to be dependent 
on the electron density at the carbonyl oxygen of the amide, 
the reaction being retarded by the presence of groups that are 
electron withdrawing in the presence of phosphoryl chloride.

When morpholides formed complexes very slowly or incom
pletely, the use of N,N-dimethylamides was satisfactory.

Although complex formation could be accelerated by gentle 
warming, temperatures above 40 °C were best avoided because 
of partial dissociation of the complex. Subsequently, cooling 
did, however, permit the reaction to go to completion. This 
effect was most marked in the case of slowly formed amide- 
phosphoryl chloride complexes for which the temperature 
range of 25 to 35 °C  was found to be satisfactory.

The Vilsmeier-Haack Reaction (Scheme I, Step b). 
Azafulvenes (3, R = aryl) were formed by treating the 
amide-phosphoryl chloride complex with the pyrrole in an
hydrous 1,2-dichloroethane within the temperature range of 
20 to 35 °C. The reaction was followed by UV spectropho
tometry by measuring the increase in absorption in the 350- 
to 400-nm region.

The presence of 1,2-dichloroethane at this stage had no 
adverse effect, as dissociation of the amide complex was 
considerably slower than azafulvene formation. The use of 
strictly anhydrous 1,2-dichloroethane was essential, however, 
as traces of water not only led to lower yields and products of 
poorer quality, but also retarded the reaction appreciably.17 
Although slightly higher reaction temperatures could be used, 
both yield and product quality suffered at temperatures above 
40 °C. Reactions carried out under the conditions described 
were clean, and notwithstanding the presence of excess 
phosphoryl chloride the reaction mixtures could be allowed 
to stand for long periods without side reactions occurring. 
Consequently, sluggish reactions such as those involving 
N-methylpyrrole (reaction time ca. 28 days) also proceeded 
in high yield.

The Pyrrole. Pyrrole and a number of substituted pyrroles 
were investigated. In no case, where both a and ft positions 
were vacant, was evidence of attack in the d position found. 
The reaction proved effective in the presence of C-alkyl sub
stituents and a 4-alkoxycarbonyl group (relative to attack in 
the 2 position), but not so when a 4-acetyl group was 
present.

Steric retardation of the reaction due to an adjacent C- 
methyl group was more than offset by its activating electronic 
effect. An N-methyl substituent, however, markedly reduced 
the rate of aroylation. Thus, iV-methyl pyrrole reacted at 
approximately one hundredth of the rate of pyrrole itself. The 
inference that this was due to a steric factor arising from a 
specific orientation in the transition state is supported by the 
fact that N-methylpyrrole undergoes formylation by the 
Vilsmeier-Haack procedure more rapidly than pyrrole.18 
N-methyl-2-aroylpyrroles are therefore best prepared by in
troducing the N-methyl group after aroylation. Such alkyla
tion was performed to good effect by way of the thallium(I) 
intermediate.19

Hydrolysis (Scheme I, Step c). Hydrolysis of the azaful
vene was carried out using aqueous sodium carbonate solution 
at room temperature followed by heating for 45 min. This 
period of heating was often far in excess of requirement for full 
hydrolysis but was convenient and did not lead to a reduction 
in yield. Monitoring of the hydrolysis was not attempted be
cause the reaction mixtures were heterogeneous. The products 
were isolated by conventional means and were obtained in 
satisfactory purity after one recrystallization.

Yields. Yields, physical constants, and some reaction times 
are given in Tables I and II and are reproducible for prepa
rations on the scale of 5 to 200 mmol (ca. 1 to 34 g of 2-ben- 
zoylpyrrole). Ethyl 2,4-dimethylpyrrole-3-carboxvlate was 
chosen as the principal substrate for studying changes in ex
perimental procedures aimed at improving yields as it was also 
suitable as a reference compound for the rate studies which 
were concurrently under way.14 For the same reason most of 
the reactions were carried out at 35 °C. However, in those
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Registry No.—ArCONMe2 (Ar = 4-ClC6H4), 14062-80-7; Ar- 
CONMe2 (Ar = 3-ClC6H4), 24167-52-0; ArCONMe2 (Ar = 4- 
0 2NC6H4), 7291-01-2; ArCONMe2 (Ar = 3 -02NC6H4), 7291-02-3; 
ArCONMe, (Ar = 3,5-di02NCfiH:i), 2782-45-8; ArCONMe2 (Ar = 
2-pyrrolyl), 7126-47-8; ArCONMe2 (Ar = 2-furyl), 13156-75-7; Ar- 
CONMe2 (Ar = 2-thienyl), 30717-57-8; N-(4-methoxybenzoyl)mor- 
pholine, 7504-58-7; jV-(4-methylbenzoyl)morpholine, 63833-44-3; 
N-(4-chlorobenzoyl)morpholine, 19202-04-1; ethyl 2,4-dimethyl- 
pyrrole-3-carboxylate, 2199-51-1; phosphoryl chloride, 10025-87-3; 
2-benzoylpyrrole, 7697-46-3; N-benzoylmorpholine, 1468-28-6; 
N,N-diethyl-3-pyridinecarboxamide, 59-26-7; pyrrole, 109-97-7; 4- 
nitro-N,N-dimethylbenzamide, 7291-01-2.
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The syntheses of 3(f-acetoxy-5(f,6d-N-nitroaziridinylcholestane (5) and 10-methyl-l,9-(/V-nitroaziridino)decalin 
(6), the first known /V-nitroaziridines, are described. Their thermal rearrangements and their reactivity in the pres
ence of protic solvents are also examined.

Synthetic and naturally occurring aziridines and nitro- 
substituted heterocycles are rich sources of important phar
maceuticals, veterinary medicines, and agrichemicals.1 N- 
Nitroaziridines (1) are representative of both classes, but until

R , , R 2 , R j , R 4 = H or  A L K Y L

now were unknown. Research in this area may have been in
hibited by the impression that these aziridines would be too 
unstable to isolate, since N-nitrosoaziridines are known to 
decompose spontaneously at —15 °C, giving nitrous oxide and 
olefin.2

£ > - N 0  — c h 2 = c h 2  +  n 2 o

2 3 4

We now wish to report the synthesis of two stable fV-ni- 
troaziridines (5 and 6) by a novel route. Both compounds are

stable at room temperature, but undergo unique thermal re
arrangements at elevated temperatures.

Synthesis

The synthesis of /V-nitroaziridine 5 began with nitration 
of cholesteryl acetate (7) to give 6-nitrocholesteryl acetate (8) 
(Scheme I). This reaction proved quite capricious with yields 
from 20 to 50% even under identical conditions, probably 
because of variations in quality of the sodium nitrite and nitric 
acid. Conversion to the chlorooxime 9 was effected with dry 
hydrogen chloride in ether.1 Direct addition of nitrosyl chlo
ride to cholesteryl acetate, followed by acidic isomerization 
to chlorooxime 9, was an unacceptable alternative because 
steroidal olefins give chloronitro derivatives rather than the
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desired chloronitroso compounds upon addition of nitrosyl 
chloride.4“6

Nitrosyl chloride was used3’7 to convert 3/t-acetoxy-5«- 
chloro-6-oximinocholestane (9) to 3/)-acetoxy-5a-chloro-6- 
nitriminocholestane (10). The nitrimino moiety in 10 was 
reduced to the nitramine 11 in 15% yield with sodium bor- 
ohydride in dioxane and ethanol. However, yields of 76% could 
be obtained by adding glacial acetic acid to the reaction mix
ture.8

Ring closure to the N-nitroaziridine 5 was obtained by the 
novel reaction of the chloronitramine 11 with silver acetate 
in acetone. Although silver acetate appears insoluble in ace
tone, there is sufficient solubility to allow the reaction to 
proceed. Silver chloride is precipitated as a purple solid. Pe
riodic filtering and addition of fresh silver acetate9 are re
quired for acceptable yields. n-Butyllithium treatment of 11 
afforded only trace amounts of (V-nitroaziridine. By com
parison, treatment of 5«-fluoro-6/l-nitrarriinocholestan-3/i-ol 
acetate with base gave no N-nitroaziridine.10 3/1-Acetoxy- 
5d,6d-(V-nitroaziridinylcholestane (5) was a stable, crystalline 
solid melting at 134-135 °C.

10-Methyl-l,9-(N-nitroaziridino)decalin (6) was prepared 
in more direct fashion from the known11-12 lO-methyl-A19- 
octalin (17) (Scheme II). Nitrosyl chloride addition to 17 gave 
a 50:50 mixture of l-oximino-9-chloro-10-methyldecalin (18) 
and l-nitrimino-9-chloro-10-methyldecalin (19). The oxime 
18 could be isolated and treated again with nitrosyl chloride 
to give the nitramine 19 in 58% yield. Reduction of 19 with 
sodium borohydride afforded l-nitramino-9-chloro-10- 
methyldecalin (20); again glacial acetic acid was added to fa
cilitate reduction of the C = N  bond. Ring closure to the N-

nitroaziridine 6 was accomplished with either silver acetate 
in acetone or n-butyllithium in tetrahydrofuran. In contrast 
to the steroidal system, the best results were obtained with 
n-butyllithium rather than silver acetate because traces of 
silver acetate remain in solution during filtration of the re
action mixture. This impurity proved difficult to remove from 
this (V-nitroaziridine because it is an oil. Distillation afforded 
pure N-nitroaziridine, but decomposition during distillation 
considerably lowered the yield. The n-butyllithium route, on 
the other hand, afforded pure N-nitroaziridine without fur
ther purification. 10-Methyl-l,9-(N-nitroaziridino)decalin
(6) is a clear oil boiling at 63-75 °C (0-1  mm).

Discussion
The syntheses of 3/l-acetoxy-5|3,6|ti-(V-nitroaziridinylcho- 

lestane (5) and 10-methyl-l,9-(N-nitroaziridino)decalin (6) 
have shown N-nitroaziridines to be stable, isolable com
pounds. They undergo characteristic solvolytic opening of the 
aziridine ring in the presence of protic solvents (Schemes III 
and IV). When either 5 or 6 is heated to reflux in methanol, 
the corresponding methoxynitramines 21 and 26, respectively, 
are obtained; and, when 5 is heated in a dioxane/water mix
ture, the alcoholic nitramine 22 is produced. However, this 
reactivity does not extend to all protic solvents, since the 
steroidal A'-nitroaziridine 5 can be recrystallized without' 
change from isopropyl alcohol.

Thermal transformations of (V-nitroaziridines appear 
unique to each system. When (V-nitroaziridine 6 is heated to 
150 °C under vacuum, the allylic nitramine 27 is produced. 
Presumably the mechanism involves thermal homolytic
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Scheme V

opening of the aziridine ring followed by hydrogen transfer 
to give an allylic nitramine. In contrast, when the steroidal 
,/V-nitroaziridine 5 is heated in neat solution to 180 °C, only 
traces of olefinic material are seen. The primary product iso
lated is the /3-epoxide 24 (Scheme V), whose structure was 
established by independent synthesis from the known 
5d,6d-oxocholesterol.101i This is supported by mass spec- 
trometric analysis of 5, which shows no molecular ion, but 
instead exhibits a strong peak at m/e 444 corresponding to loss 
of -N20  to give the epoxide 23. The formation of the epoxide 
can best be attributed to intramolecular opening of the azir
idine ring to give a nonisolable intermediate 23, which 
promptly loses N20 .

The intermediate 23 can be thought to arise from a vinyl- 
cyclopropane-cyclopentene type rearrangement of the N- 
nitroaziridine. Alternatively, attack on the aziridinyl carbon 
by the negatively polarized oxygen would also lead to 23. Al
though 6 is also capable of undergoing such a rearrangement, 
formation of the allylic nitramine (27) appears more facile. No 
epoxide was isolated from the thermolysis of 6 or seen in the 
crude thermolysis mixture. Since both epoxide formation 
routes appear available equally to 5 and 6, the fact that 6 does 
not form an epoxide thermally does not eliminate either route 
from consideration. Reasons for the diverse thermolysis 
pathways of 5 and 6 remain unclear, particularly in view of 
their structural similarities.

Although 6 displays notable thermal and solvolytic activity, 
it is remarkably unreactive under various conditions. When 
treated in ether solution with either dry hydrogen chloride, 
acetic anhydride, methyl iodide, or sodium borohydride, the 
/V-nitroaziridine was recovered unchanged. Treatment with 
lithium aluminum hydride gave unidentified complex reaction 
products.

There are distinct structural limitations to ring closure of 
chloronitramine precursors. Ring closure of l-chloro-l-(o- 
nitraminoethyDcyclohexane (28) to its corresponding N-

N0,„ /
CHj NH

CHi-^ 0  ¿" -H

Cl CH 3
29

nitroaziridine could not be forced using either base or Ag+ 
under a variety of conditions: silver acetate/acetone; silver 
tetrafluoroborate/ether; silver tetrafluoroborate/ether, tri- 
ethylamine; silver hexafluorophosphate/acetone; triethyl- 
amine/ether; silver oxide/acetone; sodium hydride/ether; 
potassium ferf-butoxide/dimethyl sulfoxide; and n-butyl- 
lithium/tetrahydrofuran. To determine if aziridine formation 
was inhibited by strain introduced by the incipient spiro 
system, ring closure of 3-chloro-3-methyl-2-nitraminobutane
(29) was attempted. Again, the /V-nitroaziridine did not form 
with either Ag+ or base (NaH or rj-BuLi). The optimal con
figuration for aziridine formation is a trans-diaxial alignment 
of the chloro and nitramino groups. Both 11 and 20 are held

rigidly in this configuration and the aziridine forms readily. 
Although chloronitramines 27 and 28 can achieve a trans- 
diaxial configuration, relatively free rotation about the central 
C-C bond does not make this preferred, and there is less 
chance of ring closure.

/V-Nitroaziridines are relatively stable compounds which 
are easily synthesized provided certain structural limitations 
are considered. They possess unique thermal properties that 
make them interesting compounds for future study.

Experimental Section
6-Nitrocholesteryl Acetate (8). To a vigorously stirred suspen

sion of 100 g (0.23 mol) of cholesteryl acetat e in 1700 mL of concen
trated nitric acid with a water bath for cooling was added 100 g of 
sodium nitrite in small portions over 30 min. The pink solution turned 
yellow and brown fumes evolved. After stirring overnight at room 
temperature, the mixture was filtered and the precipitate washed well 
with water to give a yellow solid, which was recrvstallized from 
methanol/ether to give 52.49 g (0.11 mol. 47%) of 6-nitrocholesteryl 
acetate, mp 102-104 °C.

The spectral data were: IR (CHCI3) 3.38 (s), 3.48, 5.80 (s), 6.59 (s),
6.82, 6.96, 7.30, 7.99, 9.62 NMR (CDC1;!) r 5.37 (m, 1 H 
-COOCH<), 7.70-9.25 (m, 28 H, aliphatic), 7.98 (s, 3 H, CH:iCO-),
8.87 (s, 3 H, C-19 methyl), 9.10 (br s, 6 H, C-26 and C-27 methyls), 9.19 
(br s, 3 H, C-21 methyl), 9.31 (s, 3 H, C-18 methyl).

Anal. Calcd for C29H47NO4: C, 73.53; H, 10.00; N, 2.96. Found: C, 
73.81; H, 9.74; N, 2.65.

3/8-Acctoxy-5a-chloro-6-oximinocholestane (9). The procedure 
of Komeichi et al. was used.3 A stream of anhydrous hydrogen chloride 
was bubbled into a stirred solution of 6-nitrocholesteryl acetate (47.74 
g, 0.101 mol) in 1300 mL of ether for 3 h at 0 °C. The reaction mixture 
was allowed to stand at 0 °C for 2 days, followed by 2 days at room 
temperature. The ether and hydrogen chloride were then removed 
in vacuo, and the residue was taken up in ether, washed with water, 
dried, filtered, and concentrated in vacuo to give a red oil, which was 
taken up in 50 mL of ether and 100 mL of acetone. The ether was 
boiled off and crystallization occurred on cooling to room temperature. 
Recrystallization from acetone gave 33.11 g (0.0672 mol, 66%) of
33-acetoxy-5«-chloro-6-oximinocholestane, mp 153.5-155 °C dec.

The spectral data were: IR (CHCL) 2.92, 3.36, 5.76 (s), 5.82 (s), 6.80, 
6.92,7.32,8.02,8.57,8.70,9.58,9.76, 10.22,10.47,10.82, 10.92,11.12,
12.12 gm; NMR (CDCI3) t 1.0- 2.0 (br s, 1 H, NOH), 4.40-5.00 (m, 1 
H, COOCHd, 7.98 (s, 3 H, CH3CO-), 8.00-9.25 (m, 28 H, aliphatic),
9.03 (s, 3 H, C-19 methyl), 9.07 (br s, 6 H, C-26 and C-27 methyls), 9.18 
(br s, 3 H, C-21 methyl), 9.33 (s, 3 H, C-18 methyl).

3/S-Acetoxy-5a-chloro-6-nitriminocholestane (10). The pro
cedure of Komeichi et al. was used.3 A solution of 3.5 g (7.1 mmol) of 
3/3-acetoxy-5«-chloro-6-oximinocholestane in 300 mL of methylene 
chloride was stirred at 0 °C, while nitrosyl chloride was slowly bubbled 
into the solution for ca. 10 min until a deep brownish red color ap
peared. The stoppered flask was allowed to stand at 10 °C overnight, 
and then the contents was poured into water. The organic layer was 
washed with water and brine, dried, filtered, and concentrated in 
vacuo to give a clear oil which crystallized upon addition of ether/ 
methanol. Recrystallization from ether/methanol yielded 2.8 g (5.4 
mmol, 76%) of 3d-acetoxv-5«-chloro-6-nitriminocholestane, mp
121-123°C.

The spectral data were: IR (CHCL) 3.38, 3.48, 5.82 (s). 6.15, 6.36,
6.80, 6.92, 7.22, 7.30, 7.55, 8.02, 8.60, 9.57, 9.80, 10.20, 10.80, 11.40 nm; 
NMR (CDCI3) r 4.50-5.00 (m, 1 H, -COOCHO, 7.80-9.25 (m, 28 H, 
aliphatic), 7.98 (s, 3 H, CH3CO-). 8.95 (s, 3 H, C-19 methyl). 9.10 (br 
s, 6 H, C-26 and C-27 methyls), 9.18 (br s. 3 H, C-21 methyl), 9.35 (s, 
3 H, C-18 methyl).

3/3-Acetoxy-5a-chloro-6d-nitraminocholestane (11). The
acidification technique of Meyers and Naheya* was modified for this 
imine reduction. To a stirred solution of 1.00 g (1.91 mmol) of 3/1- 
acetoxy-5«-chloro-6-nitriminocholestane in 25 mL of dioxane, 25 mL 
of absolute ethanol, and 5 drops of glacial acetic acid with an ice/ 
acetone bath for cooling was added 1.22 g (32.2 mmol) of sodium bo
rohydride in small portions to control frothing. The mixture was al
lowed to stir for 30 min at reduced temperature, 15 drops of glacial 
acetic acid were added, and stirring was continued for 60 min at re
duced temperature, followed by 30 min at room temperature. The 
reaction was then carefully diluted with 100 mL of 3% aqueous acetic 
acid and extracted thoroughly with methylene chloride. The combined 
organic extracts were dried, filtered, and concentrated in vacuo to give 
a white solid, which was recrvstallized from acetone to give 760 mg 
(1.45 mmol, 76%) of 3/f-aeetoxy-5n-chloro-0d-nitraminocholestane.
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mp 206-206.5 °C dec.
The spectral data were: IR (Nujol) 2.90,3.00,3.30,5.85 (s), 6.20 (s), 

6 .8 8 , 7.10, 7.40, 7.60, 7.71, 7.95, 8.12, 8.19, 8.33, 8.70, 9.30,9.41,9.60, 
9.81,10.08,10.40,10.55,10.77,10.88,11.09,11.39,11.80,12.15,12.94,
13.19 NM R [(CD3 )2 SO] r 4.50-5.10 (m, 1 H, -C O O C H O ,
7.72-9.28 (m, 30 H, aliphatic), 8.01 (s, 3 H, CH 3CO-), 8.81 (s, 3 H, C-19 
methyl), 9.10 (br s, 6  H, C-26 and C-27 methyls), 9.20 (br s, 3 H, C-21 
methyl), 9.31 (s, 3 H, C-18 methyl).

Anal. Calcd for C2 9 H 4 9 N 2 O4 CI: C, 66.32; H, 9.50; N, 5.33; Cl, 6.75. 
Found: C, 66.40; H, 9.29; N, 5.16; Cl, 6.83.

3j8-Acetoxy-5/3,6/3-AT-Nitroaziridinylcholestane (5). A sus
pension of 2.61 g (4.98 mmol) o f 3d-acetoxy-5a-chloro-6/3-nitrami- 
nocholestane and 5.00 g o f silver acetate in 150 mL o f acetone was 
stirred under nitrogen for 1 day and 5.22 g o f silver acetate was added. 
After stirring for another day, the mixture was filtered and the pre
cipitate washed with acetone. The acetone was removed in vacuo, the 
solid residue was taken up in 150 mL o f acetone, and 6.95 g of fresh 
silver acetate was added. The suspension was stirred for 1  day and 6.46 
g of silver acetate was added. After stirring for an additional day (4 
days total), the mixture was filtered and the filtrate concentrated in 
vacuo to give a white solid. Recrystallization from isopropyl alcohol 
gave 1.00 g (2.05 mmol, 41%) o f 3/3-acetoxy-5d,6/l-,,V-nitroaziri- 
dinylcholestane, mp 134.5-135 °C.

The spectral data were: IR (CHCI3 ) 3.35,5.84 (s), 6.45 (s), 6.81,6.93,
7.34, 7.74, 7.79, 7.99, 8.51, 9.63, 10.19, 11.14 Mm; NM R (CDCI3 ) r
4.86-5.44 (m, 1 H, C O O CH O , 6.72 (m, 1 H, >CH N ), 7.55-9.25 (m, 
28 H, aliphatic), 7.99 (s, 3 H, CH 3CO-), 8.83 (s, 3 H, C-19 methyl), 9.09 
(br s, 6  H, C-26 and C-27 methyls), 9.18 (br s, 3 H, C - 2 1  methyl), 9.35 
(s, 3 H, C-18 methyl).

Anal. Calcd for C2 9 H 4 8 N 2 O4 : C, 71.27; H, 9.90; N, 5.73. Found: C, 
71.32; H, 9.54; N, 5.40. MS shows no molecular ion; only a large M — 
44 peak. Calcd for C2 9 H 4 8 O.3 : 444.3601. Found 444.3601.

3/J-Acetoxy-5|8,6/3-oxocholestane (24) from Thermolysis of 
3/S-Acetoxy-5|S,6/3-JV-nitroaziridinylcholestane (5). A sample of 
3d-acet()xy-5|i,6i'l-A'-nitroaziridinylcholestane (590 mg) was heated 
under vacuum to 190-193 °C for 30 min until bubbling ceased. After 
cooling to room temperature, the darkened product was chromato
graphed on two 20 cm X 20 cm X 2 mm plates of silica gel (E. Merck, 
according to Stahl). After one development with chloroform, the plate 
was divided into three bands. The second band from the top contained 
70 mg o f 3/l-acetoxy-5/i,6rf-oxocholestane, whose NM R and IR were 
identical with authentic material obtained in the following experi
ment.

The spectral data were: IR (CHCI3 ) 3.40,5.71,5.96,6.81,7.31,8.12,
8.90, 9.00, 9.81 Mm; N M R (CDC13) r 4.25-4.80 (m, 1 H, CO O C H O ,
7.70-9.20 (m, 29 H, aliphatic), 7.82-7.95 (m, 3 H, CH 3 CO -), 8.78 (br 
s, 3 H, C-19 methyl), 9.08 (br s, 6  H, C-26 and C-27 methyls), 9.18 (s, 
3 H, C-21 methyl), 9.28 (s, 3 H, C-18 methyl).

Anal. MS Calcd for C 2 9 H4 8 O3 : 444.3601. Found: 444.3588.
3/3-Acetoxy-5|8,6|8-oxocholestane (24). A mixture of 20 mg of 

5/3,6/3-oxocholesterol, 1 2  0.1 mL of pyridine, and 5 mL o f acetic anhy
dride was heated to gentle reflux for 1  h under nitrogen followed by 
stirring overnight at room temperature. The mixture was concen
trated in vacuo to give 20 mg of 3/3-acetoxy-5d,6/3-oxocholestane, 
whose spectral data were identical with those o f the thermolysis 
product o f .3/f-acetoxy-5if,6/i-.\'-nitroaziridinylcholestane.

Methanolysis of 3/8-Acetoxy-5d,6/3-lV-nitroaziridinylcholes- 
tane (5). A solution of 500 mg (1.02 mmol) o f 3 /3 -acetoxy-5 /3 ,6 /3 -iV- 
nitroaziridinylcholestane in 40 mL of methanol was refluxed for 4 h, 
and the methanol was removed under a stream of nitrogen, giving a 
white solid. The solid was recrystallized from methanol, giving 340 
mg (0.65 mmol, 64%) of 3(J-acetoxy-5«-methoxy-6/3-nitraminocho- 
lestane, mp 209-210 °C.

The spectral data were: IR (CHC13) 2.90, 3.39, 3.48, 5.77 (s), 6.30 
(s), 6.80, 7.31, 7.51, 7.97, 8.55, 9.29, 9.69, 10.36 Mm; NM R (CDC13) r
4.24-4.76 (m, 1 H, -C O O C H O , 6.67 (s, 3 H, CH 3 O -), 7.70-9.25 (m, 
30 H, aliphatic), 7.98 (s, 3 H, CH3 CO-), 8 . 8 8  (s, 3 H, C-19 methyl), 9.08 
(br s, 6  H, C-26 and C-27 methyls), 9.17 (br s, 3 H, C-21 methyl), 9.30 
(s, 3 H, C-18 methyl).

Anal. Calcd for CsoH^NjOs: C, 69.19; H, 10.06; N, 5.38. Found: C, 
69.08; H, 10.13; N, 5.35.

3/3-Acetoxy-5a-hydroxy-6/3-nitraminocholestane (22). A 1.00-g 
(2.04 mmol) sample of 3d-acetoxy-5/3,6/J-IV-nitroaziridinylcholestane 
in 25 mL o f dioxane and 10 mL o f water was refluxed for 1 h, diluted 
with methylene chloride and water, extracted with methylene chloride 
(3X), dried, filtered, and concentrated in vacuo to give 1.16 g of white 
solid. The solid was recrystallized from acetone, giving 460 mg (0.908 
mmol, 44%) o f 3/5-acetoxy-5a-hydroxy-6d-nitraminocholestane, mp 
241-242 °C.

The spectral data were: N M R (M e2 SO-de) T 7.70-9.70 (m); IR

(Nujol) 2.84,3.10,3.20,3.40 (s), 5.84 (s), 6.30,6.84,7.05,7.26,7.37,7.50,
7.66, 7.90, 8.05,8.25, 8.58, 8.90, 9.23, 9.71,10.39, 10.88,11.49 Mm.

Anal. Calcd for C2 9 H 5 0 N 2 O5 : C, 68.74; H, 9.95; N, 5.53. Found: C, 
69.02; H, 9.59; N, 5.65.

10|8-Methyl-A1'9-octal-2-one (15). The procedure of Marshall and 
Fanta was followed . 11 A mixture of 28.17 g (0.154 mol) o f cis -10- 
methyl-2-decalon-9-ol and 300 mL o f 10% aqueous oxalic acid was 
steam-distilled. The distillate was saturated with sodium chloride and 
ether-extracted. The combined ether extracts were dried, filtered, and 
concentrated in vacuo to give 19.03 g (0.116 mol, 75%) of 10/J- 
methyl-A 1 9 -octal-2-one.

cis-10-M ethyl-2-decalon-9-ol (14) and 10/J-M ethyl-A1’9- 
octal-2-one (15) The procedure of Marshall and Fanta11 was fol
lowed. To a stirred mixture o f 4.90 g (72 mmol) o f sodium ethoxide 
in 25 mL of absolute ethanol and 400 g (3.57 mol) o f 2-methylcyclo- 
hexanone at —10 to 0 °C was added dropwise 250 g (3.57 mol) o f 
methyl vinyl ketone over 1.5 h under nitrogen. The thick mixture was 
stirred for 5 h at —10 to 0 °C, diluted with ether and brine, and ex
tracted with ether. The combined ether extracts were washed with 
brine, dried, filtered, and concentrated in vacuo to ca. 900 mL. The 
ether was boiled off while volume was maintained with hexane. 
Cooling to room temperature overnight gave 32.08 g (0.176 mol, 5%) 
o f cis-10-methyl-2-decalon-9-ol, mp 120-121 °C (lit . 11 mp 120-121 
°C). Hexane was removed from the mother liquors in vacuo, and the 
residue was distilled giving: fraction 1, 75 °C (30 mm), 144.52 g of 
2-methylcyclohexanone; and fraction 2,135 °C (0.1 mm), 171.55 g of 
10d-methyl-A1’9 -octal-2-one. Steam distillation of the pot residue with 
300 mL o f 10% aqueous oxalic acid followed by ether extraction, 
drying, and concentration in vacuo gave an additional 49.21 g of enone. 
The total yield of 10/J-methyl-A1>9 -octal-2-one was 220.76 g (1.34 mol, 
38%).

10-M ethyl-A1’9-octal-2-ol Acetate (16). The procedure of Mar
shall and Hochstetler was followed . 12 T o  a stirred solution of 50.00 
g o f lithium aluminum hydride in 2 L of ether was added 204.0 g (1.24 
mol) o f 10|8-methyl-A1 9 -octal-2-one in 200 mL of ether over 45 min. 
A ice bath was used for cooling during the addition and then removed. 
After stirring for 3 h at room temperature, the mixture was cautiously 
treated with a mixture of 100 mL of water and 80 mL of 10% aqueous 
sodium hydroxide. An ice bath was used for cooling during the addi
tion and then removed. After stirring for an additonal 2 h, the mixture 
was filtered and concentrated in vacuo to give a yellow liquid (204.5 
g) whose NM R and IR were consistent with an allylic alcohol.

The crude alcohol was dissolved in 1300 mL of pyridine and 355 mL 
of acetic anhydride was added. The clear solution was stirred under 
nitrogen at room temperature for 23 h, 5 L of brine was added, and 
the mixture was extracted with ether. The combined ether extracts 
were washed with water, 2% aqueous sulfuric acid, and brine. The 
ether layer was then dried, filtered, and concentrated in vacuo to give 
a light yellow liquid which was distilled, giving 228.58 g (1.10 mol, 8 8 %) 
o f 10-methyl-A1 '9 -octal-2-ol acetate, bp 117 °C (2.5 mm) [lit. 12 bp 
62-63 °C (0.08 mm)].

lO-Methyl-A'^-octalin (17) and 2-Hydroxy-10-methyldecalin.
The procedure of Marshall and Hochstetler was followed . 12 T o  a 
stirred solution of 60.0 g (0.288 mol) o f 10-methyl-A''9 -octal-3-ol ac
etate in 75 mL of ethylamine was added 20.0 g (225 cm, 2.88 mol) of 
lithium cut in small pieces. After ca. 15 min, a deep blue color ap
peared and the mixture was stirred at room temperature for 40 min 
more. Solid ammonium chloride was added carefully to neutralize the 
lithium salts and destroy any excess lithium metal. Ether was added 
to maintain volume and an ice bath was used to control the reaction. 
When most of the lithium had been destroyed, a small amount of 
water was added to speed the hydrolysis. When all the lithium had 
been destroyed, the mixture was diluted with 2 L of brine and ex
tracted with ether. The combined ether extracts were washed with 
water, 2 % aqueous sulfuric acid, and brine, and then dried, filtered, 
and concentrated in vacuo to give a yellow liquid which was vacuum 
distilled to give 21.25 g (0.141 mol, 49%) of lO-methyl-A^-octalin, bp 
70 °C (0.7 mm) [lit. 12 bp 8 6 - 8 8  °C (26 mm)], and 16.13 g (0.096 mol, 
29%) of 2-hydroxy-10-methyldecalin, bp 90-95 °C (0.8 mm).

The spectral data for lO-methyl-A'^-octalin were identical with 
those reported in the literature. 12 The spectral data for 2-hydroxy- 
10-methyldecalin were: NM R (CDCL) r 6 .1-6.7 (br m, 1 H, -O H ),
7.9-9.0 (br m, 16 H, aliphatic), 9.15 (s, 3 H, methyl); IR (CHCI3 ) 2.74,
2.91, 3.42, 3.50, 6 .8 8 , 7.26,7.34,8.06,8.53,9.19,9.49,9.74,9.16,10.56
Mm.

Anal. Calcd for C „ H 18: C, 87.93; H, 12.07. Found: C, 87.90; H, 12.08. 
MS calcd for CnHig: 150.1408. Found: 150.1407. Anal. Calcd for 
C u H 2 0 O: C, 78.51; H, 11.98. Found: C, 78.44; H, 11.84. MS calcd for 
Cu H 2 0 O: 168.1514. Found: 168.1526.

I-O xim ino-9-chloro-lO -m ethyldecalin (18) and 1 -N it r i-
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mino-9-chloro-10-methyldecalin (19). A  so lu tio n  o f  58 .0  g o f  10- 
m e th y l-A '-9-o c ta lin  in 1 L  o f  m e th y le n e  ch lo r id e  at 0  ° C  w as stirred  
w h ile  n itrosyl ch lor id e  was s low ly  b u b b le d  in fo r  2 0  m in . T h e  redd ish  
brow n  so lu tion  w as stirred  at 0  ° C  fo r  3 h an d  co n ce n tra te d  in  v a cu o  
to  g ive a ligh t g reen  so lid  w h ich  was w ash ed  w ith  c o ld  h exa n e  and  
filte red , g iv in g  22 .72 g (0 .105  m ol, 27% ) o f  l -o x im in o -9 -c h lo r o -1 0 -  
m eth v ld e ca lin , m p  1 2 8 -1 3 2  ° C  d e c . T h e  filtra te  w as co n ce n tra te d  in 
v a cu o  to  g ive  a d ark  o il, w h ich  w as ch ro m a to g ra p h e d  on  a 6 .5 cm  X
34 .5  cm  co lu m n  o f  s ilic ic  a c id  (M a llin ck ro d t , S ilic  A R , C C -7 ) s lurry  
p a ck e d  in 10% c h lo ro fo rm  in h exa n e . E lu tio n  in 5 0 0 -m L  fra ction s  
gave: fra ct ion  1 ,1 .3 8  g o f  u n id en tified  oil; fraction s 2 -4 , 25.05 g (0 .102 
m ol, 26% ) o f  l-n itr im in o -9 -ch lo ro -1 0 -m e th y ld e ca lin ; an d  fra c t io n  5,
2.1.3 g.

T h e  sp ectra l d a ta  fo r  l -o x im in o -9 -c h lo r o -1 0 -m e th y ld e ca l in  w ere: 
N M R  (CC13) t 1.30 (s, 1 H , = N O H ) ,  6 .5 0 -8 .9 0  (m , 14 H , a lip h a tic ),
9.00 (s, 3 H , m eth y l); IR  (C H C l:i) 2.68, 3.01, 3.36, 6 .8 6 , 6 .99, 7 .26, 7.36,
7 .61, 8 .33 , 8 .70, 9 .86 , 10.26, 10.58, 11.30, 11.37, 11.65, 12.15, 12.32 
Mm.

T h e  sp ectra l data  for  l-n itr im in o -9 -ch lo ro -1 0 -m e th y ld e ca lin  w ere: 
N M R  (C D C fi)  r  6 .7 0 -9 .0 0  (m , 14 H , a lip h a tic ) , 8 .89  (s, 3 H , m e th y l) ; 
IR  (C H C l;j) 3 .45, 3 .5 2 ,6 .1 9 ,6 .3 8 , 6 .90, 6 .96, 7 .30, 7.65, 7.76, 7 .9 0 ,8 .1 0 ,
8 .70 , 9 .05 , 9 .50 , 9 .62 , 9 .96 , 10.24, 10.33, 11.04, 11.21, 11.80, 12 .20
Mm.

A na l. C a lcd  fo r  C n H 18N O C l: C , 61 .25 ; H , 8 .41 ; N , 6 .49 ; C l, 16.43. 
F ound: C , 61.41 ; H , 8.30; N , 6.35; Cl, 16.12. M S  C a lcd  for  C n H isN O C l: 
215.1077. F o u n d : 215.1075. A na l. C a lcd  fo r  C 11H 17N 2O 2CI: C , 53 .99; 
H , " .0 0 ; N , 11.45. F o u n d : C , 54 .22; H , 7 .16 ; N , 11.11.

l-Nitrimino-9-chloro-10-methyldecalin (19). A  solu tion  o f  22.73 
g (0 .105  m o l) o f  l-o x im in o -9 -c h lo r o -1 0 -m e th y ld e ca lin  in 1.5 L  o f  
m e th y le n e  ch lo r id e  at 0  ° C  w as stirred  w h ile n itrosy l ch lo r id e  w as 
s low ly  b u b b le d  in for  30 m in. T h e  redd ish  brow n  so lu tion  w as stirred  
at 0 ° C  fo r  5 .5  h, p o u re d  in to  w ater, w ash ed  w ith  w ater a n d  brin e , 
d rie d , filte re d , an d  co n ce n tra te d  in v a cu o  to  g ive  a y e llo w  o il w h ich  
w as ch ro m a to g ra p h e d  on  a 3 .5  cm  X 39 .5  cm  co lu m n  o f  s ilic ic  a c id  
(M a llin ck ro d t , S il ic -A R , C C -7 ) s lu rry  p a ck e d  in 10%  c h lo ro fo rm  in 
hexane. E lu tion  in 200 m L  fractions gave: fraction  1, nil; fractions 2 -5 ,
14.49 g (0 .059  m ol, 56% ) o f  l -n itr im in o -9 -ch lo ro -1 0 -m e th y ld e ca lin ; 
an d  fra c t io n  6 , 160 m g.

A  sm all sa m p le  o f  l-n itr im in o -9 -ch lo ro -1 0 -m e th y ld e ca lin  w as r e 
c ry sta llized  fro m  e th a n o l, y ie ld in g  w h ite  cry sta ls  w h ich  m e lte d  at
6 1 -6 2  °C .

l-Nitramino-9-chloro-10-methyldecalin (20). T h e  acid ifica tion  
te ch n iq u e  o f  M e y e rs  an d  N a b e y a 8 w as m o d ifie d  fo r  th e  ¡m in e  r e 
d u c tio n . T o  a stirred  so lu tio n  o f  14.49 g (59 .2  m m o l) o f  1 -n itr im in o -
9 - ch lo ro -1 0 -m e th y ld e ca lin  in 420 m L  o f  d ioxa n e , 420 m L  o f  abso lu te  
e th a n o l, an d  107 d ro p s  o f  g lacia l a ce tic  a c id  a t  0 ° C  w as a d d e d  22 .00 
g (0 .579  m o l) o f  s od iu m  b o r o h y d r id e  as fa st as p o ss ib le  w h ile  still 
co n tro llin g  fro th in g . T h e  m ix tu re  w as stirred  at 0 °C  fo r  30 m in , an d
3.8  m L  (306  d ro p s ) o f  g lacia l a ce tic  a c id  w as a d d e d . S tirr in g  was 
c o n t in u e d  fo r  1 h at 0  °C  fo llo w e d  b y  1 h  at ro o m  tem p era tu re . T h e  
m ixture  w as then  d ilu ted  w ith  1700 m L  o f  3%  aq u eou s  ace tic  a cid  and  
ex tracted  w ith  m eth y len e  ch lorid e . T h e  organ ic  extracts  w ere w ashed  
w ith  w ater, d rie d , filte red , an d  co n ce n tra te d  in v a cu o  to  g ive  a w h ite  
so lid  w h ich  w as w ashed  w ith  h exa n e , filte re d , an d  va cu u m  d rie d  to  
g ive  10.24 g (4 1 .5  m m ol, 70% ) o f  l-n itr a m in o -9 -c h lo r o -1 0 -m e th y ld e -  
ca lin , m p  136 °C  d ec.

T h e  sp ectra l d a ta  w ere: N M R  (C D C l-d  r 0 .9 0 -1 .5 0  (b r  m , 1 H , 
> N H ) ,  5 .2 8 -5 .5 1  (b r  m , 1 H , -C H N H N O 2 ), 7 .3 2 -9 .1 6  (m , 14 H , a li
p h a t ic ), 8 .80  (s, 3 H , m e th y l) ; IR  (C H C 1:Î) 2 .96, 3 .09, 3 .42, 3 .49, 6 .24, 
6 .38 , 6 .74 , 6 .84 , 7 .09, 7 .29, 7 .44, 7 .53, 7 .75 , 7 .8 8 ,8 .1 4 , 8 .44, 8 .58 , 8 .85, 
9 .1 6 ,9 .3 1 ,9 .8 4 , 10.99, 11.20, 11.43, 11.79 Mm.

A nal. C alcd  for C „ H 19N 20 2C1: C , 53.55; H , 7.76; N , 11.35; C l, 12.97. 
F ou n d : C , 53 .52; H , 7 .62; N , 11.30; C l, 12.99.

10-M ethyl-l,9-(lV-nitroaziridino)decalin (6) by the Silver 
Acetate Route. A  m ixtu re  o f  1.03 g (4 .17  m m o l) o f  l -n itr a m in o -9 -  
ch lo ro -1 0 -m e th y ld e ca lin  an d  2.13 g o f  s ilver a ce ta te  in 200 m L  o f  a c 
e ton e  was stirred at room  tem peratu re  under n itrogen  for  8  h an d  2.18 
g o f  fresh  silver a ce ta te  w as a d d e d . S tirr in g  was c o n t in u e d  fo r  89  h 
m ore . T h e  m ixtu re  w as filte red  an d  th e  filtra te  w as co n ce n tra te d  in 
v a cu o  to  g ive  a d ark  o il w h ich  w as tak en  u p  in m eth y len e  ch lo r id e , 
w ashed  w ith  w ater, d ried , filtered , an d  co n cen tra ted  in v a cu o  to  give 
a dark  o il, w h ich  w as vacu u m  d is tille d  on  a K u g e lro h r  d is tilla t ion  
a p p a ra tu s  at 7 3 -7 5  °C  (0 .1  m m ), g iv in g  260 m g (1 .24  m m o l, 30% ) o f
10 -  m e th y l- l,9 -( ./V -n itr o a z in d in o )d e ca lin .

T h e  spectra l data  w ere: N M R  (C D C E ) r 6 .89  (b r  d , 1 H , J = 5.6 H z, 
> C H N < ) ,  7 .5 0 -9 .5 0  (m , 14 H , a lip h a tic ) , 8 .78  (s, 3 H , m e th y l) ; IR  
(C H C l:j) 3 .3 9 ,3 .4 7 ,6 .4 3 ,6 .8 3 ,6 .9 3 , 7 .2 7 ,7 .7 8 ,7 .9 6 ,8 .1 9 ,8 .7 1 ,8 .8 8 ,9 .2 3 ,
9 .51 , 10.07, 10.18, 10.45, 11.23, 11.92, 12.03, 12.38, 12.59 Mm.

A na l. C a lcd  for  C „ H 18N 20 2: C , 62 .83 ; H , 8 .63 ; N , 13.32. F o u n d : C , 
63.39; H , 8.84; N , 13.17. N o  m olecu la r  ion  w as fou n d  in M S ; how ever,

a stron g  p eak  fro m  the loss o f  - N 0 2 w as fo u n d . C a lcd  fo r  C n H ig N : 
164.1438. F ou n d : 164.1433.

10-M ethyl-1,9-(IM-nitroaziridino)decalin (6) by the n -B u - 
tyllithium Route. T o  a so lu tion  o f  4 .76  g (19 .3  m m o l) o f  1 -n itra - 
m in o -9 -ch lo ro -1 0 -m e th y ld e ca lin  in  475 m L  o f  d ry  te tra h yd ro fu ra n  
a t  ro o m  tem p era tu re  u n d er  n itrogen  w as a d d e d  23.2 m m o l o f  n -b u -  
ty llith iu m . T h e  so lu tio n  was stirred  a n d  re flu x e d  fo r  1 h an d  then  
stirred  at ro o m  tem p era tu re  fo r  24 h. T h e  m ix tu re  w as d ilu te d  w ith
1.5 L  o f  m e th y le n e  ch lo r id e , w ash ed  w ith  w ater, d rie d , f ilte red , an d  
co n ce n tra te d  in v a cu o  t o  g ive  2.42 g (1 1 .5  m m o l, 60% ) o f  1 0 -m eth y l-
I .  O -fN -n itro a z ir id in o M e ca lin .

Thermolysis of 10-Methyl-l,9-(lV-nitroaziridino)decalin (6). 
A  n ea t sam p le  o f  1 0 -m e th y l- l,9 -(A f-n itr o a z ir id in o )d e ca lin  (500 m g,
2.38  m m o l) w as h ea ted  t o  149 ° C  u n d er  n itrogen  fo r  5 m in . A fte r  s it 
ting  at room  tem p eratu re  fo r  several days, the  o il crysta llized  an d  was 
ch ro m a to g ra p h e d  on  a 20 cm  X  20 cm  X  2 m m  p la te  o f  s ilica  ge l (E . 
M erck , a ccord in g  to  S ta h l). A fte r  on e  d e v e lo p m e n t w ith  ch loro form , 
th e  p la te  w as d iv id e d  in to  fo u r  ba n d s: th e  se co n d  b a n d  fro m  the 
b o t to m  co n ta in e d  170 m g (0 .81  m m o l, 34% ) o f  l -n itra m in o -1 0 - 
m eth yl-A 8-decalin , w h ich  w as recrystallized from  hexane to  give w hite 
crysta ls , m p  9 7 .5 -9 8 .5  °C ; th e  th ird  b a n d  co n ta in e d  5 m g o f  s tartin g  
iV -n itroa z irid in e ; and  the first  a n d  fo u rth  ba n d s  co n ta in e d  a to ta l o f  
1 0  m g  o f  u n id e n tifie d  m ateria l.

T h e  sp ectra l d a ta  w ere: N M R  (C D C I3) r  1 .2 8 -1 .6 8  (b r  m , 1 H , 
> N H ) ,  4 .18  (t, 1 H , J -  3.5 H z, v in y l), 5 .3 5 -5 .6 4  (b r  m , 1 H , 
> C H N H N 0 2), 7 .6 5 -8 .8 0  (m , 12 H , a lip h a tic ), 8.87 (s , 3 H , m e th y l) ; 
IR  (C H C I3 ) 2.90, 3 .0 3 ,3 .3 8 ,6 .3 5 ,6 .8 6 ,6 .9 3 , 7 .2 3 ,7 .3 8 , 7.47, 7 .6 5 ,7 .7 7 , 
8 .5 3 ,9 .2 7 ,9 .5 1 ,9 .8 8 , 11.02 Mm.

A nal. C a lcd  fo r  C i ,H i 8N 20 2 : C , 62 .83 ; H , 8 .63 ; N , 13.32. F ou n d : C , 
62 .75 ; H , 8 .8 8 ; N , 13.52.

Methanol Solvolysis of 10-Methyl-l,9-(lV-nitroaziridino)- 
decalin (6). A  so lu tion  o f  500 m g (2 .38  m m o l) o f  1 0 -m e th y l- l,9 -(lV - 
n itroazirid ino)deca lin  in 100 m L  o f  m eth anol was stirred and refluxed  
u n d er  n itrogen  fo r  16 h. T h e  m eth a n o l w as re m o v e d  in v a cu o  t o  g ive 
an o il w h ich  crysta llized . T h e  solid  w as w ashed  w ith  hexane, filtered , 
a n d  v a cu u m  d rie d  to  give 160 m g (0 .6 6  m m o l, 28% ) o f  1 -n itra m in o -
9 -m e th o x y -1 0 -m e th y ld e ca lin  as a c re a m -co lo re d  so lid , m p  1 2 0 -1 2 5  
°C .

N M R  an alysis o f  the  c ru d e  rea ction  m ixtu re  sh ow ed  it to  also 
co n ta in  tra ce  a m ou n ts  o f  l -n itr a m in o -1 0 -m e th y l-A 8-d eca lin .

T h e  sp ectra l d a ta  w ere: N M R  (C D C I3 ) r  1 .1 6 -1 .7 0  (b r  m , 1 H , 
> N H ) ,  5 .4 0 -5 .7 5  (b r  m , 1 H , > C H N H N 0 2), 6 .80  (s, 3 H , O C H 3),
7 .7 5 -9 .3 5  (m , 14 H , a lip h a tic ), 8.87 (s, 3 H , a lip h a tic  m e th y l) ; IR  
(C H C I3 ) 2 .92, 3 .40, 6 .32 , 6 .6 8 , 6 .93, 7 .14, 7 .34, 7 .49, 8 .55, 9 .24, 10.46,
I I .  44, 11.79, 14.34 Mm.

A na l. C a lcd  fo r  C i 2H 22N 20 ;i: C , 59 .48; H , 9 .15. F ou n d : C , 59 .84; H ,
9 .25. N o  m olecu la r  ion  w as fo u n d  in M S ; h ow ever, a s tro n g  p eak  due 
to  loss o f  - N 0 2 w as fo u n d . C a lcd  fo r  C i2H 29N O : 196.1700. F ou n d : 
196.1695.

1-Chloro-la-nitrosoethylcyclohexane.14 A  so lu tio n  o f  50 .0  g 
(0 .454  m o l) o f  e th y lid e n e cy c lo h e x a n e  in  250 m L  o f  e th er  at —78 °C  
was stirred  w h ile n itrosyl ch lor id e  was b u b b le d  in fo r  ca. 20 m in . T h e  
so lu tio n  ra p id ly  tu rn ed  d ark  brow n , an d  a p re c ip ita te  began  to  form  
a fter  ca . 10 m in . T h e  m ixtu re  w as stirred  fo r  1 h, an d  th e  p rec ip ita te  
w as filte red , w ash ed  w ith  ic e -c o ld  ether, an d  va cu u m  d rie d  to  give
52.98 g (0 .302 m ol, 6 6 % ) o f  1 -ch lo ro -ln -n itro so e th y lcy c lo h e x a n e , m p
1 3 0 -1 3 1 .5  °C  ( l it . 14 m p  1 3 4 -1 3 5  °C ) .  B o th  N M R  a n d  IR  w ere  in 
a g reem en t w ith  th e  rep orted  sp e c tra . 14

Methyl 1-Chlorocyclohexylketoxime.14 A  su sp en sion  o f  20 .00 
g (113 .9  m m o l) o f  l -c h lo r o - l« -n it r o s o e th y lc y c lo h e x a n e  w as stirred  
in 600 m L  o f  eth er  at room  tem p era tu re , w h ile  a n h y d rou s  h y d rogen  
ch lo r id e  w as b u b b le d  in  fo r  45 m in . T h e  su sp en sion  was a llow ed  to  
stir  o v e rn ig h t a t  r o o m  tem p era tu re , w as filte red , an d  the e th er  and  
h y d rogen  ch lo r id e  w ere re m o v e d  in va cu o . T h e  resu ltan t w h ite  so lid  
w as recrysta llized  fro m  h exa n e  to  g ive  13.71 g (78 .0  m m ol, 6 8 % ) o f  
m ethyl 1 -ch lorocycloh exy lk etox im e, m p  80 .0 -8 0 .5  °C  (lit . 14 m p  70 -71  
° C ) . B o th  N M R  an d  IR  w ere  in agreem en t w ith  th e  r e p o r te d  sp e c 
t ra . 14

Methyl 1-Chlorocyclohexylnitroketimine.14 A  so lu tion  o f  11.02 
g (62 .7  m m o l) o f  m eth y l 1 -ch lo ro cy c lo h e x y lk e to x im e  in 800 m L  o f  
ch lo ro fo rm  at 0 °C  was stirred  w h ile  n itrosy l ch lo r id e  w as s low ly  
b u b b le d  in fo r  ca. 15 m in un til th e  so lu tio n  b e ca m e  red d ish  brow n . 
T h e  m ixture was a llow ed  to  return to  room  tem perature w hile stirring 
fo r  1 h. S o lid  so d iu m  ca rb on a te  (15 .0  g) was a d d e d  an d  stirrin g  was 
c o n t in u e d  fo r  2.5 h. T h e  m ixtu re  w as filte red  an d  co n ce n tra te d  in 
v acu o  to  give a b lu e  liq u id  w h ich  w as taken  up  in m eth ylen e  ch loride , 
w ash ed  w ith  w ater  an d  brin e , d ried , f ilte red , an d  co n ce n tra te d  in 
v a cu o  to  g ive  a b lu e  liq u id  w h ich  was d istilled , g iv in g  4.83 g (23 .6  
m m ol, 38% ) o f  m ethyl 1 -ch lorocycloh exy ln itrok etim in e , b p  52 °C  (0.2 
m m ). B o th  N M R  an d  IR  w ere  in a g reem en t w ith  the re p o r te d  s p e c 
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tra.14
l-Chloro-1 -(a-nitraminoethyl)cyclohexane (28). The acidifi

cation technique of Meyers and Nabeya8 was modified for this ¡mine 
reduction. To a stirred solution of 4.00 g (19.5 mmol) of methyl 1- 
chlorocyclohexylnitroketimine in 100 mL of dioxane, 100 mL of ab
solute ethanol, and 24 drops of glacial acetic acid with an ice/acetone 
bath for cooling was added 12.8 g of sodium borohydride in small 
portions to control frothing. The mixture was allowed to stir for 30 
min at reduced temperature, 60 drops of glacial acetic acid was added, 
and stirring was continued for 60 min at reduced temperature, fol
lowed by 30 min at room temperature. The mixture was carefully 
diluted with 400 mL of ca. 3% aqueous acetic acid and extracted with 
methylene chloride. The organic extracts were dried, filtered, and 
concentrated in vacuo to give a yellow oil which crystallized from 
hexane. Recrystallization from hexane yielded 1.66 g (8.03 mmol, 41%) 
of l-chloro-l-(«-nitraminoethyl)cyclohexane, mp 84-85 °C (lit.14 mp
91-92.5 °C). Both NMR and IR were in agreement with the reported 
spectra.14

3-Chloro-3-methyl-2-nitroiminobutane. A solution of 200 g (2.85 
mol) of 2-methyl-2-butene in 1200 mL of methylene chloride was 
stirred at 0 °C while nitrosyl chloride was slowly bubbled into the 
solution for 1.3 h. The resultant blue solution was stirred for 1.5 h at 
0 °C and concentrated in vacuo without heating to give ca. 200 g of 
3-chloro-3-methyl-2-butanone oxime as an oily blue-green solid. 
Further purification was not attempted.

The 200 g of 3-chIoro-3-methyl-2-butanone oxime in 1600 mL of 
methylene chloride was stirred at 0 °C while nitrosyl fluoride was 
slowly bubbled into the solution for 1.25 h. The green solution was 
stirred at 0 °C for 3.5 h, followed by 1.5 h at room temperature. The 
mixture was slowly poured into saturated aqueous sodium carbonate 
and washed with saturated aqueous sodium carbonate, water, and 
brine. The organic layer was dried, filtered, and concentrated in vacuo 
to give a blue oil which was distilled giving 21.00 g (0.128 mol, 4% 
overall) of 3-chloro-3-methyl-2-nitroiminobutane, bp 48-50 °C (0.5 
mm).

The spectral data for the oxime were: IR (CHCI3) 3.01, 3.32, 3.81 
(br), 6.36,6.96, 7.24,7.32,7.76,8.13,8.71,9.01,9.86,10.06,10.56,11.11 
nm; NMR (CDC13) r 0.56 (s, 1 H, C=NOH), 7.95 (s, 3 H, CH3C =  
NOH), 8.23 (s, 6 H, (CH3)2CC1).

The spectral data for the nitrimine were: IR (neat) 3.40,3.47,6.17, 
6.36 (s), 6.92, 7.34, 7.65, 7.85, 8.12, 8.72, 9.01,9.82,10.12,10.52, 10.94,
11.52,11.87,13.32 NMR (CDCU r 7.76 (s, 3 H, -C(CH3)= N -),
8.17 (s, 6 H, (CH3)2CC1).

Anal. Calcd for C5H9N20 2C1: C, 36.49; H, 5.51; N, 17.02; Cl, 21.54. 
Found: C, 36.30; H, 5.59; N, 17.27; Cl, 21.51.

3-Chloro-3-methyl-2-nitraminobutane (29). The acidification 
technique of Meyers and Nabeya8 was modified for this ¡mine re
duction. To a stirred solution of 4.04 g (24.6 mmol) of 3-chloro-3- 
methyl-2-nitroiminobutane in 100 mL of dioxane, 100 mL of absolute 
ethanol, and 24 drops of acetic acid at 0 °C was added 5.18 g (136

mmol) of sodium borohydride as fast as possible while still controlling 
frothing. The mixture was allowed to stir for 20 min at 0 °C, 60 drops 
of glacial acetic acid were added, and stirring was continued for 1 h 
at 0 °C, followed by 15 min at room temperature. The mixture was 
carefully diluted with 400 mL of ca. 3% aqueous acetic acid and ex
tracted with methylene chloride. The combined organic extracts were 
dried, filtered, and concentrated in vacuo to give a light yellow liquid 
which was taken up in ether, washed with water (to remove dioxane), 
dried, filtered, and concentrated in vacuo to give a light yellow liquid 
which was distilled, giving 1.73 g (10.4 mmol, 42%) of 3-chloro-3- 
methyl-2-nitraminobutane as a clear liquid, bp 60 °C (0.1 mm).

The spectral data were: IR (CHC13) 2.90,3.30,6.35,6.88,7.25,7.45,
7.74, 8.23,8.75, 8.85,9.17,9.68,11.00,12.1511m; NMR (CDC13) r 1.45 
(br m, 1 H, >NH), 5.56 (br q, 1 H,</ = 6.5 Hz, >CHNHN02), 8.33 (s, 
3 H, CH3C(C1)<), 8.36 (s, 3 H, CH3C(C1)<), 8.61 (d, 3 H ,J = 6.5 Hz, 
>C(CH3)NH-).

Anal. Calcd for C5Hn N20 2Cl: C, 36.05; H, 6.66; N, 16.81; Cl, 21.28. 
Found: C, 36.09; H, 6.52; N, 16.28; Cl, 21.49.

Registry  No.—5, 63866-33-1; 6, 63866-34-2; 7, 604-35-3; 8,1912- 
54-5; 9, 31239-32-4; 10, 31239-36-8; 11, 63215-89-4; 17, 13943-77-6; 
18, 63866-35-3; 19, 63866-36-4; 20, 63866-37-5; 21, 63866-38-6; 22, 
63866-39-7; 24, 1256-31-1; 25, 4025-59-6; 26, 63866-40-0; 27, 63866- 
41-1; 29, 63215-91-8; nitric acid, 7697-37-2; 2-hydroxy-10-methyl- 
decalin, 2547-28-6; 2-methyl-2-butene, 513-35-9; 3-chloro-3- 
methyl-2-nitriminobutane, 63215-90-7; 3-chloro-3-methyl-2-butanone 
oxime, 3238-16-2.
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The conformation of the 4(3 aldehyde and methyl ketone groups in the podocarpane series has been reinvestigat
ed. Felkin’s hypothesis on the geometry of the most favored transition state for a nucleophilic reaction on these al
dehydes and ketones combined with a calculation of the energy profile for the rotation around the C„—C = 0  bond 
gives explanations for both chemical results and NMR data.

I. Introduction
The determination of the most stable conformation of 

the axial aldehyde group (4/3) in the podocarpane 1 or ursane 
2 series relies upon the following arguments.1 (a) In the *H

NM R spectra the signal associated with the aldehyde proton 
in a compound such as 3a appears as a doublet (J = 1.6 Hz)2 
which has been shown to be due to long-range V  coupling with 
the 3a proton. The conformation of 3/j-hydroxyaldehyde 4a
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3b R = CDO  4b ft .  3 a O H

3c R .  C H j O Ac 

3d R = C H ,O H

I

is frozen owing to strong hydrogen bonding (no “ free” OH 
vibration in the IR spectrum). Upon irradiation of the 3a 
proton the aldehyde doublet merges into a singlet. No such 
coupling can be detected in the NMR spectra of the 3a-hy- 
droxyaldehyde 4b or the 3-ketoaldehyde 5. (b) Reduction of 
aldehyde 3a with LiAlD4 is highly stereoselective. It gives an 
alcohol whose acetate A exhibits a singlet at <5 3.95 in the NMR  
spectrum instead of the classical quartet found in its non- 
deuterated counterpart (Figure 1).

Likewise, reduction of the deuterated aldehyde 3b is nearly 
stereospecific. The corresponding acetate B gives rise to a 
singlet at d 4.26 (Figure 1). In order to get a deeper knowledge 
of the reduction mechanism, a careful study of the chirality 
of acetates A and B was undertaken.

II. Nuclear Overhauser Effect in the Acetates
In the NMR spectrum of acetate 3c the two protons bonded 

to C-193 are expected to appear as an AB quartet.4-5 In fact, 
each of the two A lines is split into two parts of equal intensity 
(J =  0.5 Hz).6 No modification of the shape of this multiplet 
was observed between —40 and 110 °C. Thus one of the con
formations must be highly favored. A reasonable assumption 
is that the most stable conformation can be represented by 
6 a .7 Rotamer 6 b is ruled out, since the acetate moiety is too

bulky for its having any tendency to rest close to the angular 
methyl group. Rotamer 6c cannot be accepted either without 
violating the present status of V  a coupling, i.e., upon irra-
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Figure 1.

Table I. Chemical Shifts of the Two CCH3 Groups of 
Podocarpinol O-Methyl Ether 3d in Various Solvents“

Solvent & Me-18, ppm óMe-20, ppm

CC14 1.18 1.02
CDCI3 1.19 1.04
CC12=CC12 1.15 1.01
Pyridine 1.21 1.22

0 Me4Si as internal reference.

diation of any of the two methyl groups no simplification of 
the A part of the signal taking place.

If the assumption is correct, it should be easy to determine 
the chirality of the two previously mentioned deuterated ac
etates A and B, either 7 or 8, by NM R spectroscopy. Upon

l  8

irradiation of the angular methyl groups the nuclear Ov
erhauser effect (NOE) on the italicized proton of the 
CH3COOC/iD group should be higher in 7 than in 8. It is 
therefore necessary to make sure that the designation of the 
two CCH3 signals is correct.

According to Wenkert8 the peak observed at 1.20 ppm is due 
to the angular methyl group. However, NOE experiments, 
carried out on the basis of this assignment and the previously 
accepted reaction mechanism of aldehyde reduction, led to 
results inconsistent with the hypothesis of rotamer 6a being 
the most stable conformer. Thus it was necessary to check 
Wenkert’s assignment, however sound it seems to be.9 Thus 
a synthesis of the deuterated acetate 14 (Scheme I) was un
dertaken. Decarboxylation of podocarpic acid 0 -methyl ether 
9 by lead tetraacetate in pyridine10 gives a mixture of three 
olefins which without separation was converted to the noral- 
cohol 11 by hydroboration (9-BBN)11 and then to the noral- 
dehyde 12 on oxidation with Collins reagent or silver car
bonate on Celite. The crude aldehyde was alkylated with tri- 
deuteriomethyl iodide in the presence of triphenylmethyl 
sodium in a mixture of diethyl ether and dimethylformam- 
ide.12 The resulting aldehyde 13, which has the same melting 
point as O-methylpodocarpinal,1'1 exhibits in its NM R spec
trum a doublet at 9.70 ppm (J = 1.5 Hz) indicative of an axial
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Table II. Chemical Shifts of Podocarpane and Podocarpane- l S - d 3 derivatives"

Registry
no.

16826-83-8 Podocarpinal O-methyl ether 3a 1.05 1.07
63533-65-3 Podocarpinal-78-d;j O-methyl ether 13 1.07
16826-86-1 Podocarpinol O-methyl ether 3d 1.04 1.19
63533-66-4 Podocarpinol-/8-d3 O-methyl ether 1.20
16826-82-7 Podocarpinol O-methyl ether acetate 3c 1.04 1.20
63533-67-5 Podocarpinol-78-d3 O-methyl ether acetate 14 1.21

“ In parts per million in CDCI3 with Me.iSi as internal standard.

OCHj
Scheme I

OCH,

aldehyde group114 and a CCH:i singlet at 1.06 ppm, in agree
ment with the published data. Lithium aluminium hydride 
reduction of the aldehyde gave a carbinol which was converted 
ultimately into its acetate 14. A comparison between the NMR  
spectra of the deuterated and nondeuterated acetates 4 and 
3c, respectively, shows that the signal at 1.20 ppm assigned 
by Wenkert to the angular methyl group had been assigned 
correctly (Table II). This point settled firmly, the NOE of 
acetates A and B was measured (Table II) and showed them 
to have structures 8 and 7, respectively.

Discussion of the Experimental Results

The NOE result raises a question, since the earlier inter
pretation of the experimental data1 had led to opposite 
chiralities for the two deuterated acetates.1 Were aldehyde 
3a to react in its most stable conformation 15 and the reducing 
agent to arrive from the less hindered side, acetate A (from 
lithium aluminium deuteride reduction of the aldehyde group, 
followed by acetylation) should be 7, i.e., 19S.

Similarly acetate B (from lithium aluminium hydride re
duction of the deuterioaldehyde group followed by acetyla
tion) should be 8, i.e., 19/?.

Therefore, either the basic assumption on which the in
terpretation of the NOE data relies is wrong or the reduction 
mechanism is more subtle than interpreted. In order to check

our hypothesis on the most stable acetate rotamer we have 
calculated the energy profile for the rotation of the C-4-axial 
substituent around the C-4f) bond with the molecular me
chanics method developed by Allinger.15-17 The calculated 
rotational profile18 is shown in Figure 2 and indicates the most 
stable conformation to be the predicted one. Hence the chir
ality of the deuterated acetates, deduced from NOE, is es
tablished. Various geometries of the transition state for the 
LiAlH4 reduction of a carbonyl group have been proposed.19-28 
Recently the validity of Felkin’s model has been established 
as a result of ab initio calculations.24 The lithium aluminium 
hydride reagent, however, always has been considered as a 
bare H _ ion, neither the lithium cation nor any solvent being 
taken into account. The transition state has been represented 
by 17 (L = large, M = medium, S = small), the incipient car-

17

bon-hydrogen bond being antiperiplanar with respect to the 
bond between the a carbon and the bulkier (L) group attached 
to it.

In the case of aldehydes 3a or 3b six such transition states 
must be considered (18a—f; R = H or D, Nu = D or H, re
spectively). The stability of the required conformation of the 
aldehyde group was estimated with the “ force field” program 
(Figure 3).25

Transition states 18b and 18e are ruled out on the basis of 
the high interaction energy between the angular methyl group 
and the oxygen or hydrogen (deuterium) of the aldehyde
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Figure 2.

Figure 3.

(deuterioaldehyde) group. Transition states 18a and 18d may 
be excluded also, since steric hindrance impedes the required 
antiperiplanar attack of the deuteride (hydride) ion. The 
energies of the aldehyde conformations in the last two tran
sition states 18c and 18b are approximately the same (al
though 18c seems to be slightly more stable than 18b).

Unfortunately the program cannot accommodate the 
presence of a solvated lithium cation in the neighborhood of 
the oxygen, the increase of electron density on this oxygen, and 
the elongation of the carbon-oxygen bond. All these factors 
destabilize transition state 18f2fi and suggest the aldehyde 
reduction to proceed via transition state 18c. This conclusion, 
the opposite of the one previously accepted, is substantiated 
fully by the NOK results. Similarly, a reaction of methyllith- 
ium with the aldehyde 3a (R = H, Nu = CH:i) should give the 
secondary alcohol 19a through transition state 18c. The al
cohol thus is expected to he the 19/? isomer. Indeed this re
action has been found to he highly stereoselective.27 Moreover, 
the same alcohol is the major component of the 94:6 mixture 
of carbinols obtained hy LiAlH4 reduction of the parent

methyl ketone 20. The energy profile for the internal rotation 
around the C-4/I bond of this ketone has been calculated 
(Figure 4). Among the six transition states ( 18a—f; R = CH3 , 
Nu = H) five may be disregarded either on the basis of the 
high energy of the required conformation (18b, 18c, and 18e) 
or because of steric hindrance in the approach of the nucleo
phile (18a and 18d). The remaining transition state 18f is 
expected to lead to the 19/? isomer 19a, in agreement with the 
experimental findings. Horeau’s analysis of the chirality of 
carbon centers shows the stereochemistry of both the major 
and minor secondary alcohols 19a and 21a to be cor
rect.28’29

19b R = Ac 21b R = Ac
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Figure 4.

It is noteworthy that NOE gives approximately the same 
values for the acetates 19a and 7, thereby confirming the 
chirality of the latter compound (regardless of the stereo
chemistry of 19b). The most stable conformation of I9S • 
acetate is represented by 21b. In both 19ft and 19S isomers 
the C-19 proton is located the same distance from the angular 
methyl group.

Conclusion

Felkin’s hypothesis on the geometry of the most favored 
transition state for the nucleophilic attack on an aldehyde or 
methyl ketone proved to be reliable. Therefore a combination 
of this assumption and of a calculation of the energy profile 
for the rotation around the C„— C = 0  bond appears to be 
extremely valuable for the prediction of the course of such 
reactions.

Experimental Section

General. Melting points (Kofler microscope) were not corrected. 
The IR spectra were recorded on a Perkin-Elmer 577 spectropho
tometer. Unless stated otherwise, the NMR spectra were obtained 
either on a Varian T60 or NV14 in CCI4 or CDCI3 with tetramethyl- 
silane as internal standard. Nuclear Overhauser effects were measured 
on a Varian XL-100, in sealed tubes, the solution being carefully de
gassed.

Podocarpic Acid O-Methyl Ether. It was prepared from methyl 
podocarpate O-methyl ether according to a published procedure:31 
mp 154-156 °C.

Oxidative Decarboxylation of Podocarpic Acid O-Methyl 
Ether. It was carried out according to Bennett and Cambie’s 
method:10 8.55 g of the acid gave 3.85 g of a mixture of the three ex
pected olefins, which could not be separated and was used as such for 
the next step.

18-Nor-19-hydroxy-12-methoxypodocarpa-8,ll,13-triene (11).
To 3.85 g of the preceding mixture in 30 mL of dry THF, 30 mL of a 
0.50 M solution of 9-BBN in THF was added dropwise at 0 °C under 
a dry nitrogen atmosphere. After 48 h at room temperature, the clear 
solution is treated with 5 mL of 6 N NaOH and 4 mL of H2O2 (110 vol). 
After the usual workup, the oily substance is separated by chroma
tography on silica gel. A mixture of A3 and A4 olefins is eluted first, 
followed by the expected primary alcohol 11 (2.02 g).

A careful analysis (TLC) indicated that two isomers (roughly 3:1) 
(ft/ 0.55 and 0.58, hexane/diethyl ether, 7:3) are formed. However, they 
could not be separated in a preparative scale. NMR (CCI4): 1.13 and
3.66 (minor compound), 1.01 and 3.66 ppm (major compound).

Aldehyde 12. (a) The preceding alcohol mixture (0.476 g) and 15 
g of Ag2CO.-j/Celite in 100 mL of benzene are refluxed under argon for 
24 h. After filtration of the solid, evaporation of benzene, and chro
matography of the resulting oil, 0.242 g of aldehyde 12 (a mixture of 
axial and equatorial isomers) is obtained.

(B) The alcohol mixture (0.473 g) is oxidized by Collins reagent

(from 1.2 g of CrO;, and 1.9 g of pyridine in 30 mL of CH2CI2) for 15 
min at room temperature. After the usual workup, the mixture of the 
axial and equatorial aldehydes is separated by preparative thin-layer 
chromatography; 0.115 g are thus obtained: IR 1710 cm-1 (i> C = 0 ); 
NMR 0.98 (s, 10-CH.-,), 3.68 (OCH;1), 9.89 ppm (br s, -CHO) (major 
compound); NMR 1.06 (s, 10-CH;,), 3.68 (OCH;,), 9.68 ppm (d, J =
1.0 Hz, -CHO) (minor compound).

O-Methylpodocarpinal-lS-d%  (13). A mixture of the preceding 
aldehydes (0.158 g) in 22 mL of dry DMF was added dropwise, under 
argon, to 22 mL of a solution of 0.028 M of triphenylmethyl sodium 
in diethyl ether.30 Freshly distilled methyl-cf, iodide (3 mL) was 
added. The reaction mixture was refluxed for 15 h, and then poured 
in 120 mL of 3 N hydrochloric acid. After the usual workup and 
chromatography on silica gel, 0.088 g of the crystalline aldehyde was 
isolated. It was recrystallized twice in hexane/diethyl ether: mp 
135-137 °C (nondeuterated podocarpinal, mp 135-136 ° C ); IR (CCD 
2214 (t, -CD:i) and 1713 cm“ 1 (c C = 0 ); NMR (CC14) 1.04 (IO-CH3),
9.70 ppm (CHO, d, J = 1.25 Hz); NMR (CDC1;,) 1.06 (IO-CH3), 9.65 
ppm (d, J = 1.25 Hz, CHO).

Podocarpinol- 18 - d s  O-Methyl Ether. Podocarpinol-i8-d;, (0.042 
g) in 6 mL of diethyl ether was reduced at 0 °C by 0.05 g of LiAlH4 in 
8 mL of diethyl ether. The resulting alcohol (oil, 0.042 g) was purified 
by TLC and crystallized as white needles: mp 88.5-90 °C (hexane); 
IR (CCI4) 3608 cm“ 1; NMR (CC14) 1.19 (10-CH;,), 3.78 ppm (s, OCH3); 
NMR (CDC1:1) 1.20 (s, IO-CH3), 3.78 ppm (s, OCH3).

N O E Measurements. Nuclear Overhauser effect measurements 
have been carried out in the CW or FT modes either on a Varian HA 
100 or a Varian XL-100. The concentrations of the samples were 0.25 
X 10-4 mol/L (FT mode) and 1 X 10-4 mol/L (CW mode). The solu
tions were degassed three times and the tubes were sealed.
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Alkyl isocyanates la-c and the ortho-blocked aryl isocya
nate Id react with 1-diethylaminopropyne to give ketenim- 
ines.,i The products are easily identified by their characteristic 
infrared absorption bands just above 2000 cm-1 . Reactions 
with aqueous acid and acetic acid parallel those previously 
reported for ketenimines.4

In contrast to these 2 +  2 additions to the C -0  tr bond, aryl 
isocyanates typically give solvent-dependent product mixtures 
from competing 2 +  2 and 4 +  2 additions involving the C -N  
it bond,5® and other conjugated isocyanates undergo 4 +  2 
additions.5 The C -0  w bond involvement is not unique, 
however. One example involving phenyl isocyanate and a

R— N = C = 0  +  CH,— C = C — NEt2
la , R = Me 2

b, R = Et
c, R = n-Bu
d, R = 2,6-M e2Ph

RN.

CH,

VJ

;
NEt,

RN.

•c - \/
CH, NEt,

„CONHR
4b,c CH:,CH

4c, 1 ! ^  CH,CH'
\

\ x > N E t2
5b,c

,CONAc(CH,)„CH,

CONEtj

6c

cyanoynamine has been reported,6 and a reexamination of the 
reaction of phenyl isocyanate with 2 indicates that in CCI4 a 
ketenimine (IR 2010 cm-1 ; NM R h 1.92 (s)> forms and dis
appears in the reaction mixture. We have not been able to 
determine the fate of the ketenimine.

These reactions are very solvent dependent. In acetonitrile, 
phenyl isocyanate and 2 react rapidly to produce the 4 +  2 
adduct. No intermediates are detectable by IR or NMR. 
Ketenimine 4d also forms rapidly and in high yield in aceto
nitrile but slowly and in poor yield in CCI4. Solvent effects are 
expected to be significant for reactions which proceed through 
zwitterionic intermediates such as 7,7 and ynamine reactions

R N - .- ,  - 0
V "

A ,
CH, C,V

NEt.
7

are characteristically solvent sensitive.8 For that reason it was 
surprising to find that the alkyl isocyanate reactions did not 
show either product or significant rate dependence on sol
vents. The rate of the reaction of 2 with methyl isocyanate was 
followed by NMR and found to be first order in each reactant 
with rate constants as shown in Table I. The factor of 8 dif
ference between rate constants in benzene and acetonitrile at 
34 °C can be compared to factors of 103-1 0 4 for tetracyano- 
ethylene/enol ether additions for which a zwitterionic inter
mediate has been established.7 From the temperature de
pendence of the rate constant in benzene, values of 13 ±  2 
kcal/mol and —31.5 ±  5 eu can be derived for the activation

Table I. Solvent and Temperature Dependence of Rate 
Constants for Formation of 4a

Solvent O O k X 104, M “ 1 s' 1

C6Hfi 16 0.45 ±  0.05
c 6h 6 34 1.8 ± 0.1
c 6h 6 56 8.8 ±  0.5
CfiHftN0 2 34 9.5 ±  1.0
C6H5CN 34 8.0 ±  0.5
CD;|CN 34 15.3 ±  1.6
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shown that simple 1,2"  shifts are responsible for the fluxional 
behavior of 1 and its analogues/ 1 Complex 1 was first con
verted, via protonation in etheral solution of fluoroboric acid, 
into a tetrafluoroborate salt by Schrauzer and thought to be 
cyclooctatrienyliron tricarbonyl cation 2. 6 A year later, Dav
ison, McFarlane, Pratt, and Wilkinson refuted structure 2 and 
unequivocally presented structure 3 to be the actual cation 
formed.7 At even lower temperature (—120 °C), Brookhart and 
co-workers were able to obtained the monocyclic cycloocta
trienyliron tricarbonyl cation 4 initially formed from 1 by 
protonation in FSOgH-SOaFa solution.8 Structure 4 was 
confirmed by their proton NMR spectroscopic study. Fur
thermore, upon warming the solution of 4 to —60 °C, cation 
3 was quantitatively formed via a first-order electrocyclic 
ring-closure reaction.

Our recent report of the |:,C NM R study of a-v  complex 
formation in strong acid solution9 prompts us to describe the 
13C NM R study of protonated cyclooctatetraeneiron tricar
bonyl 1 under stable ion conditions.

Results and Discussion

13C NMR Spectroscopy Study of Protonated Cyclooc
tatetraeneiron Tricarbonyl at —120 °C. Cotton50 and 
Giacometti5'' separately reported the 13C NMR spectra of 
cyclooctatetraeneiron tricarbonyl 1 at various temperatures. 
1 shows only a doublet at <> 102.1 (Jch = 160 Hz) and a car
bonyl singlet at <5 213.5 at 0 °C. The doublet splits into four 
doublets at ri 128.8,122.6, 92.5, and 63.7 at —120 °C, while the 
carbonyl splits into two singlets at b 214.0 and 211.7 in a ratio 
of 2:1. Addition of the solution of 1 in SCBCIF to FSOgH-

19 . 9 . 6

SOiClF at —120 °C results in a light-yellow solution which 
gives an ’ H NMR spectrum identical with that reported by 
Brookhart.8

The proton-decoupled 1 :'C NMR spectrum of 4 in 
FSOnH-SOzClF solution at —90 °C consists of eight carbon 
resonances in the organic region and three in the carbonyl 
region. According to the off-resonance 13C NM R spectrum, 
the signal at 6 25.3 is a triplet which naturally can be assigned 
to the methylene carbon Cg. The two lowest field shifts <5118.5 
and 129.4 (both are doublets) in the olefinic region can be

<CO)3
4

positions 5 ,3C
1.5 70.9 (d, 159.7 Hz)

73.4 (d, 158.2 Hz)
2,4 94.1 (d, 174.5 Hz)

98.1 (d, 173.0 Hz)
3 105.7 (d, 184.0 Hz)
6 129.4 (d, 161.0 Hz)
7 118.5 (d, 170.7 Hz)
8 25.3 (t)

Fe
(CO);l

5

6l3C
65.4 (d d, 165, 4, 164.4)

104.6 (d m, 170.8)
98.6 (d t, 180.3)

attributed to Cg and C7 since they resemble the olefinic carbon 
(uncomplexed) atoms (Cs-Cg) of 1. Cg should experience in
ductive deshielding from the neighboring positive charge more 
than C7 does. The lower field shift at 6 129.4 is thus assigned 
to Cg. The other five carbon shifts at higher field are divided 
into three groups: b 94.1 and 98.1 (both show J ch ~  174 Hz),
70.9 and 73.4 (JCH ~  160 Hz), and 105.7 (JCH = 184.0 Hz). 
These shifts are assigned to the five pentadienyl carbon atoms 
(C1-C 5) since they are apparently complexing with Fe(CO)g 
which induces substantial shielding toward these carbon 
atoms. This is clearly seen in the case of the open-chain ana
logue 5 previously reported by us.9 The terminal positions (C, 
and C5) in ion 5 show the smallest magnitude of J ch (in Hz), 
and the central position (Cg) shows the largest value of J ch- 
According to this order, chemical shifts are assigned to ion 4 
as shown. The 13C NMR thus confirms 4 as the initially 
formed ion from 1 and the former contains a methylene group 
and an olefinic bond remaining intact by the iron tricarbonyl 
group. Other structures such as 6 or 7 can be excluded.

6 7
Thermal Rearrangement of the Protonated Cyclooc

tatetraeneiron Tricarbonyl. When the solution of proton
ated cyclooctatetraeneiron tricarbonyl 4 was allowed to stand 
at —60 °C, a clean transformation of the ion took place giving 
the bicyclo[5.1.0]octadienyliron tricarbonyl cation 3.8 The 
eight carbon resonances in the organic and three in the car
bonyl region originally present in the 13C NMR spectrum of 
4 are now replaced by five and three carbon resonances, re
spectively. In the proton-coupled 13C NMR spectrum the two

47.0(t, 1652)

3

8
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Table I. 13C Chemical Shifts of Carbonyl Groups of Olefiniron Tricarbonyls and Their Related Ions

ò 13C CO, ppm 3 4 5 10 11 12 13 14 15 16 17 18

Apical or axial 210.0 206.2 206.0 209.0° 218.3° 207.5 208.1 207.9 203.1 205.9'h 202.7 205.6
Basal or 196.3 198.4 197.3 209.0° 218.3“ 198.1 198.4 198.2 196.0 204.6 8 200.0 191.3

equatorial 199.0 198.5 199.2 205.5'’

° Averaged shift at —90 °C in S 02 solution. b Interchangeable values.

high-field signals at ¿me 35.8 and 47.0 are a doublet and a 
triplet, respectively. These are assigned to the cyclopropane 
ring carbons formed via a first-order electrocyclic ring closure 
reaction.8 They are substantially deshielded from other 
neutral cyclopropane-ring carbons, obviously due to charge 
delocalization into the three-membered ring. They do, how
ever, show chemical shifts in the aliphatic region which con
firm the assigned structure 3 for the observed ion. Otherwise 
in a complexed homotropylium ion 8 both Ci and C7 should 
have chemical shifts of about 5isc 100 (olefinic region). The 
NMR data thus exclude the homotropyliumiron tricarbonyl 
ion 8 structure. Using 5 as the model ion, the chemical shifts 
for ion 3 are summarized as shown.

Study of the Carbonyl Absorptions. In recent carbon-13 
NMR studies of the fluxional behavior of 1,3-dieneiron tri
carbonyl complexes, only two resonances were observed in the 
carbonyl region, even at temperatures below —90 °C, usually 
in a ratio of 2:1, corresponding to the basal and apical carbonyl 
groups, respectively.11 1,3-Butadiene 10 and norbornadiene 
11-iron tricarbonyls both undergo fast fluxional exchange and 
even at —90 °C they only show a single averaged carbonyl shift 
at rmr 209.0 and 218.3, respectively.98 Upon protonation, i.e., 
15 from 10 in excess acid, 16 (the neutral HC1 adduct) from 
HC1 solution, and 18 from 11, the octahedral organoiron tri
carbonyl cations show either two or three carbonyl absorptions 
depending whether they are symmetrical or unsymmetrical. 
For example, 15 and 16 are unsymmetrical and thus they show 
one axial and two equatorial carbonyl resonances. The former 
is found more deshielded than the latter. On the other hand, 
the symmetrical ion 18 which undergoes fast equilibration 
shows only one axial and one equatorial carbonyl absorption 
in a ratio of l:2.9a The symmetrical <r-ir complex ion 17 derived 
from cyclobutadieneiron tricarbonyl via protonation also 
shows two carbonyl resonances915 (Table I).

For organoiron tricarbonyl complex ions 3-5  and 12-14 
which adopt tetragonal-pyramidal configuration, the possi
bility arises of observing apical and both of the basal carbonyl 
absorptions, which indeed was the case. This depends, how
ever, on whether the complexed ions are symmetrical or un
symmetrical. The carbonyl shifts of these ions are summarized 
in Table I.

Chemical shifts of the carbonyl carbons in transition-metal 
carbonyls are sensitive to the electron density on the metal 
atom.12 The less the positive charge on the metal atom, the 
more carbonyl groups become shielded. The shieldings found 
for the basal (tetragonal-pyramidal configuration) and 
equatorial (octahedral configuration) carbonyl groups thus 
indicate significant positive charge density on iron. Contri
bution to the total shielding due to other factors (i.e., aniso
tropic shielding from organic moiety) should also be consid
ered. However, the neutral species 10,11, and 16 which do not 
bear formal positive charge on iron only display unchanged 
carbonyl absorptions (relative to their parent neutral iron 
carbonyl complexes). This indicates that the development of 
positive charge density on iron arising from strong complex- 
ation between the olefinic and iron tricarbonyl groups may 
be the key factor toward the total shielding of the carbonyl 
absorptions for organoiron tricarbonyl complexed ions.

apical
CO

tetragonal pyramid

apical
CO

I
^Fe-.

basal

tetragonal pyramid 

4, R =

3, R =

axial
CO

equatorial ^

octahedral

17, R =  ^ X ^ > )X  =  H

18, R = V. +
H H

;/ ■ X =  H

Experimental Section

Cyclooctatctraeneiron Tricarbonyl 1 was prepared according 
to the literature procedure. “'

Protonation of Cyclooctatctraeneiron Tricarbonyl (I) in 
FSOiH-S02ClF Solution at —120 "C. Ion 4 was prepared by addi
tion of 1 in SO;ClF solution to excess FSOaH SO-jOIF solution with 
vigrous stirring at ethanol -liquid nitrogen hath temperature tea. - 12 0  
°C) under drv-nitrogen atmosphere to give an approximately 5"i. so-



Notes J. Org. Chem., Vol. 42, No. 26,1977 4265

lution of 4. The yellow solution formed this way was then transferred 
under dry nitrogen into a precooled NMR tube.

The Thermal Rearrangement of 4 to Bicyclo[5.1.0]octadien- 
yliron Tricarbonyl Cation 3. When a solution of 4 was allowed to 
warm up to —60 °C, 'H NMR signals due to ion 4 completely disap
peared and were replaced by those of 3 formed quantitatively.

1 •1C N M R  Spectroscopic Study. The 13C NMR spectra were ob
tained using a Varian X L -100-15 NMR spectrometer equipped with 
FT accessory, spin decoupler, and a variable temperature probe. A 
Varian 620L computer was used to accumulate data. An external lock 
(fluorobenzene) was used and all chemical shifts are referred to the 
13C signal of the enriched (5) MeiSi capillary.
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A Synthesis of
6 -Hydroxy-l-benzoxepin-3,5(2ff,4 H)-dione
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I'oin te Claire/Dorval. Q uebec H9R IDS, Canada.

R eceived  du ne 2, 1977

Recently, a relatively large quantity of the known ethyl
4-hydroxy-3-methyl-2-benzofurancarboxylate ( 1) was re-

Scheme I

4
57.6 %

quired. Repetition of Whalley’s1 procedure in a modified form 
afforded not only 1 in 31.4% yield, but three additional 
products (see Scheme I). Two of these, (2-acetyl-3-hydroxy- 
phenoxy)acetic acid (2) and 4-hydroxy-3-methylbenzofuran
(3) isolated in 31 and 6.9% yields, respectively, had been re
ported by Whalley.1 Compound 3 could also be formed from 
2 when the latter was heated with acetic anhydride.1 The 
fourth product, identified as the hitherto unknown 6-hy
droxy-l-benzoxepin-3,5(2/7,4/7)-dione (4), was isolated along 
with 2 and 3 after silica gel column chromatography in 4.2% 
yield. The assignment of structure to 4 was based on micro
analysis, NMR, IR, UV, and mass spectrometry. Spectral 
evidence supports the diketo form rather than the enolic in 
both the solid state and in solution. Thus, the NMR spectrum 
exhibits two -C H v- peaks at 5 4.32 and 4.50 and one ex
changeable proton at b 12.31. Similar conclusions have been 
reported for the structure of l-benzoxepin-3,5 (2 //,4 //) -  
diones.2 :i The pK.A of 4 is 4.83— presumably representing 
dissociation of the diketone function.

When ester 5 was allowed to react with sodium ethoxide in 
dry toluene, 4 was obtained in 57.6% yield. However, similar 
treatment of ethyl 2-(2-acetylphenoxy)acetate (6) gave only 
the benzofurans 8 and 9, and no l-benzoxepin-3,5(2 /7 ,4 //)- 
dione (7) was observed. It thus appears that the phenolic hy
droxyl plays an essential role in the formation of the benzox- 
epin 4. Compound 4 remained unchanged after heating at 65 
°C in sodium ethoxide-ethanol. Thus, 4 is not an intermediate

Scheme II
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which in the ethanolic medium can serve as a precursor of 1, 
2, and/or 3.

Tyman and Pickles2 have reported the preparation of 1- 
benzoxepin-3,5(2/i,4i/)-diones by treatment of 2-acetyl- 
phenoxyacetic esters with either ethanolic sodium ethoxide 
or phosphorous oxychloride in benzene. However, yields ap
parently were low. The high yield of 4 obtained in our work 
using sodium ethoxide in toluene is therefore unique, and is 
dependent on the acidic group ortho to the ketone combined 
with the aprotic solvent medium (toluene).1’ We attribute the 
facilitation of benzoxepin formation to the presence of an 
unsolvated phenolate anion which will deactivate the adjacent 
ketone to nucleophilic attack. Interaction of the anion formed 
from the methyl group, adjacent to the ketone, on the ester 
carbonyl can then predominate.

Experimental Section
Melting points were taken on a Thomas-Hoover Uni-melt appa

ratus and are.uncorrected. Ultraviolet spectra were recorded on a 
Perkin-Elmer 202 spectrophotometer. Infrared spectra were deter
mined on a Perkin-Elmer 257 spectrophotometer. Nuclear magnetic 
resonance spectra were obtained with a Varian EM 360 spectrometer 
with MeiSi as an internal reference. Mass spectral analyses were 
provided by Morgan-Schaffer Corp., and elemental microanalyses 
were carried out by Dr. C. Daessle. The pK„ determination was per
formed by Mr. S.-C. Ho in these Laboratories.

Cyclization of Ethyl 2-(2-Acetyl-3-hydroxyphenoxy)acctate 
(5) with Sodium Ethoxide in Ethanol. The compound 51 (23.8 g, 
0.1 mol), dissolved in 600 ml, o f ethanol containing 2.3 g of reacted 
sodium, was stirred overnight at room temperature. The solution was 
heated at 80 °C for 3 h and then evaporated. The residue was parti
tioned between ethyl ether and water. The aqueous fraction was 
acidified and extracted with diethyl ether, and the ethereal extract 
was evaporated to give 10.4 g of a brown solid. The solid was triturated 
with benzene to afford 6.52 g (31%) of semipure 2-acetyl-3-hydroxy- 
phenoxyacetic acid (2), mp 183-188 °C. A recrystallization raised the 
melting point to 193-195 °C (HjO) (lit.7 mp 193-194.5 °C): IR (KBr) 
1785, 1630, 1605, 1480, 1262, 1213 and 1120 cm“ 1; NMR (Me^SO-d,;) 
fi 2.62 (3 H, s), 4.75 (2 H, s), 6.53 (2 H, m), and 7.4 (1 H, t). Evaporation 
of the combined benzene and the first ethereal extracts gave 12.2 g 
of a solid which was chromatographed on silica gel (60-200 mesh). 
Elution with benzene-ethyl acetate (changing from a ratio of 1:99 to 
1:1) afforded three major fractions. The first fraction of 1.02 g (6.9%) 
was crude 4-hvdroxy-3-methylbenzofuran (3), which afforded needles: 
mp 110-112 °C (lit.1 mp 111 °C) (CeH^-petroleum ether); IR (KBr) 
3300 (hr), 1640. 1620, 1600, 1480, 1470, 1332. 1260, 1220, 1109, 1040, 
790, 746; NMR (CDC1:1) n 2.34 (3 H, s), 5.03 (1 H, s) (exchanged with 
IDO), 6.52 (1 H, m), 7.03 (1 H, s), and 7.2 (2 I), m). The second fraction 
afforded 340 mg (2.3%) of 6-hydroxy-l-henzoxepin-3,5(2H,4H)-dione
(4) ; mp 139-141 °C (C(iH(1-petroleum ether); UV (EtOH) \milx 217 
nm (< 15 100), 226 (< 14 800), 266 (< 10 235), and 341 (< 4100); IR (KBr) 
1740, 1630, 1603,1555,1538,1455,1232,1058,970, 790, and 740 cm "1; 
NMR (CI)Ol.,) b 4.32 (2 H, s), 4.50 (2 H, s). 6.78 (2 H, m), 7.45 (1 H. m), 
and 12.31 (1 H, s) (exchanged with IDO); mass spectrum m/e 192 
(M +), 150 (M + -  C-.H-O), 121 (M + -  ( ' l l  O n

Anal. Calcd for C mH«0., (192.17): C, 62.50; H, 4.20. Found: C, 62.43; 
H. 4.33. pK a = 4.83. A second crop of 4 was obtained in a 280-mg 
(1.9%) yield, mp 136-139 °C.

The third fraction gave 6.91 g (31.4%) of ethyl 4-hydroxy-3- 
methyl-2-benz.ofurancarboxylate (1): mp 157-159 °C (lit.1 mp 155 °C) 
(C’ ,;Hi;-petroleum ether); IR (KBr) 3290. 1690, 1622. 1592, 1460, 1392, 
1283, 1190, 1065 and 752 cm -1 ; NMR (MejSO-d,;) !> 1.33 (3 H, t), 2.68 
(3 H, s). 4.32 (2 H, q), 6.72 (1 H, m), 7.2 (2 H, m), and 10.28 (1 H, hr) 
(exchanged with DaO).

The compound 4 (19.2 mg, 0.1 mmol) dissolved in 2 mb of absolute 
ethanol containing 2.3 mg (0.1 mmol) o f sodium was stirred at room 
temperature for 60 hand then heated at 65 °C for 3 h. Monitoring bv 
TLC indicated no change. The product, isolated by acidification and 
evaporation, was shown by NMR analysis to be unchanged 4.

Cyclization of Ethyl 2-(2-Acet.vl-3-hydroxyphenoxy)acetate
(5) with Sodium Ethoxide in Toluene. The compound 5 (476.4 mg, 
2 mmol) was refluxed for 24 h in a suspension of sodium ethoxide (56.5 
mg. 2.3 mmol) in 10 ml, o f toluene. The reaction mixture was evapo
rated and acidified, and the chloroform extract was washed with 5% 
sodium bicarbonate solution and then with water, dried (Na,S()|). 
and evaporated to give 300 mg of solid product. The solid gave 221 mg

(57.6%) of 4 (C(;H(i-petroleum ether), identical to the sample described 
in the preceding experiment.

Cyclization of Ethyl 2-(2-Acctylphenoxy)acetate (fi) with 
Sodium Ethoxide in Toluene. Similarly, a mixture of 11.10 g (50 
mmol) o f 6,8 sodium ethoxide (from 1.26 g of sodium), and 50 ml, of 
toluene was refluxed for 1.5 h. The solvent was removed in vacuo and 
the residue partitioned between water and chloroform. The dried 
chloroform extract afforded 1.96 g (17.5%) of ethyl 3-methyI-2-ben- 
zofurancarboxylate (8), mp 48-50 °C (lit.'1 mp 49-51 °C). The aqueous 
extract, was acidified, and the resulting solids were collected and 
crystallized to give 4.12 g (42.6%) of 3-methvl-2-benzofurancarbox- 
ylic acid (9), mp 187-190 °C (lit.1' mp 192-194 °C).

Registry No.— 1, 3781-69-9; 2, 3361-22-6; 3, 3610-15-9; 4, 63815-
26-9; 5, 6769-65-9; 6, 63615-27-0; 8, 22.367-82-4; 9, 24673-56-1.
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Synthesis of Aromatic Hydrocarbons and Alcohols by 
Tandem Phenylation-Reduction 

of Esters and Lactones'
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This laboratory has been exploring the potential applica
tions of tandem alkylation-reduction of aromatic carbonyl 
systems'2 and phenylation-reduction of aldehydes and ke
tones1-4 as a convenient method of preparing aromatic hy
drocarbons. The method involves the lithium-ammonia- 
ammonium chloride reduction of a henzyl alkoxide generated 
in situ by alkylation. Since the entire sequence is performed 
in the same reaction vessel without the isolation or purification 
of intermediates, the total synthesis consumes only a few 
hours and the isolated yield of the product is usually good. 
Herein we extend the application of this tandem phenyla
tion-reduction procedure to esters and lactones.

Since subjecting esters and lactones to an excess o f phen- 
yllithium results in the formation o f a henzyl alkoxide (a
1.1- diphenyl 1-alkoxide), these carbonyl systems seemed 
appropriate starting materials for the synthesis of 1,1-di
phenyl hydrocarbons and alcohols using this tandem se
quence. The results are listed in Table I. Esters yield the 
corresponding 1,1-diphenyl hydrocarbons. Two examples are 
given. Phenylation-reduction of ethyl acetate (1) yielded
1.1- diphenylethane (9) and methyl benzoate (2) yielded tri- 
phenylmethane (10).

Phenylation-reduct ion of lactones, on the ot her hand, yields 
the corresponding diphenyl alcohols. For example, y-butyr- 
olactone (3) yielded 4,4-diphenyl-1-butanol (ID.  Related
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Table I. Phenylation-Reduction of Esters and Lactones0

Ester or lactone
Registry

no. Product*
Registry

no.
Yield

c d

Ethyl acetate (I ) 141-78-6 1,1-Diphenvlethane (9) 612-00-0 80 70e
Methyl benzoate (2) 93-58-3 Triphenylmethane (10) 519-73-3 89 84 f
■y-Butyrolactone (3) 96-48-0 4,4-Diphenyl-l-butanol (11) 56740-71-7 92 69«
y-Valerolactone (4) 108-29-2 5,5-Diphenyl-2-pentanol ( 12) 63797-58-0 70 55*
«-Methvl-y-butyrolactone (5) 1679-47-6 3-Methvl-4,4-diphenyl-l-butanol (13) 63797-59-1 95 45'
y-Phenyl-7 -butyrolactone (6) 1008-76-0 1,1,4-Triphenylbutane (14) 33885-06-2 90 65
Dihydrocoumarin (7) 119-84-6 o-(3,3-Diphenylpropyl)phenol ( 15) 63797-60-4 95 86
Coumarin (8) 91-64-5 o-(3,3-Diphenylpropyl)phenol (15) 98 78 f

° See Experimental Section for details. h Products 9,10,14, and 15 gave satisfactory composition analyses (±0.4% for C, H ). '' Analyzed 
by GLC (% of volatiles). d Isolated by column chromatography unless stated otherwise. e Isolated after column chromatography followed 
by evaporative distillation, i Isolated after recrystallization. « An inseparable mixture of 11 (98%) and the overreduced dihydro and 
tetrahydro compounds (ca. 1% each). h An inseparable mixture of 12 (90%) and the overreduced dihydro (3%) and tetrahydro (7%) 
compounds. ' An inseparable mixture of 13 (96%) and the overreduced dihydro and tetrahydro compounds (ca. 2% each).

examples appear in Table I. y -Phenyl-y-butyroIactone (6 ) 
yielded the aromatic hydrocarbon 1,1,4-triphenylbutane (14) 
since both alkoxides are benzylic and reduce during the re
duction sequence. Only one lactone, « .«-d iph en y l-y -b u tyro - 
lactone (not shown in Table I), was found not amenable to this 
procedure. This was evidently because o f its resilience to 
phénylation during the first step for steric reasons. The 
products from a few o f  the lactones, notably alcohols 12 and 
13, were contam inated (N M R  and G C -M S  analyses) with 
small amounts o f  overreduction products (see footnotes to 
Table I ).

Phenylation-reduction o f  the phenolic lactones dihydro- 
coumarin (7) and coumarin (8) both resulted in the formation

Et-0 { g a l

o f o-(3,3-diphenylpropyl)phenol (15). This result is expected 
since the intermediate from coumarin is a styrene system that 
will reduce rapidlyf’ to the saturated phenol derivative 15.

csa,Li
Et.O

Although some o f  the isolated yields o f  the alcohols and 
hydrocarbons listed in Table 1 are only moderate, the avail

ability o f the starting materials and efficiency (time, energy, 
cost) o f  this one-pot synthesis make this tandem sequence a 
very useful method for the synthesis o f  these structural 
types.

Experimental Section*1

General Comments. See ref 4 for general experimental comments. 
Compounds 1-5  were distilled just prior to use. Gas chromatography 
(GLC) analyses were performed on 120 X 0.2 cm (i.d.) glass columns 
packed either with 3% silicon gum rubber OV-17 (methylphenyl) or 
3% silicon gum rubber SE-30 (methyl) supported on 100-120 mesh 
HP Chromosorb W (AW, DMCS). Purification of each product by 
column chromatography was accomplished on chromatographic grade 
activated alumina (80-325 mesh, Matheson Coleman and Bell) grade 
1 (for the hydrocarbons) and grade 111 (6% H20, for the alcohols) by 
elution with petroleum ether and petroleum ether-Et20. Evaporative 
distillations, sometimes necessary for microanalyses, were performed 
in a Kiigelrohr oven. The assigned structure of each product was 
consistent with the spectral data and some were compared with au
thentic samples. The phenylation-reduction of coumarin (8) is de
scribed, in detail, to illustrate the procedure.

Phenylation-Reduction of Coumarin (8). o-(3,3-Diphenyl- 
propyl)phenoI (15). To a metal-ammonia reaction vessel containing 
a stirred mixture of 350 mg (50.0 mg-atoms, ca. 25 pieces) o f lithium 
foil in 10 mL of anhydrous ether was slowly added (ca. 10 min)7 a so
lution of 1.962 g (12.50 mmol) of bromobenzene in 10 mL of ether. 
After 50 min, the reaction mixture was diluted with 10 mL of ether 
and then cooled to ca. —70 °C (dry ice-acetone bath). A solution of 
730 mg (5.00 mmol) of coumarin (8) in 20 mL of ether was slowly 
added (ca. 15 min) and after 10 min the cooling hath was removed and 
the mixture was stirred for 50 min. After a further dilution with 25 
mL of ether, ca. 75 mLof ammonia was carefully distilled8 (15-20 min) 
into the mixture and after 30 min the dark blue color of the reaction 
mixture was discharged by the addition9 (5-10 min) of excess am
monium chloride (ca. 1.8 g). After the ammonia had evaporated the 
residue was partitioned between ether and brine. The organic phase 
was dried (MgSCh), filtered, concentrated at water aspirator pressure, 
and then analyzed (GLC). The crude yellow viscous oil (1.440 g) 
crystallized as white needles (1.123 g, 78%) from benzene-petroleum 
ether: mp 65-66 °C; IR (film) 3550, 3440 (hr), 1600, 1500,1460, 750, 
700 c m '1; NMR (100 MHz, CDCla, 25 transients) /> 7.24 (10 H, ap
parent s), 7.1-6.6 (4 H, complex m), 4.84 (1 H. broad s, exchangeable 
with D20), 3.93 (1 H, t,J  = 7.5 Hz), 2.6-2.3 (4 H, complex m); MS m/c 
(rel intensity) 288 (M+, 3), 167 (95), 121 (100), 77 (81). Anal. Calcd 
for C21H2nO: C, 87.46; H, 6.99. Found: C, 87.57; H, 7.10.
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Table I. Oxidation of Cyclohexene: Comparison of Reaction Conditions0

Entry
Ag2C r04,

equiv
I2,

equiv Solvent
React, condns, °C 

(period, min)
Yield,6 % 
5 6

1 2.0“ 1.0 THF 0 (30), rt (30) 35 10
2 3.0 1.0 THF -1 0  (10), 0(50) 41 18
3 3.0 1.0 THF 0 (5), rt (90) 52 26
4 6.0 1.0 THF 0 (10), rt (60) 61d 15d
5 3.0 1.0 DME 0 (180), rt (240) 40
6 3.0e'*' 1.0 CsH6 rt (60) 46
7 1.1e '” 1.1 CH2C12 0 (20), rt (40) 51
8 2.0''''' 1.1 CH2C12 0 (5), rt (60) 65
9 l . W 1.5 CH2CI2 0(15), rt (45) 63

10 1.1<•/ 1.5 CH2CI2 0 (30), rt (60) 60d

° Reactions were carried out in 1-mmol scale. 6 Yield determined by NM R using pyrazine or 1,1,2,2-tetrachloroethane as internal 
standard. ‘ Molecular sieves (0.5 g) were used. d Isolated yield. e In the presence of pyridine (1.0 equiv). f In the presence o f pyridine 
(0.5 equiv).

Table II. Oxidation of Olefins with Silver Chromate—Iodine“

Y ield ,“
Entry Olefin Registry no. a -Iodo ketone , b Registry no. %

11 Cyclohexene 110-83-8 35365-19-6 60

12 C yclooctene 931-88-4
u

0
II

63641-49-6 65

13 1-Octene 111-66-0 C6H ,,C CH 2I
0

63641-50-9 74

14 1-Octadecene 112-88-9 C 16H33CCH2I
0
II

63641-51-0 65

15 Styrene 100-42-5 PhCCH2I
0
j

4636-16-2 86

16 Cinnamyl acetate 103-54-8 PhCCHICH2OAc
O

63641-52-1 82

17 Allyl benzoate 583-04-0 BzOCH2CCH2I
0

27933-28-4 49

18 2,3-D ihydro-4//-pyran 110-87-2 ? v 63641-53-2 39

a Reactions were carried out in 2—3-mmol scale. 6 All products were characterized by IR, NMR, and mass spectra. c Iso
lated yield.

sion, which was stirred for 20 min at 0 °C. Then, the cooling bath was 
removed and the reaction mixture was stirred for an additional hour 
at room temperature.

The dark-brown mixture was filtered through a pad of Celite. The 
filtrate was washed with 5% aqueous Na2S20:i and saturated aqueous 
NaCl, and dried (MgSOd. The crude product (668 mg) obtained after 
concentration was purified on column chromatography (ca. 20 g of 
silica gel: elutant, hexane/ether 90/10)12 to give the title compound 
(636 mg, 86%) as a slightly yellow oil, which on cooling crystallized: 
mp (hexane) 34.0-34.5 °C;1:i IR (neat) 1685 cm-1 (vs, C = 0 ); NMR 
(CC14) 4.25 (s, 2 H, CH JCO-), 7.28-7.65 (m, 3 H, aromatic), 7.87-8.10 
ppm (m, 2 H, aromatic); MS m/e (rel intensity) 246 (M+-, 18), 119 
(M + --I ,13), 105 (M +- -CH 2I ,20), 77 (Ph + , 100), 51 (M+- -C 2H2CO- 
H2I, 40).

2-Iodocyclohcxanone. The reaction was carried out in a 2-mmol 
scale, and the title compound (268 mg, 60%) was obtained: bp 54 °C/1 
mm;14 IR (neat) 1710 cm“ ' (vs, 0 = 0 ) ;  NMR (CC14) 1.50-2.55 (m, 8 
H. -CH 2-, -CH>CO ), 4.45-4.70 ppm (m, 1 H, -CHICO-); MS m/e 
(rel intensity) 224 (M+- 67), 97 (M +- -I, 100), 55 (M +- -O H 6I, 100), 
42 (M+- -CuHnOI, 36).

2-Iodocyclooetanone. The reaction was carried out in 3-mmol 
scale, and the title compound (429 mg, 65%) was obtained: bp 58 
°C/1.5 mm; IR (neat) 1700 cm-1 (vs, C = 0 ); NMR (CCI4) 1.15-2.60

(m, 12 H, -CH 2-, -CH 2CO-), 4.50 ppm (dd, 1 H, J = 13 and 5.5 Hz, 
-CHICO-); MS m /e (rel intensity) 252 (M+- 11), 125 (M+- -I, 22), 70 
(M+- -C 3H3OI, 8), 55 (M+- -C 5H51, 100).

l-Iodo-2-octanone. The reaction was carried out in 3-mmol scale, 
and the title compound (566 mg, 74%) was obtained: bp 63 °C/1 mm; 
IR (neat) 1715 cm" 1 (vs, C = 0 ); NMR (CC14) 0.75-1.75 (m, 13 H, 
-C H 2-, -CHs), 2.67 (t, 2 H, J = 7 Hz, -CH 2CO-), 3.70 ppm (s, 2 H, 
CH2ICO-); MS m/e (rel intensity) 254 (M+- 9), 184 (M+- -C SH10, 20), 
169 (M+--C 6H13, 8), 127 (M +--I, 23), 113 (M +--C H 2I, 100), 85 
(M+--C 0C H 2I, 59).

1 -  Iodo-2-octadecanone. The reaction was carried out in 3-mmol 
scale, and unreacted 1 -octadecene (20 mg, 3%) and the title compound 
(765 mg, 65%) was obtained: mp 66-66.5 °C (hexane); IR (nujol) 1715 
cm“ 1 (vs, C = 0 ); NMR (CDCl:i) 0.75-1.75 (m, 31 H, -CH 2-, -CH.0,
2.72 (t, 2 H J = 7 Hz, -CH2CO-), 3.78 ppm (s, 2 H, CHICO-); MS m/e 
(rel intensity) 267 (M +- -I, 100), 253 (M +--CH 4, 67), 225 (M+- -  
COCH21,3), 184 (M +- -CisHso, 66), 169 (M+- -C^H™, 20).

2- Iodo-3-oxo-3-phenylpropyl Acetate. The reaction was carried 
out on a 2-mmol scale, and the title compound (520 mg, 82%) was 
obtained: mp 56-57 °C (CCI4) dec; IR (nujol) 1740 (vs, - 0 -C = 0 ) ,  
1670 cm" 1 (vs, C = 0 ); NMR (CC14) 1.93 (s, 3 H, -CH.,C0-), 4.55 (d, 
2 H ,J  = 7.5 Hz, -CHO-), 5.53 (t, 1 H ,J  = 7.5 Hz, -CHICO-), 7.20- 
7.65 (m, 3 H, aromatic), 7.90-8.12 ppm (m, 2 H, aromatic); MS m/e
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(rel intensity) 191 (M+- -1 ,14), 105 (PhCO+, 100), 106 (PhCH0+, 9), 
60 (CH3COOH+, 9), 43 (CH3CO+, 9).

3-lodo-2-oxopropyl Benzoate. The reaction was carried out in 
2-mmol scale. The crude product was purified on TLC to give un
reacted allyl benzoate (55 mg, 17%), and the title compound was ob
tained (229 mg, 49%): mp 77-77.5 °C (hexane); IR (nujol) 1735 (vs, 
- 0 -C = 0 ) ,  1715 cm" 1 (vs, 0 = 0 ) ;  NMR (CDC13) 3.96 (s, 2 H, 
CH2ICO-), 5.20 (s, 2 H, -OCH2CO-), 7.50-7.80 (m, 3 H, aromatic),
8.21-8.35 ppm (m, 2 H, aromatic); MS m/e (rel intensity) 304 (M+- 
2), 177 (M+- -I, 16), 169 (CH2ICO+, 1), 135 (M+- -COCH2I, 4), 106 
(PhCHO+, 11), 105 (PhCO+, 100), 77 (Ph+, 46).

a-Iodo-6-yalerolactone. The reaction was carried out in 2-mmol 
scale using 1.2 equiv of iodine, and the crude product was purified on 
TLC to give the title compound (175 mg, 39%): bp 80-82 °C/1.5 mm; 
IR (neat) 1730 cm“ 1 (vs, C = 0 ); NMR (CC14) 1.70-2.45 (m, 4 H, 
-CH 2-), 4.37-4.64 (m, 2 H, -OCH2-), 4.86 ppm (t, 1 H, J = 5 Hz, 
-CHICO-); MS m/e (rel intensity) 226 (M+- 28), 196 (M+- -CH 20), 
11), 127 (I+, 32), 99 (M+- -I, 20), 55 (COCHCH2+, 100).

Registry No.—2, 63641-54-3; 6, 63641-55-4; silver chromate, 
19247-15-5; iodine, 7553-56-2.
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Partial photoresolution with circularly polarized light 
(CPL) is useful in the determination of the anisotropy factor 
(g factor = Ai/t ) of chiral compounds. This easily available test 
led us to reinvestigate the previously described1 chiroptical 
properties of ketone 1.

Partial photodecomposition of a racemic mixture with CPL 
was first realized by Kuhn.2 We reinvestigated this field in 
1974 and gave a kinetic treatment permitting the prediction 
of the optical purity of the remaining material (characterized 
by its g  factor) for a given fraction of destruction.2 With dl- 
camphor (g  = 0.09, X 310 nm) 99% destruction allowed us to 
recover optically active camphor with 20% enantiomeric excess 
(e.e.).

Scheme 1

1 , X =  Y = 0
6 , X =  H, Y = OH
7, X  = H, Y = O C 0 2(—)Menthyl

This method can be useful for obtaining, for the first time, 
a chiral compound if classical resolution methods fail but, of 
course, either a high g factor or a high degree of photodes
truction is necessary if reasonable optical purities are needed. 
Therefore, very little of the unphotolyzed starting material 
is obtained, and it must be separated and purified from a huge 
mass of photodecomposition products. In addition, we pointed 
out2 that with a few independent experiments it should be 
possible to calculate the g factor and specific rotation of the 
optically pure compound.4

Our attention was drawn by a report1 describing the reso
lution and chiroptical properties of ketone 1. From the pub
lished data, g factor values can be calculated at several 
wavelengths: g = 0.77 (322 nm), g  = 0.70 (312 nm), and g = 
0.65 (301 nm). These values can be compared with those of all 
known polycyclic ketones and even with other organic com
pounds.5 For example, some of the highest known g factor 
values are 0.24 (313 nm), 0.20 (311 nm), 0.12 (286 nm), and 
0.30 (288 nm) for the chiral twisted ketones 2 -5 ,s 9 respec
tively.

It thus appears that for 1 the CD and g values are excep
tionally high. This might be the consequence of high twist of 
the cyclopentanone unit, as shown by a recent report about 
ketones 2 and 3.10

These considerations led us to investigate the promising 
photochemistry of ketone 1 with CPL. Computations with g 
=  0.80 showed that 90% and 99% decomposition should allow 
the recovery of 1 in 81% and 99% e.e.,2 respectively, making 
this method very competitive with the previously described 
resolution involving formation of diastereomers.1

Results and Discussion

The partial photoresolution with CPL of ketone 1 is very 
disappointing; enantiomeric enrichment is smaller than ex
pected and is in agreement with an average a> factor of 0.10. 
Photoproducts11 could possibly arise from an energy t ransfer 
mechanism which would change the basis of our previous 
calculations (Scheme II).2 Before considering this hypothesis, 
we reinvestigated the chiroptical properties of ketone 1. LAH 
reduction of d l-1 quantitatively gave d /-6 . Treatment by
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(-)-Ketone 1 from (-)-A lcoh ol 6. A solution of 160 mg of opti
cally pure (-)-a lcohol 6 in 2 mL o f benzene was added to a mixture 
of 2 drops o f CH.iCOOH, 4 drops of H 2 SO4 , 30 mg of Na2 Cr2 0 7 , and 
0.5 mL of water. The mixture was stirred for 1 h at room temperature 
and then washed (NaHCOs and water). The organic layer was dried 
(NazSCR) and evaporated. A recrystallization in hexane gave 140 mg 
(87%) of optically pure (-)-k eton e  1: mp 266-267 °C; [<v)25d -2 7 0 ° 
(c 0.104, cyclohexane), [«]2Su -244° (c 0.39, benzene); CD Amax (Aemax)
300.5 (-5 .33 ), 311.5 (-7 .91 ), 323 (-8 .17 ), 336 nm (-4 .37 ) (c 3.02 
mmol/L, cyclohexane); UV (cyclohexane) Amax (<max) 301 (37.2), 312
(45.8), 323 (41.0), 335 nm (20.6).

(+)-Ketone 8 from (-t-)-Ketone 1. The (-F)-ketone 1 (53% e.e.) was 
prepared from ( + (-carbonate 7 (53% e.e.) according to the method 
previously described. A catalytic hydrogenation of ketone l ls on Pd/C 
gave the saturated ketone 8 (53% e.e.): mp 281-282 °C, [«]25p ■̂ 4 3 2 ° 
(c 0.17, cyclohexane) which gives |<r]-'’n max calcd +250°; CD (cor
rected for 100% e.e.) Amax U<max) 301 (4.14), 311.5 (6.13), 324 (6.39),
336.5 (3.37); UV (cyclohexane) Amax (<max) 302 (40.8), 312 (49), 324
(44.2), 337 (24.3) nm.

Acknowledgment. W e thank CNRS for financial sup
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Although an important stereochemical requirement to build
up the skeleton o f o-lvcorane ( 1  )'•- and lycorine (2 ):u  centers 
around the construction o f the 0  ring and is successfully fill-

10, R =  H 12
11R =  C7H,

filled by application2"’1 o f the D iels-A lder reaction, we have 
searched for anot her route starting from a cyclohexanone to 
prepare a lactam (3 ),2’1 which is already converted into 1. Thus, 
a cyclic hydroxamic acid (4) is considered as an equivalent 
synthon for 3 and reaction o f  an oxime (5) with zinc dust in 
boiling acetic acid was carried out in view o f the fact'’ that the 
similar react ion o f an oxime (6 ) gives a cyclic hydroxamic acid
(7) o f  a six-m em bered ring. However, we found that reaction 
o f  the oxim e (5) gave unsaturated lactams instead o f  4. Here, 
we wish to report on the structures o f  unsaturated lactams 8 , 
9, and 10 and on an alternative synthesis o f  (± )-«-lvcoran e (1) 
via unsaturated lactams 10 and 11 and (± )-y -ly cora n e  
( 12)2I,x-,; via 9.

Grignard reaction o f cyclohexanone with 3,4-m ethyl- 
enedioxyphenylm agnesium brom ide7 in tetrahydrofuran 
followed by dehydration and hydrohoration oxidation pro
duced a eyclohexanol (13) whose Jones oxidation gave a cy 
clohexanone (14).H Alkylation o f  14 via an enamine and su c
cessive alkaline hydrolysis furnished a 2 -oxocyclohexylacetic 
acid (15).

Refluxing with zinc dust in glacial acetic acid o f the oxime 
5 afforded a mixture o f  lactams A, B, and C. Mass spectra o f  
the lactams A and 0  showed the same molecular peak at m /c  
257. which was two mass units less than that o f  3, while that 
o f  the lactam B was at m / e  255.

From the spectral data (N M R , IR, and M S), structures of 
the lactams A. B, and C proved to he 8 ,9 , and 10, respectively.
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It was notable that unsaturated lactams instead of the cyclic 
hydoxamic acid (4) were obtained in the reaction.

Although two stereoisomers (10 and 16) were possible for 
the lactam C, the former was favored by the NMR spectrum, 
which showed a doublet peak (1 H ,J  = 10 Hz) at <5 3.81 for 
C-7a hydrogen. Namely, referring to a modified Karplus 
equation,9 the observed value of J indicated that the dispo
sitions of C-7 and C-7a hydrogens were trans diaxial.10 Ac
cordingly, the stereoisomer (16) was ruled out.

Scheme II

21

Catalytic hydrogenation of 10 gave the lactam 32a whose 
NMR spectrum exhibited double doublet peaks (1 H, J = 7 
and 10 Hz) at b 3.41 for C-7a hydrogen. Since the lactam is 
already converted into (±)-«-lycorane (l),2a formation of the 
former constituted the formal synthesis of the latter.

In sharp contrast, the similar reaction of 9 led to a new 
lactam 17, whose NM R spectrum indicated a triplet peak (1 
H, J = 4 Hz) at b 3.88 for C-7a hydrogen, besides the lactam
8. Reduction of 17 followed by the Pictet-Spengler reaction 
gave ( ± ) -7 -lycorane (12). The finding11 revealed that three 
substituents of the C ring in 17 were all cis oriented.

Formation of 10 in the reaction suggested that if an unsat
urated lactam such as 1812 or 19 could be produced its acid 
treatment would lead to a lactam 11 predominantly by 
isomerization of the double bond to the iv,/f-unsaturated 
system. Thus, refluxing of 15 with benzylamine in o-xylene

Scheme I

(1 ) b 3h 6/ t h f

(2 ) CH20
(3) H30*

followed by 87% formic acid yielded an amorphous unsatu
rated lactam 11 whose mass spectrum showed a molecular 
peak at m/e 347 (CggHgiNOg) and a base peak at m/c 91 
(C7H7+). IR and NM R spectra of 11 exhibited an absorption 
band at 1680 cm-1 for a lactam carbonyl, a doublet peak (1 H, 
J  =  10 Hz) at b 3.78 for C-7a hydrogen, and a singlet (1 H) at 
b 5.91 for C-3 hydrogen, respectively. It was supported by the 
NMR spectrum that stereochemistry of 11 was the same as 
that of 10.

Catalytic hydrogenation of 11 afforded a saturated lactam 
20 as a sole product. The NMR spectrum of 20 showed diffuse 
double doublet peaks1'1 (1 H, J  =  6.25 and 10 Hz) at b 3.37 for 
C-7a hydrogen, suggesting that stereochemical features of 20 
were similar to those of the lactam 3. Furthermore, the 
suggestion was substantiated by the result that 20 was not 
converted into /f-lycorane (21),< -2a fl but o-lycorane (1).

As expected, reduction of 20 followed by debenzylation and 
the Pictet-Spengler reaction gave exclusively (±)-<v-lycorane
(1) in a moderate yield.

Experimental Section15

traijs-2-(3',4'-M cthylcnodioxyphcnyl)cyclohcxanol (1.5). To
an ice-cooled, stirred solution of Grignard reagent1 in anhydrous THF 
[prepared from 5-brofnobenzo-1 .ii-dioxole"’ (45 gt, magnesium 
turnings (6.(5 g), and iodine (catalytic amount) in anhydrous THF (200 
mL)| was added dropwise at (1-5 °C a solution of cyclohexanone (22.5 
g) in anhydrous THF (40 mhl under nitrogen over a period of I h. To 
the stirred solution was added at 0 °<’ 10",. HCI (IOO mid and the 
whole was heated at 50-60 °<’ with stirring tor 1 h. After cooling, the 
organic layer was separated and the aqueous solution was extracted 
with ether. The combined organic layer was washed with brine and 
dried (MgSOl(). Removal of the solvent gave 43.4 g of an oil. which was 
distilled fractionally furnishing 40.1 g (8,3.7",,) of a pale yellow oil. bp 
120 160 °C (40 mm). To a stirred mixture of the oil (20.5 g) and 
NaF5H4 (¡5.53 g) in anhydrous THF (100 mid was added dropwise at 
20-25 °C a solution of BF retherate (17 g) in anhydrous THF (50 mid
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(i)-a-Lycorane (1). A mixture of 20 (349 mg) and LiAlHi (157 
mg) in anhydrous ether THE (1:1) ( 6 6  mL) (freshly distilled from 
LÌAIH4 ) was refluxed with stirring for 40 min. Excess of LÌAIH4 was 
decomposed at 0-5 °C with saturated aqueous NazSCh (4 mL) and 
a precipitate was filtered. The precipitate was washed well with ether 
and the combined organic layer was dried (MgSCL). Evaporation of 
the solvent gave an oily residue. A mixture of the residue, 2% aqueous 
PdCL (6 . 8  mL), concentrated HC1 ( 1 mL), and active carbon (320 mg) 
in C2 H5 OH ( 2 0  mL) was shaken in a Parr hydrogenation apparatus 
(hydrogen pressure of 80 psi) at room temperature for 87 h. Usual 
workup of the mixture gave 219.1 mg of an oil, whose NMR spect rum 
showed no signals due to the benzyl group. A mixture of the crude 
residue, KHCO:) (163 mgl-LLO (2.3 mL), 37% formalin (3.5 ml), and 
concentrated HC1 (1 . 6  mL) in CH:!OH ( 1 1 . 6  mL) was refluxed for 45 
min. To the mixture was added concentrated HC1 (1.6 mL) and re
fluxing was continued for 45 min. The same treatment as noted above 
gave 208.9 mg of an oil, which was chromatographed over ALO:t 
(tirade 11-111 ) (Merck Co.. Ltd.) (12 g). Elution with benzene-n- 
hexane (24:1) gave 128 mg (50%) of (±)-<v-lycorane (1 ), mp 85-92.5 
°C, which was recrvstallized from petroleum ether to yield 30 mg 
( 1 1.7%) of colorless prisms, mp 95.5-97 °C. This was identical in all 
respects with an authentic sample21’ (mp 96-97.5 °C). which was 
kindly provided by Drs. K. Roterà and Y. Hamada.
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Phase-transfer catalysis is becoming an increasingly im
portant technique in organic synthesis.2 " However, very little 
is known about the behavior of the catalysts under biphase2 fi 
and triphase conditions.7

Recently we observed that alkylation of thio reagents, by 
alkyl halides of low reactivity, gave poor yields (< 20%) under 
biphasic conditions. Furthermore, with triphase systems, the 
repeatability of the reaction with the same catalyst (anion 
exchange resin) was not maintained after three runs.8

These facts prompted us to examine the chemical behavior, 
in classical PTC media, of various catalysts and anions (ob
tained from phenylacetonitrile, imidazole, phenol, thiophenol, 
and octylmercaptan) in the absence of alkylating reagent.

Under biphase catalysis conditions the catalysts used were: 
TEBA-C1, TBAB, and CTAB.9 The results, presented in 
Table I, show that the catalyst may be decomposed by alkyl
ating the anion. This decomposition depends upon the nature 
of the anion and the structure of the ammonium catalyst. With 
TEBA-C1 and thiophenoxide this corresponds to 93% of the 
concentration of the catalyst. The results obtained are con
sistent with a nucleophilic substitution where the anion is the 
nucleophile and the tertiary amine is the leaving group 
(Scheme I). This is analogous to the dealkylation reactions of 
quaternary ammonium salts by nucleophilic sulfur reagents’ 1 
or soft nucleophiles.1219

Under triphase catalysis, the catalysts used were Dowex 1 
X 8 and Dowex 11 anion exchange resins. Both resins are of 
the trimethylbenzylammonium type (Scheme II). During the 
reaction the gas evolved (a volatile amine if dequaternization 
occurred according to Scheme I) was trapped in a saturated 
solution of picric acid in ethanol. The results obtained show 
that without anion and for a reaction time of 6 h no picrate was 
formed, but with the anions of thiophenol and phenylaceto
nitrile a picrate did form.10

Although the decomposition of the quaternary ammonium 
catalyst (Scheme I) is in most cases only a secondary reaction, 
it can become more important for soft nucleophiles (RS~ >

Scheme I

Yu +  RCH,N+RA. X —  NuCH.R +  NR';l +  X

Scheme II

CH.N+Me
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T able I. A lkylation  (% )  o f  Anions by Q uaternary 
Ammonium Catalysts U nder PTC Conditions

Anions
Catalysts9

TEBA-C1“ TBAB CTABb

c6h sc h - c n 85 <' Traces6
C3H3N2-  ' 0.51 0.6P
c6h 5o - 0 ‘ 0d 0 ‘
c «h 5s - 93d 90 d 33*'

\1<
c 8h 17s - 93d 90 p

“ Only benzylation of the anion was detected. b Only méthyl
ation of the anion was detected. 1 6 h at 60 °C. d 7 h at 70 °C. '' 7 
h at 60 °C. 1 11 h at 30 °C, with 1.5 g of TEBA-C1. » 7 h at 60 °C 
with 1.5 g of CTAB. h 7 h at 45 °C with 20% by weight sodium 
hydroxide. 1 Imidazole,

R:|C~ >  R2N~ >  RO") and for substituents of the quaternary 
ammonium salt R4N+ which are easily displaced (R = CHaPh 
>  Me >  alkyl). This, in turn, will have a dramatic effect on the 
yields of the phase transfer catalyzed reaction itself.

Since normal PTC reaction conditions necessitate a 5% 
molar concentration of the catalyst, the side products obtained 
by dealkylation of the catalyst will never exceed 5% yield; e.g., 
the alkylation of thiophenol by 1-bromooctane has been 
studied, using several ammonium catalysts, without evidence 
of decomposition of the catalyst.115 On the other hand, when 
reagents of low reactivity are used the effect is more pro
nounced; e.g., when thiophenol is reacted with 2-bromothio- 
phene or 2-bromothiazole the yield of the reaction with the 
bromide is 0-4%  while the alkylation by the ammonium salt 
corresponds to 55-85% of the concentration of the catalyst (see 
Experimental Section).

Furthermore, one must note that for continuous processes, 
where the catalyst is recycled, even a slow quaternary am
monium salt decomposition will lead to the disappearance of 
the catalyst and to an eventual termination of the phase 
transfer catalysis process.

One way to circumvent this inconvenience is the use of more 
stable catalysts such as crown ethers,1314 but their use for 
large scale synthetic purposes is still difficult.15 One other 
possibility is the use of polyglymes, which can be considered 
as noncyclic crown ethers. They are stable, easily available, 
and could be used both under bi-17 and triphase conditions.18 
We are presently studying these possibilities further.

In summary, the results reported in this study can be used 
to explain the origin of side products, low yields, and non- 
constancy of the performances of supported catalysts in 
phasertransfer catalysis.

E x p erim en ta l S ection

The phase-transfer catalysts and nucleophiles are commercial 
products. They have been used without further purification. The 
quantitative determinations of alkylated compounds have been made 
by GLC with a 1GC 120FB lntersmat instrument or with a coupled 
GLC- mass spectrometer Varian Matl 11.

Procedure for Biphase Conditions (Table I). The general ex

perimental procedure was as follows: 3 g of the anion precursor, 1  g 
of catalyst, and 40 mL of sodium hydroxide (50% by weight) were 
stirred for 6-11 h at 30-70 °C. The organic layer was directly analyzed 
by GLC.

Procedure for Triphase Conditions. The general experimental 
procedure was as follows: 1.5 g of resin, 4 mL of sodium hydroxide 
(50% by weight), and 0.5 g of anion precursor were stirred at 80 °C for 
3 h. The gas evolved was trapped in a solution of picric acid in ethanol. 
The picrate was filtered. The melting point was measured with a 
Koffler apparatus.

Procedure for  2-Bromothiazole: 5.5 g of thiophenol (0.05 mol),
8.2 g of 2-bromothiazole (0.05 mol), 1.09 g of CTAB, 100 mL of NaOH 
(50% by weight), and 150 mL of benzene were reacted with stirring 
for 24 h at 70 °C. The analysis of the organic layer by GLC showed 4% 
of 2-thiazolyl phenyl thioether and 55% of methyl phenyl thioether 
(from the catalyst CTAB). The above reaction with the same com
pounds, except NaOH (25% by weight), TBAB as catalyst, and a re
action time of 10 h at 80 °C gave 0% of 2-thiazolyl phenyl thioether 
and 84% of butyl phenyl thioether.

Procedure with 2-Bromothiophene: 5.5 g of thiophenol (0.05 
mol), 8.2 g of 2-bromothiophene (0.05 mol), 0.7 g of TBAB, and 100 
mL of NaOH (50% by weight) were reacted for 10 h at 80 °C. Less than 
1% of 2-thiophenyl phenyl thioether and 85% of butyl phenyl thioether 
was detected from the catalyst.

Registry No,—Phenylacetonitrile, 140-29-4; imidazol, 288-32-4; 
phenol, 108-95-2; thiophenol, 108-98-5; octanethiol, 111-88-6; 
TEBA-C1, 56-37-1; TBAB, 1643-19-2; CTAB, 57-09-0; Dowex 1 X 8, 
12627-85-9; Dowex 11, 9049-12-1; 2-bromothiazole, 3034-53-5; 2 - 
thiazolyl phenyl thioether, 33342-67-5; methyl phenyl thioether,
100-68-5; butyl phenyl thioether, 1126-80-3; 2-bromothiophene, 
1003-09-4; 2-thiophenyl phenyl thioether, 16718-12-0.
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Communications
S e lect ive  R e d u ctio n s  o f  N eo p in o n e  to 
N eop in e  and Ison eop in e

S u m m a ry :  Reduction o f  neopinone (2 ) with sodium borohy- 
dride in alcoholic solvents is not stereoselective because o f  a 
balance between steric interference caused by the hydrofuran 
ring and by the axial hydrogens at C-5 and C-7. W hen bulky 
reducing agents are used, the blocking effect o f  the hydrofuran 
ring becom es the dom inant factor, and stereoselective re
duction to neopine (5a) is achieved; with a small reducing 
agent, such as sodium borohydride in an aqueous alkaline 
medium, the main directing force is represented by the axial 
hydrogens, leading to a predom inance o f  isoneopine (5b).

Sir: C onroy 1 reported that reduction o f  neopinone (2) with 
sodium borohydride gave neopine (5a) as the only product 
observed and isolated. This was analogous to the report o f  
Gates2 that codeinone (3) is stereospecifically reduced to c o 
deine (4). However, more recent studies by Okuda et al.3,4

5« R 'OH: R'-H 
5b: R' = H: RJ = OH

showed that the reduction o f neopine is not stereospecific and 
gives a mixture o f  neopine (5a) and isoneopine (5b) in ap
proximately equal amounts. This greatly limits the efficiency 
o f the syntheses o f  neopine and isoneopine, both o f which are 
o f  interest, neopine as a natural opium  alkaloid5 and isoneo
pine as an intermediate in the synthesis o f  B /C  trans-fused 
morphine analogues.6

W e would like to report the stereoselective reduction o f 
neopinone to either neopine or isoneopine in nearly quanti
tative yields under carefully controlled reaction conditions.

T he stereochemistry o f  metal hydride-ketone reductions 
is determined by a combination o f steric interference, torsional 
strain, and electrostatic effects .7 Examination o f a molecular 
model o f  neopinone indicates that the plane o f ring A makes 
an angle o f  about 110° with the plane o f ring C, as illustrated 
in Figure 1. This implies that the «  face o f  the carbonyl group 
o f neopinone is partially blocked by the hydrofuran ring. 
Bulky borohydride reducing agents, such as those developed 
by Brown and Krishnamurthy ,8 are very sensitive to steric 
influence around the carbonyl group and should, therefore, 
approach neopinone from the less hindered it face to give the 
«-a lcoh ol, neopine. This proved to be the case. W hen neopi
none, produced from thebaine ( l ) ,9 was treated with either 
lithium triethylborohydride 10 or lithium tri-sec-butylbor- 
ohydride 1 1 in tetrahydrofuran, neopine was the sole reduction 
product detected by T L C  and N M R  and isolated in 95% yield 
on a colum n o f neutral alumina (Table I).

Small reducing agents such as the borohydride anion or the

Figure 1. Conformations of neopinone.

aluminum hydride anion appear to have an intrinsic prefer
ence for “ axial”  attack in substituted cyclohexanones .7 

“ Product development control” 12 and “ torsional strain” 13 are 
rationalizations that have been offered to explain this pref
erence, although recent work 1 4 1 5  seems to indicate that 
“ product development control”  is not a viable hypothesis for 
this reaction. Torsional strain in cyclohexanone systems is the 
interaction between axial hydrogens «  to the carbonyl group 
and the incom ing reducing agent.

Molecular models o f  neopinone indicate that there are two 
possible conform ations for ring C (Figure 1, A and B ). In 
conform ation A the oxygen o f  the carbonyl group is resting 
below the plane o f the ring, and the C(5) hydrogen and one 
hydrogen at C(7) are in an axial configuration extending above 
the plane o f the ring. Thus, “ axial”  attack o f a reducing agent 
would lead to isoneopine. In conformation B the oxygen o f the 
carbonyl group extends above the plane o f ring C, and the 
hydrogen at C(5) assumes a pseudoequatorial orientation. 
“ Axial”  attack by borohydride on the carbonyl group in this 
conform ation would give neopine. It is, therefore, necessary 
to establish the correct conform ation o f  neopinone before 
considering the effect o f  torsional strain.

In conform ation A (Figure 1) the dihedral angle between 
the C(7) axial hydrogen and the olefinic hydrogen at C (8 ) was 
measured from the molecular model to be about 95°. The d i
hedral angle between the C(7) equatorial hydrogen and the 
C (8 ) hydrogen was found to be about 27°. Calculation o f the 
coupling constants from the Karplus equation, as m odified 
by Conroy , 16 between C (7 )-H ax and C (8 ) -H  and between 
C (7 )-H eq and C (8 ) -H  are 0.4 and 6.4 Hz, respectively. In 
conform ation B the dihedral angle was measured from  the 
molecular model to be about 55° between C (7)-H ,j and 
C (8 ) -H  and about 65° between C (7 )-H „ and C (8 )-H . Calcu
lation o f  the coupling constants from the m odified Karplus

T able I. E ffect o f  Solvent and Bulkiness o f  R educing 
__________ Agent on Reduction  o f  N eopinone__________

Reducing
agent/solvent

Neopinone
solvent

Neopine-
isoneopine

Total 
yield 

5a +  5b,
%

LiEtjBH/THF THF 1 0 0 : 0 95
Li(.s-Bu);iBH /TH F THF 1 0 0 : 0 95
NaBH4/no solvent CH (OH 58:42 96
NaBH4/C ,H r,OH C >H,OH 60:40 77
NaBH4/i-PrOH i- PrOH 63:37 80
NaBH4/diglvme diglvme + El|N 27:73 35
NaBH4/H ,0 /0 H - CH,OH 42:58 86

NaBH4/H /) /O H - H20 11:89 98
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equation gave values o f 2.4 and 1.2 Hz, respectively. T he o b 
served coupling constants were 1.8 and 6.3 Hz. Consequently, 
the conform ation o f neopinone corresponds most closely to 
that illustrated in Figure 1 A.

According to the torsional strain concept “ axial”  attack by 
sodium borohydride in the reduction o f neopinone should lead 
to a predominance o f isoneopine. However, since the reduction 
of neopinone is very sensitive to the bulkiness o f the reducing 
agent, as shown by the fact that neopine was the only product 
o f  reduction with lithium triethylborohydride which is not 
usually so highly selective, the nature o f  the solvent must also 
be considered. In alcoholic solvents the alcohol acts as a cat
alyst17 and enters into the transition state, from which a series 
o f alkoxyborohydrides is formed, R „ BH 4- „  ~, where R  is the 
alkoxy group o f the solvent. 18 The alkoxyborohydrides reduce 
the carbonyl group more rapidly than does the borohydride 
ion . 19 This can result in a change in the ratio o f  isomers during 
the course o f the reduction ,20' 22 presumably because o f  the 
added bulkiness o f  the alkoxyborohydrides form ed in the 
reaction.

W hen neopinone was reduced with an excess o f  sodium 
borohydride in alcoholic solvents, neopine and isoneopine 
were produced in ratios o f  approximately 6:4 (Table I). There 
appeared to be a trend toward a greater proportion o f iso
neopine with a decrease in the molecular weight o f the alcohol, 
although the difference may be too  small to be considered 
significant. Apparently, the bulkiness of the alkoxyborohy
drides formed in any alcoholic solvent is such that steric in 
terference from the hydrofuran ring plays a greater role than 
torsional strain in directing the borohydride attack.

W hen sodium borohydride reductions are perform ed in 
diglyme in the presence o f  an excess o f  triethylamine, the 
borohydride anion alone is the reducing agent.22 Subsequent 
borane is trapped as the aminoborane, which is incapable o f  
further reductions in this system. When neopinone was re
duced under these conditions, the ratio o f  isoneopine to neo
pine was greatly increased. However, the overall yield o f  al
cohols was poor (35%). Finally, a m ethod was devised for re
duction o f neopinone in aqueous solution. N eopinone was 
generated from 400 mg o f thebaine in aqueous acetic acid as 
described by Barber and Rapoport.9 The neopinone solution 
was cooled in an ice bath to 0 °C  and neutralized slowly with 
potassium hydroxide to about pH 6.5. A solution o f  1 g o f  so
dium borohydride in potassium hydroxide solution (pH  >13) 
was added over 5 min and the mixture immediately extracted 
with chloroform . Evaporation o f the solvent left a residue 
which was chromatographed on neutral alumina, first with 
25% chloroform in benzene which eluted neopine (11% yield), 
then with 60% chloroform  in benzene which gave isoneopine 
(8 8 % yield). The identity o f  both com pounds was confirm ed 
by melting point, TL C , and N M R  spectroscopy .22

There may be several reasons why this selectivity is

achieved when the reduction is carried out in an aqueous al
kaline medium. Perhaps the bulkiness of the hydroxybor- 
ohydrides formed after the initial step is insufficient to be 
adversely affected by the steric hindrance posed by the hy
drofuran ring. It is also possible that the hydroxyborohydrides 
are unstable and disproportionate rapidly to boric acid and 
sodium borohydride. In either case, the major directing in
fluence would be torsional strain resulting in a predominance 
of the d-alcohol, isoneopine.
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j /  Horton*: Reduction of Ketones with Incorporation of Deuterium at 
/She «  Position. Anomalous Reduction of Keto Sugar Derivatives. 

Page 11836. Table I. The data for compound 9 should read: 9, CDCl3e 
4.95 d (H-l), 4.79 dd (H-2), 4.151 (H-3), 3.521 (H-4), 3.84 s (H-5), 4.29 
q (H-6), 3.741 (H-6'l, 5.53 s (PhCH), 2.12 s (OAc), 3.39 s (OMe), 7.40, 
m (aryl).

Page 3837. Table II. The data for compound 9 should read: 9 CDC1./ 
3.7 (J,.2), 9.5 (J2,:t), 9-5 (J;,.4), 9.5 4.0 (d5,6), 10 9.5/

"’n/

Salts.
Page 2592. Column 1, Table IV and line 2, paragraph 1: for 9m reai 

9f.
Page 2595. Column 1, line 12. Line 12 should read: “ . . . (17)

9f. To a solution of 125 mg (0.26 mmol) of 9f in 20 mL .. .” . xj '

Vol. 41, 1976 \ 7

Earl Doomes,* Patricia A. Thiel, and Mark L. Nelson: Rear 
rangement-Substitution Reactions of a 2-(Arylsulfonyl)allyl Sys 
tern.

Page 251. References 3b and 9 should read as follows: (3) (b) R. H. . Samuel G. Levine,* Charles Gragg, and Jon Bordner: Structure 
Dewolfe and W. G. Young, Chem. Rev., 56, 753 (1956). (9) F. G. $>bf the o-Aminophenol-Adipoin Condensation Product.
Bordwell and T. G. Mecca, J. Am. Chem. Sac., 94, 5229 (1972). AnM /  Page 4026. Column 1. Structure 5 should be given as 
exception to this generalization was reported recently: F. G. Bordwe  ̂
and G. A. Pagui, ibid., 97, 118 (1975).

Oswald S. Tee* and Ghanshyam V. Patil: The Mechanism of 
Bromination of 4(3//)-Quinazolinone, Its 3-Methyl and Its 1,3- 
Dimethyl Derivatives in Aqueous Acidic Solutions.

Page 842. Column 2, line 47 should read “ . . . k > = 0.8 X 107 M-1 
min-1 (1.3 X 10 s M_1 s-1).29” .a

Page 844. Column 2, ref 7a should read “ . . . J. Chem. Sac. B, 1484 
(1968);. . .”

Page 844, Column 2, ref 29 should read “ . . . 1.5 X 10s M-1 s-1

M. El-D cek, G. D. Macdonell, S. D. Venkataramu, and K. 
Darrell Berlin*: Carbon-Phosphorus Heterocycles. A One-Step 
Synthesis of Phosphindolines and Phosphinolines. Cyclization of 
Diphenylalkenylphosphine Oxides with Polyphosphoric Acid.

Page 1404. Structures 6a and 6b.

CH,

& instead of

Page 4026. Column 2. “ ABC" should read 
from the bottom, “ fb6” should read “ 6” .

and, five lines
V '

S. M. Kupchan,* Om P. Dhingra, Chang-Kyu Kim, and Ven- 
kataraman Kameswaran: Novel Nonphenol Oxidative Coupling 
>f Phenethylisoquinolines.

Page 4048. The structure 7 should appear as:

6a

Tadashi Sasaki,* Shoji Eguchi, and Osamu Hiroaki: Synthesis 
of Adamantane Derivatives. 32. The Beckmann Rearrangement and X V  
Fragmentation Aptitude of Noradamantan-2-one Oxime. \ y

Page 1803. Formula 17 in Scheme I should read: 6- e n d o - S y  
bicyclo(3.2.l]octanecarbonitrile. J

Stanley J. Cristol,* John S. Perry, Jr., and Ronald S. Beckley:
Bridged Polycyclic Compounds. 82. Multiple Mechanisms for Oxyy, 
mercuration of Some Dibenzobicyclo[2.2.2]octatrienes. y', )

/

/
V

Page 1912. Structure 2.
V

S. M. Kupchan,* Om P. Dhingra, and Chang-Kyu Kim: Effi
cient Intramolecular Monophenol Oxidative Coupling.

Page 4049. The struct ures of compounds 2 c -f should appear as:
R>On

V

Edwin D. Stevens, James D. Kramer, and Leo A. Paquette*: ,
X-Ray Crystal Structure Analysis of Triquinacene at 90 K. W-

Page 2267. The third sentence of the Experimental Section, which. , A 7 
describes the l:iC NMR spectrum (in CDCl.i) of triquinacene, contains' 
an erroneous chemical shift value. The three peaks which characterize ,̂ 
this molecule appear at 132.89, 57.68, and 47.96 ppm.

D. P. Bauer and R. S. Macomber*: Tricyclic Dimers from Cyclic 
oCDi ketones.

Page 3059. Professor George M. Whitesides (MIT) has called to our 
attention a publication by R. A. Raphael and A. I. Scott \J. Chem.
Sue., 4566 (1952)), where the preparation of the compounds we des-

4279

John F. Blount, Ru-Jen L. Han, Beverly A. Pawson,* Ross G. 
Pitcher, and Thomas H. Williams: (£’ )- and (Z)-4-Methvl-5-[5- 
( 2,6,6-trimethylcyclohexen-l-yl)-3-methyl-2(£),4(E)-pentadi- 
enylidene]-2(5/Y)furanone. Synthesis and Spectral Properties.

Page 4110. Table II. The f>c for C-14 of 2 should read 115.1, not 
55.1. The assignment of chemical shift to C-19 and C-20 in 2 should 

'be reversed, based upon a reexamination of the residual J ’s in the 
SFOR spectra in conjunction with the proton spectra. (We thank 
Professor G. P. Moss, Queen Mary College, London, for this sugges
tion.)

Vol. 42, 1977

Milton L. Honig* and Edward D. Weil: A Convenient Synthesis 
of Diaryl Methylphosphonates and Transesterification Products 
Therefrom.

Page 379. The procedure of Laughlin (ref 5) has been used effec-

? k /
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Samuel P. McManus* and J. Milton Harris: A Method for the 
Evaluation of Steric Contributions to i>+ Based on Aryl/Methyl Rate 
Ratios. Application to the (iassman-Brown Tool of Increasing Elec
tron Demand.

Page 1422. The second sentence of the abstract should read: The 
factors are steric and electronic effects.

Page 1427. In ref .'13, replace p+ by y +.

Stanley H. Pine* and Eric Fujita: Ylide Autoxidation during the 
Stevens Rearrangement. /

Page 1460. The structure of eq 1 should have been CgHrCQ0H  
rather than CbHsH. _ /

L% r*

31a
Eva G. Lovett and David Lipkin*: Base-Catalyzed Reactions of

1,3-Disubstituted Uraclls.
Page 2575. Structures 4,5, and 14 are incorrect. Correct structures 

are shown below.

1
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A c e t y le n e d ic a r b o x y la t e  c o n d e n s a t io n  a m i n o °  

m e th y lu r a c il  4 15 9
A c e t y le n e d ic a r b o x y la t e  c y c liz a t io n  a z in e  

452
A c e t y le n e d ic a r b o x y la t e  c y c lo a d d n  im in o t h ia °  

z o liu m  y lid e  1648
A c e t y le n e d ic a r b o x y la t e  c y c lo a d d n  is a t in a ce t0  

ic  a c id  559
A c e t y le n e d ic a r b o x y la t e  p h o t o c y c lo a d d n  

b e n z o fu r a n  m e c h a n is m  2374 
A c e t y le n ic  d ip o la r o p h i le  c y c lo a d d n  1639 
A c e t y le n ic  k e to n e  2 38 0  
A c e ty lg lu c a l  f lu o r in a t io n  2341 
A c e t y l im id a z o l iu m  io n  h y d r o ly s is  2459  
A c e t y l in e d ic a r b o x y la t e  c y c lo a d d n  d ih y d r o p y =  

r id in e  2903
A c e t y lp y r id in e  F r ie d la e n d e r  r e a c t io n  a m i n o °  

b e n z a ld e h y d e  232
A c e t y l t h io p r o p io n a ld e h y d e  c y c liz a t io n  a c r o °  

le in  2123
A c h ly a  s e x  h o r m o n e  s te r o id  sy n th e s is  3571  
A c id  a lk o x id e  c y c lo h e x a n o l  o x id n  826 
A c id  c a r b o n  s u b s t itu e n t  e f fe c t  321 326  
A c id  c a ta ly s is  d e u te r iu m  e x c h a n g e  3769  
A c id  c h lo r id e  a lk y la t io n  1194 
A c id  c h lo r id e  c o n d e n s a t io n  d ia z o m e th a n e  

3 75 7
A c id  c h lo r id e  M ic h a e l  a c c e p t o r  3162  
A c id  c le a v a g e  a lk y l id e n e c y c lo p r o p a n e  m e °  

c h a n is m  3 0 9 8
A c id  M e ld r u m  d ia z o  d e c o m p n  2931 
A c id  m e t h y lo c t a lo n e  re a rra n g e m e n t  3331 
A c id i t y  a c e t o p h e n o n e  2494  
A c id i t y  b e n z il ic  a c id  o x id n  2 06 9  
A c id i t y  c o n s t  th e r m o d n  a lk y lp h o s p h o n a te  

757
A c id i t y  c y t o s in e s u lfo n a t e  2028  
A c id i t y  fu n c t io n  a lk e n o n e  p r o t o n a t io n  2 1 6 8  
A c id i t y  fu n c t io n  e x c h a n g e  t r y p ta m in e  3 76 9  
A c id i t y  fu n c t io n  h y d r o c h lo r ic  a c id  162 
A c id i t y  L F E R  a n il in e  t o lu e n e  1817 
A c id i t y  n it ra t io n  b e n z e n e  h a lo b e n z e n e  2511 
A c id i t y  o x id n  b e n z i l ic  a c id  2063  
A c id i t y  t h ia c y c lo h e x a n e d io n e  o x a c y c lo h e x a 0  

n e d io n e  1163
A c id i t y  v ita m in  ra d ica l 879  
A c o n i t e  a lk a lo id  4131 
A c o r o n e  to ta l  s y n th e s is  1607 
A c r id in e  o c t a h y d r o  2 74 2  
A c r id in y lm e t h y la m m o n iu m  b r o m id e  p h o t o ly 

s is  2 7 2 6
A c r id o n e  m e th y l 2653  
A c r o le in  a ce ta l p h é n y la t io n  ca ta ly s t  3907  
A c r o le in  c y c liz a t io n  a c e t y l t h io p r o p io n a ld e h °  

y d e  2 12 3
A c r o le in  D ie ls  A ld e r  282  
A c r y la te  a d d n  c u p r a te  d ia lk y l  1991 
A c r y la te  a d d n  G r ig n a rd  re a g e n t 3209  
A c r y la te  a m in o b e n z y l  c y c liz a t io n  2094  
A c r y la te  D ie ls  A ld e r  p h e n y ls e le n o b u t a d ie n e  

1819
A c r y la te  f lu o r o a lk y l  2 68 0  
A c r y la t e  m e th y le n e n a p h th a le n e d io n e  c o n =  

d e n s a t io n  1267
A c r y la te  re a c t io n  k o j ic  a c id  3 97 6  
A c r y l ic  d ie n o p h i le  c y c lo a d d n  b u ta d ie n e  282  
A c r y lo n itr i le  c h lo r o  c y c liz a t io n  m e r ca p to  

k e to n e  2123
A c r y lo n it r i le  c y c lo a d d n  in d o ly lm e t h y lo x a z o le  

2 03 9
A c r y lo n it r i le  c y c lo a d d n  k o j ic  a c id  3976  
A c t in id in e  sy n th e s is  2111 
A c y c l ic  d ia z o k e t o p h o s p h o r y l  c o m p d  c le a v a g e  

552
A c y c l ic  te r p e n e  t r ic h lo r o  2 81 2

A c y l  a lk y l t r is u lf id e  958  
A c y l  a m in o  a c id  c h lo ra n il  236  
A c y l  a m in o p h e n o l  is o m e r iz a t io n  652  
A c y l  c h lo r id e  h a lo  r e a c t io n  d i i s o p r o p y lc a r b o °  

d i im id e  3 22 0
A c y l  h y d r a z y l  r a d ica l E S R  1367 
A c y l  tra n s fe r  d e t e r g e n t  e f fe c t  3 40 0  
A c y la l ly lt h io im id a z o l in e  th e rm a l re a r r a n g e 0  

m e n t  m e c h a n is m  2 3 3 9  
A c y la m in o c h lo r o b u ty r a te  d e h y d r o c h lo r in a -  

t io n  2256
A c y la m in o m a lo n a te  m o n o e s te r  e le c t r o c h e m  

o x id n  2 41 9
A c y la n th r a n il  a m in e  s u b s t itu e n t  e f fe c t  12 
A c y la t io n  a m in o a lk o x y f lu o r e n e  F r ie d e l  

C r a ft s  4144
A c y la t io n  h is t id in e  s e r in e  p e p t id e  149 
A c y la t fo n  la c t im  1808 
A c y la t io n  p r o g e s te r o n e  s u b s t itu te n t  e f fe c t  

1981
A c y la t io n  p y r r o le c a r b o x y la te  2219  
A c y la t io n  re d n  n it ro a re n e  3 75 5  
A c y la t io n  s u b s t itu te n t  e f fe c t  p r o g e s te r o n e  

1981
A c y la t io n  th io p h e n e d ic a r b o n y l  c h lo r id e  

3 71 7
A c y la t iv e  d e g r d n  u r ic  a c id  3 13 2  
A c y lc y c lo a lk a n e t h io n e  ta u to m e r is m  3 12 3  
A c y l fu r a n  p h o t o c h e m  r e a c t iv ity  3 77 4  
A c y lg u a n id in e  re d n  lith iu m  a lu m in u m  h y °  

d r id e  3608
A c y lh y d r o x y la m in e  s u c c in im id o  e s te r  p e p t id e  

c o u p l in g  3199  
A c y l im id a z o l id in e  941 
A c y lm e r c a p t o e th y la m in e  r e a rra n g e m e n t  

d e te r g e n t  e f fe c t  3 40 0  
A c y lo in  o x id n  c le a v a g e  m e c h a n is m  4061 
A c y lo x y p y r r o le  2219
A c y lt h io p h e n e  p h o t o c h e m  r e a c t iv ity  3 77 4  
A c y lv in y ls u lfo x im in e  c y c liz a t io n  602  
A d a m a n ta n e  m e th a n o  p r e p n  2981 
A d a m a n ta n o n e  d e h y d r o  3 87 0  
A d a m a n ta n o n e  d e h y d r o  to s y lh y d r a z o n e  

p y r o ly s is  1806
A d a m a n ta n o n e  t o s y lm e t h y l is o c y a n id e  r e a c °  

t io n  3 11 4
A d a m a n ty l  a z id e  p r e p n  r e a c t io n  3741 
A d a m a n ty lb e n z is o x a z o l iu m  p h o t o ly s is  3 92 9  
A d d n  a le  h y p o h a li te  d ih y d r o p y r a n  1057 
A d d n  a lk o x id e  m e th a n o f lu o ra n th e n e  4 0 9 2  
A d d n  a lk y llith iu m  u n sa td  k e to n e  2 38 0  
A d d n  a lk y n e  b o r a b ic y c lo n o n a n e  a ld e h y d e  

5 7 9
A d d n  a lp h a  p in e n e  h y p o c h lo r o u s  a c id  249 
A d d n  a m in e  d im e t h o x y c y c lo p r o p e n e  m e °  

c h a n is m  674
A d d n  a m in e  in d o le k e te n e  1883 
A d d n  a m in e  p r o p y n y lt r ip h e n y lp h o s p h o n iu m  

b r o m id e  2641
A d d n  a z ir id in e  a r y lk e te n im in e  847 
A d d n  b e n z y lo x y p r o p y n y ll i th iu m  d i a l k o x y °  

b e n z o q u in o n e  3 32 0  
A d d n  b is u l f i t e  c y to s in e  2 02 8  
A d d n  b r o m o c h lo r o c a r b e n e  o le f in  s te r e o ch e m  

1082
A d d n  b u ta d ie n e  b u ty l l ith iu m  694  
A d d n  c a r b o n y l  k in e t ic s  T a f t  3 53 5  
A d d n  ca ta ly s t  a m in e  p h th a lo n it r ile  1872  
A d d n  c u p r a te  d ia lk y l  a c r y la te  1991 
A d d n  c y c lo  a ld im in e  1153  
A d d n  c y c lo p e n t a n e d i t h io c a r b o x y li c  a c id  

p r o p io la te  3 38 3
A d d n  c y c lo p r o p y la c r y la t e  s te r e o ch e m  1991 
A d d n  d e h y d r o n u c ife r in e  d ic h lo r o c a r b e n e  

347
A d d n  e lim  a m in o tr ia z in e  o x id e  3 4 9 8  
A d d n  e th y le n e  m e c h a n is m  871 
A d d n  f lu o r id e  f lu o r o o r g  c o m p d  4055 '
A d d n  G r ig n a rd  r e a g e n t  a c r y la te  3 20 9  
A d d n  h a lo g e n  s ó r b a te  e s te r  2141 
A d d n  m e c h a n is m  b e n z o p h e n o n e  m e t h y la lu =  

m in u m  425
A d d n  m e c h a n is m  c h lo r o a c e t o n e  p h o s p h o n a t e

472
A d d n  m e th y llith iu m  s ty re n e  m e ch a n is m  

2 87 0
A d d n  m e t h y lse le n iu m  tr ic h lo r id e  a lk e n e  

1776

4323
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A d d n  n u c le o p h i le  p y r id in e  n u c le o t id e  2 58 0  
A d d n  n u c le o p h i l ic  a m in e  b e n z o x e te n e  2966  
A d d n  n u c le o p h i l ic  s te r e o ch e m  h e x e n o p y r a =  

n o s id e  1746
A d d n  p h e n y la lly lm a g n e s iu m  p h e n o x id e  

o le f in  8 2 0
A d d n  p h e n y ls e le n e n y l b r o m id e  a lk e n e  2 95 0  
A d d n  p h o t o c h e m  p h o s p h o le n e  a ie  3 07 0  
A d d n  s te r e o ch e m  to ly ll it h iu m  k e to n e  3 39 4  
A d d n  s u lfu r  d io x id e  a r y lc y c lo p r o p a n e  1251 
A d d n  te t ra cy a n o e th y le n e  d ia r y ltr ia ze n e  

2611
A d d n  t r if lu o r o a c e ta te  a lié n é  s u b s t itu e n t  

c o n t r o l  3 29 7
A d d n  y n a m in e  is o cy a n a te  k in e t ic s  4 26 1  
A d e n in e  h y d r o x y  1 61 0  
A d e n in e  n ic o t in a m id e  d in u c le o t id e  n u c l e o -  

p h y l i c it y  2 5 8 0  
A d e n o s in e  a m in o  a c y l  706  
A d e n o s in e  b r o m in a t io n  3 96 7  
A d e n o s in y la lk a n e  C D  h y p o c h r o m is m  5 1 7  
A d e n o s in y lb u ta n e  b a s e  s ta c k in g  517  
A d r ia m y c in  p r e p n  3 65 3  
A e q u a lin e  s t r u c tu re  3 5 8 8  
A f f in it y  s c a le  p y r id in iu m  io n  d e f in it io n  

2 58 0
A f la t o x in  N M R  112 
A la n in e  b e ta  d ip e p t id e  a m id a t io n  3731 
A la n in e  f lu o r o  r e s o lu t io n  142 
A lb u m in  s e r u m  b o v in e  t r e h a lo s e  b o n d in g  

130
A le  a d d n  h y p o h a li t e  d ih y d r o p y r a n  1057 
A le  a d d n  p h o t o c h e m  p h o s p h o le n e  3 0 7 0  
A le  a l ip h  1202
A le  a lk y la t io n  n a p h t h o l  a lk a li 2 0 2 0  
A le  a l ly lic  o x ic n  re a r r a n g e m e n t  682  
A le  c a r b a m a te  c le a v a g e  2781  
A le  c h ira l  a l ly lic  r e a r r a n g e m e n t  3 8 2 8  
A le  c h r o m a t o g  r e s o ln  2 43 6  
A le  c y c lo p r o p e n o n e  k e ta l  r e a c t io n  6 7 9  
A le  c y c lo p r o p y la lk e n y l  a l ly lic  r e a rra n g e m e n t  

2 1 7 2
A le  e t h e r if ic a t io n  o x o n iu m  sa lt  1801 
A le  o le f in  p e r a c id  o x id n  2 07 7  
A le  o p t i c a lly  a c t iv e  2 99 6  
A le  o x id a t iv e  re a r r a n g e m e n t  813  
A le  o x id n  c h r o m y l  c h lo r id e  2 1 8 2  
A le  o x id n  re a g e n t  1816  
A le  p h o s p h o r y la t io n  p h e n o x id e  ca ta ly s is  

771
A le  p h o t o o x id n  fe r r ic  c h lo r id e  171 
A le  p r im a r y  d e u t e r a t e d  in v e r s io n  767 
A le  p r o p a r g y l  r e a r r a n g e m e n t  3403  
A le  r e a c t io n  th ie n y l  is o th io c y a n a te  1508  
A le  te t r a h y d r o p y r a n v la t io n  3 77 2  
A lc o h o ly s is  d ib r o m o b ic y c lo a lk a n e  s te r e o ch e m  

4 1 8
A ld e h y d e  171
A ld e h y d e  a d d n  a lk e n y lb o r a b ic y c lo n o n a n e  

5 7 9
A ld e h y d e  a lip h  G r ig n a r d  b r o m o b e n z e n e  

4 1 5 0
A ld e h y d e  a lk a n e d i 3 99 4  
A ld e h y d e  a r o m  r e a c t io n  m e t h y lp t e r id in e  

2951
A ld e h y d e  c o n d e n s a t io n  d ik e t o n e  h y d r a z o n e  

3691
A ld e h y d e  c o n d e n s a t io n  h y d r o g e n  s e le n id e  

2 5 1 0
A ld e h y d e  c o n ju g a t e d  s e le c t iv e  re d n  1197  
A ld e h y d e  c y c lo a d d n  k e te n e  a ce ta l 3 12 8  
A ld e h y d e  h e t e r o c y c l i c  n u c le o p h i l ic  s u b s t itu =  

t io n  3 02 4
A ld e h y d e  p o d o c a r p a n e  c h ir a li t y  4 25 6  
A ld e h y d e  r e a c t io n  im id a z o p y r id in e  3 37 7  
A ld e h y d e  r e d n  b o r a b ic y c lo n o n a n e  c o m p le x  

p y r id in e  4 1 6 9  
A ld e h y d e  s y n th e s is  393  
A ld e h y d e  u n s a td  3 36 0  
A ld e h y d e  u n s a td  h y d r o g e n a t io n  ca ta ly s t  

5 5 1
A ld e h y d e  W it t ig  r e a c t io n  s t a n n y lp h o s p h o n i^  

urn 3 10 4
A ld im in e  c o n d e n s a t io n  h o m o p h t h a li c  a n h y 

d r id e  1111
A ld im in e  c y c lo a d d n  t o s y lm e t h y l  is o cy a n id e  

1153
A ld o fu r a n o n a te  a lk y lid e n e  t h e r m o d n  s ta b i li ty  

1951
A ld o l  c o n d e n s a t io n  p e n ic il la n a te  e n o la te  

2 96 0
A ld r in  a za  1375
A l ic y c l i c  im id e  c y c liz a t io n  m e c h a n is m  3 21 5
A lip h  a m in e  o x id n  c a ta ly s t  844
A lip h  e s te r  3 2 0 9
A l ip h  e s te r  m e t h y le n a t io n  1180
A lip h  p r im a ry  a m in e  b a s ic it y  916
A lip h  s e le n o  a m id e  2 64 5
A lip h  s u l fe n a m id e  967
A lip h  s u l f id e  568
A lip h  t h io l  e s te r  N M R  2 1 1 8
A ik  h y d r o ly s is  a lk y lu r a c il  2 57 4

A lk a d ie n e  c o n ju g a t e d  1680 
A lk a li  n a p h t h o x id e  a lk y la t io n  a le  2 02 0  
A lk a lo id  A b u t a  s t r u c tu re  2271 
A lk a lo id  a c o n it e  g a rry a  4131 
A lk a lo id  b is in d o le  A ls to n ia  2 78 5  
A lk a lo id  C e n tr o s p e r m a e  s y n th e s is  2 19 2  
A lk a lo id  d e tn  p la n t  4161 
A lk a lo id  in d o le  p r e p n  2 03 9  
A lk a lo id  in te rm e d ia te  2761 
A lk a lo id  io n iz a t io n  a q  s o in  225  
A lk a lo id  is o la t io n  P h a k e llia  4 1 1 8  
A lk a lo id  M a y te n u s  2 34 9  
A lk a lo id  m o r p h in e  a n a lo g  1485 
A lk a lo id  p r o a p o r p h in e  d é m é t h y la t io n  910  
A lk a lo id  p y r r o l iz id in e  sy n th e s is  1225 
A lk a lo id  s p e r m id in e  s t r u c tu re  3 66 0  
A lk a lo id  t r o p a n e  e le c t r o c h e m  o x id n  6 7 0  
A lk a n a l b r o m o a l ly l  c y c l iz a t io n  2 5 2 0  
A lk a n a m id e  p o ly f lu o r o  565  
A lk a n e  a s s o cn  io d in e  359  
A lk a n e  d in it r o  v ic in a l e l im in a t io n  2944  
A lk a n e  n it ro  h a lo g é n a t io n  3 76 4  
A lk a n e  o x id n  m e c h a n is m  2 31 8  
A lk a n e  p o ly f lu o r o  fu n c t io n a liz a t io n  lith a m id e  

565
A lk a n e  re d n  is o p r o p y l  c h lo r id e  3 04 6  
A lk a n e d ia l  3 99 4
A lk a n e d io n e  c o u p l in g  c y c liz a t io n  2655  
A lk a n e n it r i le  3 95 6
A lk a n e n it r i le  e t h o x y c a r b o n y la t io n  c a ta ly s t  

2 00 9
A lk a n o a te  a lk y la t io n  m e th o x y a l ly l  b r o m id e  

2 54 5
A lk a n o a te  e s te r  b a s ic  h y d r o ly s is  9 1 8  
A lk a n o a te  e s te r  m e th y le n a t io n  1180  
A lk a n o ic  a c id  3 74 9  
A lk a n o lid e  i s o p r o p y lid e n e  3 99 4  
A lk a n o n e  b r o m in a t io n  3527  
A lk a n o n e  e n d  s i ly l  e th e r  o x id n  3961 
A lk a n o n e  m e th y l a lk y l 1189  
A lk e n a l r e d n  ca ta ly s t  1202 
A lk e n e  2 9 4 4
A lk e n e  a d d n  c y c lo p e n t a n e d i t h io c a r b o x y li c  

a c id  3 38 3
A lk e n e  a d d n  m e th y lse le n iu m  t r ic h lo r id e  

1776
A lk e n e  a d d n  p h e n y ls e le n e n y l  b r o m id e  2 9 5 0  
A lk e n e  a lk y n e  b r o m in a t io n  k in e t ic s  2021 
A lk e n e  a r y la t io n  a n il in e  d e a m in a t io n  2431 
A lk e n e  b r o m in a t io n  m e c h a n is m  871 
A lk e n e  b r o m in a t io n  s o lv e n t  e f fe c t  3 67 3  
A lk e n e  c y c lo a d d n  c y c lo b u t e n e d ic a r b o n it r i le  

2597
A lk e n e  c y c lo a d d n  d ic h lo r o c a r b e n e  ca ta ly s t  

875
A lk e n e  c y c lo a d d n  is o p r o p y lid e n e c a r b e n e  

r e a c t iv ity  1 80 2
A lk e n e  f lu o r o  f lu o r id e  e x c h a n g e  4 0 5 5  
A lk e n e  h y d r o b o r a t io n  1 39 2  3 24 3  
A lk e n e  o x id n  c h r o m a te  io d in e  4 26 8  
A lk e n e  o x id n  k in e t ic s  m e c h a n is m  6 8 5  
A lk e n e  p h o t o c h e m  c y c lo a d d n  b e n z o n it r i le  

4 23 8
A lk e n e  p h o t o r e a c t io n  a c y lt h io p h e n e  a c y l fu =  

ra n  3 77 4
A lk e n e  p o ly c y c l i c  c y c liz a t io n  s tra in  2621 
A lk e n e  re d n  b e n z o d io x a b o r o le  512 
A lk e n e n it r i le  3 9 5 6  
A lk e n o l  a l ly lic  te r t ia r y  o x id n  6 8 2  
A lk e n o l  c y c lo p r o p y l  a l ly lic  r e a r r a n g e m e n t  

2 17 2
A lk e n o l  h o m o a l ly lic  2 71 2  
A lk e n o n e  c o n ju g a te d  m é th y la t io n  c u p r a te  

1099
A lk e n o n e  c o n ju g a te d  p r e p n  3961 
A lk e n o n e  c y c lo c o n d e n s a t io n  e t h o x y a l ly l id e =  

n e p h o s p h o r a n e  1664  
A lk e n o n e  h y d r id e  r e d n  a m in a t io n  6 5 0  
A lk e n y l n itr i le  im in e  c y c lo a d d n  1389 
A lk e n y l t h io l  a c e ta te  m a s  s p e c tr a  3307  
A lk e n y la t io n  d im e th o x y c y c lo h e x a d ie n e  c a t a =  

ly s t  3 7 5 5
A lk e n y la t io n  r e d u c t iv e  c y c lo h e x e n o n e  o r g a =  

n o c u p r a te  1581
A lk e n y lb o r a b ic y c lo n o n a n e  a d d n  a ld e h y d e  

579
A lk e n y lc y c lo h e x a n e d io n e  p r e p n  3 75 5  
A lk o x id e  a c id  c y c lo h e x a n o l  o x id n  826  
A lk o x id e  a d d n  m e t h a n o f lu o r a n t h e n e  4 09 2  
A lk o x y  d is u l f id e  s u b s t itu t io n  a m in e  th io l  

4 13 9
A lk o x y d ih y d r o p y r a n  1057 
A lk o x y im in o p h e n y la c e t a ld e h y d e  c y c liz a t io n  

e th y le n e  g ly c o l  7 5 5  
A lk y l  a cy l t r is u lf id e  958  
A lk y l  a ry l e th e r  1402  
A lk y l  b r o m id e  e le c t r o o x id n  3 99 7  
A lk y l  d ia z o m e th y l  k e to n e  3 75 7  
A lk y l  d is e le n id e  2 5 1 0
A lk y l  h a lid e  re a c t io n  d ip h e n y lm e t h y l  lith iu m  

4 0 5 8
A lk y l h a lid e  r e d n  c y a n o b o r o h y d r id e  82

A lk y l p h e n y l  h y d r o x y la m in e  e le c t r o s y n th e s is  
1836

A lk y l  p h e n y l  s u l f id e  1462  
A lk y l  p h o s p h a t e  o p t i c a l ly  a c t iv e  3 45 9  
A lk y l  p h o s p h o r a m id a t e  m o n o e s t e r  2 4 6 6  
A lk y la r o m  o x id n  c e r ic  n itra te  3 6 8 2  
A lk y la t in g  a g e n t  t r if la te  3 10 9  
A lk y la t io n  a c e t o x y m e t h y le n e c y c lo h e x e n e  

d ia z o a c e t o n e  2137  
A lk y la t io n  a c id  c h lo r id e  1194  
A lk y la t io n  a lk y n o l d ie t h y la lu m in u m  c a ta ly s t  

4147
A lk y la t io n  a m in o  a c id  2 63 9  
A lk y la t io n  a r y la c e ta te  4 10 4  
A lk y la t io n  b e n z e n e  g r a p h ite  in te r c a la te d  

h a lid e  4 18 7
A lk y la t io n  b e n z o t r ia z e p in e d io n e  2551  
A lk y la t io n  b e ta  v in y l  k e t o n e  1349 
A lk y la t io n  c y c lo a lk a n o n e  c a ta ly s t  2 5 4 5  
A lk y la t io n  c y c lo h e x a n o n e  a sy m  in d u c t io n  

377
A lk y la t io n  d e u te r a t io n  c y c lo b u t a d ip y r im id in e

3321
A lk y la t io n  d im e th o x y c y c lo h e x a d ie n e  ca ta ly s t

3 75 5
A lk y la t io n  d im e th o x y p h e n o l  344  
A lk y la t io n  e n a m in e  a s y m  in d u c t io n  1663  
A lk y la t io n  in d a n o n e  3 21 2  
A lk y la t io n  lith iu m  e n o la t e  k in e t ic s  2 6 2 9  
A lk y la t io n  m a n d e la te  e s te r  2 9 4 8  
A lk y la t io n  m e ta l e n o la te  b r o m o p r o p e n e  

1709
A lk y la t io n  m e t h y lb u t e n o a t e  l it h io  d e r iv  2 6 0  
A lk y la t io n  m e t h y lth io fo r m a ld in e  393  
A lk y la t io n  n a p h th o l  a le  a lk a li 2 02 0  
A lk y la t io n  n o r b o r n a n o n e  p r o d u c t  d e v e l o p s  

m e n t  264
. A lk y la t io n  n u c le o p h i l ic  k e to n e  2537  

A lk y la t io n  t h io l  p h a se  t r a n s fe r  4 2 7 5  
A lk y lb o r o n a t e  t r im e th y le n e  b r o m in a t io n

3 25 2
A lk y lc y c lo h e x a n e d io n e  p r e p n  3 7 5 5  
A lk y lc y c lo p e n t e n o n e  2 36 2  
A lk y lg u a n id in e  3 6 0 8
A lk y l id e n e  a ld o fu r a n o n a t e  t h e r m o d n  s ta b i li ty  

1951
A lk y l id e n e  c a r b e n e  1667
A lk y l id e n e  lith iu m  a lk y l id e n e s u l fe n a m id e

398
A lk y l id e n e b is b e n z e n e  4 26 6  
A lk y l id e n e c y c lo p r o p a n e  c le a v a g e  s u b s t itu e n t  

e f fe c t  3 0 9 8
A lk y l id e n e d e o x y ly x o fu r a n o s id e  4 08 4  
A lk y l id e n e p t e r id in e  p h e n y l fu ry l  2951 
A lk y l id e n e s u l fe n a m id e  a lk y lid e n e  lith iu m  

r e a g e n t  398
A lk y l im in o s u l fo n iu m  s a lt  5 9 2  
A lk y l in d a n o n e  p r e p n  3 2 1 2  
A lk y l in d o le  o x id n  1213 
A lk y l l ith iu m  a d d n  u n s a td  k e to n e  2 3 8 0  
A lk y lm a g n e s iu m  h y d r id e  3 48 0  
A lk y ln a p h t h o l  2 0 2 0  
A lk y lp h e n y lc a r b in y l  e th e r  e p im e r iz a t io n  

1652
A lk y lp h o s p h o n a t e  t h e r m o d n  a c id it y  c o n s t  

757
A lk y lp y r id in iu m  e le c t r o c h e m  r e d u c t iv e  d i=  

m e r iz a t io n  9 8 8
A lk y lt r ip h e n y lp h o s p h o n iu m  e le c t r o r e d n  

1242
A lk y lu r a c i l  a lk  h y d r o ly s is  2 57 4  
A lk y n e  a d d n  b o r a b ic y c lo n o n a n e  a ld e h y d e  

5 7 9
A lk y n e  a lk e n e  b r o m in a t io n  k in e t ic s  2021  
A lk y n e  a z in e  452  
A lk y n e  h y d r o b o r a t io n  3 24 3  
A lk y n e  p r e p n  2 6 5 0  
A lk y n e  r e a c t io n  o x y g e n  a to m  569  
A lk y n o l  a lk y la t io n  d ie t h y la lu m in u m  c a ta ly s t  

4 14 7
A lk y n y lb o r a b ic y c lo n o n a n e  m e t h o x y b u t e n o n e  

r e a c t io n  3 10 6
A lié n é  a d d n  t r if lu o r o a c e ta te  s u b s t itu e n t  

c o n t r o l  3 29 7
A lié n é  ch ira l  m e t h o x y m e r c u r a t io n  3 69 7  
A lié n é  p r e p n  2 65 0
A lle n ic  b e n z o c y c lo h e p t a t e t r a e n e  p r e p n  t r a p =  

p in g  3 4 6 0
A lle n ic  p h e n y ls e le n o t e t r a d e c a d ie n o a t e  e l im i^  

n a t io n  353  
A lle n o l  e s te r  1804
A llo a r o m a d e n d r e n e  o x id n  se le n iu m  3 34 3  
A llo x a z in e  o x id n  2 20 3  
A lly l  e th e r  re a r r a n g e m e n t  3 3 6 0  
A lly l s u l f id e  re a r r a n g e m e n t  o x y g e n  172 
A lly l  s y s te m  re a r r a n g e m e n t  s u b s t itu t io n  

r e a c t io n s  4 2 7 9  
A lly l  t r if la te  s a fe t y  3 10 9  
A l ly la t io n  p h o t o c h e m  m e c h a n is m  1 57 0  
A l ly lb o r a t io n  c a r b o n y l  c o m p o u n d  2292  
A l ly lic  a le  5 7 9
A lly lic  a le  ch ira l  r e a r r a n g e m e n t  3 8 2 8
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A lly lic  c y c lo h e x a n o l  o x id n  r e a r r a n g e m e n t
6 8 2

A l ly l i c  c y c lo h e x e n y l  h y d r o p e r o x id e  3 19 4  
A l ly lic  lith iu m  re a g e n t  3 10 4  
A l ly lic  r e a r r a n g e m e n t  c y c lo p r o p y l  a lk e n o l  

2 17 2
A l ly l i c  th ia  r e a r r a n g e m e n t  s u l f id e  172 
A l ly ll i t h iu m  n e o p e n ty l  e p o x id e  r e a c t io n  694  
A l ly lm a g n e s iu m  p h e n y l  a d d n  o le f in  820  
A l ly ln ic k e l  h a lid e  b e n z o a t e  1329 
A l ly lt h io im id a z o l in e  a c e ty l  th e r m a l r e a r ^  

r a n g e m e n t  2 33 9
A lp h a  p in e n e  h y p o c h lo r o u s  a c id  a d d n  2 4 9  
A ls t o m a  b is in d o le  a lk a lo id  2785  
A lu m in a  e lim in a t io n  s u l fo n a t e  3 1 7 3  
A lu m in u m  b u t o x id e  c y c lo h e x a n o l  o x id n  826  
A lu m in u m  c a t io n ic  p o ly m n  c a t a ly s t  690  
A lu m in u m  c h lo r id e  t h io p h e n e d ic a r b o n y l  

c h lo r id e  b e n z e n e  3 71 7  
A m id a t io n  r a c e m ic  d ip e p t id e  p a p a in  ca ta ly s t  

3 73 1
A m id e  h y d r o ly s is  s t r u c tu re  k in e t ic s  3 5 3 5  
A m id e  k in e t ic s  h y d r o ly s is  2 46 2  
A m id e  r e d n  2 08 2  
A m id e  s u l fe n y la t io n  3 2 3 6  
A m id e  v in y lo g o u s  r e g io s p e c i f ic i t y  a d d n  221 
A m id in e  c o n d e n s a t io n  b r o m o a c e t y l  c h lo r id e  

1639
A m id in e  c y c liz a t io n  n it r o  a re n e s  435  
A m id in e  c y c liz a t io n  n i t r o p y r id in e  2 58 9  
A m id in e  r e a c t io n  e t h o x y c a r b o n y l t h io a m id e

2 5 3 0
A m id in o  o x id e  b e n z o d ia z p in e  3301  
A m id o x im e  c y c liz a t io n  t h io n y l  c h lo r id e

3 3 7 2
A m id r a z o n e  2091 
A m id r a z o n e  y l id e  1862 
A m in a t io n  h y d r id e  re d n  a lk e n o n e  6 5 0  
A m in a t io n  h y d r o x y la m in e  d e r iv  p h o s p h o n =  

o a c e t a t e  3 7 6
A m in a t io n  r e d u c t iv e  c y c lo h e p t e n e c a r b o x y la t e  

1225
A m in e  a c e t y la c e to n e  N M R  2 54 9  
A m in e  a c y la n th r a n il  s u b s t itu e n t  e f f e c t  12 
A m in e  a d a m a n ty l  3 74 1  
A m in e  a d d n  d im e t h o x y c y c lo p r o p e n e  m e =  

c h a n is m  674
A m in e  a d d n  in d o le k e t e n e  1883 
A m in e  a d d n  p h t h a lo n it r i le  ca ta ly s t  1872  
A m in e  a d d n  p r o p y n y lt r ip h e n y lp h o s p h o n iu m  

b r o m id e  2641
A m in e  a lip h  o x id n  c a ta ly s t  844  
A m in e  b a s ic it y  s u b s t itu e n t  c o n s t  9 1 6  
A m in e  c a ta ly s ts  o x im a t io n  a c e t o n e  1593 
A m in e  c o n d e n s a t io n  fo r m y lb e n z o fu r a z a n  

o x id e  897
A m in e  c o n v e r s io n  c a r b o n y l  2821  
A m in e  c y c lo a d d n  c y c lo o c t a d ie n o n e  629  
A m in e  h y d r o x y  r e a c t io n  e t h o x y c a r b o n y l=  

t h io a m id e  2 5 3 0
A m in e  m e c h a n is m  c a r b o x y l ic  c a r b o n ic  a n h y =  

d r id e  3 6 8 6
A m in e  m é t h y la t io n  139 
A m in e  n u c le o p h i l ic  a d d n  b e n z o x e t e n e  2966  
A m in e  p h t h a la ld e h y d e  r e a c t io n  4 2 1 7  
A m in e  p r e p n  2 08 2  
A m in e  p r o t e c t io n  p e p t id e  143 
A m in e  p r o t e c t iv e  g r o u p  3 9 9  
A m in e  r e a c t io n  a c e ty la n th r a n i l  3863  
A m in e  r e a c t io n  a c e ty la n th r a n i l  s te r e o ch e m  

656
A m in e  r e a c t io n  d is u l f id e  9 6 7  
A m in e  r e a c t io n  r a d ic a l  c a t io n  1 53 8  
A m in e  r e a c t io n  t h ie n y l is o th io c y a n a te  1 50 8  
A m in e  r e a c t io n  th io e th e r  5 9 2  
A m in e  r in g  c le a v a g e  a c y lc y c lo p r o p a n e  850  
A m in e  s e c o n d a r y  t e r t ia r y  3 9 8  
A m in e  s u b s t itu t io n  a lk o x y  d is u l f id e  4 13 9  
A m in e  s u lfin y l  r e a c t io n  p h o s p h o n iu m  y lid e  

3 9 2 2
A m in e  t e r t ia r y  a n o d ic  c y a n a t io n  2 97 3  
A m in e  T N T  r e a c t io n  k in e t ic s  1261 
A m in e  t r in it r o t o lu e n e  r e a c t io n  k in e t ic s  

1 2 6 !
A m in e  v in y lo g o u s  r e a c t io n  k e to e s te r  1919 
A m in o  a c id  a c e t o x y  2 4 1 9  
A m in o  a c id  a lk y la t io n  2 6 3 9  
A m in o  a c id  ce s iu m  sa lt  e s t e r if ic a t io n  1286  
A m in o  a c id  d e h y d r o  th r e o n in e  c o n v e r s io n  

2 2 5 6
A m in o  a c id  d e u t e r a t io n  2 3 2 9  
A m in o  a c id  f o r m y la t io n  2 01 9  
A m in o  a c id  m é t h y la t io n  139 
A m in o  a c id  p h o s p h o r y la t io n  e n z y m e  771 
A m in o  a c id  u n s a td  1239  
A m in o  a c id  u n s a td  c h lo r o b e n z o d io x in o n e  

2 3 6
A m in o  a c y l  n u c le o s id e  706  
A m in o  d e h y d r o  3 81 5  
A m in o  g r o u p  p r o t e c t io n  d ip h e n y lm a le y l  

2 81 9
A m in o  k e t o n e  o x id n  c le a v a g e  4061

A m in o  ly s in e  p r o t e c t io n  i s o n ic o t in y lo x y c a r ^  
b o n y l  3 28 6

A m in o  r e a c t io n  c y c lo h e x y lc a r b o d iim id e  
M e r r i f ie ld  1291

A m in o a c e t a m id e  c y c liz a t io n  t h io n y l c h lo r id e  
1015

A m in o a lk o x y f lu o r e n e  a c y la t io n  F r ie d e l 
C r a ft s  4144

A m in o a n i l  b is  c y c lo d e h y d r o g e n a t io n  3 48 5  
A m in o a r y lo x a z o l in e  2 65 3  
A m in o b e n z a ld é h y d e  F r ie d la e n d e r  re a c t io n  

a c e t y lp y r id in e  232
A m in o b e n z a m id e  c y c liz a t io n  p h e n y lp y ru v a te  

3 65 0
A m in o b u t y r a t e  D ie c k m a n n  c y c liz a t io n  1000 
A m in o c a r b o n y l  n it r o x id e  E S R  3 5 4 2  
A m in o c r o t o n a t e  r e a c t io n  m e th a n e s u lfe n y l 

c h lo r id e  3 23 0
A m in o c y c li t o l  s y n th e s is  3 08 3  
A m in o c y c lo h e x e n o n e  r e a c t io n  u n s a td  k e t o e s ^  

te r  1919
A m in o d e o x y g lu c o p y r a n o s id e  p h e n y lg ly o x a ly l  

p h o t o ly s is  2821
A m in o d e o x y h e x o s e  n it ro g e n  N M R  2 24 7  
A m in o d e o x y r ib o fu r a n o s y lp u r in e  714 
A m in o e t h a n e s u lfo n y l  f lu o r id e  d e h y r o g e n a t io n  

169
A m in o ly s is  k in e t ic s  a c e ta te  2494  
A m in o m e r c a p t o b u t y r ic  a c id  3 5 5  
A m in o m e t h y l  c y c lo p r o p y l  k e to n e  re a rra n g e ^  

m e n t  3 60 5
A m in o m e t h y lb ic y c lo o c ta n e  c y c liz a t io n  2844  
A m in o m e t h y lu r a c il  a c e t y le n e d ic a r b o x y la te  

c o n d e n s a t io n  4 1 5 9
A m in o p h e n o l  a d ip o in  c o n d e n s a t io n  s tru c tu re  

4279
A m in o p h e n o l  d ia c y l  is o m e r iz a t io n  6 5 2  
A m in o p h e n y lc o p p e r  c o u p l in g  re a c t io n  2 70 5  
A m in o p r o p a n o l  a r y lo x y  c o n f ig u r a t io n  1006 
A m in o p r o p a n o l  r e a c t io n  la c to n e  1467 
A m in o p r o p e n y lp h o s p h o n iu m  b r o m id e  200 
A m in o p t e r in  208 
A m in o p u r in e  h y d r o g e n o ly s is  3 06 5  
A m in o p y r a z o le  2 8 9 3  
A m in o p y r im id in e  re d n  U V  879  
A m in o q u in o n e  p h o t o c h e m  3 31 7  
A m in o s t y r e n e  c y c lo a d d n  p h e n y lm e th a n e s u l=  

fo n y l  c h lo r id e  3 50 2
A m in o t h ie t a n e  d io x id e  e l im in a t io n  re a c t io n  

3 50 6
A m in o t r if lu o r o m e t h y lp h e n y le t h a n o l  d e a m i~  

n a t io n  m e c h a n is m  8 6 8  
A m in o v in y l  p h o s p h o n iu m  s a lt  p r e p n  s t r u c t  

tu re  2641
A m m o n ia  a m in e s  s u lf i l im in e s  su lfo n iu m  

sa lts  4 2 7 9
A m m o n ia  c y c liz a t io n  o x o g lu t a r ic  a c id  s e m ia l^  

d e h y d e  3440
A m m o n ia  p h th a la ld e h y d e  r e a c t io n  4 21 7  
A m m o n iu m  a c e ta te  m e t h y le n e d io n e  c y c liz a 0  

t io n  h y d r o x y m e t h y le n e d e c a l in  2187  
A m m o n iu m  a ra lk e n y l c y c liz a t io n  2 19 5  
A m m o n iu m  b r o m id e  e l im in a t io n  k in e t ic s  

205
A m m o n iu m  d e c o m p n  m e t h o x id e  2201  
A m m o n iu m  io d id e  N M R  la n th a n id e  2 33 7  
A m m o n iu m  n it ra te  c e r ic  o x id n  3 68 2  
A m m o n o ly s is  ch ira l  b e n z y l  t o s y la te  3101  
A m m o n o ly s is  t e r e p h t h a l ic  a c id  c a ta ly s t  

3 11 8
A m u r o n in e  d é m é t h y la t io n  910  
A n a ly s is  d e u te r iu m  c a r b o n  N M R  212  
A n a ly s is  w a te r  d r y in g  s o lv e n t  3 06 0  
A n a ly s is  x ra y  c ry s ta l  s t r u c tu re  4 2 7 9  
A n c h im e r ic  a ss is ta n ce  p h e n y lt h io c y c lo h e x e =  

n y l n it r o b e n z o a t e  5 8 5  
A n d a lu s o l  s t r u c tu re  S id e r it is  2 51 7  
A n d r o s ta n e d io a t e  s e c o  1613 
A n d r o s ta n e d io l  N M R  c a r b o n  13 789  
A n d r o s ta n e d io n e  h o m o  p r e p n  1221 
A n d r o s ta tr ie n e  n o r th ia  3196  
A n e m o n in  t y p e  la c to n e  1703 
A n h y d r id e  c a r b o x y l ic  c a r b o n ic  th e rm a l d e =  

c o m p n  3 68 6
A n h y d r id e  c y c lo h e x a n e d ic a r b o x y l ic  h y d ra z in e  

re a c t io n  159
A n h y d r o  h e t e r o c y c liu m  h y d r o x id e  1633  
A n h y d r o  h y d r o x y im id a z o liu m  h y d r o x id e  

m e s o io n ic  1639
A n h y d r o  m e r ca p t o th ia z o lo p h e n a n t h r id in iu m  

h y d r o x id e  2 52 5
A n h y d r o  s e le n a z o liu m  h y d r o x id e  1644 
A n h y d r o a r a b in o fu r a n o s y lp y r im id in e  2809  
A n h y d r o n u p h a r a m in e  s y n th e s is  2 11 3  
A n il  a m in o  c y c lo d e h y d r o g e n a t io n  3 48 5  
A n il  e t h y l id e n e c y c lo h e x a n o n e  p h o t o c h e m  

is o m e r iz a t io n  2 79 4  
A n il id e  a lip h  s e le n o  2 64 5  
A n il id e  c o n d e n s a t io n  h a lo n it ro b e n z e n e  

1786
A n il id e  p r e p n  3 75 5
A n ilin e  a m id a t io n  r a c e m ic  d ip e p t id e  p a p a in

3731

A n ilin e  b e n z y la t io n  solvent effect 1415 
A n ilin e  c o n d e n s a t io n  trifluoroacetophenone

H86
A n ilin e  d e a m in a t io n  n itr ite  a lk e n e  2431 
A n ilin e  d e a m in a t io n  s u b s t itu tio n  2426  
A n il in e  isa tin  1344  
A n il in e  L F E R  to lu e n e  a c id ity  1817 
A n il in e  N M R  s u b s t itu e n t  e f fe c t  2999 
A n il in e  o z o n e  o x id n  ca ta ly s t  844 
A n il in e  p r o t o n a t io n  c o n s t  162 
A n il in e  r e d u c t iv e  d e a m in a t io n  n itro so a lk a n e  

3494
A n ilin e  t e r t ia r y  p r e p n  2 9 3 0  
A n il in iu m  a lk e n y l c y c liz a t io n  2195  
A n il in o m a lo n a te  c y c liz a t io n  c in n a m o y l c h lo =  

r id e  3 16 2
A n il in o m e th y lp h o s p h in iu m  c h lo r id e  d is p r o =  

p o r t io n a t io n  4 12 5
A n io n  n a p h th a le n e  a s p h a lte n e  d e g r d n  3 1 2  
A n io n  p h e n y lq u in a z o lin e  78  
A n io n  ra d ica l b ic y c lo h e p te n e d io n e  E S R  63 
A n io n  t r im e th y ls ily l  2654  
A n is id in e  a cy l 3 9 2 9
A n is o le  p h o t o c h e m  c y c lo a d d n  c y c lo a lk e n e  

1321
A n is o m e le s  d it e r p e n o id  m a c r o c y c l ic  3 82 4  
A n is y lp h e n e th y la m in e  d e a m in a t io n  3 30 6  
A n is y lp in a c o l  d e h y d r a t io n  2 42 3  
A n n é la t io n  c y c lo h e x e n o n e  e p o x id e  p h e n o l 

3 45 8
A n n u la t io n  p y r id in iu m  n it ro g e n  h e t e r o c y c le  

2474
A n n u le n e  N M R  r e s o n a n c e  e n e r g y  1669  
A n n u le n o n e  b is d e h y d r o  m a c r o c y lic  2 13 0  
A n o d ic  c y a n a t io n  t e r t ia r y  a m in e  2 97 3  
A n th e lm y c in  N M R  c a r b o n  13 3 2 8 9  
A n th ra ce n e  a c e t a m id o  a d d u c t  m a le ic  a n h y =  

d r id e  3 73 6
A n th ra ce n e  b u t y l  2407
A n th ra ce n e  D ie ls  A ld e r  p h t h a la z in e d io n e

2371
A n th r a c e n e d io l  d ih y d r o  736  
A n th r a c e n e d io n e  t r ih y d r o x y  m e t h y l  2371  
A n th ra n il a c e t y l  a m in e  s te r e o ch e m  656  
A n th ra n il  a c e ty l  r e a c t io n  a m in e  3 8 6 3  
A n th ra n il  a c y l  a m in e  12 
A n th ra n il  n it ro  897
A n th ra n il ic  a c id  r e a c t io n  a c e ty la n th r a n il

3 86 3
A n th ra n il ic  a c id  te r t  b u ty l  1812 
A n th ra n il iu m  p h o t o ly s is  3929  
A n th ro n e  p h o t o c h e m  o x id n  5 0 7  
A n th r y lm e t h o x y c a r b o n y l  p r o t e c t iv e  g r o u p  

a m in e  399  
A n th y r id in e  3 41 0
A n t ib io t ic  L L B M 5 4 7  s t r u c tu re  1282  
A n t ib io t ic  n u c le o s id e  C  109 
A n t ifu n g a l W 7 7 8 3  s t r u c tu re  3 66 4  
A n t ih o m o a r o m a t ic i t y  c y c lo p r o p in d e n y l  d in i=  

t r o b e n z o a t e  h y d r o ly s is  1437 
A n t i le u k e m ic  t r ic h o t e c e n e  4 22 1  
A n t im o n y  h y d r o x y te tr a a r y l  th e r m o ly s is  

1399
A n tit u m o r  a g e n t  d e c o m p n  m e c h a n is m  3 5 3 8  
A n t itu m o r  m e t h y lc y c lo p h o s p h a m id e  c o n f ig u 0  

ra t io n  1650 
A p o c a r o t e n a l  3 2 0 3  
A p o m o r p h in e  d é m é th y la t io n  1 22 8  
A p o r p h in e  a n a lo g  m a ss  s p e c tr a  744  
A p o r p h in e  m e th y l e th e r  d é m é th y la t io n  

1228
A p o r p h in e  p r e c u r s o r  751 
A p r o p h in e  n itro g e n  m u s ta rd  2 01 4  
A r a b in o fu r a n o s y lp y r im id in e  a n h y d r o  2 80 9  
A r a lip h  e s te r  3 2 0 9  
A r a lk y lim in o s u lfo n iu m  sa lt  592  
A r a n o t in  a r o m  a n a lo g  948  
A r b u z o v  re a c t io n  b r o m o d ie th o x y b u t y n e  

2771
A r e n e s u lfe n a m id e  a lk y lid e n e  lith iu m  re a g e n t

398
A r e n e s u lf in a te  s i lv e r  p y r o ly s is  1691 
A r e n e th io l  a c e ta te  m a ss  s p e c tr a  3 30 7  
A r g in in e  v a s o p re s s in  s y n th e s is  M e r r i f ie ld

3 55 6
A r o m  a ld e h y d e  r e a c t io n  m e th y lp te r id in e  

2951
A r o m  a n a lo g  a r a n o t in  948
A r o m  c h lo r o m e t h y lt h io  3094
A r o m  c o m p d  a lly la t io n  p h o t o c h e m  1 57 0
A r o m  c o m p d  o x id a t iv e  c o u p l in g  764
A r o m  d in itr o  d e n it r a t io n  t o ly lt h io  3 5 5 0
A r o m  flu o r in a t io n  362
A r o m  G rig n a rd  m o ly b d e n u m  c o m p le x  1479
A r o m  h y c fro ca rb o n  r a d ic a l  r e s o n a n c e  839
A r o m  k e to n e  1194
A r o m  n u c le o p h i l ic  s u b s t itu t io n  p h o t o  1481 
A r o m  s u b s t itu t io n  n u c le o p h i l ic  ca ta ly s t  

4 0 8 0
A r o m  s u l fe n a m id e  967  
A r o m  s u lfid e  568  
A r o m  t r if lo n e  3 87 5
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A r o m a t iz a t io n  a r y l id e n e c y c lo a lk a n o n e  c a t a =  
ly s t  2 3 8 6

A r o m a t iz a t io n  o x a d ia z o l in e  1555  
A r o m a t iz a t io n  p o d o c a r p e n e d io n e  4 13 1  
A r o y la t io n  p y r r o le  V ils m e ie r  H a a c k  4 24 8  
A r s e n a n e  h a lo g e n  a d d u c t  s t r u c tu re  1315 
A r s in e  r e a c t io n  k in e t ic s  h y d r o p e r o x id e  3 97 0  
A r y l  a lk y l e th e r  1402 
A r y l  b r o m id e  s u b s t itu t io n  k e to n e  e n o la te  

1481
A r y l c a t io n  M O  1474
A ry l G r ig n a r d  r e a c t io n  m o ly b d e n u m  c o m p le x  

1479
A r y l m e th y la c e ta te  k in e t ic s  s a p o n  3 67 7  
A r y la c e ta te  a lk y la t io n  4 10 4  
A r y la c e t ic  a c id  l ith ia t io n  38  
A r y la m in e  d e a m in a t io n  s u b s t itu t io n  2426  
A r y la n t im o n y  p y r o ly s is  1399 
A r y la t io n  a lk e n e  a n il in e  d e a m in a t io n  2431  
A r y la t io n  M e e r w e in  f lu o r o a lk e n e  b e n z e n e -  

d ia z o n iu m  2 61 8
A r y lb e n z im id a z o q u in o lin e  h in d e r e d  r o t a t io n  

2003
A r y lb r o m o o x o b u t a n o ic  a c id  d e h y d r o b r o m in a 3  

t io n  s u b s t itu e n t  e f fe c t  3 8 6 7  
A r y lc h lo r o p h e n y le t h a n e  e l im in a t io n  b a se  

a sso cn  2 1 7 0
A r y lc o p p e r  a c e t y le n e c o p p e r  r e a c t io n  2 70 5  
A r y lc o p p e r  p o ly n u c le a r  c o p p e r  tr if la te  r e a c =  

t io n  2047
A r y lc y c lo p r o p a n e  a d d n  su lfu r  d io x id e  1251 
A r y ld ia z o n iu m  r e d n  h y p o p h o s p h o r o u s  a c id  

1469
A r y ld it h io l iu m  r e a c t io n  x a n th a te  d i t h io c a r =  

b a m a te  1543
A r y le t h y n y lc y c lo p r o p y l  to s y la te  so lv o ly s is  

k in e t ic s  m e c h a n is m  28  
A r y lh y d r a z in e  r e a c t io n  s u p e r o x id e  178 
A r y l id e n e c y c lo a lk a n o n e  is o m e r iz a t io n  a r o m a 

t iz a t io n  c a ta ly s t  2 38 6  
A r y l id e n e c y c lo a lk a n o n e  m a ss  s p e c tr a  2394  
A r y lk e t e n im in e  a z ir id in e  a d d n  847 
A r y lm a g n e s iu m  h y d r id e  3 48 0  
A r y lm e r c u r y  d im e r iz a t io n  c a ta ly s t  1680 
A r y lo x a d ia z o le  p h o t o c h e m  r e a c t io n  in d e n e  

1496
A r y lo x ir a n e  r in g  c le a v a g e  s te r e o ch e m  4067 
A r y ls u l fo n y lm e t h y l  p e r c h lo ra te  s o lv o ly s is  

k in e t ic s  2694
A r y ls u l fo n y ln it r e n e  in tra m o l in s e r tio n  c y c l i -  

z a t io n  2 9 2 0
A r y lz in c  c o u p l in g  h a lo a r e n e  1821
A s c a r id o le  e p o x id a t io n  2 00 6
A s p a r ta te  p r o t e c t io n  b r o m o b e n z y l  M e r r if ie ld

5 2 3
A s p e rg il lu s  m e ta b o l ite  N M R  112 
A s p e rg il lu s  to x in  s e c a lo n ic  a c id s  3 5 2  
A s p e rg il lu s  t r y p t o q u iv a l in e  m y c o t o x in  244  
A s p h a lte n e  m o l s t r u c tu re  A th a b a s c a  312  
A s s o c n  c o n s t  io d in e  o r g  d o n o r  3 5 9  
A s y m  h y d r id e  r e d n  k e t o n e  1578 
A s y m  in d u c t io n  a lk y la t io n  c y c lo h e x a n o n e  

377
A s y m  in d u c t io n  a lk y la t io n  e n a m in e  1663 
A s y m  in d u c t io n  k e to n e  r e d n  9 2 0  2 53 4  
A s y m  in d u c t io n  p e r o x y c a m p h o r a t e  2 08 0  
A s y m  p e r a c id  o x id n  im in e  3 91 7  
A s y m  p h o t o ly s is  p o ly c y c l i c  k e t o n e  4 2 7 0  
A s y m  re d n  k e t o  e s te r  1671 
A s y m  re d n  k e to n e  d iis o p in o c a m p h e y lb o r a n e  

2 99 6
A s y m  sy n th e s is  b e n z y l  a le  4 1 5 0  
A s y m  sy n th e s is  f lu o r o a lk y lb e n z y la m in e  

2 43 6
A s y m m e t r ic  in d u c t io n  o le f in  c y c liz a t io n  

3 1 9 6
A s y m m e t r ic  r e d n  a c e t o p h e n o n e  2 07 3  
A t o m ic  f lu o r in e  b e a m  b e n z o t r i f lu o r id e  8 6 3  
A T P  re g e n e r a t io n  e n z y m e  c r e a t in e  p h o s p h o 

r y la t io n  4 1 6 5
A u to c a t a ly s is  n it r o s a t io n  d ih e x y  la m in e  391 
A u t o c o n d e n s a t io n  h y d r o x y b e n z y l  c h lo r id e  

m e c h a n is m  2 17 7
A u to m e r iz a t io n  p h e n y lb u ta n e  3 0 1 8  
A u to x id n . S te v e n s  re a r r a n g e m e n t  y lid e  

1460
A z a a ld r in  1375  
A z a b ic y c lo h e p t e n e  1 37 5  
A z a b ic y c lo n o n a n e  N M R  2 2 4 0  
A z a b ic y c lo n o n a n e c a r b o x y la t e  o x id n  2651  
A z a b ic y c lo n o n a n o n e  6 2 9  
A z a b ic y c lo n o n a n o n e  n it ro  2 58 9  
A z a b ic y c lo n o n e n e c a r b o x y la t e  2 48 6  
A z a b ic y c lo o c ta n e c a r b o x y la t e  2 48 6  
A z a b ic y c lo o c ta n e d io n e  r in g  c le a v a g e  2 19 2  
A z a b ic y c lo t r id e c a n o l  J o n e s  o x id n  3 21 0  
A z a b r e n d a n e  N M R  2 84 4  
A z a cy c la z in e  2448
A z a c y c lo p e n t a d ie n e  p e n t a c h lo r o  D ie ls  A ld e r

1375
A z a d ie ld r in  1 37 5  
A z a h o m o a d a m a n ta n e  3741

A z a h o m o a d a m a n ty l  c a r b e n iu m  io n  3 92 9  
A z a in d o liz in e  2448  
A z a n o r b o r n e n e  1375  
A z a p r o s ta g la n d in  2 10 3  
A z a p r o s ta g la n d in  E l  d e o x y  3201 
A z a te t r a c y c lo d o d e c a d ie n e  p e n t a c h lo r o  1375 
A z a th ia b e n z e n e  o x id e  602  
A z a tw ista n e  N M R  2 84 4  
A z e p in e  h e x a h y d r o b is m e s y lo x y  3 93 3  
A z e p in o n e  2 96 6
A z e t id in e  b u t y l  a ry l c o n f ig u r a t io n  2 09 4  
A z id e  b e n z y l  r e a c t io n  i s o th io c y a n a te  1159 
A z id e  e x c e s s  m e th o d  p e p t id e  s y n th e s is  

2 09 8
A z id e  p h e n y l d e o x id n  n i t r o s o d ib e n z y la m in e  

2636
A z id e  r e a c t io n  c h lo r o im in iu m  r e a rra n g e m e n t  

3 70 9
A z id e  re a c t io n  e th o x y c a r b o n y ln it r e n e  2 44 3  
A z id o a d a m a n ta n e  p r e p n  r e a c t io n  3741  
A z id o a z o b ip h e n y l  p h o t o ly s is  p y r o ly s is  2 9 2  
A z id o fo r m im in iu m  C u rt is  r e a r r a n g e m e n t  

3 70 9
A z id o ly s is  b r o m o d e o x y h e p t o p y r a n o s u lo s e  

3 56 7
A z in e  c y c liz a t io n  a c e t y le n e d ic a r b o x y la te  

452
A z in e  e n a m in e  c y c liz a t io n  p y r id a z in e  2321 
A z in e  u n sa td  th e r m o ly s is  3691 
A z ir id in e  a d d n  a r y lk e te n im in e  847  
A z ir id in o c h o le s t a n e  s o lv o ly s is  r e a rra n g e m e n t  

4251
A z ir id in o p y r r o l id in e  1904 
A z ir in e  in te rm e d ia te  p y r id o t r ia z in e  2 51 4  
A z o  o x id e  p h o t o e le c t r o n  s p e c tr a  6 0 9  614  
A z o a lk e n e  to sy l th e rm a l d e c o m p n  1667 
A z o b e n z e n e  is o c y a n id e  c y c lo a d d n  4 13 6  
A z o c in e d ic a r b o x y la t e  h y d r o  2 90 3  
A z o n ia a z a b ic y c lo n o n e n e  s te r e o ch e m  G rig n a rd  

937
A z o n in e  o x id e  2651 
A z u le n e  c ry s ta l  s t r u c tu re  1349 
B a cc h a r in  m o l s t r u c tu re  4221 
B a cc h a r in o l  m o l s t r u c tu re  4221 
B a cc h a r is  c le r o d a n e  d it e r p e n o id  3 91 3  
B a cc h a r is  tr ic h o th e s e n e  m o l s t r u c tu r e  4221 
B a c t e r ic id e  o x y g e n  a n a lo g  c e p h a lo s p o r in  

1012
B a e y e r  V il lig e r  r e a c t io n  is o in d o lo b e n z a z e p in e  

1093
B a rr e le n e  1654
B a rr ie r  cu n e a l in v e rs io n  s p ir o su lfu r a n e  

4006
B a rr ie r  in v e rs io n  h y d r o b e n z o x a t h ia n e  m e t h ^  

o x y  4 3 8
B a rr ie r  r o ta t io n  te t r a n e o p e n t y le t h y le n e  5 8 0  
B a rr ie r  r o ta t io n  v in y l  c a t io n  3 00 4  
B a r t le t t  N e n it z e s c u  r e a c t io n  3 04 6  
B a se  a sso cn  e l im in a t io n  a r y lc h lo r o p h e n y le t h =  

a n e  2 17 0
B a se  ca ta ly s is  s a p o n  t r im e th y la c e ta te  3 67 7  
B a se  s ta c k in g  a d e n o s in y lb u ta n e  517  
B a se  s tre n g th  e l im in a t io n  r e a c t io n  205  
B a se  s u b s t itu t io n  b r o m o t e tr a h y d r o p y r a n o n e  

3 71 3
B a s ic  h y d r o ly s is  b e n z o a te  e s te r  918  
B a s ic ity  a n n u la te d  p y r id in e  2 74 2  
B a s ic ity  d y e  c y a n in e  a n a lo g  1041 
B a s ic i ty  s t r u c tu re  h y d r o c a r b o n  3 31 6  
B e a m  a to m ic  f lu o r in e  b e n z o t r i f lu o r id e  863  
B e c k m a n  c le a v a g e  h y d r o x im in o e s tr a tr ie n o l  

2101
B e c k m a n  r e a rra n g e m e n t  s y n th e s is  a d a m a n  =  

ta n e  d e r iv s  4 27 9
B e c k m a n n  re a r r a n g e m e n t  b u t e n y lc y c lo p e n t a ^  

n o n e  o x im e  2 11 3  
B e n u lin  s t r u c tu re  B u rse ra  1627 
B e n z a la m in o a c e ta l  P o m e r a n z  F r it s ch  r e a c t io n  

3 2 0 8
B e n z a lb is u r e th a n e  c y c lo a d d n  p h e lla n d r e n e  

2 4 8 6
B e n z a ld e h y d e  c o n d e n s a t io n  h y d r o x y a c e t o =  

p h e n o n e  3311
B e n z a ld e h y d e  c o n d e n s a t io n  l it h io t h io p h e n e  

2 64 9
B e n z a ld e h y d e  h y d r a z o n e  n it ro s o b e n z e n e  

k in e t ic s  3 0 5 7
B e n z a ld e h y d e  o x id n  k in e t ic s  c y c lo h e x a n o l  

8 2 6
B e n z a ld e h y d e  p h o t o c h e m  re d n  c h lo r in a t io n  

1 8 1 0
B e n z a ld e h y d e  p r e p n  1 81 6  3 09 7  
B e n z a ld e h y d e  re d n  ca ta ly s t  1202 
B e n z a ld e h y d e  W itt ig  c a r b o n  t e t ra b r o m id e  

3308
B e n z a ld e h y d e  W it t ig  p h o s p h o r a n e  3691 
B e n z a m id e  c a r b a m o y l  12 
B e n z a m id e  d ia lk y l  N M R  2244 
B e n z a m id e  o r t h o  l ith ia t io n  1823 
B e n z a n n u le n e  m a c r o c y c l i c  b is d e h y d r o  1960  
B e n z a n t h r a c e n e d io n e  3 4 6 5  
B e n z a n th r a q u in o n e  p r e p n  3 46 3

B e n z e n e  a lk y la t io n  g r a p h ite  in te r c a la te d  
h a lid e  4 1 8 7

B e n z e n e  a lk y l id e n e b is  4 2 6 6  
B e n z e n e  a lu m in u m  c h lo r id e  t h io p h e n e d ic a r ^  

b o n y l  c h lo r id e  3 71 7  
B e n z e n e  a s s o cn  io d in e  3 5 9  
B e n z e n e  b u ty l  t r a n s a lk y la t io n  4 2 2  
B e n z e n e  c h lo r o m e t h y l t h io  3 0 9 4  
B e n z e n e  c h lo r o t e t r a f lu o r o b u t y l  2 6 1 8  
B e n z e n e  c y c lo a d d n  is o p r e n e  c a ta ly s t  1967 
B e n z e n e  d e r iv  1
B e n z e n e  d ib r o m o  l ith iu m  e x c h a n g e  257  
B e n z e n e  h e x a m e th y l e le c t r o p h i l ic  h a lo g é n a 

t io n  2 68 4
B e n z e n e  n it ra t io n  m e c h a n is m  2511 
B e n z e n e  o le f in a t io n  1784 
B e n z e n e  o x id e  c a r b o b u t o x y  2 0 0 8  
B e n z e n e  s u lfu r  p h o s p h o r u s  t r ic h lo r id e  F r i e -  

d e l  C r a ft s  2 19 0  
B e n z e n e  t r ia lk y l 914  
B e n z e n e  t r im e th y ls ily l  2 65 4  
Bemenediazonium a r y la t io n  ftuoToalkene 

M e e r w e in  2 61 8
B e n z e n e d ia z o n iu m  f lu o r o b o r a t e  d e c o m p n  

c a ta ly s t  1468
B e n z e n e d ia z o n iu m  p r o t o d e d ia z o n ia t io n  

a c id ic  m e th a n o l 6 3 9  
B e n z e n e d io l  a lk y l 344  
B e n z e n e p e r o x y s e le n in ic  a c id  e p o x id n  2 0 3 4  
B e n z e n e s u lfe n y l  c h lo r id e  t r in it r o  597  
B e n z e n e s u lfo n a te  h y d r o x id e  io d o s o b e n z e n e  

1476
B e n z e n e s u lfo n y ln o r b o r n a n o l  1149 
B e n z e n e s u lfo n y lp h o s p h o r a m id a t e  p r e p n  

p h o s p h a ta s e  in h ib it io n  2 4 6 6  
B e n z h y a r y la m in e  re s in  M e r r i f ie ld  o x y t o c in

3 55 2
* B e n z il r e a c t io n  c y a n id e  2 50 6  

B e n z il ic  a c id  o x id n  k in e t ic s  2 0 6 3  2 06 9  
B e n z im id a z o b e n z o t h ia z o le  600  
B e n z im id a z o le  441 
B e n z im id a z o le  b is  3 4 8 5  
B e n z im id a z o le  c a r b a lk o x y b u ty lt e t r a h y d r o  

2 74 8
B e n z im id a z o le d ia m in e  o x id n  r e a r r a n g e m e n t

542
B e n z im id a z o le th io l  c h lo r o b e n z o t r i fu o r id e  

r e a c t io n  6 0 0
B e n z im id a z o q u in o l in e  a ry l h in d e r e d  r o ta t io n

2 00 3
B e n z im id o y lh y d r a z in iu m  1862 
B e n z in d e n e  h e x a h y d r o  p r e p n  s t r u c tu re

2 82 6
B e n z in d e n o n e  3 9 6  
B e n z in d o le  3 2 4 0  
B e n z is o x a z o le  p y r o ly s is  1791 
B e n z is o x a z o le c a r b o x y la t e  d e c a r b o x y la t io n  

c a ta ly s is  p o ly s o a p  3 0 6  
B e n z is o x a z o h u m  p h o t o ly s is  3 9 2 9  
B e n z is o x a z o l iu m  s a lt  m é t h o x y la t io n  c le a v a g e  

1812
B e n z lid e n e d e o x y ly x o fu r a n o s id e  4 08 4  
B e n z o a n t h r a c e n e d io l  d ih y d r o  7 3 6  
B e n z o a te  a lle n y l  e s te r  1804 
B e n z o a t e  a lly ln ic k e l  h a l id e  1329  
B e n z o a te  a m in o  2 65 3  
B e n z o a te  b e n z o in  2 5 0 6  
B e n z o a t e  e s te r  b a s ic  h y d r o ly s is  9 1 8  
B e n z o a te  le a d  s i ly lo x y d ie n e  r e a c t io n  1051 
B e n z o a te  re d n  h y d r o x y b o r o h y d r id e  io n  

3 96 3
B e n z o a te  t h io  e s te r  3 96 0  
B e n z o a z e p in iu m  2 19 5  
B e n z o b a r r e le n e  3 7 5 8
B e n z o b is d e h y d r o a n n u le n e  m a c r o c y c l ic  1960  
B e n z o b u l lv a le n e  C o p e  re a r r a n g e m e n t  N M R

2 18 3
B e n z o c y c lo b u t e n e  2 9 8 9  
B e n z o c y c lo b u t e n e  d ia lk o x y h e x a h y d r o  D ie ls  

A ld e r  2 94 6
B e n z o c y c lo b u t e n e  th e r m o ly s is  c y c lo a d d n  

r e a r r a n g e m e n t  2 67 2  
B e n z o c y c lo b u t e n e  U V  N M R  300  
B e n z o c y c lo b u t e n e d io n e  p h o t o c h e m  re a r =  

r a n g e m e n t  1693
B e n z o c y c lo b u t e n o n e c a r  b o x y  la te  1697 
B e n z o c y c lo d o d e c a d ie n o n e  280  
B e n z o c y c lo h e p t a t e t r a e n e  a lle n ic  p r e p n  t r a p =  

p in g  3 46 0
B e n z o d ia z a b o r o le  p h e n y l h y d r o ly s is  k in e t ic s

3 5 4 5
B e n z o d ia z e p in a m in e  c y c liz a t io n  o x a ly l  c h l o ^  

r id e  2 21 2
B e n z o d ia z e p in e  1856 
B e n z o d ia z e p in e d io n e  3 6 5 0  
B e n z o d ia z e p in o n e  3301  
B e n z o d ic y c lo a lk e n e  U V  N M R  3 0 0  
B e n z o d io x a b o r o le  r e d u c in g  a g e n t  5 1 2  
B e n z o d io x e p in o p y r r o le  3 9 3 3  
B e n z o d io x in o a z e p in e  3 93 3  
B e n z o d io x in o n e  t e t r a c h lo r o  a m in o  a c id  2 3 6  
B e n z o d io x in o p y r id in e  3 9 3 3
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B e n z o d io x o l iu m  h e te r o a r o m  N M R  2 23 7  
B e n z o d it h io lo n e  1265  
B e n z o d it h io lu m  h e te r o a r o m  N M R  2 23 7  
B e n z o fu r a n  c y c lo a d d n  d ia z o a c e t a t e  3 94 5  
B e n z o fu r a n  p h o t o c y c lo a d d n  a c e t y le n e d i c a r b °  

o x y la t e  m e c h a n is m  2 37 4  
B e n z o fu r a n b u t y r ic  a c id  3 4 5 8  
B e n z o fu r a n o a z e p in o n e  is o m e r iz a t io n  2 96 6  
B e n z o fu r a z a n  o x id e  fo r m y l  c o n d e n s a t io n  

a m in e  897
B e n z o in  b e n z o a t e  2 5 0 6  
B e n z o in  c y c liz a t io n  t o lu e n e s u lfo n ic  a c id  

3 9 0
B e n z o n it r i le  3 9 5 6
B e n z o n it r i le  o x a t h ia z o lo n e  th e r m o ly s is  

1813
B e n z o n it r i le  p h o t o c h e m  c y c lo a d d n  a lk e n e  

4 2 3 8
B e n z o n o r b o r n a d ie n e  r in g  e x p a n s io n  3 75 8  
B e n z o n o r b o r n e n e  f lu o r in a t io n  1562  
B e n z o n o r b o r n e n y l  s o lv o ly s is  m e t h o x y  e f fe c t  

1145
B e n z o n o r b o r n e n y l id e n e  h y d r o g e n  s h ift  

1935
B e n z o p h e n a n t h r e n e  3 6 2 6  
B e n z o p h e n o n e  m e th y la lu m in u m  a d d n  m e =  

c h a n is m  4 2 5
B e n z o p h e n o n e  n o r b o r n y l  G r ig n a r d  e le c t r o n  

t r a n s fe r  1940
B e n z o p h e n o n e  re d n  h y d r o x y b o r o h y d r id e  io n  

3 9 6 3
B e n z o p h e n o n e  re d n  k in e t ic s  3 45 4  
B e n z o p y r a z o lo c in o l in e t r i c a r b o x y la t e  r in g  

e x p a n s io n  573  
B e n z o p y r e n e  d ie p o x y  2 7 3 0  
B e n z o p y r e n e  m e th y l 3 28 4  
B e n z o q u in o lin e  4 3 5  
B e n z o q u in o lin e  p r e p n  3 51 4  
B e n z o q u in o lin e  r e a c t io n  m e th y ls u lf in y l  

c a r b a n io n  4 20 9  
B e n z o q u in o liz in o n e  1 12 2  3 97 4  
B e n z o q u in o n e  c y c lo a d d n  b u t a d ie n e  2 17 9  
B e n z o q u in o n e  D ie ls  A ld e r  s ty r e n e  3 46 3  
B e n z o q u in o n e  d ip h e n y l  3 3 2 0  
B e n z o q u in o n e  p h o t o a d d n  c y c lo b u t e n e d io n e  

2371
B e n z o q u in o n e  r e a c t io n  e n o la te  3 5 0  
B e n z o q u in o n e  r e d o x  q u in o n e  4071 
B e n z o s e le n a p h e n e  o x id n  3 6 9  
B e n z o th ia d ia z o le  th e r m o ly s is  5 7 5  
B e n z o th ia z o le  441
B e n z o th ia z o le  c h lo r o m e t h y l t h io  3 09 4  
B e n z o th io p h e n e  d io x id e  r e a c t io n  h y d r o p e r °  

o x id e  2 92 7
B e n z o th io p y r a n  h e x a h y d r o  m e th y l 4 0 1 6  
B e n z o tr ia z e p in e d io n e  r in g  c o n t r a c t io n  a l k y °  

la t io n  2551
B e n z o tr ia z e p in o n e  d ih y d r o  re a r r a n g e m e n t  

161
B e n z o tr ia z in e  a m in o  542  
B e n z o tr i f lu o r id e  c h lo r o  re a c t io n  d i t h io c a r b o °  

n a te  2 89 6
B e n z o tr i f lu o r id e  f lu o r in a t io n  a t o m ic  f lu o r in e  

863
B e n z o x a t h ia n e  o x id e  s t e r e o c h e m  2 2 0 6  
B e n z o x a z in e  2 53 0  
B e n z o x a z in o n e  a m in e  12 
B e n z o x a z o le  441 
B e n z o x e p in d io n e  h y d r o x y  4 2 6 5  
B e n z o x e te n e  n u c le o p h i l i c  a d d n  a m in e  2 96 6  
B e n z o y l  th io s u lf i t e  9 5 8  
B e n z o y la c e t a n i l id e  c h lo r o  c y c liz a t io n  2977  
B e n z q u in h y d r o n e  c h a r g e  tra n s fe r  c o m p le x  

4 2 8
B e n z v a le n e  c y c lo a d d n  d ic h lo r o k e t e n e  9 2 7  
B e n z y l a le  a sy m  s y n th e s is  4 1 5 0  
B e n z y l a le  d e h y d r a t io n  2 0 1 2  
B e n z y l a le  la b e le d  in v e r s io n  767  
B e n z y l  a le  o x id n  1816 
B e n z y l a ry l e th e r  1408  
B e n z y l  a z id e  r e a c t io n  i s o th io c y a n a te  1159 
B e n z y l b r o m id e  c y a n id e  c a ta ly s t  8 7 5  
B e n z y l c h lo r id e  e th y la lu m in u m  re a c t io n  

6 9 0
B e n z y l c o m p d  s u b s t itu e n t  N M R  762  
B e n z y l d e r iv  f la v o n o id  U v a r ia  1295  
B e n z y l d is e le n id e  2 51 0  
B e n z y l d it e l lu r id e  o x id n  d e c o m p n  2 93 7  
B e n z y l  m e th y l e th e r  o x id n  3 09 7  
B e n z y l  p h e n y l s u l f id e  1462  
B e n z y l p r o t e c t i o n  c y s t e in e  o x y t o c in  M e r r i °  

f ie ld  3 5 5 6
B e n z y l  s o lv o ly s is  c o r r e la t io n  m e th y l 1419 
B e n z y l t o s y la te  ch ira l  a m m o n o ly s is  3101 
B e n z y la m in e  f lu o r o a lk y l  a sy m  sy n th e s is  

2 43 6
B e n z y la m in e  t r if lu o r o m e t h y l  d e u t e r io  ch ira l 

3101
B e n z y la r e n e  1821
B e n z y la t io n  a n il in e  s o lv e n t  e f fe c t  1415 
B e n z y la t io n  t ra n s  m e t h y le n e b is p h e n o l  1208 
B e n z y lic  b o r a n e  m ix e d  1482

B e n z y lic  c a r b a n io n  r e a c t iv ity  4 0 5 8  
B e n z y lic  ra d ica l s u b s t itu e n t  e f fe c t  752  
B e n z y lid e n e  m a lo n o n itr i le  s u b s t itu e n t  c o n s t  

381
B e n z y lid e n e in d e n e a c e t ic  a c id  1914  
B e n z y lid e n e is o q u in o l in e c a r b o x a ld e h y d e  

p h o t o c y c l iz a t io n  1117 
B e n z y lid e n e p t e r id in e  2951 
B e n z y lid e n y l id e n e a c e t ic  a c id  is o m e r iz a t io n  

1914
B e n z y lis o q u in o l in e  c y c liz a t io n  M a n n ic h  

3 19 0
B e n z y lis o q u in o l in e  m a ss  s p e c tr a  744 
B e n z y lm a g n e s iu m  c h lo r id e  q u in o l  a ce ta te  

1408
B e n z y lp h e n o l  1408
B e n z y lp h e n y ln it r o n e  b a se  m e ch a n is m  1133 
B e n z y lt h io  a m in o  a c id  s u l fo x id e  d e h y d r o s u l °  

f e n y la t io n  3 81 5
B e n z y n e  S te v e n s  re a r r a n g e m e n t  d it h ia n a 0  

p h th a le n o p h a n e  1085
B e r b e r in e  m e t h io d id e  S te v e n s  re a rra n g e m e n t  

3 04 0
B e ta  e le m e n o n e  t o t a l  sy n th e s is  2 32 7  
B e ta in e  a m in o  a c id  a m in e  139 
B e ta la in  p r e c u r s o r  s y n th e s is  2 19 2  
B e ta la m ic  a c id  sy n th e s is  2 19 2  
B ia n th r o n e  p h o t o c h e m  o x id n  507  
B ia n th r o n y l p h o t o c h e m  o x id n  507  
B ia r y l  fo r m a t io n  2047  
B ia ry l p r e p n  1821
B ia r y ls u lfo n y ln it r e n e  in tra m o l in se r tio n  

c y c liz a t io n  2914
B ib e n z o th ia z o l in e  re a r r a n g e m e n t  m e ch a n is m  

4 1 4 2
B ic h r o m o p h o r e  p h o t o is o m e r iz a t io n  2794  
B ic y c l i c  f lu o r id e  N M R  flu o r in e  218  
B ic y c l i c  h y d r o c a r b o n  c a r b o n  N M R  2940 
B ic y c lo a lk a n e  d ib r o m o  r in g  c le a v a g e  4 1 8  
B ic y c lo a lk a n o n o l  tr if la te  r e a c t io n  m e th o x id e  

4226
B ic y c lo b u t a n e  is o m e r iz a t io n  c h ira l  c a ta ly s t  

3 78 5
B ic y c lo d e c e n o n e  d im e th y l  1258 
B ic y c lo h e p t a d ie n y l iu m  r e a rra n g e m e n t  N M R  

1472
B ic y c lo h e p t a n e  c a r b a m o y le t h y lid e n e  2486  
B ic y c lo h e p t a n e  d e r iv  e x o  s te r e o s p e c i f ic  

p r e p n  3 98 3
B ic y c lo h e p t a n e  e t h o x y  2721 
B ic y c lo h e p t a n e d io l  2 7 1 5  
B i c y c lo h e p t e n e d io n e  r a d ica l a n io n  E S R  63 
B ic y c lo h e p t y lo x ir a n e  3 98 3  
B ic y c lo h e x a n e  e t h o x y  2721 
B ic y c lo n o n a n e  N M R  2 24 0  
B ic y c lo n o n a n o n e  2 64 3  
B ic y c lo n o n a n o n e  aza  629  
B ic y c lo n o n y l  a z id e  p r e p n  r e a c t io n  3741 
B ic y c lo o c t a n e  c a r b o n  13 N M R  3 87 8  
B i c y c lo o c t a n e  m o r p h o l in o  c ry s ta l  s t r u c tu re  

2 7 2 0
B ic y c lo o c t a n e  t r im e th y le n e  re a rra n g e m e n t

3 83 3
B ic y c lo o c t a n e d io l  2 71 5  
B ic y c lo o c t a n e d io n e  h y d r id e  re d n  368  
B ic y c lo o c t a n e d io n e  p r e p n  3 7 6 5  
B ic y c lo o c t a n e d io n e t e t r a c a r b o x y la t e  d e c a r °  

b o m e t h o x y la t io n  3 08 9  
B ic y c lo o c t a n o n e  r in g  c o n t r a c t io n  c a ta ly s t  

2 17 6
B ic y c lo o c t a t r ie n e  1654 
B ic y c lo o c t e n e  c y c lo a d d n  d ic h lo r o c a r b e n e  

2643
B ic y c lo o c t e n e  f o r m y lo x y e t h y l id e n e  e n o l 

e s te r  1386
B ic y c lo o c t y lb o r a n e  2 83 2  
B ic y c lo p e n t a d e c a n e  d is i lo x y  r in g  e n la r g e 0  

m e n t  2 32 6
B ic y c lo p e n t a n e  e t h o x y  2721  
B ifu ra n  1680 
B in a p h th a le n e  1680 
B in a p h th y l  d e r iv  764  
B in a p h th y l  m a c r o c y c le  c o m p le x a t io n  4 17 3  
B in u c le o p h i le  c y c liz a t io n  b r o m o a c y l  c h lo r id e  

1633
B io m im e t ic  p o ly e n e  c y c liz a t io n  153 
B io t in  d e t h io  d e u te r iu m  tr it iu m  3 77 6  
B io t in  m o d e l c o m p d  941 
B io t in  re d n  U V  8 7 9  
B io t in  sy n th e s is  135  1630 
B ip h e n y l  1680
B ip h e n y l  a z id o a z o  p h o t o ly s is  p y r o ly s is  292  
B ip h e n y l  b is c h lo r o m e t h y l  c y c liz a t io n  734  
B ip h e n y l  c h ira l r a ce m iz a t iin  m e ch a n ism  

2 5 2 8
B ip h e n y l  d e r iv  764
B ip h e n y l  d iv in y l  p h o t o c y c l iz a t io n  3271  
B ip h e n y l  f lu o r o  d ih y d r o  2 62 0  
B ip h e n y lc a r b o x a ld e h y d e  is o p e lle t ie r in e  

c o n d e n s a t io n  228  
B ip h e n y ld io l  4 2 8
B ip h e n y ld is u l fo n y l  c h lo r id e  re d n  su lfite

3 26 5

B ira d ica l  h y d r o g e n  m ig ra tio n  2191 
B ir c h  re d n  h y d r o n a p h th a le n e  p h o to d im e r  

1098
B ir d c a g e  c o m p d  is o m e r iz a t io n  m e ch a n ism  

270
B is b e n z y l is o q u in o lin e  a lk a lo id  s tru ctu re  

2271
B is c y a n o b e n z y lq u in a z o lin e  v s  c y a n o b e n z y l°  

q u in o x a l in o n e  2504  
B is d ith io le  2 77 8
B is h o m o b r e n d a n e  t r ic y c lo u n d e c a n e  1737 
B is h o m o c u b a n e  p r e p n  a b s  c o n f ig u ra t io n  

2985
B is in d o le  a lk a lo id  A ls to n ia  2 78 5  
B is p id in e  a lk a lo id  c o n fo r m a t io n  9 3 7  
B is p y r id y lm e th a n e  564 
B is u l f i t e  a d d n  c y to s in e  2 0 2 8  
B lo o d  g r o u p  te t ra s a c ch a r id e  sy n th e s is  7 2 0  
B o n d  c le a v a g e  a s p h a lte n e  A th a b a s c a  3 1 2  
B o n d  c le a v a g e  e th e r  3761 
B o n d  c le a v a g e  r e d u c t iv e  h y d r o n a p h th a le n e  

p h o t o d im e r  1098  
B o n d  d is s o cn  s u b s t itu e n t  e f fe c t  7 
B o n d  h y p e r v a le n t  p o la r iz a tio n  sp iro su lfu ra n e  

4001
B o n d  le n g th  m e th a n o a n n u le n e  2017  
B o n d  o r d e r  m e th a n o a n n u le n e  2 01 7  
B o r a b ic y c lo n o n a n e  a d d n  a lk y n e  a ld e h y d e  

579
B o r a b ic y c lo n o n a n e  a lk y n y l m e t h o x y b u t e n o n e  

re a c t io n  3 10 6
B o r a b ic y c lo n o n a n e  a lly l a l ly lb o r a t io n  2 2 9 2  
B o r a b ic y c lo n o n a n e  c o m p le x  p y r id in e  r e d u c °  

in g  a g e n t  4169
B o r a b ic y c lo n o n a n e  d ie n e  h y d r o b o r a t io n  

2 83 6
B o r a b ic y c lo n o n a n e  h y d r o b o r a t io n  d im e th y l0  

c y c lo a lk e n e  s t e r e o s p e c i f ic i t y  2 70 2  
B o r a b ic y c lo n o n a n e  re d n  s e le c t iv e  1197 
B o r a n e  b e n z y l ic  m ix e d  1482 
B o ra n e  b ic y c lo o c t y l  2 83 2  
B o r a n e  c h lo r o  s u lfid e  h y d r o b o r a t io n  2 53 3  
B o r a n e  is o p in o ca m p h e y l  a sy m  re d n  2996  
B o r a n e  m e th y l s u lfid e  re a g e n t  1392  
B o r a n e  o r g  4 08 8
B o r a n e  p y r o c a t e c h o l  r e d u c in g  a g e n t  5 1 2  
B o r a n e  T H F  re d n  fo rm y l p e p t id e  4 14 8  
B o r a n e d iy l  m a n n o fu r a n o s e  3151  
B o r a t e  c y c l i c  h y d r o x y p r e g n e n e d io n e  3 0 3 5  
B o r a t e  r e a c t iv ity  n ic o t in a m id e  a d e n in e  d i n u °  

c le o t id e  2 5 8 0
B o r a t io n  a lly l c a r b o n y l  c o m p o u n d  2 29 2  
B o r a t io n  p ro p a r g y l  a c e ta te  2 65 0  
B o r o h y d r id e  o x y c h lo r id e  re d n  a m id e  2 08 2  
B o r o h y d r id e  re d n  a m in a t io n  a lk e n o n e  6 5 0  
B o r o h y d r id e  re d n  c y c lo a lk a n o n e  s te r e o ch e m  

9 2 0
B o r o h y d r id e  re d n  k e t o  s te r o id  3811 
B o r o h y d r id e  re d n  k e to n e  m e c h a n is m  1108 
B o r o h y d r id e  re d n  n itro b e n z y lis o q u in o l in iu m  

sa lt  751
B o r o n  t r if lu o r id e  a ry lth a lliu m  d i f lu o r id e

362
B o r o n a te  a lk a n e  3243  
B o r o n a te  e s te r  o r g a n o lith iu m  r e a c t io n  4 0 8 8  
B o r o n a te  t r im e th y le n e  b r o m o a lk a n e  3 25 2  
B o s e  re a g e n t  c h o le s te r o l  e p im e r iz a t io n  3 7 7 8  
B o v in e  se ru m  a lb u m in  t r e h a lo s e  b o n d in g  

130
B r e n d a n e  a n is y lch lo r o  d e h y d r o c h lo r in a t io n  

m e c h a n is m  800 
B r e n d a n e  d ia c e t o x y  794  
B r id g e h e a d  h a lid e  re d n  t r ib u ty ls ta n n a n e  

3 96 8
B r id g in g  m e ta  n it r o p y r id in e  2 5 8 9  
B r o e n ts e d  ca ta ly s is  d e u te r iu m  e x c h a n g e  

3 76 9
B r o m id e  a lk y l  e le c t r o o x id n  3 99 7  
B r o m in a t io n  a d e n o s in e  3 96 7  
B r o m in a t io n  a lk a n o n e  3 52 7  
B r o m in a t io n  a lk e n e  m e c h a n is m  871 
B r o m in a t io n  a lk e n e  s o lv e n t  e f fe c t  3 67 3  
B r o m in a t io n  a m in o tr ia z in e  o x id e  3 49 8  
B r o m in a t io n  c r y s t  f lu o r o  o le f in  1780  
B r o m in a t io n  k in e t ic s  a lk e n e  a lk y n e  2021  
B r o m in a t io n  k in e t ic s  p y r im id in o n e  h y d r a te  

3 6 7 0
B r o m in a t io n  m e ch a n is m  q u in a z o lin o n e  

4 2 7 9
B r o m in a t io n  n it ro p a r a ff in  3 76 4  
B r o m in a t io n  o x o c h o le s ta n o l  4 8 7  
B r o m in a t io n  s te r e o ch e m  th ia h y d r in d a n  

o x id e  4 02 9
B r o m in a t io n  s ty re n e  p h e n y la c e ty le n e  m e °  

ch a n ism  2 68 9
B r o m in a t io n  t r im e th y le n e  a lk y lb o r o n a te

3 25 2
B r o m in a t io n  u n d e c e n o l  a c e ta te  1799  
B r o m in e  lith iu m  e x c h a n g e  257  
B r o m in e  m ig ra tio n  d e m e t h y la t io n  b r o m o m e 0  

t h o x y b e n z o ic  1068
B r o m in e  r in g  c le a v a g e  d ip h e n y l c y c lo p r o p y l °  

c a r b in o l  1071
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B r o m o  k e to n e  C h ic h ib a b in  m e th y lp y r im id in e  
2 4 4 8

B r o m o a c e t o x y p r e g n a n o n e  d e h y d ro g e n o s e  
in a c t iv a t io n  1981

B r o m o a c e t y l  c h lo r id e  c o n d e n s a t io n  a m id in e  
1639

B r o m o a c e t y l  c h lo r id e  r e a c t io n  s e le n o a m id e  
1644

B r o m o a c y l  c h lo r id e  c y c liz a t io n  b in u c le o p h i le  
1633

B r o m o a lk y l  m e th y l k e to n e  1709 
B r o m o a lk y l  p h e n y l  s e le n id e  2 95 0  
B r o m o a lk y lp h e n o l  c y c lo c o n d e n s a t io n  2 84 0  
B r o m o b e n z e n e  2 42 6  
B r o m o b e n z e n e  G r ig n a r d  a d d n  a cry la te  

3209
B r o m o b e n z e n e  G r ig n a r d  a lip h  a ld e h y d e  

4 1 5 0
B r o m o b e n z e n e d ia z o n iu m  th e r m o ly s is  a c id ic  

m e th a n o l 6 3 9
B r o m o b e n z o a te  e t h a n o e s tr a d io l  c ry s ta l  s t r u c -  

tu re  3091
B r o m o b e n z y l  p r o t e c t io n  M e r r i f ie îd  523  
B r o m o c a m p h o r ic  a n h y d r id e  r e a rra n g e m e n t

527
B r o m o c h lo r o c a r b e n e  a d d n  o le f in  s te r e o ch e m  

1082
B r o m o c h lo r o e th y le n e d io x y p r o p e n e  r in g  

c lo s u re  6 7 4
B r o m o d e o x y  x y lo fu ra n o s y la d e n in e  3 96 7  
B r o m o d e o x y h e p t o p y r a n o s u lo s e  a z id o ly s is  

3 56 7
B r o m o d ie t h o x y b u t y n e  r e a c t io n  A r b u z o v  

2771
B r o m o m e t h o x y b e n z o ic  b r o m in e  m ig ra tio n  

d é m é t h y la t io n  1068
B r o m o m e t h o x y b e n z o ic  d é m é t h y la t io n  m ig ra =  

t io n  b r o m in e  1 06 8
B r o m o n a p h t h o ic  a c id  h a lo d e c a r b o x y la t io n  

1480
B r o m o o x o p h e n y lb u t a n o ic  a c id  s o lv o ly s is  

k in e t ic s  3867
B r o m o p ip e r id in e  c y c liz a t io n  s o d iu m  c a t e c h o ^  

la te  3 93 3
B r o m o p r o p e n e  a lk y la t io n  m e ta l e n o la te  

1709
B r o m o s u c c in im id e  k e to n e  to s y lh y d r a z o n e  

s t e r e o c h e m  3 20 5
B r o m o t r ic h lo r o m e th a n e  p h o t o ly s is  p h e n y la -  

c e t o n it r i le  752
B r u c in e  io n iz a t io n  a q  s o in  2 2 5  
B u lb o c a p n in e  d é m é t h y la t io n  1228 
B u ln e s e n e  t e t r a h y d r o  1825  
B u n t e  s a lt  o x id e  3 10 3  
B u rs e r a  b e n u lin  s t r u c tu re  1627 
B u ta d ie n e  1680
B u ta d ie n e  a d d n  b u ty l l it h iu m  694  
B u ta d ie n e  c y c lo a d d n  a c r y l ic  d ie n o p h i le  282 
B u ta d ie n e  c y c lo a d d n  b e n z o q u in o n e  2 1 7 9  
B u ta d ie n e  d ia lk y l  914  
B u ta d ie n e  d ia n is y l  2 42 3  
B u ta d ie n e  D ie ls  A ld e r  p h e n a n th r a q u in o n e  

3 46 3
B u ta d ie n e  in d e n o n e  k e t a l  d ie n o p h i le  2 1 5 5  
B u ta d ie n e  m e t h o x y  a lk y la t io n  d ia z o a c e to n e  

2 13 7
B u ta d ie n e  p e n t a c y a n o  h a lo  2335  
B u ta d ie n e  p h e n y l  p y r o ly s is  297 
B u ta d ie n e d ic a r b o n it r i le  2 8 2 9  
B u ta d ie n e d ic a r b o n it r i le  th e r m a l d im e r iz a t io n  

2601
B u ta n e  a d e n o s in y l  b a se  in te r a c t io n  517  
B u ta n o l  o x id n  1816 
B u te n e  h y d r o b o r a t io n  1 3 9 2  
B u te n o ic  a c id  m e t h y l  b u ty l l ith iu m  260  
B u te n o n e  m e t h o x y  a lk y n y lb o r a b ic y c lo n o n a n e  

r e a c t io n  3 10 6
B u te n y lc y c lo p e n t a n o n e  o x im e  B e c k m a n n  

re a r r a n g e m e n t  2 11 3
B u t o x id e  a lu m in u m  c y c lo h e x a n o l  o x id n  8 2 6  
B u ty l  h y d r o p e r o x id e  r e a c t io n  k in e t ic s  3 97 0  
B u ty l  t r i f lu o r o m e t h y l  s u l fo n e  3 87 5  
B u ty lb r o m o b e n z e n e  t r a n s a lk y la t io n  422  
B u ty lc y c lo h e x e n e  a b s  c o n f ig u r a t io n  1 07 9  
B u ty lid e n e a m in e  r e a c t io n  t h io cy a n a te  3 70 4  
B u ty ll it h iu m  m e t h y lb u t e n o ic  a c id  260  
B u ty ll it h iu m  re a r r a n g e m e n t  c h lo r o p h e n e t h y =  

la z a b ic y c lo h e x a n e  2 34 2  
B u ty lm e r c u r y  p e r c h lo r a te  t r if lu o r o a c e to ly s is  

m e c h a n is m  2 0 5 8
B u ty n e  b r o m o d ie t h o x y  A r b u z o v  re a c t io n  

2771
B u ty n y lc y c lo h e x e n o l  c y c liz a t io n  1386  
B u ty r a te  a c y la m in o c h lo r o  d e h y d r o c h lo r in a ^  

t io n  2 25 6
B u ty r o p h e n o n e  p r e p n  2935  
C  p y r im id in e  n u c le o s id e  711 
C a g e  e f fe c t  s ig m a tr o p ic  r e a r r a n g e m e n t  4 14 2  
C a lc iu m  c h lo r id e  a d d n  ca ta ly s t  1872 
C a ll itr is ic  a c id  to ta l  sy n th e s is  2 87 9  
C a m p h o r  re d n  h y d r o x y b o r o h y d r id e  io n  

3 96 3

C a m p h o r  t o s y lm e t h y l is o c y a n id e  r e a c t io n  
3 11 4

C a m p h o r ic  a n h y d r id e  b r o m o  re a r r a n g e m e n t  
527

C a n n a b id io l  to ta l  s y n th e s is  2563  
C a n n a b in o id  C 1 3  N M R  490  
C a n n a b in o id  k e to  p r e p n  2277  
C a rb a m a te  c le a v a g e  t r ic h lo r o s ila n e  2781  
C a rb a m a te  n u c le o t id e  d i tr i 703  
C a rb a m a te  r e s o ln  d ia s te r e o is o m e r  1839 
C a rb a m a te  t h io  t h ie n y l 1508  
C a r b a m o y lb e n z y lq u in a z o lin o n e  2504  
C a rb a n io n  b e n z y l ic  r e a c t iv ity  4 05 8  
C a rb a n io n  c y c li z a t io n  n it r o p y r id in e  2 5 8 9  
C a rb a n io n  m e th y ls u lf in y l  r e a c t io n  b e n z o q u i=  

n o lin e  4 20 9
C a rb a n io n  m e th y lte r t b u t y lo c t a lo n e  s t e r e o =  

c h e m  183
C a rb a z a te  c y c lo h e x a n o n e  h y d r o g e n  c y a n id e  

2001
C a rb a z o le  c a t io n  r a d ic a l  t e t r a flu o r o b o r a t e  

561
C a rb a z o le  o x id n  1213 
C a r b e n a t îi c y c lo o c t a n e  d e c o m p n  3 8 8 2  
C a rb e n e  a lk y lid e n e  1667 
C a rb e n e  f lu o r o h a lo  c y c lo a d d n  a lk e n e  828  
C a rb e n e  h a lo  a d d u c t  o le f in  1082 
C a rb e n e  h y d r o g e n  s h i ft  1935 
C a rb e n e  n u c i fe r in e  a d d n  347 
C a rb e n e  o le f in  r e a c t iv ity  3 35 4  
C a rb e n e  r e a c t io n  v in y l  s u l f id e  3 3 6 5  
C a rb e n e  v in y l  tr if la te  r e a c t iv ity  1802 
C a rb é n iu m  io n  a z a h o m o a d a m a n ty l  3 9 2 9  
C a rb é n iu m  io n  N M R  32  
C a rb e n o id  z in c  c y c lo a d d n  c y c lo a lk e n o l  3031 
C a rb é th o x y la t io n  a lk a n e n itr i le  c a ta ly s t  

2 00 9
C a rb in o l  p h e n y l a sy m  s y n th e s is  4 15 0  
C a r b in o l  t o ly lb u t y l  is o m e r is m  3 3 9 4  
C a rb in y l  io n  s u b s t itu e n t  N M R  2666 
C a r b o b u t o x y b e n z e n e  o x id e  2 0 0 8  
C a r b o c y a n in e  d y e  a c e t y le n ic  a n a lo g  1035 
C a r b o d iim id e  3 37 2
C a r b o d iim id e  a d d u c t  p h o s p h o r o t h io a t e  

p h o s p h o r o s e le n o a t e  3 6 2 9  
C a r b o d iim id e  d ic y c lo h e x v l  M e r r i f ie ld  1291 
C a r b o d iim id e  d i is o p r o p y l  r e a c t io n  h a lo a c y l  

c h lo r id e  3 22 0
C a r b o h y d r a t e  a m in o  g r o u p  p r o t e c t io n  2 81 9  
C a r b o h y d r a t e  th io o r t h o a c e t a t e  re a r r a n g e =  

m e n t  9 1 3
C a r b o m e t h o x y  e l im in a t io n  b ic y c lo o c t a n e d io =  

n e te tr a c a r b o x y la te  3 08 9  
C a r b o m e t h o x y  m e t h y l  a c e t o n y l  s u l f id e  c y c l i=  

z a t io n  1163
C a rb o n  a c id  s u b s t itu e n t  e f fe c t  321  3 2 6  
C a rb o n  ca ta ly s t  o x id n  f lu o r e n e  3 75 4  
C a rb o n  d io x id e  ra d io ly s is  g a m m a  2 31 8  
C a rb o n  d is e le n id e  c y c liz a t io n  s e le n o s e m ic a r =  

b a z id e  3 72 5
C a rb o n  d is u l f id e  r e a c t io n  m e r c a p t o b e n z e n e =  

d ia z o n iu m  2 02 5
C a rb o n  la b e le d  s o d iu m  fo r m a t e  2 79 0  
C a r b o n  N M R  a n a ly s is  d e u te r iu m  212  
C a r b o n  N M R  a n t ib io t ic  L L B M 5 4 7  1282 
C a rb o n  N M R  b e n z y l c o m p d  762  
C a r b o n  N M R  c o n fo r m a t io n  tr ip ip e r id e in e  

66
C a rb o n  N M R  c y c lo h e x y n e  d im e r  1076  
C a rb o n  N M R  e p o x y p r o p a n e  c o n fo r m a t io n  

1434
C a rb o n  N M R  n o r c a r a n e  d e r iv  6 6 6  
C a rb o n  N M R  o x in d o le  1340 
C a rb o n  N M R  p o ly c y c l i c  h y d r o c a r b o n  2 9 4 0  
C a rb o n  N M R  p r o p y n y lt r ip h e n y lp h o s p h o n iu m  

b r o m id e  2641 
C a r b o n  N M R  p y r a z o le  6 5 9  
C a rb o n  N M R  th ia p y ra n  d ith ia n e  3 51 8  
C a rb o n  p h o s p h o r u s  h e te r o c y c le s  4 2 7 9  
C a rb o n  s u lfu r  b o n d  a s p h a lte n e  3 1 2  
C a rb o n  t e t r a b r o m id e  W it t ig  b e n z a ld e h y d e  

3 30 8
C a r b o n  tra n s a n n u la r  n it ro g e n  r e a r r a n g e m e n t  

2 34 2
C a rb o n  13 N M R  a c e t y ld a u n o r u b ic in o l  2 34 4  
C a r b o n  13 N M R  a n th e lm y c in  3 28 9  
C a r b o n  13 N M R  b ic y c lo o c t a n e  3 87 8  
C a rb o n  13 N M R  c o u m a r in  1337 
C a rb o n  13 N M R  fu lv e n iu m  661 
C a r b o n  13 N M R  isa tin  1344 
C a rb o n  13 N M R  l ip ic  a c id  3941  
C a rb o n  13 N M R  p le io c r a l in e  2 78 5  
C a r b o n  13  N M R  t e t ra z o lo t r ia z in e  1 86 6  
C a rb o n  13 N M R  t h io l  s e le n o l  3 72 5  
C a rb o n a te  d i t h io  r e a c t io n  b e n z o t r i f lu o r id e  

2 89 6
C a rb o n a te  v in y le n e  N M R  2 23 7  
C a r b o n ic  c a r b o x y l ic  a n h y d r id e  th e r m a l d e ^  

c o m p n  3 68 6
C a r b o n iu m  io n  a lk y l  3997  
C a rb o n iu m  io n  b e ta  f lu o r o  1 55 9  1562 
C a rb o n y l a d d n  k in e t ic s  T a f t  3 5 3 5

C a r b o n y l  b e n z o q u in o n e  m o n o p r o t e c t io n  
350

C a r b o n y l  c o m p o u n d  a l ly lb o r a t io n  2 29 2  
C a r b o n y l  c o n d e n s a t io n  d ik e t o n e  b y d ra z cm e  

2321
C a r b o n y l  c y c lo a d d n  k e te n e  a c e ta l  3 1 2 8  
C a rb o n y l m e ta l d e s u lfu r iz a t io n  3 52 2  
C a r b o n y l  o x y g e n  G r ig n a r d  a t ta c k  1402 
C a r b o n y l  p o d o c a r p a n e  c h ira lity  4 2 5 6  
C a r b o n y la t io n  h y d r o b o r a t io n  p r o p y l id e n e v i=  

n y lc y c lo p e n ta n e  3 21 4  
C a r b o n y la t io n  s o d iu m  h y d r o x id e  2 7 9 0  
C a r b o x y d ip h e n y lp y r a z o l in e  v o lt a m m e t r y  

3 9 4 9
C a r b o x y l  r e s id u e  d e tn  p e p t id e  1750  
C a r b o x y lic  a c id  e le c t r o c h e m  o x id n  3 94 9  
C a r b o x y lic  a c id  s u b s t itu t io n  v in y l  3 90 3  
C a r b o x y lic  c a r b o n ic  a n h y d r id e  th e r m a l d e =  

c o m p n  3 68 6
C a r b o x y m e th y lc y c lo h e x a n o n e  o x im e  c y c l iz a ^  

t io n  4 2 7 2
C a r b o x y p r o t o b e r b e r in e  e p im e r iz a t io n  1111 
C a rc in o g e n  h y d r o x y a d e n in e  1610 
C a r c in o g e n  m e t h y ib e n z o p y r e n e  3 2 8 4  
C a r d e n o lid e  t o a d  v e n o m  s y n th e s is  906  
C a r o  a c id  o x id n  1869
C a r o t e n o id  s y n th e s is  p o ly m e r  s u p p o r t  3 20 3  
C a ta ly s is  a c id  d e u te r iu m  e x c h a n g e  3 7 6 9  
C a ta ly s is  b a s e  s a p o n  t r im e th y la c e ta te  3 67 7  
C a ta ly s is  d e c a r b o x y la t io n  n i t r o b e n z is o x a z o le =  

c a r b o x y la t e  p o ly s o a p  306  
C a ta ly s is  m ic e lle  h y d r o ly s is  n it r o b e n z o y l  

p h o s p h a t e  4 7 5
C a ta ly s is  o x im e  c le a v a g e  m ic e l le  7 5 9  
C a ta ly s is  p h a se  t r a n s fe r  s u l fo n y l  f lu o r id e  

2031
C a ta ly s is  p h o s p h o r y la t io n  a le  p h e n o x id e  

771
C a ta ly s is  s u r fa c e  p y r o ly s is  a c e ta te  698  
C a ta ly s is  t r ip h a s e  s u b s t itu t io n  r e a c t io n  8 7 5  
C a ta ly s t  a d d n  a m in e  p h t h a lo n it r i le  1872 
C a ta ly s t  a lk y la t io n  a c id  c h lo r id e  1194 
C a ta ly s t  c h ira l  is o m e r iz a t io n  b ic y c lo b u ta n e  

3 7 8 5
C a ta ly s t  c o u p l in g  a r y lz in c  h a lo a r e n e  1821 
C a ta ly s t  c y c liz a t io n  d io l  372  
C a ta ly s t  d e c o m p n  d ia z o o x o p r o p io n a t e  c y c lo =  

h e x e n e  1685
C a ta ly s t  n ick e l  d im e r iz a t io n  a c e t y le n e  9 1 4  
C a ta ly s t  n u c le o p h i l ic  s u b s t itu t io n  a ro m  

4 08 0
C a ta ly s t  o le f in  e p o x id n  1587 
C a ta ly s t  o x id n  d ib e n z o t h io p h e n e  2751  
C a ta ly s t  o x y g e n  a l ly lic  r e a r r a n g e m e n t  172 
C a ta ly s t  p h a se  t r a n s fe r  m u lt ip h a s e  4 2 7 5  
C a ta ly s t  p h e n y la t io n  a c r o le in  a c e ta l  3 90 7  
C a ta ly s t  p y r id in iu m  t o lu e n e s u lfo n a te  t e t r a h -  

y d r o p y r a n y la t io n  3 7 7 2  
C a ta ly s t  q u in o n e  p h o t o e le c t r o c h e m  o x id n  

* 2347
C a ta ly s t  r e a r r a n g e m e n t  d ia lly l  e th e r  3 3 6 0  
C a ta ly s t  r e a r r a n g e m e n t  d ip h e n y l  d is u l f id e  

2 85 5
C a ta ly s t  tr a n s a lk y la t io n  b u t y lb r o m o b e n z e n e

4 2 2
C a ta ly s t  t r a n s b e n z y la t io n  m e t h y le n e b is p h e =  

n o l  1208
C a ta ly s ts  o x im a t io n  a c e t o n e  a m in e  1593  
C a te c h o l  b r o m o a lk y l  e th e r  c y c lo c o n d e n s a t io n  

2 84 0
C a te c h o la te  s o d iu m  c y c liz a t io n  b r o m o p ip e r i^  

d in e  3 93 3
C a t io n  a r y l  M O  1474 
C a t io n  m e th a n o a n n u le n e  M O  2 01 7  
C a t io n  ra d ic a l  h e t e r o c y c le  t e t r a flu o r o b o r a t e  

561
C a tio n  ra d ic a l  p h e n o th ia z in e  k e t o n e  1833  
C a t io n  r a d ic a l  r e a c t io n  a m in e  1 53 8  
C a t io n  r a d ica l th ia n th r e n e  w a te r  k in e t ic s  

9 7 6
C a t io n  s ta b iliz a t io n  s u b s t itu e n t  c o n s t  1419  
C a t io n  v in y l  M O  3 00 4  
C a t io n ic  p o ly m n  m o d e l  s y s t e m  6 9 9  
C D  a d e n o s in y la lk a n e  h y p o c h r o m is m  517  
C D  c o n fo r m a t io n  h o m o a d a m a n t a n e d io n e  

4 1 0 8
C D  m u lt i la y e r e d  p a r a c y c lo p h a n e  287 
C D  p o ly c y c l i c  k e t o n e  4 2 7 0  
C D  p r o p a n e d io l  a r y lo x y  1006 
C D  s a l ic y l id e n e a m in e  p r o p y n y l  p r o p e n y l  

4184
C e d ra n e  1825 
C e la b en zV n e  s t r u c tu r e  3 6 6 9  
C e la c in n in e  s t r u c tu re  3 6 6 0  
C e la fu r in e  s t r u c tu re  3 66 0  
C e la l lo c in n in e  s t r u c tu re  3 6 6 0  
C e le r y  o i l  p h t h a lid e  2 33 3  
C e n tr o s p e r m a e  a lk a lo id  sy n th e s is  2 19 2  
C e p h a lo s p o r a n a te  e n o la te  a ld o l  c o n d e n s a t io n  

2 96 0
C e p h a lo s p o r a n a te  o x o  n it r o m e t h a n e  a d d n

3 97 2
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C e p h a lo s p o r in  in te rm e d ia te  376  
C e p h a lo s p o r in  o x y g e n  a n a lo g  b a c t e r ic id e  

1012
C e p h a m c a r b o x y la t e  h a lo m e t h y l  2 88 7  
C e p h e m c a r b o x y la t e  2 88 7  
C e r ic  n it ra te  o x id n  a lk y la r o m  3 6 8 2  
C e r iu m  o x id n  b e n z i l ic  a c id  2 06 3  
C e r o p la s t o l  in t e r m e d ia t e  3 6 3 0  
C e s iu m  a m in o  a c id  p e p t id e  e s te r if ic a t io n  

1286
C h a lc o n e  r e a r r a n g e m e n t  th a lliu m  tr in it r a te  

4 1 6 7
C h a m a n e t in  U v a r ia  1295  
C h a rg e  d e lo c a liz a t io n  s u l fo n iu m  d ih y d r o d i=  

o x o n a p h t h y le n y lid e  2 16 4  
C h a rg e  t r a n s fe r  c o m p le x  b e n z q u in h y d r o n e

428
C h a rg e  t r a n s fe r  c o m p le x  d im e t h o x y c y c lo =  

p r o p e n e  674
C h e la te  b is a r y lim in o is o in d o l in e  1872  
C h e m ilu m in e s c e n c e  h y d r o p e r o x y  e s te r  d e =  

c o m p n  40
C h e m is o r p t io n  c h r o m y l  c h lo r id e  2 18 2  
C h ic h ib a b in  m e t h y lp y r im id in e  b r o m o  k e to n e  

2 44 8
C h ira l a l ié n é  m e t h o x y m e r c u r a t io n  3 69 7  
C h ira l  a l ly lic  a le  r e a r r a n g e m e n t  3 8 2 8  
C h ira l  b ip h e n y l  r a c e m iz a t iin  m e ch a n is m  

2 52 8
C h ira l c y c lo h e x a n o n e  b u t o x y b u t y lim in e  

a lk y la t io n  377
C h ira l  lith iu m  a lu m in u m  h y d r id e  c o m p le x  

2 07 3
C h ira l r e c o g n it io n  s y n th e s is  287  
C h ira l  s o lv a t in g  a g e n t  N M R  3 21 7  
C h ira l  s o lv a t io n  la c to n e  e n a n t io m e r  1370  
C h ir a l i ty  p o d o c a r p a n e  c a r b o n y l  4 2 5 6  
C h ir a l i ty  p r o p y n y ls a l ic y l id e n e a m in e  C D  

4 1 8 4
C h lo r a l  r e a c t io n  im id a z o p y r id in e  3 37 7  
C h lo r a m in e  T  r e a c t io n  tn io x a n t h e n e  3 2 2 6  
C h lo r a n i l  a c y l  amino acid 236 
C h lo r in a t io n  h y d r o x y p y r a z o le  3721 
C h lo r in a t io n  n it r o p a r a ff in  3 76 4  
C h lo r in a t io n  p h o t o c h e m  b e n z a ld e h y d e  1810  
C h lo r in a t io n  se r in e  p e p t id e  2 25 3  
C h lo r in a t io n  s t r e p ta m in e  3 08 3  
C h lo r o  t e r p e n e  2 81 2
C h lo r o a c e t o n e  p h o s p h o n a t e  a d d n  m e ch a n is m  

4 7 2
C h lo r o a c y la m in o b u t y r a t e  d e h y d r o c h lo r in a =  

t io n  2 25 6
C h lo r o a la n in e  p e p t id e  d e h y d r o c h lo r in a t io n

2 25 3
C h lo r o a lk a n o y lf lu o r e n e  s u b s t itu t io n  a m in e  

4144
C h lo r o a m in e  r e a c t io n  p h o s p h it e  s te r e o ch e m  

782
C h lo r o a n is y ln o r a d a m a n t a n e  s t e r e o s e le c t iv it y  

d e h y d r o c h lo r in a t io n  800  
C h lo r o b e n z e n e  2 4 2 6
C h lo r o b e n z o c y c lo h e p t a t r ie n e  d e h y d r o c h !o r i= .  

n a t io n  3 4 6 0
C h lo r o b e n z o d io x in o n e  u n s a td  a m in o  a c id  

236
C h lo r o b e n z o t r i f lu o r id e  r e a c t io n  t h io c a r b o =  

n a te  2 89 6
C h lo r o b e n z y l  p r o t e c t io n  th r e o n in e  M e r r if ie ld  

523
C h lo r o b o r a n e  m e th y l s u l f id e  h y d r o c a r b o n

2 53 3
C h lo r o b r o m o m e t h a n e  p h e n y la c e t o n it r i le  

p h o t o ly s is  7 5 2
C h lo r o b u t y l  n it ro s o u re a  d e c o m p n  s te r e o ch e m  

3 5 3 8
C h lo r o e t h v ln o r a p o r p h in e  2 01 4  
C h lo r o h y d r in  c in e o le  r e d n  253  
C h lo r o h y d r in  m e n th a n e  249  
C h lo r o h y d r in  p r e p n  343  
C h lo r o im in iu m  r e a c t io n  a z id e  re a r r a n g e m e n t  

3 7 0 9
C h lo r o k e t e n e  c y c lo a d d n  b e n z v a le n e  9 2 7  
C h lo r o k e t e n e  c y c lo h e x a d ie n e  a d d u c t  r in g  

c o n t r a c t io n  4 15 7
C h lo r o m e t h a n o f lu o r a n t h e n e  d ih y d r o  4 0 9 2  
C h lo r o m e t h y la t e d  re s in  M e r r i f ie ld  o x y t o c in  

3 5 5 2
C h lo r o m é t h y la t io n  m e r c a p t o  a r o m  h e t e r o c y =  

c le  3 09 4
C h lo r o n it r o b e n z e n e  a m m o n o ly s is  c a ta ly s t  

3 1 1 8
C h lo r o n it r o b e n z e n e  s u b s t itu t io n  th io l  b a se  

554
C h lo r o n it r o m e t h y la n i l in e  re a r r a n g e m e n t  

m e c h a n is m  166
C h lo r o n it r o n e  c y c lo a d d n  e n o l  e th e r  4 2 1 3  
C h lo r o n o r b o r n a d ie n e  r e a c t io n  th a lliu m  c y c lo ^  

p e n t a d ie n id e  176
C h lo r o p h e n e th y la z a b ic y c lo h e x a n e  r e a r r a n g e 

m e n t  b u ty l l it h iu m  2 34 2  
C h lo r o p h e n y la c e t ic  a c id  e le c t r o o x id n  1461 
C h lo r o p h o s p h o r a m id a te  p h o to r e a r r a n g e m e n t  

617

C h lo r o p r o p a n e  re d n  n io b iu m  p e n ta f lu o r id e  
3046

C h lo r o p r o p a n o l  p h e n y ld i  re a rra n g e m e n t  
m e c h a n is m  4 05 2

C h lo r o p r o p e n y l  h e t e r o c y c le  c o n d e n s a t io n  
r e a c t io n  1035

C h lo r o p y r a z in e  se le c t iv e  o x id n  1869 
C h lo r o p y r a z o le  o x id e  a c e to ly s is  3721 
C h lo r o p y r id o p y r im id in e  n u c le o p h i l ic  s u b s t i^  

t u t io n  993
C h lo r o q u in o x a lin e  s e le c t iv e  o x id n  1869 
C h lo r o s u l f i t e  r e a c t io n  t h io c a r b o x y lic  a c id  

9 5 8
C h lo r o t r ip h e n y lp r o p a n o n e  p r e p n  d e h y d r o =  

c h lo r in a t io n  1810
C h o le c y s t o k in in  h e p t a p e p t id e  p r e p n  147 
C h o le n o l  m a ss  s p e c tr a  7 2 5  
C h o le s ta d ie n e  s e c o  N M R  3 32 5  
C h o le s ta d ie n o l  h y d r o b o r a t io n  3619  
C h o le s t a n e d io l  N M R  c a r b o n  13 789 
C h o le s ta n o l  s p ir o c y c lo p r o p a n e  2941 
C h o le s t a n o n e  h y d r o x y  b r o m in a t io n  487 
C h o le s t e n e d io l  3 61 9  
C h o le s t e n e t r io l  o x o  s y n th e s is  3571 
C h o le s t e n o l  m a ss  s p e c tr a  725  
C h o le s te r o l  e p im e n z a t io n  B o s e  re a g e n t  

3 7 7 8
C h o le s te r o l  h y d r o x y  2 03 6  
C h o le s te r y l  a ce ta te  m a ss  s p e c t r u m  2 79 9  
C h o le s te r y la m in e  p h e n y lg ly o x a ly l  p h o t o ly s is  

2821
C h o l i c  a c id  o x id n  1613 
C h o r io n ic  g o n a d o tr o p in  f ra g m e n t  s y n th e s is  

3341
C h ro m a n o n e  d im e th y l p h o t o c h e m  r e a rra n g e ^  

m e n t  3 07 6
C h r o m a to g  c a r b a m a te  1839 
C h r o m a t o g  e p o x id ic  e p id io x id e  d e c o m p n  

2 00 6
C h r o m a t o g  o r t h o  e s te r  e n a n t io m e r  3 2 0 6  
C h r o m a t o g  re so ln  a le  2 43 6  
C h r o m iu m  t r ic a r b o n y l a c t iv a t io n  s te r e o ch e m  

e f fe c t  4104
C h r o m o n e  re a c t io n  h y d r o x y la m in e  1356  
C h r o m y l  c h lo r id e  c h e m is o r p t io n  2 18 2  
C h r y s a n t h e m ic  a c id  2 10 8  
C h ry s e n e  1267 
C h ry se n e  a lk y l 3 6 2 6  
C I D N P  p h o s p h id e  o r g  h a lid e  3247  
C in e o le  c h lo r o h y d r in  re d n  253  
C in n a m a ld é h y d e  a ce ta l 3 90 7  
C in n a m a ld é h y d e  s e le c t iv e  re d n  1197 
C in n a m o y l  c h lo r id e  c y c liz a t io n  a n i l in o m a lo — 

n a te  3 1 6 2  
C in n a m y l a le  1197 
C la is e n  re a r r a n g e m e n t  3 3 6 0  
C le a v a g e  a lk y l id e n e c y c lo p r o p a n e  s u b s t itu e n t  

e f fe c t  3 09 8
C le a v a g e  B e c k m a n  h y d r o x im in o e s tr a tr ie n o l  

2101
C le a v a g e  b o n d  r e d u c t iv e  h y d r o n a p h th a le n e  

p h o t o d im e r  1098
C le a v a g e  c a r b a m a te  tr ic h lo r o s ila n e  2781  
C le a v a g e  d ib e n z o t h io p h e n e  d io x id e  2751 
C le a v a g e  e p o x id e  fe r r ic  c h lo r id e  343  
C le a v a g e  h o m o n o r a n d r o s t e n o n e  1276 
C le a v a g e  n u c le o p h i l ic  d ia z o k e t o p h o s p h o r y l  

c o m p d  552
C le a v a g e  o x id n  k e t o l  m e c h a n is m  4061 
C le a v a g e  o x ir a n e  a lk e n y ld ia lk y la lu m in u m  

2 71 2
C le a v a g e  r e d u c t iv e  e t h y n y lc y c lo a lk e n e  e p o x =  

id e  2 38 2
C le a v a g e  r in g  e p o x id e  694 
C le a v a g e  r in g  e p o x y c y c lo d e c e n e  p h e n y ll ith iu m  

2 17 5
C le a v a g e  r in g  s te r e o ch e m  a r y lo x ir a n e  4 06 7  
C le a v a g e  u r ic  a c id  3 13 2  
C le a v a g e  y n a m in e  is o cy a n a te  c y c lo a d d n  

4261
C le r o d a n e  d it e r p e n o id  B a cc h a r is  3 91 3  
C lo r g y lin e  p r e p n  2637  
C lu s te r  c o p p e r  a c e t y le n e  2 70 5  
C lu s te r  c o p p e r  t r i f la t e  r e a c t io n  2047  
C o b a lt  c a r b o n y l  d e s u lfu r iz a t io n  a g e n t  3 52 2  
C o b a lt  o c t a c a r b o n y l  c y c lo a d d n  c a ta ly s t  

4 13 6
C o b a lt i c  io n  s u b s t itu t io n  ca ta ly s t  4080  
C o c a in e  N M R  2 24 4
C o m p le x  b o r a b ic y c lo n o n a n e  p y r id in e  r e d u c e  

in g  a g e n t  4 16 9
C o m p le x  ir id iu m  is o m e r iz a t io n  c a ta ly s t  

2 38 6
C o m p le x a t io n  b in a p h th y l  m a c r o c y c le  4 17 3  
C o m p le x a t io n  c o n fo r m a t io n  k e to n e  re d n  

1922
C o m p u te r  p r o g r a m  I R  s p e c tr a  1761 
C o n d e n s a t io n  a c e t y le n e a ic a r b o x y la te  a m in o ^  

m e th y lu r a c il  4 15 9
C o n d e n s a t io n  a ld o l  p e n ic il la n a te  e n o la te  

2 96 0
C o n d e n s a t io n  a m id in e  b r o m o a c e t y l  c h lo r id e  

1639

C o n d e n s a t io n  a m in e  fo rm y lb e n z o fu r a z a n  
o x id e  897

C o n d e n s a t io n  a n il id e  h a lo n it ro b e n z e n e  
1786

C o n d e n s a t io n  b e n z a ld e h y d e  h y d r o x y a c e t o =  
p h e n o n e  3311

C o n d e n s a t io n  b e n z a ld e h y d e  l ith io th io p h e n e  
2 64 9

C o n d e n s a t io n  c y c lo h e x a n o n e  ca rb a z a te  ester  
2001

C o n d e n s a t io n  d ia z o a lk e n e  h y d r o x y p re g n e n e  
b o r a t e  3 0 3 5

C o n d e n s a t io n  d ia z o m e th a n e  ca ta ly s t  3757  
C o n d e n s a t io n  d ik e t o n e  h y d r a z o n e  c a r b o n y l

2321
C o n d e n s a t io n  d ip y r r y lm e th a n e  2957  
C o n d e n s a t io n  f lu o r o a c e t o a c e t a t e  ge ra n y l 

b r o m id e  2013
C o n d e n s a t io n  F r ie d la e n d e r  d ia m in o p y r id in e =  

d ic a r b o x a ld e h y d e  3 41 0  
C o n d e n s a t io n  g ly c e ra te  h e x a d e ca n a l 3 62 4  
C o n d e n s a t io n  is o p e lle t ie r in e  b ip h e n y lc a r b o x ^  

a ld e h y d e  2 2 8
C o n d e n s a t io n  m e th y le n e n a p h th a le n e d io n e  

a c ry la te  1267
C o n d e n s a t io n  n o r h y d r a s t in in e  h o m o p h t h a lic  

a n h y d r id e  1111
C o n d e n s a t io n  p h e n o l  f o r m a ld e h y d e  3 8 2  
C o n d e n s a t io n  q u in o l in e  o x id e  y l id e n e m a lo =  

n o n it r ile  3 9 7 4
C o n d e n s a t io n  r e a c t io n  c h lo r o p r o p e n y l  h e te r =  

o c y c le  1035
C o n d e n s a t io n  r e s o r c in o l  c y c lo h e x a d ie n y lp r o 0  

p a n o l 2 27 7
C o n d e n s a t io n  s e lf  l ith iu m  e n o la te  2 0 3 8  
C o n d u c t iv it y  N M R  m o l s t r u c tu re  1315 
C o n d u c t o r  d im e th y lte t r a th ia fu lv a le n e  p r e p n  

768
C o n fig u r a t io n  a b s  b u t y lc y c lo h e x e n e  1079 
C o n fig u r a t io n  a b s  h o m o a d a m a n ta n e  4 10 8  
C o n fig u r a t io n  a lk y lm e th o x y c a r b o n y ld io x o =  

la n e  3624
C o n fig u r a t io n  a lié n é  3697  
C o n fig u r a t io n  a llo x a z in e  d io x id e  2 20 3  
C o n fig u r a t io n  b u t y la r y la z e t id in e  2 09 4  
C o n fig u r a t io n  e y c lo b u t a n e d i im in e  3 7 0 0  
C o n fig u r a t io n  c y c lo p h o s p h a m id e  N M R  IR  

1650
C o n fig u r a t io n  d e c a h y d r o is o q u in o l in e  1485  
C o n fig u r a t io n  d io x a p h o s p h o r in a n e  d ip o le  

s p e c tr a  1549
C o n fig u r a t io n  h y d r o x y m e t h y lp r o l in e  1000 
C o n fig u r a t io n  im in e  c a r b o n  N M R  2 61 4  
C o n fig u r a t io n  in v e rs io n  b e n z y l  to s y la te  

3101
C o n fig u r a t io n  in v e r s io n  s t ilb e n e  o x id e  1661 
C o n fig u r a t io n  la c to n e  N M R  384 
C o n fig u r a t io n  lith iu m  e n o la te  N M R  3 4 6  
C o n fig u r a t io n  m ic r o d i l in  a b s  1720  
C o n fig u r a t io n  o c t a h y d r o p h e n a n t h r e n e  d e r iv  

1177
C o n fig u r a t io n  p e r h y d r o t r ip ty c e n e  p r e p n  

2 39 9
C o n fig u r a t io n  p r o p a n e d io l  a r y lo x y  1006  
C o n fig u r a t io n  p r o p y n y ls a l ic y l id e n e a m in e  

C D  4184
C o n fig u r a t io n  r e te n t io n  c y c lo b u t a d ip y r im i=  

d in e  s u b s t itu t io n  3321 
C o n fig u r a t io n  th ia d e c a lin  N M R  4 02 4  
C o n fig u r a t io n  th io cy a n a to h e x a n e  N M R  

1520
C o n fig u r a t io n  t r ip ip e r id e in e  66 
C o n fig u r a t io n  v ita m in  D 3  a n a lo g  2 28 4  
C o n fo r m a t io n  a d e n o s in y le th a n e  517  
C o n fo r m a t io n  a lk y lp h e n y lc a r b in y l  e th e r  

1652
C o n fo r m a t io n  a m in o c a r b o n y l  t o s y lm e th y l  

n it r o x id e  3 54 2
C o n fo r m a t io n  b is p id in e  a lk a lo id  937  
C o n fo r m a t io n  c a r b a m a te  N M R  1839 
C o n fo r m a t io n  C D  h o m o a d a m a n ta n e d io n e  

4 10 8
C o n fo r m a t io n  c o m p le x a t io n  k e to n e  re d n  

1922
C o n fo r m a t io n  c y c l i c  s u l fo x id e  I R  2 01 0  
C o n fo r m a t io n  c y c lo p r o p a n o n a p h th a le n e  

N M R  3 16 8
C o n fo r m a t io n  d e c a h y d r o q u in o lin e  d e r iv  

N M R  51
C o n fo r m a t io n  d ib e n z o c y c lo h e p t a t r ie n e  N M R  

3840
C o n fo r m a t io n  d io x a b ic y c lo o c t a n e  N M R  365  
C o n fo r m a t io n  d io x a n e  d e r iv  1 5 3 3  
C o n fo r m a t io n  d io x a p h o s p h o r in a n e  d ip o le  

N M R  1549
C o n fo r m a t io n  d ith ia p h o s p h o r in a n e  1022  
C o n fo r m a t io n  e n e r g y  fo r c e  f ie ld  s te ro id

2 36 5
C o n fo r m a t io n  e q u il  v ita m in  D  3 59 7  
C o n fo r m a t io n  h o m o p o r p h y r in  1567 
C o n fo r m a t io n  h y d r o x y  a c id  la c to n iz a t io n  

1470
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C o n fo r m a t io n  h y d r o x y m e t h y lp r o l in e  1000 
C o n fo r m a t io n  is o th io c y a n a to  t h io cy a n a to  

h e x a n e  1520
C o n fo r m a t io n  m e t h o x y c y c lo a lk a n o n e  N M R  

e u r o p iu m  3 9 5 8
C o n fo r m a t io n  m e t h y lth io o x o d io x a p h o s p h o r i=  

n a n e  N M R  190
C o n fo r m a t io n  N M R  c a r b o n  e p o x y p r o p a n e  

1434
C o n fo r m a t io n  N M R  s p ir o c y c lo p e n t y lb ic y c lo =  

h e p t e n e  3 18 8
C o n fo r m a t io n  p h o t o ly s is  i s o p r o p y ln o r c a m ^  

p h o r  1327
C o n fo r m a t io n  p r o ly lle u c y lg ly c in a m id e  2 10 5  
C o n fo r m a t io n  p r o s ta g la n d in  F  N M R  3 1 4 0  
C o n fo r m a t io n  q u a s s in o id  3 5 8 4  
C o n fo r m a t io n  te t r a h y d r o p h t h a l ic  a n h y d r id e  

N M R  1259
C o n fo r m a t io n  te t r a h y m a n o l  2134  
C o n fo r m a t io n  t h ia d e c a lin  N M R  4 02 4  
C o n fo r m a t io n  T h u ja  te r p e n e  1616  
C o n fo r m a t io n  t r ip ip e r id e in e  c a r b o n  N M R  

66
C o n fo r m a t io n  v in y l  c a t io n  3 0 0 4  
C o n fo r m a t io n  v in y l  e th e r  1443  
C o n fo r m a t io n  v ita m in  D  3 3 2 5  
C o n fo r m a t io n  v ita m in  D 3  a n a lo g  2284 
C o n fo r m a t io n a l  d is t o r t io n  h e x a h y d r o b e n z o x ^  

a th ia n e  o x id e  2 2 0 6
C o n fo r m a t io n a l  in v e r s io n  m e t h o x y t e t r a h y d r ^  

o b e n z o x a th ia n e  4 3 8
C o n ju g a t io n  in h ib it io n  a n il in e  N M R  2 99 9  
C o n tr a c t io n  r in g  b e n z o t r ia z e p in o n e  d ih y d r o  

161
C o n tr a c t io n  r in g  c h lo r o k e te n e  c y c lo h e x a d ie n e  

a d d u c t  4 15 7
C o p e  r e a r r a n g e m e n t  a t t e m p t e d  t r ic y c lo u n d e =  

c a t r ie n e c a r b o x y la t e  401  
C o p e  r e a r r a n g e m e n t  b e n z o b u llv a le n e  N M R  

2 18 3
C o p e  r e a r r a n g e m e n t  c y c lo p e n t a d ie n o n e  

a d d u c t  4 15 1
C o p e  r e a r r a n g e m e n t  d e h y d ro s a u s s u r e a  la c =  

t o n e  1717
C o p p e r  a ry l a c e t y le n e c o p p e r  r e a c t io n  2 7 0 5  
C o p p e r  d e c o m p n  d ia z o n iu m  s a lt  2 05 3  
C o p p e r  io n  fra g m e n ta t io n  c a ta ly s t  2657  
C o p p e r  m e t h y l  h a lid e  r e a c t io n  2 80 5  
C o p p e r  t r if la te  p o ly n u c le a r  a r y lc o p p e r  r e a c =  

t io n  2047
C o p p e r  z in c  c o u p le  r e d n  212  
C o r a m in e  s t r u c tu re  3 58 8  
C o r e x im in e  3 5 8 8
C o r e y  p r o s ta g la n d in  a ld e h y d e  in te rm e d ia te  

786
C o r r e la t io n  d ia g r a m  a z o  c o m p d  614  
C o r y p a lm in e  3 5 8 8  
C o s t u n o lid e  s y n th e s is  1717 
C o t t o n  e f fe c t  p r o p y n y ls a l ic y l id e n e a m in e  C D  

4 18 4
C o u m a la te  p h o t o c h e m  1844 
C o u m a r in  c a r b o n  13 N M R  1337 
C o u m a r in y la c e ta te  d i o x o  889  
C o u p lin g  a r y lc o p p e r  2047  
C o u p lin g  a r y lz in c  h a lo a r e n e  1821 
C o u p lin g  d e h y d r o g e n a t io n  o r g  c o m p d  1 
C o u p lin g  d ic a r b o n y l  2 65 5  
C o u p lin g  fu c o p y r a n o s e  720  
C o u p lin g  i o d o o e n z e n e  p r o p y n y lc o p p e r  2 62 6  
C o u p lin g  N M R  h e p t a c h lo r o n o r b o r n e n e  

2 85 3
C o u p lin g  o x id a t iv e  a r o m  c o m p d  764  
C o u p lin g  r e a c t io n  a m in o p h e n y lc o p p e r  2705  
C o u p lin g  r e d n  e le c t r o c h e m  k e t o n e  2 56 0  
C o v a le n t  p e r c h lo r a te  s o lv o ly s is  m e c h a n is m  

2694
C r e a t in e  p h o s p h o r y la t io n  e n z y m e  A T P  r e ^  

g e n e r a t io n  4 1 6 5
C r e a t in in e  r e d n  lith iu m  a lu m in u m  h y d r id e

3 6 0 8
C r o t o n a t e  a m in o  r e a c t io n  m e th a n e s u lfe n y l 

c h lo r id e  3 23 0
C r o t y lt h io im id a z o lin e  a c e ty l  r e a rra n g e m e n t  

k in e t ic s  2 33 9
C r o w n  e th e r  c o m p le x a t io n  4 17 3  
C r o w n  e th e r  e l im in a t io n  a r y lc h lo r o p h e n y =  

le th a n e  2 17 0
C r o w n  e th e r  p h a se  t r a n s fe r  ca ta ly s is  2031 
C r o w n  e th e r  p y r id in e d iy l  a n a lo g  1500  
C r y s t  f lu o r o  o le f in  b r o m in a t io n  1780  
C r y s ta l  s t r u c tr u e  s p ir o s u lfu r a n e  4001  
C r y s ta l  s t r u c tu re  a lly lp y r a z o le  452  
C ry s ta l s t r u c tu re  a n a lu so l 2 51 7  
C ry s ta l s t r u c tu re  b ic y c lo o c t a n e  m o r p h o l in o  

2 72 0
C r y s ta l  s t r u c tu re  c le r o d a n e  d it e r p e n o id  

3 91 3
C ry s ta l s t r u c tu re  d e h y d r o c y c lo b u t a t u s in  

923
C ry s ta l s t r u c tu re  d ie p o x y o x o a b ie t a t e  1885 
C ry s ta l s t r u c tu re  d it h io a c e t y ld it h ie t a n e  

2 34 5

C ry s ta l s t r u c tu re  e p it r i t h io p y r a z in o d i in d o le  
9 4 8

C ry s ta l s t r u c tu re  e p o x y a z o c in e  2903  
C ry s ta l s t r u c tu re  e p o x y im id a z o b e n z o d ia z e =  

p in e  2 21 2
C ry s ta l s t r u c tu re  e t h a n o e s tr a d io l  b r o m o b e n =  

z o a te  3091
C ry s ta l s t r u c tu re  h e x a h y d r o b e n z in d e n e  

p r e p n  2 82 6
C ry s ta l s t r u c tu re  h o m o n o r a n d r o s t e n e d io l  

b r o m o b e n z o a t e  482  
C ry s ta l s t r u c tu re  h y d r o a z u le n e  1349 
C ry s ta l s t r u c tu re  im id a z o l id in e th io n e  3 70 4  
C ry s ta l s t r u c tu re  is o p h o r o n e  tr im e r  1600  
C ry s ta l s t r u c tu re  i s o te t r a h y d ro a n e m o n in  

1703
C r y s ta l  s t r u c tu re  n it r o m e t h y le n e t h ia z o le  72  
C r y s ta l  s t r u c tu re  o v a t o d io l id e  3 82 4  
C ry s ta l s t r u c tu re  p h o s p h o r u s  h e t e r o c y c le  

1170
C r y s ta l  s t r u c tu re  p o ly a n g it r io l  t r ifo r m a te  

3664
C ry s ta l s t r u c tu re  p y r r o lo in d o le  105 
C ry s ta l s t r u c tu re  s p i r o c y c lo p e n t y lb ic y c lo h e p ^  

te n e  3 1 8 8
C r y s ta l  s t r u c tu re  s u l fo x id e  p h e n y ld ith ia n e  

961
C ry s ta l s t r u c tu re  te t ra h y m a n o l 2134  
C r y s ta l  s t r u c tu re  te tra z e n e  p h e n y l  4 19 2  
C r y s ta l  s t r u c tu re  t h ia b ic y c lo h e p t e n o n e  o x id e  

2 12 7
C ry s ta l s t r u c tu re  th ia n th r e n e  2 89 6  
C u m y l  n it r o b e n z o a t e  s o lv o ly s is  1073  
C u n e a l in v e r s io n  b a r r ie r  s p ir o su lfu r a n e  

4 00 6
C u p r a te  d ia lk y l  a d d n  a c r y la te  1991 
C u p r a te  d ia lk y l  a lk y la t io n  a c e t o x y o x ir a n e  

2 53 7
C u p r o u s  b r o m id e  h y d r id e  r e a g e n t  3 18 0  
C u rt is  r e a r r a n g e m e n t  a z id o fo r m im in iu m  

3 70 9
C y a n a t io n  a n o d ic  t e r t ia r y  a m in e  2 97 3  
C y a n a t io n  e le c t r o c h e m  c y c lo h e x e n e  2 31 3  
C y a n a t io n  re d n  k e to n e  3 11 4  
C y a n id e  h a lid e  e x c h a n g e  ca ta ly s t  875  
C y a n id e  m e th a n o l  c y c lo h e x e n e  e le c t r o o x id n  

2 31 3
C y a n id e  s u b s t itu t io n  m e c h a n is m  m e t h y lp y r =  

r o ly la m m o n iu m  1096 
C y a n in e  d y e  a c e ty le n ic  a n a lo g  1035  
C y a n in e  d y e  a n a lo g  b a s ic it y  1041 
C y a n in e  d y e  p y r y liu m  885  
C y a n o  g r o u p  r a d ica l s ta b iliz a t io n  752  
C y a n o a lk a n o a te  e s te r  2 00 9  
C y a n o b e n z y lq u in o x a l in o n e  vs  b is c y a n o b e n ^  

z y lq u in a z o lin e  2504
C y a n o b u t a d ie n e  d im e r iz a t io n  D ie ls  A ld e r

3 85 9
C y a n o b u t a d ie n e  h a lo  2 33 5  
C y a n o e th y le n e  a d d n  d ia r y ltr ia z e n e  2611  
C y a n o e th y le n e  re a c t io n  s u l fe n a m id e  r a d ica l 

3 76 7
C y a n o fo r m a t e  o x a t h ia z o lo n e  th e r m o ly s is  

1813
C y a n o g e n  b r o m id e  c y c liz a t io n  h y d r a z id o a n i=  

l in e  542
C y a n o im id a z o le  c y c liz a t io n  1 61 0  
C y a n o m e t h y ln o r t r o p a n e  e le c t r o c h e m  o x id n  

6 7 0
C y a n o p h e n y la c e t o n it r i le  c o n d e n s a t io n  q u in o ^  

l in e  o x id e  3 97 4
Cyanoquinoquinazolinoquinazoline acceptor 

1666
C y c l ic  d ia z o k e t o p h o s p h o r y l  c o m p d  c le a v a g e  

552
C y c l ic  d ik e to n e s  t r ic y c l ic  d im e rs  4 2 7 9  
C y c l i c  p e r o x id e s  3987
C y c l ic  s u l fo x id e  e l im in a t io n  e x p a n s io n  1530  
C y c l i to l  a m in o  s y n th e s is  3 08 3  
C y c l i to l  b r a n c h e d  s y n th e s is  3 56 2  
C y c liz a t io n  a c e to n y l c a r b o m e t h o x y m e t h y l  

s u l f id e  1163
C y c l iz a t io n  a c r o le in  a c e t y lth io p r o p io n a ld e h =  

y d e  2123
C y c l iz a t io n  a c y lp ip e r id in e c a r b o x y l ic  a c id  

909
C y c l iz a t io n  a c y lv in y ls u l fo x im in e  602  
C y c l iz a t io n  a l ic y c l ic  im id e  m e c h a n is m  3 21 5  
C y c liz a t io n  a l ly lb e n z o a te  1329 
C y c l iz a t io n  a m id in e  n it ro  a re n e s  4 3 5  
C y c liz a t io n  a m id o x im e  t h io n y l c h lo r id e  

3 37 2
C y c l iz a t io n  a m in o a c e ta m id e  t h io n y l  c h lo r id e  

1015
C y c l iz a t io n  a m in o b e n z y la c r y la te  2094  
C y c l iz a t io n  a m in o m e th y lb ic y c lo o c t a n e  2844  
C y c l iz a t io n  a m in o p r o p e n y lp h o s p h o n iu m  

b r o m id e  200
C y c l iz a t io n  a ra lk e n y l a m m o n iu m  2 19 5  
C y c l iz a t io n  a r y ls u lfo n y ln it re n e  in tra m o l 

in s e r t io n  2920
C y c l iz a t io n  a t t e m p t e d  p y r r o l iz in e a c e t ic  a c id  

3 95 2

C y c l iz a t io n  a z in e  a c e t y le n e d ic a r b o x y la te  
4 5 2

C y c l iz a t io n  b e n z o d ia z e p in a m in e  o x a ly l  c h l o 
r id e  2 21 2

C y c l iz a t io n  b e n z o in  t o lu e n e s u lfo n ic  a c id  
390

C y c l iz a t io n  b e n z o y la c e t a n i l id e  c h lo r o  2 9 7 7  
C y c l iz a t io n  b ia r y ls u lfo n y ln itr e n e  in tra m o l 

in s e r t io n  2914
C y c l iz a t io n  b is  a m in o a n il  3 4 8 5  
C y c liz a t io n  b is a lk e n y n y lb e n z e n e  o r t h o  1960  
C y c l iz a t io n  b is c a r b o x y a m in o t h io p h e n e v a le r a -  

te  135
C y c l iz a t io n  b i s c h lo r o m e t h y lb ip h e n y l  7 3 4  
C y c l iz a t io n  b r o m o a c y l  c h lo r id e  b in u c le o p h i le  

1633
C y c l iz a t io n  b r o m o a l ly la lk a n o l  2 5 2 0  
C y c l iz a t io n  b u t y n y lc y c lo h e x e n o l  1386  
C y c l iz a t io n  c a r b o x y m e t h y lc y c lo h e x a n o n e  

o x im e  4 27 2
C y c l iz a t io n  c a r b o x y p h e n y lp y r a z in e  9 4 8  
C y c l iz a t io n  c in n a m o y l  c h lo r id e  a n i l in o m a lo ^  

n a te  3 1 6 2
C y c l iz a t io n  c o n ju g a t e d  to s y lh y d r a z o n e  1352 
C y c l iz a t io n  c o u p l in g  a lk a n e d io n e  2 6 5 5  
C y c l iz a t io n  c y a n o g e n  b r o m id e  h y d r a z id o a n i^  

lin e  542
C y c l iz a t io n  c y a n o im id a z o le  1610 
C y c l iz a t io n  c y c lo h e x a d ie n o n e  e t h y le n e  e p i=  

s u l fo x id e  2 12 7
C y c liz a t io n  c y c lo h e x a n e d io n e  o x o g lu ta r a te  

889
C y c l iz a t io n  d ia n is y lp in a c o lo n e  2 4 2 3  
C y c l iz a t io n  d ia z o h e p t o d iu lo s e  3 56 2  
C y c l iz a t io n  D ie c k m a n n  a m in o b u t y r a t e  1000  
C y c l iz a t io n  d i fo r m y ld ip y r r y lm e t h a n e  2 95 3  
C y c l iz a t io n  d in it r o p h e n y l  d it h io c a r b a m a te  

1 26 5
C y c l iz a t io n  d io l  ca ta ly s t  3 7 2
C y c liz a t io n  d ip h e n y la lk e n y lp h o s p h in e  o x id e s

iio ly p h o s p h o r ic  a c id  4 27 9  
iz a t io n  d it h io c y a n a t e  1515  

C y c l iz a t io n  e n a m in e  a z in e  p y r id a z in e  2321  
C y c l iz a t io n  e n o la te  a ro m  r in g  1481 
C y c l iz a t io n  e p o x y c y c lo d e c e n e  d ie t h y lm a g n e =  

s iu m  2 17 5
C y c l iz a t io n  e s tr a te tr a e n e a c e ty l  c h lo r id e  

3 0 9 1
C y c l iz a t io n  e t h o x y a m in o c u m y lm a le a t e  296  
C y c l iz a t io n  e t h o x y c a r b o n y l t h io a m id e  d ia m in e  

441
C y c l iz a t io n  e t h v le n e  g ly c o l  a lk o x y im in o p h e =  

n y la c e t a ld e h y d e  755
C y c l iz a t io n  f o r m y lm e t h o x y p r e g n e n o l  3 0 3 5  
C y c l iz a t io n  fu ra n  c a r b o n y l  c o m p d  1089 
C y c l iz a t io n  h y d r a z in o  tr ia z in e  1018  
C y c l iz a t io n  h y d r a z in o is o in d o le  894  
C y c l iz a t io n  h y d r o x y c h a lc o n e  p r e p n  m e c h a n  =  

ism  3311
C y c l iz a t io n  h y d r o x y m e t h y le n e d e c a l in  m e t h y l  

le n e d io n e  a m m o n iu m  a c e ta te  2 18 7  
C y c l iz a t io n  h y d r o x y m e t h y ls u c c in a n i l id e  

m e c h a n is m  3 02 9  
C y c l iz a t io n  im in e  k e to n e  1919 
C y c l iz a t io n  in tra m o l  p o ly c y c l i c  d io le f in  

262  i
C y c l iz a t io n  is o th io c y a n a to  t h io c y a n a t e  1517 
C y c l iz a t io n  la b d a d ie n o l  806  
C y c l iz a t io n  M a n n ic h  b e n z y l is o q u in o lin e  

3 19 0
C y c l iz a t io n  m e t h o x a ly la m in o d it h i in  2891 
C y c l iz a t io n  m e t h o x y c a r b o n y ls u l fo x im id e  

9 5 2
C y c l iz a t io n  m e t h y ln a p h t h a le n e c a r b o x y la t e  

4155
C y c l iz a t io n  n itr i le  v a le r o la c t im  1808 
C y c l iz a t io n  n it r o a m in o c h lo r o c h o le s t a n e  

4251
C y c l iz a t io n  n u c le o p h i l ic  c a lc n  3 84 6  
C y c l iz a t io n  o c t a d ie n y lc y c lo h e x e n o l  153 
C y c l iz a t io n  o x o b u t y ld im e t h y lc y c lo h e x a n o n e  

1258
C y c l iz a t io n  o x o b u t y lp h e n a n t h r e n e d io n e  

1267
C y c l iz a t io n  o x o c v c lo p h a n e  P a a l K n o r r  1379 
C y c l iz a t io n  o x o g lu t a r ic  a c id  s e m ia ld e h y d e  

a m m o n ia  3 44 0
C y c l iz a t io n  o x o p h e n a n t h r id in e a c e t i c  a c id  

2 5 2 5
C y c l iz a t io n  p h e n o x y c y c lo h e x e n o n e  3 4 5 8  
C y c l iz a t io n  p h e n y lh y d r a z o n e  re a rra n g e m e n t  

e l im in a t io n  1878
C y c l iz a t io n  p h e n y lp y r u v a t e  a m in o b e n z a m id e  

3 6 5 0
C y c l iz a t io n  p h o t o c h e m  m e t h o x y s t i lb e n e  

3 78 3
C y c l iz a t io n  p h o t o c h e m  n a p h th a le n e  d ip h e ^  

n y le th y le n e  2191
C y c l iz a t io n  p h o t o c h e m  p o d o c a r p a n o a t e  

a d d u c t  1573
C y c l iz a t io n  p h o t o c h e m  s t i lb a z o le  3 51 4  
C y c l iz a t io n  p h o t o c h e m  s ty r y ln a p h th a le n e

3 62 6
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C y c l iz a t io n  p r o p a r g y lm a lo n a t e  t h io p h e n o l  
3 4 0 8

C y c l iz a t io n  p r o p y n o y la c r y lo y lu r e a  4 15 9  
C y c l iz a t io n  p r o t o n a t io n  d e c a d ie n o a t e  e s te r

387
C y c l iz a t io n  p y r id in y le t h a n o n e  o x id e  1364 
C y c l iz a t io n  p y r id y lb u t a d ie n e  4 7  
C y c l iz a t io n  p y r o ly s is  p h e n y lb u ta d ie n e  297 
C y c l iz a t io n  q u in o l in e  o x id e  3 97 4  
C y c l iz a t io n  s e le n o s e m ic a r b a z id e  c a r b o n  

d is e le n id e  3 7 2 5
C y c l iz a t io n  s e s q u it e r p e n e  d ie n e  1825 
C y c l iz a t io n  th ia p e n t a n e d it h io l  e th y le n e  

c h lo r id e  2644
C y c l iz a t io n  t h ie n y lh e x e n y lc y c lo p e n t e n o l  

3 19 6
C y c l iz a t io n  t h io h y d a n t o in  b r o m o c h lo r o e -  

th a n e  2 59 4
C y c l iz a t io n  t h io p h e n e p e n ta n o a t e  d iu r e th a n e  

1630
C y c l iz a t io n  u n s a td  d ia z o  k e to n e  396  
C y c l iz a t io n  u rea  p r o p io l i c  a c id  2 18 5  
C y c lo a d d n  a c r y lo n it r i le  k o j ic  a c id  3 9 7 6  
C y c lo a d d n  a m in o s t y r e n e  p h e n y lm e t h a n e s u l"  

fo n y l  c h lo r id e  3 5 0 2
C y c lo a d d n  b e n z e n e  is o p r e n e  c a ta ly s t  1967 
C y c lo a d d n  b e n z o c y c lo b u t e n e  th e r m o ly s is

2 6 7 2
C y c lo a d d n  b e n z o q u in o n e  s o lv e n t  e f fe c t  

2 1 7 9
C y c lo a d d n  b e n z v a le n e  d ic h lo r o k e t e n e  927  
C y c lo a d d n  b ic y c lo o c t e n e  d ic h lo r o c a r b e n e  

2 6 4 3
C y c lo a d d n  b u t a d ie n e  a c r y l ic  d ie n o p h i le  282  
C y c lo a d d n  c a r b o n y l  k e te n e  a ce ta l 3 12 8  
C y c lo a d d n  c h lo r o n it r o n e  e n o l  e th e r  4 21 3  
C y c lo a d d n  c y c lo b u t e n e d ic a r b o n it r i le  d ia z o a l=  

k a n e  2 59 7
C y c lo a d d n  c y c lo h e x e n e  c y c lo p e n t e n o n e  

s t e r e o c h e m  2 5 2 3
C y c lo a d d n  c y c lo o c t a d ie n e t e t r a c a r b o n it r i le  

d ia z o a lk a n e  2601
C y c lo a d d n  c y c lo o c t a d ie n o n e  a m in e  6 2 9  
C y c lo a d d n  c y c lo p e n t a d ie n o n e  c y c lo o c t e n e  

4151
C y c lo a d d n  d ic h lo r o c a r b e n e  a lk e n e  c a ta ly s t  

8 7 5
C y c lo a d d n  d ie n e  m e t h o x y c y c lo p r o p e n e  m e =  

c h a n is m  674
C y c lo a d d n  d ih y d r o p y r id in e  a c e t y l in e d ic a r b ^  

o x y la t e  2 90 3
C y c lo a d d n  d is ilo x y c y c lo te t r a d e c e n e  m e t h y l^  

e n e  io d id e  2 3 2 6
C y c lo a d d n  f lu o r o h a lo c a r b e n e  a lk e n e  828  
C y c lo a d d n  h y d r o x y p y r o n e  d ie n o p h i le  4 17 0  
C y c lo a d d n  im id a z o l iu m  in n e r  s a lt  1639  
C y c lo a d d n  im in o t h ia z o l iu m  y l id e  a c e t y le n e d =  

ic a r b o x y la te  1648
C y c lo a d d n  in d o le  d ia z o a c e ta te  3 94 5  
C y c lo a d d n  in tra m o l  c y c lo p e n t a d ie n y ln o r b o r =  

n a d ie n e  176
C y c lo a d d n  is a t in a ce t ic  a c id  a c e t y le n e d i c a r b -  

o x y la te  5 5 9
C y c lo a d d n  is o c y a n id e  a z o b e n z e n e  4 13 6  
C y c lo a d d n  is o p r o p y lid e n e c a r b e n e  a lk e n e  

r e a c t iv it y  1802
C y c lo a d d n  k e te n e  im id o y la z ir id in e  847 
C y c lo a d d n  m a lo n a te  c o n ju g a t e d  n o n e n o n e  

3 45 6
C y c lo a d d n  m e t h a c r o le in  d ia z o a c e t a t e  es ter  

1527
C y c lo a d d n  n it r i le  im in e  a lk e n y l 1389  
C y c lo a d d n  n o n a d e c e n o a t e  m e th y le n e  io d id e  

2 78 3
C y c lo a d d n  p h e l la n d r e n e  b e n z a lb is u r e th a n e  

m e t h v ie n e b is u r e t h a n e  2 4 8 6  
C y c lo a d d n  p h o t o  n a p h t h o n itr i le  m e t h o x y 0  

p r o p e n e  3 31 3
C y c lo a d d n  p h o t o c h e m  a c e t y le n e d ic a r b o x y la te  

b e n z o fu r a n  2 37 4
C y c lo a d d n  p h o t o c h e m  a n is o le  c y c lo a lk e n e  

1321
C y c lo a d d n  p h o t o c h e m  b e n z o n it r i le  a lk e n e  

4 2 3 8
C y c lo a d d n  p h o t o c h e m  e p o x y n a p h t h o q u in o n e  

o le f in  3 8 0 0
C y c lo a d d n  p h t o c h e m  m o l d y n a m ic s  2621 
C y c lo a d d n  s i ly lm e t h y lk e te n e  732  
C y c lo a d d n  s t i lb e n e  p h e n y la lly lm a g n e s iu m  

8 2 0
C y c lo a d d n  to s y lm e t h y l  is o cy a n id e  a ld im in e  

1153
C y c lo a d d n  v in y l  s u lfe n e  n o r b o r n e n e  1910 
C y c lo a d d n  y n a m in e  is o cy a n a te  c le a v a g e  

4261
C y c lo a d d n  z in c  m e t h y lc a r b e n o id  c y c lo a lk e n =  

o l  3031
C y c lo a d d u c t  o x a d ia z o le  in d e n e  1496 
C y c lo a l ip h  S c h i f f  b a se  2 0 8 8  
C y c lo a lk a n e  c a r b e n e  1667  
C y c lo a lk a n e d io n e  r e a c t io n  p h o s p h o r u s  h a lid e

2380

C y c lo a lk a n o l  d im e th y l s t e r e o is o m e r  2702  
C y c lo a lk a n o n e  a lk y la t io n  m e th o x y a lly l  b r o m °  

id e  2545
C y c lo a lk a n o n e  a ry lid e n e  is o m e r iz a t io n  c a t a °  

ly s t  2 38 6
C y c lo a lk a n o n e  a ry lid e n e  m ass  s p e c tra  2 39 4  
C y c lo a lk a n o n e  d im e th y l s te r e o is o m e r  2 70 2  
C y c lo a lk a n o n e  m e t h o x y  c o n fo r m a t io n  e u r o °  

p iu m  3 9 5 8
C y c lo a lk a n o n e  m e th y le n a t io n  1180 
C y c lo a lk a n o n e  re d n  b o r o h y d r id e  s te re o ch e m  

9 2 0
C y c lo a lk a n o n e  t h io a c y l  p r e p n  ta u to m e r ism  

3 1 2 3
C y c lo a lk a n o o n e  re d n  ca ta ly s t  1202 
C y c lo a lk e n e  d im e th y l  h y d r o b o r a t io n  s te r e o s 0  

p e c i f i c i t y  2 70 2
C y c lo a lk e n e  o x id n  c h r o m a te  io d in e  4268  
C y c lo a lk e n e  p h o t o c h e m  c y c lo a d d n  a n iso le  

1321
C y c lo a lk e n e  p r e p n  2 65 5  
C y c lo a lk e n e c a r b o x y l ic  a c id  is o m e r  3892  
C y c lo a lk e n o l  c y c lo a d d n  zinc m e th y lca rb e n o id  

3031
C y c lo a lk y l  c y c lo h e x y l  k e t o n e  1189 
C y c lo a lk y l  d is e le n id e  2 51 0  
C y c lo a lk y la t io n  in tra m o l c y c lo p e n t y lp r o p y l0  

h y d r o q u in o n e  3444
C y c lo b u t a d ip y r im id in e  a lk y la t io n  d e u te r a t io n

3 32 1
C y c lo b u t a n e d iim in e  p r e p n  c o n f ig u ra t io n  

is o m e r iz a t io n  3 70 0
C y c lo b u t a n e d io n e  d iq u in o  U V  E S R  1126 
C y c lo b u ta tu s in  d e h y d r o  923  
C y c lo b u t e n e d ic a r b o n it r i le  c y c lo a d d n  c y c lo d i ”  

m e r iz a t io n  2 59 7
C y c lo b u t e n e d ic a r b o n it r i le  r e a c t io n  1948 
C y c lo b u t e n e d ic a r b o x y la t e  D ie ls  A ld e r  c y c l o °  

p e n t a d ie n o n e  1103
C y c lo b u t e n e d io n e  p h o t o a d d n  b e n z o q u in o n e  

2371
C y c lo b u t e n y l  n o n a fla te  s o lv o ly s is  t r i f lu o r o e °  

t h a n o l 174
C y c lo c o n d e n s a t io n  b r o m o a lk y lp h e n o l  2 84 0  
C y c lo c o n d e n s a t io n  e t h e n y lc y c lo p e n t e n e c a r b °  

o x a ld e h y d e  h y d r o x y la m in e  2111 
C y c lo c o n d e n s a t io n  e t h o x y a l ly l id e n e p h o s p h o °  

ra n e  a lk e n o n e  1664
C y c lo c o n d e n s a t io n  n a p h t h a le n e c a r b o x a ld e h °  

y d e  4131
C y c lo c o n d e n s a t io n  o x o g lu ta r a te  g ly o x a l 

2 82 6
C y c lo c o n d e n s a t io n  p h e n y ip r o p io n ic  a c id  

p r e p n  2 55 6  
C y c lo d e c a d ie n o l  2 17 5  
C y c lo d e c a n e d io l  c y c lo p h o s p h a t e  r e d u c t iv e  

e l im in a t io n  1311
C y c lo d e c a n o l  o x id n  tr ip h a s e  ca ta ly s is  8 7 5  
C y c lo d e c e n e  1311
C y c lo d e c e n e  e p o x y  c y c liz a t io n  d ie t h y lm a g n e °  

s iu m  2175
C y c lo d e h y d r o g e n a t io n  b is  a m in o a n il  3485  
C y c lo d im e r iz a t io n  c y c lo b u t e n e d ic a r b o n it r i le  

2597
C y c lo d im e r iz a t io n  d e h y d r o b r o m in a t io n  

b r o m o m e th y lb e n z o c y c lo h e p t a t r ie n e  
3 46 0

C y c lo d im e r iz a t io n  s ty re n e  c a ta ly s t  3 47 7  
C y c lo d o d e c a d ie n o n e  b e n z o  280  
C y c lo d o d e c a n e  d ip h o s p h a te tr a th ia  1662 
C y c lo d o d e c a n e d io l  c y c lo p h o s p h a t e  re d u c t iv e  

e l im in a t io n  1311 
C y c lo d o d e c a n o l  e th y n y l 2 38 2  
C y c lo d o d e c e n e  1311 
C y c lo d o p a  4 15 3
C y c lo h e p t a b e n z o fu r a n  r in g  c le a v a g e  3 4 5 8  
C y c lo h e p t a in d o le  o x id n  1213  
C y c lo h e p t a n o l  e th y n y l  2 38 2  
C y c lo h e p t a n o n e  prepn 3 09 7  
C y c lo h e p t a p y r a n o n e  1623  
C y c lo h e p t a t r ie n y l id e n e c y c lo h e x a d ie n e  d e r iv  

275
C y c lo h e p t e n e  c y c lo a d d n  d ic h lo r o k e te n e  

2 71 5
C y c lo h e p t e n e c a r b o x y la t e  r e d u c t iv e  a m in a t io n  

1225
C y c lo h e p t e n o n e  o z o n o ly s is  1225  
C y c lo h e x a d ie n e  c h lo r o k e te n e  a d d u c t  rin g  

c o n t r a c t io n  4 1 5 7
C y c lo h e x a d ie n e  d ic y c lo a lk a p o ly e n y lid e n e  

275
C y c lo h e x a d ie n e  d im e th o x y  a lk y la t io n  c a t a °  

ly s t  3 75 5
C y c lo h e x a d ie n e  m e t h o x y  a lk y la t io n  d ia z o a c e 0  

to n e  2 13 7
C y c lo h e x a d ie n o l  a c e ty l  2 0 3 2  
C y c lo h e x a d ie n o n e  a m in o  2 96 6  
C y c lo h e x a d ie n o n e  b is h y d r o x y b e n z y l  h in d e re d  

2177
C y c lo h e x a d ie n o n e  c y c liz a t io n  e th y le n e  e p i °  

s u l fo x id e  2 12 7
C y c lo h e x a d ie n o n e  d i b r o m o h y d r o x y c a r b o x y °  

m e th y l 3 5 0

C y c lo h e x a d ie n o n e  d ic h lo r o m e t h y l  a d d n  
d im e th y lc u p ra te  1105 

C y c lo h e x a d ie n o n e  G r ig n a rd  r e a c t io n  1408  
C y c lo h e x a d ie n o n e c a r b o x v la te  e s te r  1819 
C y c lo h e x a d ie n y lp r o p a n o l  r e s o r c in o l  c o n d e n °  

s a t io n  2277
C y c lo h e x a n e  a lk y lid e n e  p r e p n  2944  
C y c lo h e x a n e  b r o m o  G rig n a rd  a d d n  a cry la te

3209
C y c lo h e x a n e  d e r iv  fra g m e n ta t io n  c o p p e r  

2657
C y c lo h e x a n e  is o p r o p y lid e n e  p r e p n  3309  
C y c lo h e x a n e  p h o t o a d d n  fu r a n o n e  m e ch a n ism  

904
C y c lo h e x a n e c a r b o n it r i le  2001 
C y c lo h e x a n e c a r b o x a ld e h y d e  b r o m o a lly l  

s p ir o a n n u la t io n  2 5 2 0  
C y c lo h e x a n e c a r b o x y lic  a c id  re a c t io n  a c id  

c h lo r id e  1189
C y c lo h e x a n e d ic a r b o x y lic  a n h y d r id e  h y d r a °  

z in e  re a c t io n  159
C y c lo h e x a n e d io l  p h e n y l s te r e o is o m e r  1742  
C y c lo h e x a n e d io n e  a c é t o n y la t io n  nitropropene 

m e ch a n is m  2 77 9
C y c lo h e x a n e d io n e  a lk y l p r e p n  3 75 5  
C y c lo h e x a n e d io n e  c y c liz a t io n  o x o g lu ta r a te  

889
C y c lo h e x a n e d io n e  p h e n y lh y d r a z o n e  F is ch e r  

c y c liz a t io n  1878
C y c lo h e x a n e th io ca T  b o x y  la te  e s te r  3 9 6 0  
C y c lo h e x a n o l  m e th y l d e h y d r a t io n  c a ta ly s t  

765
C y c lo h e x a n o l  o x id n  1816 
C y c lo h e x a n o l o x id n  k in e t ic s  b e n z a ld e h y d e  

826
C y c lo h e x a n o n e  a c e t o x y m e t h y lp e n t a h y d r o x y  

3562
C y c lo h e x a n o n e  a lk e n y l 1581 
C y c lo h e x a n o n e  a lk y la t io n  a sy m  in d u c t io n

377
C y c lo h e x a n o n e  a lk y la t io n  e n a n t io s e le c t iv e  

1663
C y c lo h e x a n o n e  a n il e th y lid e n e  p h o t o i s o m e r i °  

za t io n  2794
C y c lo h e x a n o n e  d ic h lo r o m e t h y l  m e th y l N M R  

1105
C y c lo h e x a n o n e  h y d r o g e n  c y a n id e  ca rb a z a te  

2001
C y c lo h e x a n o n e  m e t h y lth io  p r e p n  3 23 3  
C y c lo h e x a n o n e  M ic h a e l  b u t e n o n e  c y c liz a t io n  

1258
C y c lo h e x a n o n e  n it ro s a t io n  2 74 8  
C y c lo h e x a n o n e  re d n  h y d r o x y b o r o h y d r id e  

io n  3963
C y c lo h e x a n o n e  re d n  s o lv e n t  1108  
C y c lo h e x a n o n e  r in g  e x p a n s io n  diazoacetate 

459
C y c lo h e x a n o n e a c e t a t e  es ter  d im e th y l  s t e r e o 0  

c h e m  1026
C y c lo h e x e n e  a c e t o x y m e t h y le n e  a lk y la t io n  

d ia z o a c e t o n e  2137  
C y c lo h e x e n e  a lk y l p r e p n  3 30 9  
C y c lo h e x e n e  b u ty l  a b s  c o n f ig u r a t io n  1 07 9  
C y c lo h e x e n e  c y c lo a d d n  c y c lo p e n t e n o n e  

s te r e o ch e m  2 52 3
C y c lo h e x e n e  c y c lo a d d n  d ic h lo r o k e t e n e  2715  
C y c lo h e x e n e  d ia z o o x o p r o p io n a t e  d e c o m p n  

ca ta ly s t  1685
C y c lo h e x e n e  e le c t r o o x id n  m e th a n o l c y a n id e  

2313
C y c lo h e x e n e  h y d r o p e r o x y  a lly lic  3194  
C y c lo h e x e n e  n i t r o d ip h e n y l  p h o t o c h e m  r e a r 0  

ra n g e m e n t  621
C y c lo h e x e n e  o x id e  a c e t o x y  a lk y la t io n  2 53 7  
C y c lo h e x e n e  o x id e  a ry l c le a v a g e  4067 
C y c lo h e x e n e  o x id e  c le a v a g e  3 4 3  
C y c lo h e x e n e c a r b o n y l  c h lo r id e  p y r o ly s is  

2111
C y c lo h e x e n e c a r b o x a ld e h y d e  a lk y l 2 13 7  
C y c lo h e x e n e c a r b o x y lic  a c id  a c e t o x y p r o p y l  

387
C y c lo h e x e n e c a r b o x y lic  a c id  d e r iv  282  
C y c lo h e x e n e d ic a r b o n it r i le  p y r o ly s is  2 82 9  
C y c lo h e x e n o l  1197
C y c lo h e x e n o l  a l ly lic  t e r t ia r y  o x id n  682  
C y c lo h e x e n o l  b u ty n y i c y c liz a t io n  1386 
C y c lo h e x e n o l  m e t h y lo c t a d ie n y l  c y c liz a t io n  

153
C y c lo h e x e n o n e  a lk y l 2 13 7  
C y c lo h e x e n o n e  c o n ju g a t e d  m é th y la t io n  c u p °  

ra te  1099
C y c lo h e x e n o n e  c o n ju g a t e d  s e le c t iv e  re d n  

1197
C y c lo h e x e n o n e  e p o x id e  a n n é la t io n  p h e n o l 

3458
C y c lo h e x e n o n e  m e t h y l  1664  
C y c lo h e x e n o n e  m e th y l is o m e r iz a t io n  2 08 8  
C y c lo h e x e n o n e  p r e p n  3961 
C y c lo h e x e n o n e  r e d u c t iv e  a lk e n y la t io n  o r g a °  

n o c u p r a te  1581
C y c lo h e x e n o n e  r e d u c t iv e  s u lfe n y la t io n  3 2 3 3  
C y c lo h e x e n o n e c a r b o x y la te  p h e n y ls e le n o  

e l im in a t io n  1819
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Cyclohexenyl hydroperoxide allylic 3194 
Cyclohexenyl silyl ether oxidn 3961 
Cyclohexenylphosphonium sait 4095 
Cyclohexenylpropanenitrile redn décyanation 

3309
Cyclohexyl cycloalkyl ketone 1189 
Cyclohexylacetonitrile ethoxycarbonylation 

catalyst 2009
Cyclohexylcarbodiimide reaction amino 

Merrifield 1291
Cyclohexylethanone vinyl hydrobromination 

1709
Cyclohexyne dimer Raman 1076 
Cyclonorcholenol stereochem epoxidn 2036 
Cyclooctadienetetracarbonitrile prepn reac= 

tion 2601
Cyclooctadienone cycloaddn amine 629 
Cyclooctanol ethynyl 2382 
Cyclooctatetraeneiron protonation NMR 

4262
Cyclooctene cycloaddn cyclopentadienone 

4151
Cyclooctene methyl 3443 
Cyclooctyl tosylate methyl elimination 3443 
Cyclopenin synthesis 3650 
Cyclopentadiene hydroxyethylation 1231 
Cyclopentadienone cycloaddn cyclooctene 

4151
Cyclopentadienone Diels Aider cyclobutened= 

icarboxylate 1103
Cyclopentadienone podocarpanoate adduct 

photochem 1573
Cyclopentadienylidenecyclohexadiene deriv

275
Cyclopentadienylnorbornadiene intramol 

Diels Aider 176
Cyclopentane deriv fragmentation copper 

2657
Cyclopentane triphenyl 820 
Cyclopentaneacetate ester lactonization 786 
Cyclopentanecarbonyl chloride dehydrochlo= 

rination 2111
Cyclopentanedithiocarboxylic acid addn

Ï>ropiolate 3383
opentanemethanol amino methyl phenyl

'  2936
Cyclopentanone phenethyl 396 
Cyclopentanonespirotetralone 3444 
Cyclopentanopyridine 2742 
Cyclopentenecarboxaldehyde 1327 
Cyclopentenol thienylhexenyl cyclization 

3196
Cyclopentenone alkyl 2362 
Cyclopentenone carbomethoxyhexyl hydroxy 

175
Cyclopentenone cycloaddn cyclohexene 

stereochem 2523
Cyclopentenone photoaddn octanol prosta= 

glandin 356
Cyclopentenyl ether rearrangement 3360 
Cyclopentenylmethylammonium rearrange= 

ment 3214
Cyclopentestratrienol 3091 
Cyclopeptine synthesis 3650 
Cyclophane para 3468 
Cyclophane pyrrolo 1379 
Cyclophosphamide configuration NMR IR 

1650
Cyclopregnanecarboxaldehyde oxidn photo^ 

chem 3633
Cyclopregnanone progesterone precursor 

3633
Cyclopropanation decompn diazooxopropion= 

ate 1685
Cyclopropane acyl 3303 
Cyclopropane alkylidene cleavage mechanism 

3098
Cyclopropane aryl addn sulfur dioxide 1251 
Cyclopropane dichloro 875 
Cyclopropane fluoro halo 828 
Cyclopropane halo solvolysis kinetics 1082 
Cyclopropane mercapto 3365 
Cyclopropane meromycolic ester mass spec= 

tra 126
Cyclopropane spirocholestane 2941 
Cyclopropanecarboxylate Hunsdiecker 1254 
Cyclopropanemethanol ring expansion 280 
Cyclopropaneoctadecanoic acid tetratriacon= 

tyl 118
Cyclopropanetricarboxylate 3945 
Cyclopropaneundecenoic acid hydroxyhexyl 

2783
Cyclopropanonaphthalene conformation 

NMR 3168
Cyclopropenone ketal ale reaction 679 
Cyclopropindenyl dinitrobenzoate hydrolysis 

antihomoaromaticity 1437 
Cyclopropyl alkenol allylic rearrangement 

2172
Cyclopropyl aminomethyl ketone rearrange= 

ment 3605
Cyclopropyl ketone cleavage amine 850

Cyclopropyl radical stereochem 1254 
Cyclopropyl tosylate arylethynyl solvolysis 

28
Cyclopropylacrvlate stereochem addn 1991 
Cyclopropylcarbinol diphenyl bromination 

1071
Cyclopropylcarbinyl ion NMR 2666 
Cyclosecoestradienone irradn 102 
Cyclotetradecene disiloxy cycloaddn methyl= 

ene iodide 2326
Cyclotridecatetraenediynone annulenone 

2130
Cyproheptadine oxide stereoisomerism 378 
Cysteic acid dimethyl sulfoxide complex 

2524
Cysteine dimethylbenzyl protection Merri= 

field 3552
Cysteine protection benzyl oxytocin Merri= 

field 3556
Cystine oxidn dimethyl sulfoxide 2524 
Cytidine anhydro acylate 2809 
Cytosine addn bisulfite 2028 
Cytosine photochem dimerization stereochem 

4127
C13 NMR cannabinoid 490 
Damsin total synthesis 3447 
Daunorubicin degrdn 3653 
Daunorubicin NMR carbon 13 2344 
Daunorubicinol acetyl NMR carbon 13 

2344
Daunorubicinone NMR carbon 13 2344 
Deacetoxycephalosporanate oxo nitrometh^ 

ane addn 3972
Deacylation kinetics micelle 2865 
Dealkoxycarbonylation dialkyl isohexylmalo^ 

nate catalyst 2631
Dealkylation ether methylsilyl iodide 3761 
Dealkylation Rabinowitch phosphonate 

2771
Deamination aminotrifluoromethylphenylet^ 

hanol mechanism 868 
Deamination aniline catalyst alkene 2431 
Deamination anisylphenethylamine 3306 
Deamination dibenzobicyclooctadienylcarbin3 

yl mechanism 1131
Deamination reductive aniline nitrosoalkane 

3494
Deamination substitution arylamine 2426 
Denomination bridgehead bromide tributyl= 

stannane 2790
Debromination triphase catalysis 875 
Decadienoate ester protonation cyclization 

387
Decalin sesquiterpene 632 
Decalol azidoformate thermolysis 556 
Decalone formylation dehydrogenation 

4131
Decalone methyl 3984 
Decamine synthesis 228 
Decanoate phorbol 3645 
Decarbalkoxylation dialkyl isohexylmalonate 

catalyst 2631
Décarbométhoxylation bicyclooctanedionete= 

tracarboxylate 3089
Decarbonylation phenylfluorenylacetaldeh= 

yde radical 19
Decarbonylation photolysis cyclosecoestra= 

dienone 102
Decarboxylation hexahydroquinoquinolinede3 

carboxylate 2187
Decarboxylation nitrobenzisoxazolecarboxy= 

late catalysis polysoap 306 
Decenoate ester hydroxy 387 
Dechlorination redn chlorostreptamine 

3083
Decompn benzenediazonium fluoroborate 

catalyst 1468
Decompn carbomethoxyazocyclohexanecarb^ 

onitrile 2001
Decompn chlorobutyl nitrosourea stereochem 

3538
Decompn diazooxopropionate cyclohexene 

catalyst 1685
Decompn dithiolyl dithiocarbamate kinetics 

1543
Decompn epoxidic epidioxide chromatog 

2006
Decompn ethylenetriazene stereochem 1136 
Decompn hydroperoxy ester chemilumines= 

cence 40
Decompn methylphenyldiazirine solvent 

effect 3450
Decompn phellandrene epidioxide iron 

1895
Decompn thermal carboxylic carbonic anhy= 

driae 3686
Decompn thermal dibenzyl ditelluride 2937 
Decompn thermal isochromanone 2989 
Decompn thermal tosylazoalkene 1667 
Decompn tricyclooctanone tosylhydrazone 

3882
Décyanation redn cyclohexenylpropanenitrile 

3309

Dediazoniation haloaryl diazonium salt 
2454

Deformylation phenylpropynal prepn 2626 
Degrdn acylative uric acid 3132 
Degrdn carboxyl peptide 1750 
Dehalogenation halopyridylmethyl sulfone 

kinetics 2676
Dehalogenation reductive halophenol zinc

835
Dehydration ale resin sulfonate 4187 
Dehydration benzyl ale 2012 
Dehydration methylcyclohexanol catalyst 

765
Dehydration sym dianisylpinacol 2423 
Dehydro amino acid 3815 
Dehydro amino acid threonine conversion 

2256
Dehydroabietate methyl total synthesis 

2769
Dehydroabietic acid 2357 
Dehydroadamantanone tosylhydrazone pyro= 

lysis 1806
Dehydroalanine peptide 2253 
Dehydroannulenone macrocyclic 2130 
Dehydrobromination arylbromooxobutanoic 

acid substituent effect 3867 
Dehydrobromination dibromohomoandrosta= 

none 1221
Dehydrochlorination acylaminochlorobuty= 

rate 2256
Dehydrochlorination chloroalanine peptide

2253
Dehydrochlorination chlorobenzocyclohepta^ 

triene 3460
Dehydrochlorination chlorotriphenylpropa^ 

none 1810
Dehydrochlorination cyclopentanecarbonyl 

chloride 2111
Dehydrochlorination stereoselectivity chlo= 

roanisylnoradamantane 800 
Dehydrocyclobutatusin 923 
Dehydrogenation butyldihydroanthracene 

2407
Dehydrogenation org compd 1 
Dehydrogenation tetrahydrobenzanthracene^ 

dione catalyst 3465
Dehydrogenation tetrahydrothiopyranone

2777
Dehydrogenose inactivation bromoacetoxy= 

pregnanone 1981
Dehydrohomotwistane hydride transfer redn 

1737
Dehydrojasmonate ester 2324 
Dehydronuciferine dichlorocarbene addn 

347
Dehydroprotoadamantanone 3870 
Dehydrosaussurea lactone Cope rearrange^ 

ment 1717
Dehydrosulfenylation sulfenyl amino acid 

3815
Dehydrotosylation tosylacylthreonine 2256 
Dehyrogenation aminoethanesulfonyl fluoride 

169
Delocalization charge sulfonium dihydrodiox= 

onaphthylenylide 2164 
Déméthylation amuronine pronuciferine 

910
Déméthylation aporphine methyl ether 

1228
Demethylsesquicarene synthesis 4157 
Dendroctonus pheromone exo brevicomin

2380
Denitration dinitro arom tolylthio 3550 
Deoxidn elimination nitrosodibenzylamine 

mechanism 2636 
Deoxy sugar 1302 
Deoxyazaprostaglandin E l 3201 
Deoxybenzoin formation mechanism 1133 
Deoxybenzoin prepn 2935 
Deoxydaunomycinone Grignard methyl 

iodide 3653
Deoxygenation quinoxaline dioxide 1360 
Deoxygenation triflate displacement 1302 
Deoxynarringtonine intermediate 4162 
Deoxypteroic acid 208 
Deoxyribofuranosyl purines synthesis 4280 
Deoxyribooligonucleotide synthesis 3144 
Deoxystreptamine synthesis 3083 
Deoxyuridine phosphate nitration 3821 
Deoxyvernolepin neoplasm 495 
Dephosphorylation kinetics micelle 2865 
Deprenyl prepn 2637 
Deselenation selenoxanthine oxidn 2470 
Desulfurization thioamide thioketone metal 

carbonyl 3522
Desulfurization triphenylphosphine sulfide 

2190
Detergent effect acyl transfer 3400 
Dethiobiotin deuterium tritium labeled 

3776
Deuterated primary ale inversion 767 
Deuteration amino acid 2329
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D e u t é r a t io n  c y c lo b u t a d ip y r im id in e  3321 
D e u t e r io h e p t a d ie n e  3981 
D e u te r iu m  a n a ly s is  c a r b o n  N M R  212  
D e u te r iu m  e x c h a n g e  k in e t ic s  tr y p ta m in e  

3 7 6 9
D e u te r iu m  la b e le d  d e t h io b io t in  3 7 7 6  
D e w a r  b e n z e n e  r e a c t io n  s in g le t  o x y g e n  

1657
D ia c e n a p h t h o a n t h y r id in e  3 41 0  
D ia lk y l  c u p r a t e  a d d n  a c r y la te  1991 
D ia m a n ta n e  96
D ia m in e  c y c liz a t io n  e t h o x y c a r b o n y lt h io a m id e  

441
D ia m in e  is o b u t y r a ld é h y d e  r e a c t io n  m e c h a n =  

ism  1972
D ia m in e  r e a c t io n  e t h o x y c a r b o n y lt h io a m id e
. 2 5 3 0
D ia r y l  m e t h y lp h o s p h o n a te s  t r a n s e s t e r i f ic a 3  

t io n  p r o d u c t s  s y n th e s is  4 2 7 9  
D ia s t e r e o is o m e r  r e s o ln  c a r b a m a t e  1839 
D ia z a b ic y c lo h e p t e n e d ic a r b o n i t r i le  2597  
D ia z a b ic y c lo n o n a n e  a lk y l p r e p n  c o n fo r m a t io n  

937
D ia z a b ip h o s p h e t id in e  p r e p n  N M R  4 1 2 5  
D ia z a t r ic y c lo t r id e c a n e  2 5 8 9  
D ia z e n e  c y a n o c y c lo h e x y l  c a r b o m e t h o x y  

d e c o m p n  2001 
D ia z e p in e  te t r a h y d r o  2 5 3 0  
D ia z e t id in e  b is in d e n o  1496  
D ia z ir in e  m e t h y lp h e n y l  th e rm a l d e c o m p n  

3 4 5 0
D ia z o  a c id  M e ld r u m  d e c o m p n  2931 
D ia z o  k e to n e  u n s a td  c y c liz a t io n  396  
D ia z o a c e t a t e  c y c lo a d d n  t h ia n a p h th e n e  in d o le  

b e n z o fu r a n  3 9 4 5
D ia z o a c e t a t e  e s te r  c y c lo a d d n  m e th a c r o le in

1527
D ia z o a c e t a t e  h o m o lo g a t io n  k e to n e  4 5 9  
D ia z o a lk a n e  c y c lo a d d n  c y c lo b u t e n e d ic a r b o n i  =  

tr ile  2 59 7
D ia z o a lk e n e  c o n d e n s a t io n  h y d r o x y p r e g n e n e  

b o r a t e  3 0 3 5
D ia z o d e o x y h e p t u lo s e  d ia z o m e th a n e  re a c t io n  

3 5 6 7
D ia z o d io x a n e  d e c o m p n  2931 
D ia z o h e p to d iu lo s e  c y c liz a t io n  3 5 6 2  
D ia z o in d a n d io n e  th e r m a l W o l f f  r e a r r a n g e ^  

m e n t  1697
D ia z o k e t o p h o s p h o r y l  c o m p d  n u c le o p h i l ic  

c le a v a g e  552
D ia z o m e t h a n e  c o n d e n s a t io n  a c id  c h lo r id e  

3 75 7
D ia z o m e t h a n e  d ia z o d e o x y h e p tu lo s e  re a c t io n  

3 56 7
D ia z o m e t h a n e  k in e t ic s  p h e n o l  3 9 7 9  
D ia z o m e t h y l  a lk y l k e t o n e  3 75 7  
D ia z o n iu m  io n  th e r m o ly s is  m e c h a n is m  6 4 3  
D ia z o n iu m  re d n  h y p o p h o s p h o r o u s  a c id  

1469
D ia z o n iu m  sa lt  d e c o m p n  c o p p e r  2 0 5 3  
D ia z o n iu m  sa lt  h a lo a r y l  d e d ia z o n ia t io n  

2454
D ia z o n iu m  sa lt  m e t h o x y d e d ia z o n ia t io n  

m e th a n o l  6 3 9
D ia z o o x o p r o p io n a t e  d e c o m p n  c y c lo h e x e n e  

c a ta ly s t  1685
D ia z o q u in o l in o n e  irra d n  1883  
D ia z o t r i c y c lo o c t a n o n e  W o l f f  r e a rra n g e m e n t  

415
D ib e n z o b a r r e le n e  e p o x id e  re a r r a n g e m e n t  

3 8 4 0
D ib e n z o b ic y c lo o c t a d ie n y lc a r b in y l  a c e to ly s is  

d e a m in a t io n  m e c h a n is m  1131 
D ib e n z o c y c lo h e p t a d ie n e  e p o x y m e t h a n o  

1090
D ib e n z o c y c lo h e p t a t r ie n e  c o n fo r m a t io n  N M R  

3 8 4 0
D ib e n z o c y c lo h e p t e n e  h y d r o g e n  m ig ra tio n  

2 78 8
D ib e n z o d ia z o n in e t r i c a r b o x y la te  573  
D ib e n z o d it h i in  5 7 5  
D ib e n z o d it h i in  t r io x id e  r e a c t io n  s u lfit e  

3 10 3
D ib e n z o fu r a n  3 4 5 8  
D ib e n z o q u in o liz in o n e  3 97 4  
D ib e n z o t n io p h e n e  5 7 5  
D ib e n z o t h io p h e n e  o x id n  2751 
D ib e n z o t r ia z o lo in d o l iz in e  894  
D ib r o m o b e n z e n e  lith iu m  e x c h a n g e  257  
D ib r o m o p h a k e ll in  is o la t io n  P h a k e llia  4 1 1 8  
D ib r o m o p y r id in e  lith iu m  e x c h a n g e  257  
D ib u ty la m in e  n it ro s a t io n  d ih e x y la m in e  391 
D ic a r b o n y l  c o u p l in g  2 65 5  
D ic h lo r o c a r b e n e  c y c lo a d d n  a lk e n e  ca ta ly s t  

8 7 5
D ic h lo r o c a r b e n e  d e h y d r o n u c ife r in e  a d d n

347
D ic h lo r o e th a n o l  r e a r r a n g e m e n t  m e ch a n is m  

346
D ic h lo r o te t r a h y d r o p y r a n  d is p la c e m e n t  n u =  

c le o p h il i c  s t e r e o c h e m  2151 
D ic y c lo h e x y lc a r b o d iim id e  r e a c t io n  d i t h io a c e ^  

ta te  2 34 5

D ic y c lo p e n t a n o p y r id in e  2 74 2  
D ie c k m a n n  c y c liz a t io n  a m in o b u t y r a t e  1000  
D ie c k m a n n  d ic a r b o m e th o x y o c ta n e d io a t e  

3 76 5
D ie ls  A ld e r  a d d u c t  s tru c tu re  3 73 6  
D ie ls  A ld e r  b e n z o q u in o n e  b u ta d ie n e  2 17 9  
D ie ls  A ld e r  b u ta d ie n e  a c ry la te  2 8 2  
D ie ls  A ld e r  c y c lo o c t a d ie n e t e t r a c a r b o n it r i le  

2601
D ie ls  A ld e r  c y c lo p e n t a d ie n o n e  c y c lo b u t e n e d =  

ica r b o x y la te  1103
D ie ls  A ld e r  c y c lo p e n t a d ie n o n e  c y c lo o c t e n e  

4151
D ie ls  A ld e r  d ia lk o x y h e x a h y d r o b e n z o c y c lo b u =  

te n e  d ie n o p h i le  2 94 6  
D ie ls  A ld e r  d im e r iz a t io n  c y a n o b u ta d ie n e  

3 85 9
D ie ls  A ld e r  e n e  d ie n e  2849  
D ie ls  A ld e r  in d e n o n e  k e ta l 2 15 5  
D ie ls  A ld e r  in tra m o l c y c lo p e n t a d ie n y ln o r b o r ^  

n a d ie n e  176
D ie ls  A ld e r  n a p h t h o q u in o n e  s ty re n e  3 46 5  
D ie ls  A ld e r  p e n t a c h lo r o a z a c y c lo p e n t a d ie n e  

k in e t ic s  1375
D ie ls  A ld e r  p h e n a n th r a q u in o n e  b u ta d ie n e  

3 46 3
D ie ls  A ld e r  p h e n y ls e le n o b u t a d ie n e  a c ry la te  

1 81 9
D ie ls  A ld e r  p h t h a la z in e d io n e  a n th r a c e n e  

2371
D ie ls  A ld e r  p y r o n e  p r o p y n y la m in e  2 93 0  
D ie ls  A ld e r  r e tro  c y c lo h e x e n e d ic a r b o n it r i le  

2 8 2 9
D ie ls  A ld e r  v in y lp h o s p h o n iu m  d ie n e  4 0 9 5  
D ie n e  b o r a b ic y c lo n o n a n e  h y d r o b o r a t io n  

2 8 3 6
D ie n e  c y c lo a d d n  m e t h o x y c y c lo p r o p e n e  m e =  

c h a n is m  674
D ie n e  D ie ls  A ld e r  e n e  2 84 9  
D ie n e  D ie ls  A ld e r  v in y lp h o s p h o n iu m  4 09 5  
D ie n e  s i ly lo x y  le a d  b e n z o a te  re a c t io n  1051 
D ie n o p h ile  c y c lo a d d n  h y d r o x y p y r o n e  4 1 7 0  
D ie n o p h ile  D ie ls  A ld e r  d ia lk o x y h e x a h y d r o b =  

e n z o c y c lo b u t e n e  2 94 6  
D ie n o p h ile  in d e n o n e  k e ta l b u ta d ie n e  2 15 5  
D ie p o x y o x o a b ie ta te  c ry s ta l  s t r u c tu re  1885 
D ie p o x y p h e n a n t h r e n e  1885  
D ifo r m y ld ib e n z y ld is e le n id e  369  
D ig it o p u r p o n e  p r e p n  2371 
D ig ito x ig e n in  T h e v e t ia  3 5 8 0  
D ih e x y la m in e  n it ro s a t io n  a u to c a ta ly s is  391 
D ih y d r o t a c h y s t e r o l  N M R  3 3 2 5  
D ih y d r o x y b in a p h t h y l  r e s o lu tio n  4173  
D iim id e  re d n  h y d r o x y m e t h y lh e x a h y d r o p h e n =  

a n th re n e  3 3 5 0
D iis o p in o c a m p h e y lb o r a n e  h y d r o b o r a t io n  

1392
D ik e t o n e  h a lo  e le c t r o r e d n  c o u p l in g  2 5 6 0  
D ik e t o n e  h y d r a z o n e  c o n d e n s a t io n  c a r b o n y l 

2321
D ila c t o n e  a n e m o n in  t y p e  1703  
D ila c t o n e  s e s q u ite rp e n e  S t a c h y b o tr y s  240  
D im e r  d it h ia p h o s p h o r in a n e  1662 
D im e r iz a t io n  a c e ty le n e  is o b u ty la lu m in u m  

914
D im e r iz a t io n  c y a n o b u ta d ie n e  D ie ls  A ld e r  

3859
D im e r iz a t io n  d im e th y lb u t a n e  h y d r o c a r b o n  

id e n t if ic a t io n  3051
D im e r iz a t io n  e le c t r o c h e m  r e d u c t iv e  a lk y lp y ^  

r id in iu m  9 8 8
D im e r iz a t io n  m e t h y lc y c lo h e x y n e  1076 
D im e r iz a t io n  m e t h y l fo r m y lp y r a z o lin e  1527 
D im e r iz a t io n  p h o t o c h e m  c y to s in e  s te r e o ch e m  

4 1 2 7
D im e r iz a t io n  p h o t o c h e m  p o d o c a r p a n o a t e  

a d d u c t  1573
D im e r iz a t io n  p h o t o e le c t r o c h e m  q u in o n e  

c a ta ly s t  2347
D im e r iz a t io n  th e rm a l b u ta d ie n e d ic a r b o n it r i le  

2691
D im e r iz a t io n  v in y lm e r c u r y  a r y lm e rc u r y  

c a ta ly s t  1680
D im e th y l s u l fo x id e  d e h y d r a t io n  b e n z y l  a le  

2 01 2
D im e th y l  s u l fo x id e  o x id n  c y s t in e  2524  
D im e th y l  s u l fo x id e  to lu e n e  a c id it y  1817 
D im e t h y le t h e n y le n e  p y r o p h o s p h a t e  n u c le o ^  

t id e  sy n th e s is  3144
D im e th y lv in y lid e n e c a r b e n e  o le f in  re a c t iv ity  

3 35 4
D in o r c h o la n o n e  re d n  s te r ic  e f fe c t  3811 
D in s y l  a n io n  c h lo r o m e t h y lp h e n o l  a u t o c o n =  

d e n s a t io n  2 17 7
D in u c le o p h i l ic  r e a c t io n  e t h o x y c a r b o n y l=  

th io a m id e  2 5 3 0  
D io l  c a ta ly s t  c y c liz a t io n  372  
D io le f in  p o ly c y c l i c  in tra m o l c y c liz a t io n  

2621
D io x a b ic y c lo h e p t e n e  r in g  c le a v a g e  1089 
D io x a b ic y c lo o c t a n e  c o n fo r m a t io n  N M R  365  
D io x a d is p ir o d o d e c a n e d io n e  p r e p n  c ry s ta l 

s t r u c tu re  1703

D io x a n e  d e r iv  c o n fo r m a t io n  1533 
D io x a n e  d ia z o  d e c o m p n  2931 
D io x a n e  p h o t o ly s is  2145  
D io x a n e  p r e g n e n o  3035  
D io x a p h o s p h o le  o x id e  a le  p h o s p h o ry la t io n  

771
D io x a p h o s p h o r in a n e  3 7 9  
D io x a p h o s p h o r in a n e  c a r b o x y l ic  a c id  2 26 0  
D io x a p h o s p h o r in a n e  c o n fo r m a t io n  d ip o le  

N M R  1549
D io x a p h o s p h o r in a n e  s u lfe n y l c h lo r id e  s te r e o ^  

ch e m  190
D io x a s p ir o o c t e n e  6 7 9
D io x a th ia n e  o x id e  c a r b o x y l ic  a c id  2 26 0
D io x id e  a llo x a z in e  c o n f ig u ra t io n  2203
D io x in  r e a c t io n  fe r r o u s  s u lfa te  1900
D io x in  y l id e  180
D io x in e  p r e g n e n o  3 03 5
D io x o la n e  755
D io x o la n e  m e t h o x y c a r b o n y l  a lk y l 3624  
D ip e n ty la m in e  n it ro s a t io n  d ih e x y la m in e  

391
D ip e p t id e  r a c e m ic  a m id a t io n  p a p a in  ca ta ly s t

3731
D ip h e n y l d is u l f id e  re a rra n g e m e n t  c a ta ly s t

2855
D ip h e n y la m in e  n it r o  1786 
D ip h e n y lc a r b o x a n i l id e b u t a n o la c t o n e  3 02 9  
D ip h e n y le th y le n e  n a p h th a le n e  p h o t o c h e m  

c y c liz a t io n  2191
D ip h o s p h a s p ir o u n d e c a n e  te t ra o x a  3 7 9  
D ip h o s p h a t e t r a th ia c y c lo d o d e c a n e  1662  
D ip o la r o p h i le  a c e t y le n ic  c y c lo a d d n  1639  
D ip o le  m o m e n t  d io x a p h o s p h o r in a n e  c o n fo rm  

m a tio n  1549
D ip y r a z o lo p y r a z in e  s u b s t itu t io n  s te r e o ch e m  

1527
D ip y r r y lm e th a n e  c o n d e n s a t io n  2 95 7  
D ip y r r y lm e th a n e  d i fo r m y l  c y c liz a t io n  2 95 3  
D iq u in o c y c lo b u t a n e d io n e  U V  E S R  s p e c tra  

1126
D is a c c h a r id e  n u c le o s id e  N M R  3 28 9  
D is c r e ta m in e  3 5 8 8  
D is c r e ta m in e  to ta l  s y n th e s is  3 19 0  
D is c r e t in in e  s t r u c tu re  3 5 8 8  
D is e le n id e  p h e n y lm e t h y l  k in e t ic s  th e r m o ly s is  

2491
D is e le n id e  p r e p n  2 5 1 0  
D is p ir o t r ic y c lo h e x a n e d io x a n e d io x a n e  679  
D is p la c e m e n t  n u c le o p h i l ic  d i c h lo r o t e t r a h y ^  

d r o p y r a n  s te r e o ch e m  2151 
D is p r o p o r t io n a t io n  a n i l in o m e th y lp h o s p h in iu m  

c h lo r id e  4 12 5
D is p r o p o r t io n a t io n  a r y l id e n e c y c lo a lk a n o n e  

ir id iu m  c a ta ly s t  2 38 6  
D is p r o p o r t io n a t io n  b u ty la n th r a c e n e  2 40 7  
D is p r o p o r t io n a t io n  p h e n y lp h e n a n th r y l  r a d i=  

ca l  19
D is p r o p o r t io n a t io n  t o lu e n e s u lfo n y lh y d ra z in e

2 50 8
D is s o c n  b o n d  s u b s t itu e n t  e f f e c t  7 
D is s o c n  m e c h a n is m  a lk y lp y r id in iu m  d im e r  

9 8 8
D is t o r t io n  c o n fo r m a t io n a l  h e x a h y d r o b e n z o x ^  

a th ia n e  o x id e  2 2 0 6  
D is u lf id e  2 1 8 0
D is u l f id e  a lk o x y  s u b s t itu t io n  a m in e  th io l  

4 13 9
D is u l f id e  d ip h e n y l  in s e r tio n  y l id e  1768 
D is u l f id e  d ip h e n y l  r e a r r a n g e m e n t  ca ta ly s t  

2 8 5 5
D is u l f id e  n it ro p h e n y l  2 89 6  
D is u l f id e  re a c t io n  a m in e  967  
D is u l f id e  th io l  e x c h a n g e  k in e t ic s  332  
D is u l f id e  u n s y m  1814 
D ite llu r id e  d ib e n z y l  o x id n  d e c o m p n  2 93 7  
D it e r p e n e  a c id  sy n th e s is  2357  
D ite r p e n e  a c id  to ta l  s y n th e s is  2 8 7 9  
D ite r p e n e  d o la b e l la n e  3 15 7  
D ite r p e n e  s t r u c tu re  S id e r it is  2517  
D ite r p e n e  to ta l  s y n th e s is  2 5 6 9  
D it e r p e n o id  c le r o d a n e  B a cc h a r is  3 91 3  
D it e r p e n o id  e p id io x id e  o x id n  1885 
D it e r p e n o id  in te rm e d ia te  t r ic y c l ic  s te r e o ch e m  

. 2754
D it e r p e n o id  m a c r o c y c l ic  A n is o m e le s  3 8 2 4  
D it e r p e n o id  to ta l  s y n th e s is  2761  2 76 9  
D ith ia b o r o la n e  h y d r o b o r a t io n  a lk e n e  a lk y n e

3 2 4 3
D ith ia n a p h th a le n o p h a n e  S te v e n s  re a rra n g e ^  

m e n t  1085
D ith ia n e  c a r b o n  N M R  3 5 1 8  
D ith ia n e  p h e n y l s u l fo x id e  s t r u c tu re  961 
D it h ia p h o s p h o r in a n e  c o n fo r m a t io n  1022 
D ith ia p h o s p h o r in a n e  d im e r  1662  
D ith ia z o le  im in o  1159  
D ith ie ta n e  d it h io a c e t y l  x  ra y  2 34 5  
D ith iin  d ib e n z o  t r io x id e  re a c t io n  su lfite  

3 10 3
D ith iin  m e th o x a ly la m in o  c y c liz a t io n  2891  
D it h i in o p y r r o le  r in g  c o n t r a c t io n  2891 
D it h io a c e t a t e  r e a c t io n  d ic y c lo h e x y lc a r b o d i 

im id e  2 34 5
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D it h io c a r b a m a t e  d in it r o p h e n y l  th e rm o ly s is  
c y c liz a t io n  1265

D ith io c a r b a m a te  r e a c t io n  a r y ld ith io l iu m  
1543

D ith io c a r b a m a te  t h ie n y l 1508  
D it h io c y a n a t e  c y c liz a t io n  1515  
D it h io la n e  d ith io la n y l  755  
D ith io la n é  im in o  m e th a n e s u lfo n a te  1515 
D it h io le  b is  2 77 8
D it h io liu m  h y d r o x id e  in n e r  s a lt  1633 
D it h io liu m  r e a c t io n  x a n th a te  d i t h io c a r b a =  

m a te  1543 
D it h io lo p y r r o le  2891
D it h io ly l  d it h io c a r b a m a te  d e c o m p n  k in e t ic s  

1543
D o d e c a d ie n o l  a c e ta te  p h e r o m o n e  1799 
D o d e c a h y d r o p h e n a n t h r e n e  e n e r g y  2 3 3 0  
D o d e c a n o l  b r o m o  r in g  c lo s u re  3733  
D o e b n e r  M il le r  r e a c t io n  p u r i fn  911 
D o la b e lla  d it e r p e n e  3 15 7  
D o la b e lla n e  d it e r p e n e  3157  
D o n o r  o r g  a s s o cn  c o n s t  io d in e  359  
D o p a  o x id n  4 1 5 3
D r y in g  s o lv e n t  w a te r  a n a ly s is  3 06 0  
D y e  c y a n in e  a n a lo g  b a s ic it y  1041 
D y e  h e p ta m e th in e  p y r y l iu m  885  
E c d y s o n e  a n a lo g  2 03 6  
E le c t r o c h e m  o x id n  a c y la m in o m a lo n a te  m o =  

n o e s te r  2 41 9
E le c t r o c h e m  o x id n  i s o ch ro m a n o n e  1090 
E le c t r o c h e m  o x id n  p h e n y lp h e n o th ia z in e  

983
E le c t r o c h e m  o x id n  th ia n th r e n e  9 7 6  
E le c t r o c h e m  o x id n  t r o p a n e  6 7 0  
E le c t r o c h e m  r e d n  c o u p l in g  k e t o n e  2 56 0  
E le c t r o c h e m  r e d n  f lu o r e n e  D M F  1063 
E le c t r o c h e m  r e d u c t iv e  d im e r iz a t io n  a lk y lp y =  

r id in iu m  988
E le c t r o n  c o n f ig u r a t io n  a m in o v in y lp h o s p h o n i^  

u m  sa lt  2641
E le c t r o n  c o n f ig u r a t io n  v in y l  c a t io n  3 00 4  
E le c t r o n  c o n f ig u r a t io n  v in y l  e th e r  1443 
E le c t r o n  d o n o r  t r im e th y ls ily l  g r o u p  732 
E le c t r o n  im p a c t  d e c o m p n  is o c h r o m a n o n e  

2 98 9
E le c t r o n  re le a se  m e t h y l  p h e n y l  1073 
E le c t r o n  s o lv a te d  r e d n  v ita m in  879  
E le c t r o n  t r a n s fe r  a s p h a lte n e  d e g r d n  312 
E le c t r o n  t r a n s fe r  n o r b o r n y l  G r ig n a r d  b e n z o =  

p h e n o n e  1940
E le c t r o n  tra n s fe r  r a d ic a l  c a t io n  th ia n th r e n e  

976
E le c t r o n ic  in te ra c t io n  th ia p y r a n  d ith ia n e  

3 5 1 8
E le c t r o n ic  s p e c tr a  e th e n o g u a n in e  3 29 2  
E le c t r o o x id n  a lk y l b r o m id e  3997  
E le c t r o o x id n  c y c lo h e x e n e  m e th a n o l  c y a n id e  

2 31 3
E le c t r o o x id n  d ip h e n y lm e t h y lp y r a z o lin e c a r b ^  

o x y l ic  a c id  3 94 9
E le c t r o o x id n  p h e n y la c e t ic  a c id  1461 
E le c t r o p h i le  a d d n  v in y lo g o u s  a m id e  221 
E le c t r o p h i le  a m in o tr ia z in e  o x id e  3 49 8  
E le c t r o p h i le  s u b s t itu t io n  l ith io a c e ta te  38 
E le c t r o r e d n  a lk y lt r ip h e n y lp h o s p h o n iu m  

1242
E le c t r o r e d n  n it r o b e n z e n e  h y d r o x y la m in e  

sy n th e s is  1836
E le c t r o s t a t ic  f ie ld  s u b s t itu e n t  e f fe c t  534  
E le c t r o s t a t ic  in t e r a c t io n  a d d n  h e x e n o p y r a n o =  

s id e  1746
E le c t r o s y n t h e s is  a lk y l p h e n y l  h y d r o x y la m in e  

1836
E le m e n o n e  to ta l  s y n th e s is  2327  
E l im  a d d n  a m in o tr ia z in e  o x id e  3 49 8  
E lim in a t io n  a c e ta te  h e x o s e  p y r u v a te  1216  
E lim in a t io n  a r y lc h lo r o p h e n y le t h a n e  b a se  

a s s o c n  2 1 7 0
E lim in a t io n  c a r b o m e t h o x y  b ic y c lo o c t a n e d io ^  

n e t e t r a c a r b o x y la t e  3 0 8 9  
E lim in a t io n  e x p a n s io n  c y c l i c  s u l fo x id e  1530  
E lim in a t io n  F is c h e r  in d o le  1878  
E lim in a t io n  k in e t ic s  a m m o n iu m  b r o m id e  

205
E lim in a t io n  m e t h y lc y c lo o c t y l  to s y la te  3 44 3  
E lim in a t io n  p h e n y ls e le n o c y c lo h e x e n o n e c a r b -  

o x y la te  1819
E lim in a t io n  p h e n y ls e le n o te tr a d e c a d ie n o a te  

a l le n ic  353
E lim in a t io n  r e a c t io n  a m in o th ie ta n e  d io x id e  

3 50 6
E lim in a t io n  r e a c t io n  n i t r o s o d ib e n z y la m in e  

a z id o b e n z e n e  2636
E lim in a t io n  r e d u c t iv e  c y c lo d e c a n e d io l  c y c lo =  

p h o s p h a t e  1311
E lim in a t io n  s i ly l  s e le n o x id e  1773 
E lim in a t io n  s u lfo n a te  a lu m in a  3 17 3  
E lim in a t io n  t o s y lt h r e o n in e  c h lo r o a c y la m in o =  

b u ty r a te  2 25 6
E lim in a t io n  v ic in a l  d in itr o a lk a n e  2944  
E l l ip t ic in e  in d o lo n a p h t h y r id in e  1725  
E l l ip t ic in e  in te rm e d ia te  2 03 9

E n a m id e  p h o t o c h e m  1117 
E n a m in e  a lk y la t io n  a sy m  in d u c t io n  1663 
E n a m in e  a z in e  c y c liz a t io n  p y r id a z in e  2321 
E n a m in e  N M R  n it ro g e n  2 24 9  
E n a m in e  p y r r o l id in e  1904 
E n a n t io m e r  c o m p n  la c to n e  384  
E n a n t io m e r  la c to n e  ch ira l s o lv a t io n  1370  
E n a n t io m e r  o x a z ir id in e  N M R  3217 
E n a n t io m e r ic  p u r ity  la c to n e  d e t n  3 20 6  
E n a n t io s e le c t iv e  a lk y la t io n  c y c lo h e x a n o n e  

1663
E n e  D ie ls  A ld e r  d ie n e  2 84 9  
E n e d io la t e  in te rm e d ia te  m a n d e la te  a lk y la t io n  

2 94 8
E n e rg y  c o n fo r m a t io n  s te r o id  fo r c e  f ie ld  

2 3 6 5
E n e rg y  d o d e c a h y d r o p h e n a n th r e n e  2 33 0  
E n e rg y  le v e l e th o x y c a r b o n y ln it r e n e  2 44 3  
E n e rg y  r e s o n a n c e  a n n u le n e  N M R  1669 
E n e rg y  s tra in  p o ly c y c l i c  u n d e ca n e  3 85 2  
E n e rg y  t r a n s fe r  a c r id in y lm e th y la m m o n iu m  

p h o t o ly s is  2 72 6  
E n e rg y  v in y l c a t io n  3 00 4  
E n e th io l  e s te r  p h o to ly s is  m e c h a n is m  1142 
E n k e p h a lin  s y n th e s is  1286 
E n la r g e m e n t  r in g  p e n ic il l in  s u l fo x id e  2887  
E n o l  e th e r  c y c lo a d d n  c h lo r o n it r o n e  4 21 3  
E n o l  f o r m y lb e n z o a t e  p h o t o ly s is  1693 
E n o l  s ily l e th e r  a lk a n o n e  o x id n  3961 
E n o la te  lith iu m  a lk y la t io n  k in e t ic s  2629  
E n o la te  lith iu m  c o n f ig u ra t io n  N M R  346  
E n o la te  lith iu m  s e l f  c o n d e n s a t io n  2038  
E n o la te  m e ta l a lk y la t io n  b r o m o p r o p e n e  

1709
E n o la te  n u c le o p h i l ic  s u b s t itu t io n  h a l o p y r i -  

d in e  2481
E n o la te  p e n ic il la n a te  a ld o l  c o n d e n s a t io n  

2 96 0
E n o la te  r e a c t io n  b e n z o q u in o n e  350  
E n o la te  r e a c t io n  v in y ls u lfo n iu m  3 30 3  
E n o liz a t io n  b ir d c a g e  k e to n e  m e c h a n is m  270  
E n o n e  p r o t o n a t io n  s u b s t itu e n t  e f fe c t  2168  
E n th a lp y  tra n s a lk y la t io n  b u t y lb r o m o b e n z e n e  

422
E n y n o n e  c o n ju g a t e d  3 10 6  
E n z y m e  A T P  r e g e n e ra t io n  c r e a t in e  p h o s p h o r  

r y la t io n  4165
E n z y m e  e ste ra se  m o d e l  856  
E n z y m ic  p h o s p h o r y la t io n  m o d e l  771 
E p ic h o le s t e r o l  3778  
E p id in o r q u a s s in o id  3 58 4  
E p id io x id e  e p o x id ic  c h r o m a t o g  d e c o m p n  

2 00 6
E p id io x id e  p h e lla n d r e n e  d e c o m p n  iron  

1895
E p id it h io d io x o p ip e r a z in e  re so ln  925  
E p im e r iz a t io n  a lk y lp h e n y lc a r b in y l  e th e r  

1652
E p im e r iz a t io n  b r o m o c h o le s t a n o n e  487  
E p im e r iz a t io n  c a r b o x y p r o t o b e r b e r in e  1111 
E p im e r iz a t io n  c h o le s te r o l  B o s e  r e a g e n t  

3 7 7 8
E p im e r iz a t io n  p h o r b o l  3 64 5  
E p im e r iz a t io n  s te r o id  s u b s t itu e n t  e f fe c t  

2365
E p im e r iz a t io n  v ita m in  D  3 32 5  
E p im e r iz a t io n  y l id e  r ib o fu r a n o s id e  4084  
E p ip r o s ta g la n d in  s te r e o s e le c t iv e  sy n th e s is  

1087
E p is u l fo x id e  e th y le n e  c y c liz a t io n  c y c lo h e x a =  

d ie n o n e  2127
E p it h io p y r a z in o d i in d o le  9 4 8  
E p iz o n a re n e  632
E p o x id e  a lip h  c le a v a g e  a lk e n y ld ia lk y la lu m i=  

n u m  2 71 2
E p o x id e  c le a v a g e  fe rr ic  c h lo r id e  343  
E p o x id e  c y c lo h e x e n e  a c e t o x y  a lk y la t io n  

2537
E p o x id e  c y c lo h e x e n o n e  a n n é la t io n  p h e n o l 

3 45 8
E p o x id e  d ib e n z o b a r r e le n e  r e a rra n g e m e n t  

3 84 0
E p o x id e  e t h y n y lc y c lo a lk e n e  r e d u c t iv e  c le a v =  

a g e  2382
E p o x id e  h y d r o x y  s i ly lo x y  r in g  c le a v a g e  394  
E p o x id e  k e to n e  2077
E p o x id e  n e o p e n ty la l ly ll i th iu m  r e a c t io n  s te r =  

e o c h e m  694
E p o x id e  o p t ic a l  is o m e r  2 08 0  
E p o x id e  re a rra n g e m e n t  r h o d iu m  p h o s p h in e  

2299
E p o x id ic  e p id io x id e  c h r o m a t o g  d e c o m p n  

2006
E p o x id n  m a le ic  fu m a r ic  k in e t ic s  1590 
E p o x id n  o le f in  h y d r o p e r o x id e  1587 
E p o x id n  p r e g n e n o d io x o la n e d io n e  s te r e o ch e m  

358
E p o x id n  s te r e o ch e m  c y c lo n o r c h o le n o l  2 03 6  
E p o x id n  te r p e n e  o le f in  2034  
E p o x y  k e to n e  u n s a td  p h o t o is o m e r iz a t io n  

3 63 5
E p o x y  q u in o n e  p h o to ly s is  m e c h a n is m  3 79 3

E p o x y a z a t e t r a c y c lo d o d e c a d ie n e  p e n t a c h lo r o
1375

E p o x y a z o c in e  r e a r r a n g e m e n t  2 90 3  
E p o x y b e n z o p y r e n e  2 73 0  
E p o x y c h o le s t a n o n e  487  
E p o x y c y c lo a lk a n e  e th y n y l  r e d u c t iv e  c le a v a g e

2 38 2
E p o x y c y c lo h e x a d ie n o n e  p h o t o is o m e r iz a t io n  

m e c h a n is m  3 6 3 5
E p o x y d ip h e n y lm a le ic  a n h y d r id e  p h o t o ly s is  

180
F lp o x y d ip h e n y s u c c in im id e  p h o t o ly s is  180 
E p o x y e t h a n o p h e n a n t h r e n e  1090 
E p o x y im id a z o b e n z o d ia z e p in e  c r y s ta l  s t r u c =  

tu re  2 21 2
E p o x y la b d a t r ie n e  1900  
E p o x y m e th o x y t r ic h o t h e c a t r ie n e  1045 
E p o x y n a p h t h o q u in o n e  p h o t o c h e m  c y c lo a d d n  

o le f in  3 80 0
E p o x y n o n a n o n e  p y r o ly s is  2 3 8 0  
E p o x y p r o p a n e  N M R  c a r b o n  c o n fo r m a t io n  

1434
E p o x y s u c c in ic  a c id  1590 
E p o x y t h io p h e n e  2 12 3  
E q u a t io n  p r o f i le  r e a c t io n  338  
E q u il  c o n s t  t r a n s a lk y la t io n  b u t y lb r o m o b e n z =  

e n e  422
E q u il  h y d r o x y m é t h y la t io n  p r o p io p h e n o n e  

f o r m a ld e h y d e  2 7 8 6  
E q u il  m a la c h ite  g re e n  s u l f i t e  3 9 7 8  
E q u il ib r iu m  y l id e  d im e r  1856 
E r e g o y a z id in  s t r u c tu re  3 9 1 0  
E r e g o y a z in  s t r u c tu re  E r e m a n th u s  3 91 0  
E r e m a n th in  t r a n s fo r m a t io n  4 20 7  
E r e m a n th u s  s t r u c tu re  e r e g o y a z in  3 91 0  
E r e m o fo r t in  C  t e r p e n o id  P é n ic i l l iu m  2 63 2  
E r e m o p h i lo n e  to ta l  s y n th e s is  1991 
E S R  a m in o c a r b o n y l  n it r o x id e  3 54 2  
E S R  d iq u in o c y c lo b u t a n e d io n e  1126 
E S R  p h e n y le n e b is t r ie t h y lp h o s p h o n iu m  

s p l it in g  3 7 5 9
E S R  r a d ica l a n io n  b ic y c lo h e p te n e d io n e  63 
E S R  ra d ic a l  h y d r a z y l  a cy l 1367 
E S R  s u l fe n a m id e  r e a c t io n  te t r a c y a n o e t h y le n e  

3767
E S R  t r ip le t  r a d ic a l  p a ir  4 1 9 2  
E s te r  a lip h  a ra lip h  3 2 0 9  
E s te r  a lip h  m e th y le n a t io n  1180  
E s te r  c o n ju g a t e d  re d n  m e c h a n is m  3 1 8 0  
E s te r  e n e t h io l  p h o t o ly s is  m e c h a n is m  1142 
E s te r  h y d r o p e r o x y  c h e m ilu m in e s c e n c e  d e =  

c o m p n  40
E ste r  k e ta l s o lv o ly s is  m e c h a n is m  4231 
E s te r  k e to  a sy m  r e d n  1671 
E s te r  k e to  u n sa td  r e a c t io n  1919  
E s te r  n it r o b e n z o a t e  n it ro p h e n y l  h y d r o ly s is  

m ic e lle  3 2 7 9
E s te r  o r t h o  e n a n t io m e r  c h r o m a t o g  3 20 6  
E s te r  p h e n y l h y d r o ly s is  m ic e lle  856  
E s te r  p s e u d o  h y d r o ly s is  k in e t ic s  2 69 7  
E s te r  p y r a z o ly l  3691  
E s te r  p y r o ly s is  m e c h a n is m  3 89 5  
E s te r  r e d u c t iv e  p h é n y la t io n  4 2 6 6  
E s te r  s e le n o  s u b s t itu t io n  a m in e  2645  
E s te r  th io l  a lip h  N M R  2 11 8  
E s te r  t r ic y c l ic  s o lv o ly s is  k in e t ic s  2 6 5 9  
E s te r  t r ic y c lo h e p t y l  h y d r o ly s is  k in e t ic s  363  
E s te ra se  a c e t y lc h o lin e  d é p h o s p h o r y la t io n  

m o d e l  2 86 5  
E s te ra se  m o d e l  856
E s te r if ic a t io n  c e s iu m  a m in o  a c id  p e p t id e  

1.286
E s t e r i f ic a t io n  k in e t ic s  c o r r e la t io n  3531 
E s t e r i f ic a t io n  m e th a c r y lo y l  c h lo r id e  a le

3 96 5
E s t e r i f ic a t io n  p h o r b o l  3 64 5  
E s t r a d ie n o n e  p h o t o ly s is  102 
E s tr a d io l  e t h a n o  3091 
E s tr a te tr a e n e a c e ty l  c h lo r id e  c y c liz a t io n  

3091
E s tr a tr ie n e  m e t h o x y  s t it c h in g  r iv e tin g  p r e p n  

3 21 4
E s tr o n e  e t h a n o  3091 
E s tr o n e  to s y lm e t h y l is o c y a n id e  re a c t io n  

3 11 4
E th a n e  a d e n o s in y l  b a se  in te ra c t io n  517  
E th a n e  tr if lu o r o tr ia r y l  1186 
E th a n e s u lfo n y l  f lu o r id e  a m in o  o x id n  169 
E t h a n o a n t h r a c e n e c a r b o x y l ic  a c id  io n iz a t io n

534
E th a n o l im id a z o p y r id in v l  3 37 7  
E th a n o n e  p y r id in y l  o x id e  c y c liz a t io n  1364 
E th e n e  p h e n y l  f lu o r in a t io n  1559 
E t h e n e s u lfo n y l  f lu o r id e  a m in o  169 
E th e n o g u a n in e  p r e p n  e le c t r o n ic  s p e c tra  

3 29 2
E t h e n y lc y c lo p e n t e n e c a r b o x a ld e h y d e  h y d r =  

o x y la m in e  c y c lo c o n d e n s a t io n  2111 
E th e r  875
E th e r  a lk y l a ry l 1402 
E th e r  a lk y lp h e n y lc a r b in y l  e p im e r iz a t io n  

1652
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E t h e r  a ry l b e n z y l  1408  
E t h e r  b e n z y l  2 01 2  
E t h e r  b e n z y l  m e th y l o x id n  3097  
E th e r  b is m e s y lo x y m e t h y l  2 9 1 0  
E t h e r  c r o w n  c o m p le x a t io n  4 17 3  
E t h e r  c y c lo h e x a d ie n y l  s i ly l  a c e t y la t io n  2 03 2  
E t h e r  d e a lk y la t io n  m e th y ls i ly l  io d id e  3761 
E t h e r  d ia l ly l  r e a r r a n g e m e n t  ca ta ly s t  3 36 0  
E t h e r  h a lo a r y la z o  a lk y l i o n iz a t io n  2 45 4  
E t h e r  h e t e r o m a c r o c y c l ic  1 50 0  
E th e r  im in o  re a r r a n g e m e n t  2721 
E th e r  m a c r o c y c l ic  a r o m  3 73 3  
E t h e r  n it r o p h e n y l  h e x o s e  2 51 3  
E t h e r  v in y l  is o m e r iz a t io n  t h e r m o d n  1443 
E t h e r  v in y l  p y r o ly s is  m e c h a n is m  3 8 9 9  
E t h e r i f ic a t io n  a le  o x o n iu m  sa lt  1801 
E th o x y a lly l id e n e p h o s p h o r a n e  c y c lo c o n d e n s a 3  

t io n  a lk e n o n e  1664
E t h o x y c a r b o n y la t io n  a lk a n e n it r i le  c a ta ly s t  

2 00 9
E t h o x y c a r b o n y ln it r e n e  r e a c t io n  a z id e  2 44 3  
E t h o x y c a r b o n y lth io a m id e  c y c liz a t io n  d ia m in e  

441
E t h o x y c a r b o n y lth io a m id e  r e a c t io n  d in u c le o =  

p h i l ic  2 53 0
E t h o x y m e t h y lp e n t e n o n e  p h o t o ly s is  1850 
E t h y la lk a n o f  4 1 4 7
E th y la lu m in u m  b e n z y l  c h lo r id e  r e a c t io n  

6 9 0
E th y la m in e  a c e t y la c e to n e  io n  p a ir  2 54 9  
E t h y le n e  a d d n  m e c h a n is m  871 
E t h y le n e  c h lo r id e  th ia p e n t a n e d it h io l  c y c l i z a ^  

t io n  2644
E t h y le n e  e p is u l fo x id e  c y c liz a t io n  c y c lo h e x a =  

d ie n o n e  2127
E t h y le n e  g ly c o l  c y c l iz a t io n  a lk o x y im in o p h e ^  

n y la c e ta ld e h y d e  755
E t h y le n e tr ia z e n e  d e c o m p n  s t e r e o c h e m  1136 
E th y lid e n e b is im id a z o p y r id in e  3 37 7  
E th y n y lc y c lo a lk e n e  e p o x id e  r e d u c t iv e  c le a v =  

a g e  2382
E t h y n y lc y c lo p r o p y l  t o s y la te  a ry l s o lv o ly s is  

2 8
E t h y n y le s t r a d io l  e th a n o  3091  
E t h y n y lp h o s p h o n iu m  a d d n  p y r id in e  o x id e  

4 2 4 5
E t h y n y lp y r id in e  p h e n y l 4 2 4 5  
E u fo l ia t o r in  c ry s ta l s t r u c tu re  2 26 4  
E u fo l i t in  s t r u c tu re  2 26 4  
E u p a t o r in  B a cc h a r is  3 91 3  
E u p a t o r iu m  s e s q u ite rp e n e  la c to n e  2 26 4  
E u p e r fo l in  s t r u c tu re  2264  
E u p e r fo l i t in  s t r u c tu re  2264  
E u r o p iu m  N M R  m e t h o x y c y c lo a lk a n o n e  

c o n fo r m a t io n  3 95 8
E x ch a n g e  d e g e n e r a te  d ia lk o x y s u lfu ra n e

3 22 2
E x ch a n g e  f lu o r id e  f lu o r o a lk e n e  4 0 5 5  
E x ch a n g e  h a lo g e n  tr ip h a s e  c a ta ly s is  875  
E x ch a n g e  h y d r o g e n  a ia z o m e t h a n e  m e t h y la ^  

t io n  3 97 9
E x ch a n g e  k in e t ic s  d e u te r iu m  tr y p ta m in e  

3 76 9
E x ch a n g e  lith iu m  d ib r o m o p y r id in e  257  
E x ch a n g e  th io l  d is u l f id e  k in e t ic s  3 3 2  
E x c ip le x  c y c lo a d d n  b e n z o n it r i le  a lk e n e  

4 2 3 8
E x o  b ic y c lo h e p ta n e  d e r iv  s te r e o s p e c i f ic  

p r e p n  3 98 3
E x o  b r e v ic o m in  p h e r o m o n e  D e n d r o c to n u s  

2 38 0
E x p a n s io n  e l im in a t io n  c y c l i c  s u l fo x id e  1530 
E x p a n s io n  r in g  c y c lo h e x a n o n e  d ia z o a c e ta te  

459
E x p a n s io n  r in g  im id o y la z ir id in e  847  
F a rn e sa te  d ih y d r o x y la t io n  p e r io d a t e  c le a v a g e  

387
F a v o rs k ii  r e a r r a n g e m e n t  d ib r o m o h o m o a d a m ^  

a n ta n e d io n e  4 1 0 8
F a v o rs k ii  r e a r r a n g e m e n t  m e c h a n is m  1256 
F e r r ic  c h lo r id e  c le a v a g e  e p o x id e  343  
F e r r ic  c h lo r id e  p h o t o o x id n  a le  171 
F e r r o c e n e  p h o t o r e a c t io n  is o cy a n a te  ale 

1428
F e r r o c e n y lp h e n y lt r o p y l iu m  275  
F e r r o u s  s u lfa te  r e a c t io n  d io x in  1900 
F ie ld  a m in e  b a s ic it y  916  
F is c h e r  in d o le  r e a r r a n g e m e n t  e l im in a t io n

1878
F la v a n o n e  p r e p n  3311  
F la v o n o id  b e n z y l  d e r iv  U v a r ia  1295 
F lu o r a n th e n e  m e th a n o  4 0 9 2  
F lu o r e n e  a m in o a lk a n o y l  a m in o a lk o x y  4 14 4  
F lu o r e n e  e le c t r o c h e m  re d n  D M F  1063 
F lu o r e n e  o x id n  c a r b o n  c a ta ly s t  3 75 4  
F lu o r e n e c a r b o x y l ic  a c id  h y d r o p e r o x y  38  
F lu o r e n e t h io n e  im id e  3 9 2 2  
F lu o r e n o n e  p r e p n  c a r b o n  c a ta ly s t  3 75 4  
F lu o r e n y la c e t a ld e h y d e  d e c a r b o n y la t io n  19 
F lu o r e n y lc a r b in y l  ra d ic a l  r e a r r a n g e m e n t  19 
F lu o r e s c e n c e  e t h e n o g u a n in e  3 29 2  
F lu o r e s c e n c e  o x a d ia z o l in e  o x a d ia z o le  1555

F lu o r e s c e n c e  q u e n c h in g  b e n z o n it r ile  a lk e n e  
4 2 3 8

F lu o r id e  b ic y c l i c  N M R  flu o r in e  218  
F lu o r id e  e x c h a n g e  f lu o r o a lk e n e  4 05 5  
F lu o r id e  r e a c t io n  n it r o p h th a l im id e  3431 
F lu o r id e  s u l fo n y l  p h a se  tra n s fe r  ca ta ly s is  

2 0 3 1
F lu o r in a t io n  a c e ty lg lu c a l  2341 
F lu o r in a t io n  a ro m  362  
F lu o r in a t io n  n o r b o r n e n e  1562 
F lu o r in a t io n  p h e n y le t h e n e  1559 
F lu o r in a t io n  p la sm a  b e n z o t r i f lu o r id e  863  
F lu o r in a t io n  t e t r a m e th y lp e n ta n e  3437  
F lu o r in e  a t o m ic  b e a m  b e n z o t r i f lu o r id e  863  
F lu o r in e  N M R  b ic y c l i c  f lu o r id e  218 
F lu o r o  o le f in  c r y s t  b r o m in a t io n  1780 
F lu o r o a c e t o a c e t a t e  c o n d e n s a t io n  g e ra n y l 

b r o m id e  2 01 3
F lu o r o a c e t o n e  d ie n e  d im e th o x y c y c lo p r o p e n e  

m e c h a n is m  6 7 4
F lu o r o a c e t o n e  h y d r a t e  io n iz a t io n  1979 
F lu o r o a la n in e  r e s o lu t io n  142 
F lu o r o a lk a n a m id e  565  
F lu o r o a lk e n e  f lu o r id e  e x c h a n g e  4 05 5  
F lu o r o a lk e n e  M e e r w e in  a r y la t io n  b e n z e n e ^  

d ia z o n iu m  2 6 1 8
F lu o r o a lk y l  io d id e  s u b s t itu t io n  re a c t io n  

2 68 0
F lu o r o a lk y lb e n z y la m in e  a sy m  s y n th e s is  

2 43 6
F lu o r o b e n z e n e  h y d r o x y la t io n  m e c h a n is m  

8 3 2
F lu o r o b ip h e n y l  r e d n  m e ta l  a m m o n ia  2 62 0  
F lu o r o b o r a t e  b e n z e n e d ia z o n iu m  d e c o m p n  

ca ta ly s t  1468
F lu o r o b u t a d ie n e  d im e r  N M R  3 85 9  
F lu o r o e t h a n o l  s o lv o ly s is  c y c lo b u t e n y l  n o n a f=  

la te  174
F lu o r o e t h y l  i o d id e  t e lo m e r iz a t io n  t e t r a f lu o ^  

ro e th y le n e  1985 
F lu o r o h a lo c y c lo p r o p a n e  828  
F lu o r o m e t h y l  p h e n y l  s u l fo n e  3 87 5  
F lu o r o m e t h y lo x a z o lin o n e  p h o t o ly s is  m e c h a n =  

ism  2 43 9
F lu o r o m e t h y lp h e n y l  g r o u p  m ig ra to r y  a p t i^  

t u d e  868
F lu o r o m e t h y lth io a c e t ic  a c id  2024  
F lu o r o p h t h a lic  a n h y d r id e  p r e p n  3435  
F lu o r o p h t h a lic  a n h y d r id e  s u b s t itu t io n  p h e -  

n o x id e  3 42 5
F lu o r o s p ir o is o b e n z o fu r a n p ip e r id in o l  r e d n  

fo r m ic  a c id  374
F lu o r o s u l fo n ic  a c id  a b ie t ic  a c id  214 
F lu o r o t r ip h e n y lm e t h a n o l  r e d n  fo r m ic  a c id  

374
F o r c e  f ie ld  c o n fo r m a t io n  e n e r g y  s te r o id  

2 36 5
F o r c e  f ie ld  d o d e c a h y d r o p h e n a n th r e n e  2 33 0  
F o r c e  f ie ld  p o ly c y c l i c  u n d e ca n e  3 85 2  
F o r m a ld e h y d e  h y d r o x y m é t h y la t io n  p r o p io ^  

p h e n o n e  e q u il  2 78 6
F o r m a ld e h y d e  p h e n o l  c o n d e n s a t io n  382 
F o r m a m id a te  p h e n y l  r e a c t io n  d ih y d r o o r s e ll i=  

n a te  2 5 2 6
F o r m a te  c y a n o  o x a t h ia z o lo n e  th e r m o ly s is  

1813
F o r m a te  s o d iu m  c a r b o n  la b e le d  2790  
F o r m ic  a c id  re d n  f lu o r o s p ir o is o b e n z o fu r a n p i^  

p e r id in o l  374
F o r m y l  p e p t id e  re d n  b o r a n e  T H F  4 14 8  
F o r m y la m in o  a c id  b u ty l  e s te r  2 01 9  
F o r m y la t io n  a m in o  a c id  2019  
F o r m y la t io n  a z a in d o liz in e  2 44 8  
F o r m y lb e n z o a t e  p h o t o ly s is  e n o l  1693 
F o r m y lb e n z o fu r a z a n  o x id e  e q u i l  n it r o a n =  

th ra n il 897
F o r m y ld e h y d r o n u c i fe r in e  347  
F o r m y lm e th o x y p r e g n e n o l  c y c liz a t io n  3 03 5  
F r a c t io n a l s u b l im a t io n  o p t ic a l  a c t iv it y  1249  
F r a g m e n ta t io n  a d d n  m e c h a n is m  d ia r y ltr ia z =  

e n e  2611
F r a g m e n ta t io n  c y c lo h e x a n e  c y c lo p e n t a n e  

d e r iv  c o p p e r  2657
F r a g m e n ta t io n  p e r o x id e  m e c h a n is m  2 16 0  
F r a g m e n ta t io n  r e d u c t iv e  n it r o b e n z y lis o q u i^  

n o lin iu m  sa lt  751
F r e e  e n e r g y  is o m e r iz a t io n  p e r h y d r o t r ip ty c e n e  

2 39 9
F re e  e n e r g y  r e la tio n  lin e a r  916  
F re e  e n e r g y  r e la t io n s h ip  lin e a r  3096  
F r ie d e l C r a ft s  a c y la t io n  a m in o a lk o x y f lu o r e n e  

4144
F r ie d e l  C r a ft s  b e n z e n e  s u lfu r  p h o s p h o ru s  

t r ic h lo r id e  2 19 0
F r ie d la e n d e r  c o n d e n s a t io n  d ia m in o p y r id in e =  

d ic a r b o x a ld e h y d e  3 41 0  
F r ie d la e n d e r  r e a c t io n  a m in o b e n z a ld é h y d e  

a c e t y lp y r id in e  232
F r ie s  r e a c t io n  p y r r o lo b e n z o x a z in e  105 
F u lv e n e  p r o t o n a t io n  661 
F u lv e n iu m  N M R  c a r b o n  13 661 
F u m a r ic  e p o x id n  k in e t ic s  1590

F u n c t io n a l g r o u p  s e le c t iv e  re d n  512  
F u ra n  372
F u ra n  a c y l  p h o t o c h e m  r e a c t iv ity  3774  
F u ra n  a lk v l  1900  
F u ra n  h y d r o x y m e t h y l  1089 
F u ra n  te t ra p h e n y l 3 9 0  
F u ra n o n e  p h o t o a d d n  c y c lo h e x a n e  m e ch a n is m  

904
F u ra n o n e  p h o t o a d d n  h y d r o c a r b o n  m e ch a n is m  

901
F u ra n o n e  t e t r a h y d r o  r e a c t io n  a m in o p r o p a n o l  

1467
F u ra n o p h a n e  p y r r o lo  1379  
F u ra n o s e  a n o m e r ic  e f fe c t  1951 
F u r fu r y lid e n e p te r id in e  2951 
F u ro n a p h th a le n e  4 15 5  
F u r o p y r id in e  4 24 5  
F u ry lp y r id in e  r e d n  2113  
F u ry lx a n th e n o n e  3599  
F u s id a n  n o r  1276
F u s id ic  a c id  d e g r a d a t io n  d e r iv s  4 2 8 0  
F u s id ic  a c id  d e g r d n  1276 
F u s id ic  a c id  n u c le u s  p r e p n  1267 
G a la c to p y r a n o s e  d in itr o b e n z e n e  s u b s t itu t io n  

2513
G a rry a  a lk a lo id  4131 
G a s  c h r o m a t o g  o r t h o  e s te r  3 2 0 6  
G a s  p h a se  a m in e  b a s ic it y  916  
G a ssm a n  B r o w n  t o o l  e le c t r o n  d e m a n d  4281  
G e ra n io l  te t ra h y d r o p y r a n y la t io n  3 77 2  
G e ra n y l b r o m id e  f lu o r o a c e t o a c e t a t e  c o n d e n =  

s a t io n  2 01 3
G e rm a c r a n e  in te rm e d ia te  3984  
G e rm a c r a n o lid e  s y n th e s is  1717 
G la z io v in e  sy n th e s is  9 1 0  
G lu c a l  a c e ty l  f lu o r in a t io n  2341 
G lu c o fu r a n o s e  n it ro b e n z e n e  s u b s t itu t io n  

2513
G lu c o p y r a n o s id e  d e o x y g e n a t io n  1302 
G lu c o s e  d e o x y f lu o r o  2341  
G lu ta m ic  a c id  a m in o b e n z o y l  b r o m o m e th y lp =  

t e r id in e d ia m in e  208  
G lu ta ra te  p y r r o ly l  3 95 2  
G ly c e r a te  c o n d e n s a t io n  h e x a d e ca n a l 3 62 4  
G ly c e r o l  a c y l  c h lo r o p h e n o x y  2 2 6 0  
G ly c id a t e  c le a v a g e  343 
G ly c o l  t e r p e n e  c o m p le x  re d n  a c e t o p h e n o n e  

2 07 3
G ly c o la te  tr if la te  3109  
G ly c o s id e  t h io  913  
G ly c o s m in in e  s y n th e s is  3 65 0  
G ly o x a l c o n d e n s a t io n  o x a lo a s e t ic  a c id  3 44 0  
G ly o x a l c y c lo c o n d e n s a t io n  o x o g lu ta r a te  

2 82 6
G n id ia  g n id id io n e  s t r u c tu re  348  
G n id id io n e  s t r u c tu re  G n id ia  348  
G o n a d o t r o p in  c h o r io n ic  f ra g m e n t  sy n th e s is  

3341
G o n a tr ie n e  n o r th ia  3 19 6  
G ra p h ite  in te r c a la te d  h a lid e  a lk y la t io n  b e n z =  

e n e  4 18 7
G rig n a rd  a ry l r e a c t io n  m o ly b d e n u m  c o m p le x  

1479
G rig n a rd  b r o m o b e n z e n e  a lip h  a ld e h y d e  

4 1 5 0
G rig n a rd  m e th y l io d id e  d e o x y d a u n o m y c in o n e  

3653
G r ig n a r d  n o r b o r n y l  r e a c t io n  a c e to n e  1940  
G r ig n a rd  r e a c t io n  c y c lo h e x a d ie n o n e  1408  
G r ig n a rd  re a c t io n  p r o p io la te  p o le m ic  2 64 7  
G r ig n a rd  r e a g e n t  a d d n  a c r y la te  3 20 9  
G r ig n a rd  r e a g e n t  b o r o n a t e  r e a c t io n  4 0 8 8  
G r ig n a rd  r e a g e n t  q u in o l  a c e ta te  1402 
G r is a b in e  s t r u c tu re  2271 
G r is a b u t in e  s t r u c tu re  2271  
G ro u p  V A  c o m p d  re a c t io n  h y d r o p e r o x id e  

3970
G u a ia n o lid e  4207  
G u a n id in e  re d n  3 60 8  
G u a n id in o m e th y lim id a z o lid in o n e  3 06 5  
H a lid e  a lk y l r e d n  c y a n o b o r o h y d r id e  82 
H a lid e  b r id g e h e a d  r e d n  tr ib u ty ls ta n n a n e  

3 96 8
H a lid e  lith iu m  m e th y lcu p r a te  r e a c t io n  2 80 5  
H a lid e  o r g  p h o s p h id e  m e c h a n is m  3247 
H a lid e  o r g  tra n s fe r  h y d r o g e n o ly s is  2 30 9  
H a lid e  p h o s p h o ru s  r e a c t io n  c y c lo a lk a n e d io n e  

2380
H a lid e  re d n  z in c  c o p p e r  c o u p le  212 
H a lo  d ik e t o n e  e le c t r o r e d n  c o u p l in g  2 56 0  
H a lo a cy l  c h lo r id e  r e a c t io n  i s o p r o p y lc a r b o d i^  

im id e  3 22 0
H a lo a lk a n e  l ith io a n th r a c e n e  k in e t ic s  s t e r e o ^  

c h e m  4 05 8
H a lo a re n e  c o u p l in g  a r y lz in c  1821 
H a lo a ry la z o  a lk y l e th e r  io n iz a t io n  2454  
H a lo b e n z e n e  k e to n e  e n o la te  s u b s t itu t io n  

1457
H a lo b e n z e n e  n it ra t io n  m e c h a n is m  2511 
H a lo b e n z e n e  p in a c o lo n e  s u b s t it i t u io n  n u c le o ^  

p h i l ic  1449
H a lo b e n z e n e  re d n  c a ta ly s t  3491
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H a lo b e n z e n e  s i ly la t io n  2 65 4  
H a lo b e n z y l  p r o t e c t io n  p e p t id e  M e r r if ie ld  

523
H a lo c y c lo p r o p a n e  s o lv o ly s is  k in e t ic s  1082 
H a lo d e ca r lb o x y la t io n  b r o m o n a p h th o ic  a c id  

1480
H a lo g e n  a d d n  s o r b a te  e s te r  2141  
H a lo g e n  e x c h a n g e  tr ip h a s é  ca ta ly s is  875  
H a lo g é n a t io n  n it ro p a r a ff in  3 76 4  
H a lo g é n a t io n  o c ta m e th y ln a p h th a le n e  h e x a m =  

e th y lb e n z e n e  2684
H a lo g é n a t io n  p e n t y lo x y b e n z e n e  m ic e lle  

ca ta ly s is  3 29 8
H a lo g é n a t io n  p r o p io p h e n o n e  3527  
H a lo m e t h y lc e p h a m c a r b o x y la t e  2887  
H a lo n it r o b e n z e n e  c o n d e n s a t io n  a n il id e  

1786
H a lo p h e n o l  r e d u c t iv e  d e h a lo g e n a t io n  z in c

835
H a lo p h e n y l  t h io ca rb a m a te  r e a rra n g e m e n t  

m e ch a n is m  1139 
H a lo p y r a z in e  o x id e  s a fe ty  1869 
H a lo p y r id y lm e t h y l  s u l fo n e  d e h a lo g e n a t io n  

k in e t ic s  2676
H a lo t e r p e n e  P lo c a m iu m  2634 
H a s h ish  c a n n a b id io l  s y n th e s is  2 56 3  
H e a t  fo r m a t io n  p o ly c y c l i c  u n d e ca n e  3 85 2  
H e a t  h y d ro ly s is  s o in  s u l fo n e  2933  
H e m a to m m ic  a c id  p r e p n  2 52 6  
H e m ia c e ta l  s t e r ig m a to e y s t in  v e r s ic o lo r in  A  

re d n  3 59 9
H e m im e lli t e n e  ce r ic  o x id n  m e c h a n is m  3 6 8 2  
H e p t a d ie n e  d e u te r io  3981  
H e p ta m e th in e  p y r y liu m  d y e  885  
H e p t a n o n e  p r e p n  2 93 5  
H e p t e n o a t e  c a r b o x y  m e th y l 4 16 2  
H e p t o d iu lo s e  d e o x y d ia z o  c y c liz a t io n  3 5 6 2  
H e p t o p y r a n o s u lo s e  b r o m o d e o x y  a z id o ly s is  

3567
H e p t u lo s e  t r ih a lo  3567  
H e p t y l  n e sy la te  re d n  t r ie t h y lb o r o h y d r id e  

2 16 6
H e rn a n d e z in e  s y n th e s is  2 2 7 4  
H e te r o a r o m  c o m p d  N M R  2 23 7  
H e te r o a r o m a t iz a t io n  b is  a m in o a n il  3485  
H e te r o a t o m  e f fe c t s  p y r id in a t io n  p h e n y lp h e =  

n o th ia z in e  4 28 0
H e te r o c y c le  b u t t e r f ly  p h o s p h o r u s  s tru c tu re  

1170
H e te r o c y c le  c a t io n  ra d ic a l  t e t r a flu o r o b o r a t e  

561
H e te r o c y c le  c h lp r o m e t h y lt h io  3 09 4  
H e te r o c y c le  c h lo r o p r o p e n y l  c o n d e n s a t io n  

r e a c t io n  1035
H e te r o c y c le  m e s o io n ic  1633 
H e te r o c y c le  n itro g e n  p y r id in iu m  a n n u la tio n  

2 47 4
H e te r o c y c le  p h o t o e le c t r o n  s p e c tr a  2 23 0  
H e te r o c y c le  sm a ll r in g  re a r r a n g e m e n t  3076  
H e t e r o c y c l ic  a ld e h y d e  n u c le o p h i l ic  s u b s t i tu a  

t io n  3024
H e te r o c y c l ic  a m in e  a n o d ic  c y a n a t io n  2 97 3  
H e te r o fu lv e n e  is o m e r iz a t io n  2 73 4  
H e te r o m a c r o c y c lic  e th e r  1500  
H e x a d e c a n a l c o n d e n s a t io n  g ly c e ra te  3 62 4  
H e x a f lu o r o a c e t o n e  h y d r a t e  io n iz a t io n  c o n s t  

1979
H e x a h y d r o  n a p h th a le n e  s e s q u it e r p e n o id  

1794
H e x a h y d r o b e n z o x a th ia n e  s u l fo x id e  s t e r e o =  

c h e m  2 2 0 6
H e x a h y d r o q u in o q u in o lin e  2 18 7  
H e x a m e t h v lp h o s p h o r o t r ia m id e  c a r b o n  N M R  

p y r  a z o le  6 5 9  
H e x a n o n e  d im e th y l  1189 
H e x a o x a c y c lo o c t a d e c a n e d io n e  3937  
H e x a th ia a d a m a n ta n e  2 3 4 5  
H e x a t h ia c y c lo o c t a d e c a n e  2644  
H e x e n e  th io c y a n a t io n  s o lv e n t  e f fe c t  1510 
H e x e n o n e  p r e p n  h y d r o b r o m in a t io n  1709  
H e x e n o p y r a n o s id e  h y d r o g e n  c y a n id e  k in e t ic  

c o n t r o l  1746
H e x o s e  a m in o d e o x y  N M R  n it ro g e n  2247  
H e x o s e  e th e r  n it ro p h e n y l  2 51 3  
H e x o s e  p h o t o c h e m  o x id n  1216  
H ik iz im y c in  s t r u c tu r e  N M R  3 28 9  
H in d e r e d  r o t a t io n  a r y lb e n z im id a z o q u in o lin e  

2 00 3
H is t id in e  s e r in e  p e p t id e  a c y la t io n  149 
H o lo m y c in  s y n th e s is  2891  
H o m o a d a m a n t a n e  a b s  c o n f ig u r a t io n  4 1 0 8  
H o m o a d a m a n t a n e d io n e  C D  c o n fo r m a t io n  

4 1 0 8
H o m o a d a m a n t a n o n e  d e h y d r o  to s y lh y d r a z o n e  

p y r o ly s is  1806
H o m o a d a m a n t y l  a z id e  p r e p n  r e a c t io n  3741 
H o m o a n d r o s t a d ie n o n e  1221 
H o m o a n d r o s t a n e  p r e p n  1221 
H o m o a n d r o s t a n e d io n e  p r e p n  1221 
H o m o c u b a n e  N M R  1957 
H o m o c y s t e ic  a c id  te t ra m e th y le n e  s u l fo x id e  

2524

H o m o is o t w is t a n o l  h y d r id e  t r a n s fe r  re d n  
1737

H o m o lo g a t io n  k e to n e  d ia z o a c e ta te  459  
H o m o lo g a t io n  k e t o n e  k in e t ic s  m e ch a n is m  

466
H o m o m o s c h a t o l in e  s y n th e s is  2 27 4  
H o m o n o r a n d r o s t e n e d io l  b r o m o b e n z o a t e  

c ry s ta l  s t r u c tu re  482
H o m o n o r a n d r o s t e n o n e  p r e p n  c le a v a g e  1276  
H o m o n o r s t e r o id  1276  
H o m o o x a e s tr a t r ie n o n e  2101 
H o m o p h t h a l ic  a n h y d r id e  c o n d e n s a t io n  n o -  

r h y d r a s t in in e  1111 
H o m o p o r p h y r in  1567
H o m o p r o t o a d a m a n t a n e  a c id  r e a rra n g e m e n t  

2041
H u n s d ie c k e r  c y c lo p r o p a n e c a r b o x y la t e  1254 
H y d a n t o in  t h io  c y c liz a t io n  b r o m o c h lo r o e =  

th a n e  2 59 4
H y d r a t e  h e x a f lu o r o a c e t o n e  io n iz a t io n  c o n s t  

1979
H y d r a te  p y r im id in o n e  k in e t ic s  b r o m in a t io n  

3 67 0
H y d r a z id e  159
H y d r a z id o a n i l in e  c y c liz a t io n  c y a n o g e n  b r o m =  

id e  542
H y d r a z in e  b is h y d r o x y e t h y l  s y m  2 90 0  
H y d r a z in e  c y c lo h e x a n e d ic a r b o x y l ic  a n h y =  

d r  id e  r e a c t io n  159
H y d r a z in e  d ia c y ld ia lk o x y  th e r m o ly s is  L F E R  

3 09 6
H y d r a z in e  d ip h e n y l  to s y la te  577  
H y d r a z in e  n it r o b e n z y lid e n e  s a lt  2091  
H y d r a z in e  N M R  3 94 9  
H y d r a z in e  r e a c t io n  s u p e r o x id e  178 
H y d r a z in e  t o s y l  d is p r o p o r t io n a t io n  2 50 8  
H y d r a z in o  t r ia z in e  c y c liz a t io n  1018  
H y d r a z in o is o in d o le  c y c liz a t io n  894  
H y d r a z o n e  b e n z a ld e h y d e  n it r o s o b e n z e n e  

k in e t ic s  3057
H y d r a z o n e  c o n f ig u r a t io n  c a r b o n  N M R  2614 
H y d r a z o n e  d ik e t o n e  c o n d e n s a t io n  a ld e h y d e  

k e t o n e  3691
H y d r a z o n e  d ik e t o n e  c o n d e n s a t io n  c a r b o n y l 

2321
H y d r a z o n e  m e t h io d id e  k e t o n e  N e b e r  re a c t io n  

2514
H y d r a z o n e  r e a c t io n  s u p e r o x id e  178 
H y d r a z o n e  to sy l c y c l iz a t io n  s o lv o ly s is  1352  
H y d r a z o n e  W o l f f  K is h n e r  k in e t ic s  1081 
H y d r a z o n o c e p h a lo s p o r a n a t e  1012  
H y d ra z y l  a cy l r a d ica l E S R  1367 
H y d r id e  a b s tr a c t io n  c y c lo h e p t a t r ie n e  275  
H y d r id e  re a g e n t  c u p r o u s  b r o m id e  3 18 0  
H y d r id e  re d n  a m in a t io n  a lk e n o n e  650  
H y d r id e  re d n  b ic y c lo o c t a n e d io n e  368  
H y d r id e  re d n  c r e a t in in e  g u a n id in e  3 60 8  
H y d r id e  re d n  h y d r o x y m e t h y lh e x a h y d r o p h e n ^  

a n th re n e  m e c h a n is m  3 35 0  
H y d r id e  re d n  h y d r o x y m e t h y lh e x a h y d r o p h e n =  

a n th r e n e  s te r e o ch e m  3 35 0  
H y d r id e  re d n  k e to n e  a sy m  1578 
H y d r id e  re d n  P G E 2  1087 
H y d r id e  re d n  p h e n y ln o r b o r n e n o l  1944 
H y d r id e  s h i ft  n o r b o r n a n o n e  to s y lh y d r a z o n e  

3 35 6
H y d r id e  tra n s fe r  r e d n  d e h y d r o h o m o t w is t a n e  

1737
H y d r in d a c e n e  d im e th a n o p e r h y d r o  3 26 0  
H y d r in d a n c a r b o x y l ic  la c to n e  p r e p n  3 7 8 0  
H y d r o a z u le n e  s e s q u ite rp e n e  re a rra n g e m e n t  

6 3 2
H y d r o b e n z in d e n e  p r e p n  c ry s ta l  s tru c tu re  

2 82 6
H y d r o b o r a t io n  a lk e n e  a lk y n e  3 24 3  
H y d r o b o r a t io n  b u te n e  1392 
H y d r o b o r a t io n  c a r b o n y la t io n  p r o p y l id e n e v i  =  

n y lc y c lo p e n ta n e  3 21 4  
H y d r o b o r a t io n  c h o le s ta d ie n o l  3 6 1 9  
H y d r o b o r a t io n  d ie n e  b o r a b ic y c lo n o n a n e  

2 83 6
H y d r o b o r a t io n  d im e th y lc y c lo a lk e n e  b o r a b i^  

c y c lo n o n a n e  s t e r e o s p e c i f ic i t y  2 70 2  
H y d r o b o r a t io n  s ty r e n e  lith iu m  t r ie t h y lb o r o h 

y d r id e  1482
H y d r o b r o m in a t io n  v in y lb u ta n o n e  1709 
H y d r o c a r b o n  b a s ic it y  s t r u c tu re  3 31 6  
H y d r o c a r b o n  c h lo r o b o r a n e  m e th y l su lfid e  

2 5 3 3
H y d r o c a r b o n  d im e th y lb u ta n e  d im e r iz a t io n  

id e n t if ic a t io n  3051
H y d r o c a r b o n  p h o t o a d d n  fu r a n o n e  m e c h a n is m  

901
H y d r o c a r b o n  p h o t o e le c t r o c h e m  d im e r iz a t io n  

2347
H y d r o c a r b o n  p o ly c y c l i c  c a r b o n  N M R  2 9 4 0  
H y d r o c a r b o n  r a d ica l r e s o n a n c e  e n e r g y  8 3 9  
H y d r o c a r b o n  s tra in e d  re so ln  k in e t ic  3 78 5  
H y d r o c h lo r i c  a c id  a c id it y  fu n c t io n  162 
H y d r o g e n  a b s tr a c t io n  e p o x y  n a p h t h o q u in o n e  

3 79 3
H y d r o g e n  a b s t r a c t io n  fu r a n o n e  c y c lo h e x a n e  

904

H y d r o g e n  a b s t r a c t io n  r a d ica l p h e n y la c t o n i^  
tr ile  752

H y d r o g e n  b o n d  a m in o d e o x y h e x o s e  N M R  
2247

H y d r o g e n  b o n d  n it ro a n il in e  s o lv a t o c h r o m is m  
1929

H y d r o g e n  b o n d  p r o s ta g la n d in  F  3 1 4 0  
H y d r o g e n  c y a n id e  c o n d e n s a t io n  c y c lo h e x a =  

n o n e  2001
H y d r o g e n  e x c h a n g e  d ia z o m e t h a n e  m e t h y la =  

t io n  3 9 7 9
H y d r o g e n  e x c h a n g e  q u in h v d r o n e  4071 
H y d r o g e n  f lu o r id e  o r g  h y d r o g e n a t io n  3 25 5  
H y d r o g e n  m ig ra tio n  b ir a d ica l  2191 
H y d r o g e n  m ig ra t io n  d ib e n z o t r o p i l id e n e

2 7 8 8
H y d r o g e n  s e le n id e  a lip h  im id a te  2 64 5  
H y d r o g e n  s e le n id e  k e to n e  a ld e h y d e  2 5 1 0  
H y d r o g e n  s h i ft  c a r b e n e  1935 
H y d r o g e n a t io n  io n ic  c a r b o e t h o x y a m y l im id a ^  

z o lo n e  3 77 6
H y d r o g e n a t io n  o r g  h y d r o g e n  f lu o r id e  3 25 5  
H y d r o g e n a t io n  tra n s fe r  n it r o b e n z e n e  431 
H y d r o g e n a t io n  t r ip t y c e n e  s t e r e o c h e m  2 39 9  
H y d r o g e n a t io n  u n s a td  a ld e h y d e  ca ta ly s t

551
H y d r o g e n o ly s is  a m in o p u r in e  3 06 5  
H y d r o g e n o ly s is  tra n s fe r  o r g  h a lid e  2 3 0 9  
H y d r o ly s is  a c e t o x y s t y r e n e  2 49 9  
H y d r o ly s is  a c e t y l im id a z o l iu m  io n  2 45 9  
H y d r o ly s is  a lk  a lk y lu r a c il  2574  
H y d r o ly s is  a m id e  s t r u c tu re  k in e t ic s  3 5 3 5  
H y d r o ly s is  b a s ic  b e n z o a t e  e s te r  918  
H y d r o ly s is  c h lo r o p y r a z o le  o x id e  3721 
H y d r o ly s is  c y c lo p r o p in d e n y l  d in it r o b e n z o a t e  

a n t ih o m o a r o m a t ic i t y  1437 
H y d r o ly s is  e th e r  m e th y ls i ly l  i o d id e  3761  
H y d r o ly s is  h e a t  s u l fo n e  2 93 3  
H y d r o ly s is  h y d r o x a m ic  a c id  m ic e l le  ca ta ly s is  

3 30 5
H y d r o ly s is  in te r n u c le o s id e  c a r b a m a te  s t a b i l i— 

t y  703
H y d r o ly s is  k in e t ic s  c o r r e la t io n  3531 
H y d r o ly s is  k in e t ic s  p h o s p h o n o im in o im id a z o =  

l id in e  4 03 5
H y d r o ly s is  k in e t ic s  s u l fo n a m id e  a m id e  2462  
H y d r o ly s is  n it r o b e n z o a t e  n it ro p h e n y l  e s te r  

m ic e lle  3 27 9
H y d r o ly s is  n it r o b e n z o y l  p h o s p h a t e  ca ta ly s is  

m ic e lle  475
H y d r o ly s is  n it r o t r i f lu o r o a c e t a n i l id e  m e c h a n ^  

ism  k in e t ic s  3 9 8 9
H y d r o ly s is  p h e n y l  e s te r  m ic e lle  8 5 6  
H y d r o ly s is  p h e n y lb e n z o d ia z a b o r o le  k in e t ic s

3 54 5
H y d r o ly s is  p s e u d o  e s te r  k in e t ic s  2697  
H y d r o ly s is  t r ic y c lo h e p t y l  e s te r  k in e t ic s  3 6 3  
H y d r o m e th e n o c y c lo p e n t a p e n t a le n e  176 
H y d r o n a p h t h a le n e  p h o t o a im e r  B ir c h  re d n  

1098
H y d r o p e r o x id e  b u ty l  r e a c t io n  k in e t ic s  3 9 7 0  
H y d r o p e r o x id e  c y c lo h e x e n y l  a lly lic  3 19 4  
H y d r o p e r o x id e  e p o x id n  o le f in  1587 
H y d r o p e r o x id e  r e a c t io n  b e n z o t h io p h e n e  

d io x id e  2 92 7
H y d r o p e r o x y  e s te r  d e c o m p n  c h e m ilu m in e s ^  

c e n c e  40
H y d r o p e r o x y a c e t ic  a c id  a ry l 38  
H y d r o p h e n a n th r e n e  d e r iv  c o n f ig u r a t io n  

1177
H y d r o p h t h a l ic  a n h y d r id e  c o n fo r m a t io n  

N M R  1259
H y d r o q u in o n e  c y c lo p e n t y lp r o p y l  in tra m o l 

c y c lo a lk y la t io n  3 44 4  
H y d r o s ily la t io n  a sy m  r e d n  1671 
H y d r o x a m a t e  p iv a lo y l  L o s s e n  re a r r a n g e m e n t  

1750
H y d r o x a m ic  a c id  b e n z o d ia z e p in e  3301 
H y d r o x a m ic  a c id  h y d r o ly s is  m ic e lle  ca ta ly s is

3 30 5
H y d r o x im in o e s t r a t r ie n o l  B e c k m a n  c le a v a g e  

2101
H y d r o x y  a c id  la c to n iz a t io n  1470  
H y d r o x y  e p o x id e  r in g  c le a v a g e  394  
H y d r o x y  k e ta l r e a r r a n g e m e n t  4 23 1  
H y d r o x y a c e t o p h e n o n e  c o n d e n s a t io n  b e n z a l =  

d e h y d e  3311
H y d r o x y a d e n in e  c a r c in o g e n  1610  
H y d r o x y a lk a n o ic  a c id  p r e p n  2 79 7  
H y d r o x y a m in e  r e a c t io n  e t h o x y c a r b o n y l^  

th io a m id e  2 5 3 0
H y d r o x y a n d r o s t a n e d io n e  re a r r a n g e m e n t  

4 8 2
H y d r o x y b e n z o x e p in d io n e  4 2 6 5  
H y d r o x y b e n z y l  c h lo r id e  a u t o c o n d e n s a t io n  

m e c h a n is m  2177 
H y d r o x y b ip h e n y l  4 2 8  
H y d r o x y c a r b o c a t io n  t r ic y c l ic  3331 
H y d r o x y c h a lc o n e  p r e p n  c y c liz a t io n  m e c h a n =  

ism  3311
H y d r o x y c h o le s t e r o l  2 03 6  
H y d r o x y c in e o le  253
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H y d r o x y d im e t h y ln o n a c o s a n o n e  p h e r o m o n e  
5 6 6

H y d r o x y e s t r a d ie n o n e  p h o t o ly s is  102 
H y d r o x y e t h y la t io n  c y c lo p e n t a d ie n e  1231 
H y d r o x y e t h y la t io n  p e n  ic i Han a te  c e p h a lo s p o =  

r a n a te  2 96 0
H y d r o x y e t h y lh y d r a z in e  c o n d e n s a t io n  g ly c o =  

la ld e h y d e  2 9 0 0
H y d r o x y im id a z o l iu m  h y d r o x id e  a n h y d r o  

m e s o io n ic  1639
H y d r o x y l  r a d ic a l  r e d n  v it a m in  879  
H y d r o x y la m in e  d e r iv  a m in a t io n  p h o s p h o n ^  

o a c e t a t e  3 7 6
H y d r o x y la m in e  d ia c y l  s u c c in im id o  p e p t id e  

c o u p l in g  3 19 9
H y d r o x y la m in e  d ia lk y l  o x id n  p h e n a c y l  

b r o m id e  754
H y d r o x y la m in e  e t h e n y I c y c lo p e n t e n e c a r b o x a =  

ld e h y d e  c y c lo c o n d e n s a t io n  2111  
H y d r o x y la m in e  p iv a lo y l  p e p t id e  d e g r d n  

1 75 0
H y d r o x y la m in e  r e a c t io n  c h r o m o n e  k h e llin  

1356
H y d r o x y la m in e  s y n th e s is  e le c t r o r e d n  n i t r o ^  

b e n z e n e  1836
H y d r o x y la t io n  d e o x y d a u n o m y c in o n e  s t e r e o =  

c h e m  3 65 3
H y d r o x y la t io n  f lu o r o b e n z e n e  m e c h a n is m  

8 3 2
H y d r o x y la t io n  i s o q u in o lin e  a lk a lo id  2 27 4  
H y d r o x y la u d a n o s in e  s y n th e s is  2 27 4  
H y d r o x y m e th y l  p h o s p h o n iu m  c a r b a m a te  

r e a c t io n  4 0 4 0
H y d r o x y m é th y la t io n  p r o p io p h e n o n e  fo r m a l^  

d e h y d e  e q u il  2 7 8 6
H y d r o x y m e th y le n e d e c a lin  c y c liz a t io n  m e t h y =  

le n e d io n e  a m m o n iu m  a c e ta te  2187  
H y d r o x y m e th y lh e x a h y d r o p h e n a n t h r e n e  .

h y d r id e  r e d n  m e c h a n is m  3 3 5 0  
H y d r o x y m e t h y lp r o l in e  s t e r e o c h e m  1000 
H y d r o x v m e th y ls u c c in a n i l id e  c y c liz a t io n  

m e c h a n is m  3 02 9
H y d r o x y n a p h th a le n e  t e t r a h y d r o p y r a n y la t io n

3 7 7 2
H y d r o x y p r e g n e n e d io n e  c y c l i c  b o r a t e  3 0 3 5  
H y d r o x y p r o l in e  3 4 4 0  
H y d r o x y p r o s t e n o ic  a c id  356  
H y d r o x y p y r a z o le  c h lo r in a t io n  3721  
H y d r o x y p y r o n e  c y c lo a d d n  d ie n o p h i le  4 1 7 0  
H y d r o x y s e c o p r e g n a n e d io a t e  la c to n e  3 58 4  
H y d r o x y t e tr a a r y la n t im o n y  th e r m o ly s is  

1399
H y d r o x y t r im e t h y l t r i c y c lo t e t r a d e c e n e  s e s q u i=  

t e r p e n o id  153
H y d r o x y t r y p t a m in e  d e u te r iu m  e x c h a n g e  

k in e t ic s  3 76 9
H y d r o x y v i ta m in  D 3  s y n th e s is  3 59 7  
H y p e r f in e  c o u p l in g  c o n s t  s e m id io n e  63  
H y p e r v a le n t  b o n d  p o la r iz a t io n  s p ir o su lfu r a n e  

4 00 1
H y p o c h lo r o u s  a c id  a lp h a  p in e n e  a d d n  249  
H y p o c h r o m is m  C D  a d e n o s in y la lk a n e  517 
H y p o h a l i te  a le  a d d n  d ih y d r o p y r a n  1057 
H y p o p h o s p h o r o u s  a c id  r e d n  a r y ld ia z o n iu m  

1469
I m id a te  a lip h  h y d r o g e n  s e le n id e  2 64 5  
I m id a z o b e n z o d ia z e p in e  2 2 1 2  
I m id a z o le  1153
I m id a z o le  c y a n o  c y c liz a t io n  1610  
I m id a z o le  d e r iv  s p in  la b e l  1655 
I m id a z o le  d ih y d r o  441 
Im id a z o le  r e a c t io n  is o cy a n a te  3 92 5  
I m id a z o le c a r b o x y l i c  a c id  la c to n e  3 13 2  
I m id a z o l id in e  p h o s p h o n o im in o  4 0 3 5  
I m id a z o l id in e d io n e  1639  
I m id a z o l id in e t h io n e  a cy l 941 
I m id a z o l id in e t h io n e  p r e p n  r e d n  3 70 4  
I m id a z o l id in o n e  4 4 8  3 06 5  
I m id a z o l id o n e  a c y l  941 
I m id a z o l id o n e s  im id a z o l in e s  s y n th e s is  4 28 0  
I m id a z o l in e  8 4 7  
I m id a z o l in e  a c y l  941 
I m id a z o l in e  p h e n a c y lt h io  c y c liz a t io n  72  
Im id a z o l iu m  in n e r  sa lt  c y c lo a d d n  1639  
I m id a z o lo n e  c a r b e t h o x y a m y l  d e u te r iu m  

t r it iu m  3 77 6
I m id a z o iy lb e n z is o x a z o le  p y r o ly s is  1791 
I m id a z o p u r in e  o x o  d ih y d r o  3 2 9 2  
Im id a z o p y r a z in e  b r o m o  s u b s t itu t io n  4197  
I m id a z o p y r id in e  r e a c t io n  a c e t a ld e h y d e  c h I o =  

ra l 3 37 7
I m id a z o q u in a z o lin o n e  1791 
I m id a z o q u in o lin e  a r y lb e n z  h in d e r e d  r o ta t io n

2 0 0 3
I m id a z o t h ia z o l iu m  r in g  c le a v a g e  72  
I m id a z o t h ia z o lo n e  2 59 4  
I m id e  159
I m id e  a l ic y c l ic  c y c l i z a t io n  m e c h a n is m  3 2 1 5  
I m id e  l ith iu m  r e g io s p e c i f ic  a d d n  221 
Im id o y la z ir id in e  p r e p n  r e a r r a n g e m e n t  847  
I m id o y l im in o  p y r id in iu m  y l id e  im id o y l im in o  

443

Im in e  a sy m  p e r a c id  o x id n  3917  
Im in e  c o n f ig u ra t io n  c a r b o n  N M R  2614 
Im in e  f lu o r o  f lu o r id e  e x c h a n g e  4 05 5  
Im in e  h o m o p h t h a lic  a n h y d r id e  c o n d e n s a t io n

m i
Im in e  in d a z o lo in d a z o le  4 13 6  
Im in e  k e to n e  c y c liz a t io n  1919 
Im in e  n itr i le  a lk e n y l c y c lo a d d n  1389 
Im in e  N M R  3 7 0 0  
Im in o  e th a n o p h e n a n th r e n e  1090  
I m in o  e th e r  re a r r a n g e m e n t  2721 
I m in o c y c lo p e n t a n e d it h io c a r b o x y l ic  a c id  

a d d n  p r o p io la te  3 38 3  
I m in o d it h io la n e  1515  
I m in o im id a z o lid in e  p h o s p h o r y la t io n  4 03 5  
I m in o im id a z o lid in o n e  3 06 5  
I m in o p r o p y lp h o s p h o n iu m  b r o m id e  200 
I m in o q u in o lin iu m  d im e r  p h o t o ly s is  1856 
Im in o s u lfo n iu m  sa lt  592  
I m in o t h ia d ia z o le t h io n e  1159 
Im in o th ia z o l iu m  y l id e  c y c lo a d d n  a c e t y le n e d i^  

c a r b o x y la t e  1648
I m in o u re tn a n e  c y c lo a d d n  t e r p in e n e  2486  
Im m u n o l  d i f fe r e n t ia t io n  c h o r io n ic  g o n a d o =  

t r o p in  3341  
In d a c e n e  d ih y d r o  176 
I n d a c e n e  t e t r a h y d r o  t e t ra m e th y l 1967 
In d a n  d im e th y l  1967 
In d a n  m e t h y l  p h e n y l  3477  
I n d a n o n e  a lk y l  p r e p n  3 21 2  
In d a n o n e  d ia z o  p h o t o c h e m  r e a rra n g e m e n t  

1697
I n d a n o n e  m e t h y l  2 5 5 6  
In d a n y lp h e n o th ia z in e  p e r c h lo ra te  s u b s t itu a  

t io n  1833  
I n d a z o le  n it r o  897  
I n d a z o lo in d a z o le d iim in e  4 13 6  
I n d e n e  a n isy l m e t h o x y  m e th y l 2 42 3  
I n d e n e  f lu o r in a t io n  1559 
I n d e n e  p h o t o c h e m  r e a c t io n  o x a d ia z o le  1496 
I n d e n e a c e t ic  a c id  b e n z y l id e n e  1914 
I n d e n o n e  k e ta l d ie n o p h i le  b u ta d ie n e  2 15 5  
In d e n o o x a d ia z e p in e  1496  
I n d e n o q u in o lin o n e  c h lo r o e t h y l  2 97 7  
I n d o le  435
I n d o le  a lk a lo id  p r e p n  2039  
I n d o le  a lk y l  o x id n  1213  
I n d o le  c y c lo a d d n  d ia z o a c e ta te  3 94 5  
I n d o le  F is c h e r  r e a r r a n g e m e n t  e l im in a t io n  

1878
I n d o le  n it r o v in y l  1784 
I n d o le c a r b o x a m id e  1883 
I n d o le c a r b o x y la t e  d ih y d r o x y  4 15 3  
I n d o le d io n e  1344 
I n d o le k e t e n e  a m in e  a d d n  1883 
In d o l in e  h y d r o g e n  d o n o r  h y d r o g e n a t io n  431  
I n d o l iu m  2 19 5  
I n d o l iz in e  te t ra h y d r o  909  
In d o lo n a p h th y r id in e  1725 
I n d o lo n e  m e th y le n e d io x y p h e n y l  c y c liz a t io n  

4 27 2
I n d o lo p y r a z in e  d i  948  
I n d u c t io n  a s y m m e tr ic  o le f in  c y c liz a t io n  

3 19 6
In d u c t iv e  e f fe c t  a m in e  b a s ic it y  916  
I n it ia t io n  c a t io n ic  p o ly m n  m o d e l  6 9 0  
I n n e r  sa lt  h e t e r o c y c liu m  h y d r o x id e  1633  
I n o s ito l  a c e t o x y m e t h y l  3 5 6 2  
In s e r t io n  d ip h e n y l  d is u l f id e  y lid e  1768 
In s e r t io n  in tra m o l a r y ls u lfo n y ln it re n e  c y c l i c  

z a t io n  2 9 2 0
In s e r t io n  in tra m o l b ia r y lsu lfo n y ln itr e n e  

c y c liz a t io n  2914
In s e r t io n  r e a c t io n  k e t o n e  h o m o lo g a t io n  459  
In t e r n u c le o s id e  c a r b a m a te  s ta b i li ty  h y d r o ly =  

s is  703
In tr a m o l c y c lo a d d n  im in e  a lk e n y l 1389 
I n tr a m o l c y c lo a lk y la t io n  c y c lo p e n t y lp r o p y l=  

h y d r o q u in o n e  3 44 4
I n tr a m o le c u la r  m o n o p h e n o l  o x id a t iv e  e o u =  

p l in g  4 27 9
In v e rs io n  c o n f ig u r a t io n  b e n z y l  t o s y la te  

3101
In v e r s io n  cu n e a l b a rr ie r  s p ir o su lfu r a n e  

4 00 6
I n v e r s io n  d e u t e r a t e d  p r im a ry  a le  767 
Io d id e  m e th y ls i ly l  d e a lk y la t io n  e th e r  3761 
Io d id e  p e r f lu o r o a lk y le t h y l  s u b s t itu t io n  r e a c ^  

t io n  2 68 0
I o d id e  p o iy f lu o r o a lk y l  1985 
I o d in a t io n  h y d r o x y a n d r o s t a n e d io n e  482  
I o d in a t io n  n it r o p a r a ff in  3 76 4  
Io d in e  a b s tr a c t io n  io d o b e n z e n e  n it ro p h e n y l 

7
I o d in e  a s s o c n  c o n s t  o r g  d o n o r  3 5 9  
Io d in e  d e h y d r o g e n a t io n  o rg  c o m p d  1 
I o d in e  m o n o c h lo r id e  c o m p le x  s u l fo x id e  

2010
I o d o b e n z e n e  c o u p l in g  p r o p y n y lc o p p e r  2 62 6  
I o d o b e n z e n e  io d in e  a b s tr a c t io n  n it ro p h e n y l 

7
I o d o m e t h y l  a lk y l k e to n e  4 26 8

Io d o s o b e n z e n e  d ic h lo r id e  r e a c t io n  to s y la te  
1476

I o d o x y le n e  n itra tio n  4 04 9  
Io n  c a r b in y l  s u b s t itu e n t  N M R  2666 
Io n  p a ir  a c e t y la c e to n e  e th y la m in e  2 54 9  
Io n  p a ir  n o r b o r n a d ie n y lc y c lo p e n t a d ie n y l  

c h lo r o n o r b o r n a d ie n e  176 
Io n  r a d ic a l  a s p h a lte n e  d e g r d n  312  
Io n  r a d ic a ls  m e th y l p h e n y lp h e n o th ia z in e  

4 27 9
Io n  t r ic y c l ic  2 65 9  
I o n iz a t io n  a lk a lo id  a q  s o in  225 
I o n iz a t io n  c o n s t  h e x a f lu o r o a c e t o n e  h y d r a te  

1979
I o n iz a t io n  e th a n o a n th r a c e n e c a r b o x y l ic  a c id  

534
I o n iz a t io n  h a lo a r y la z o  a lk y l e th e r  2 45 4  
Io n iz a t io n  m e t h y lp t e r id in e  2951  
I o n iz a t io n  p o te n t ia l  a z o  o x id e  6 0 9  614 
I R  c y c l i c  s u l fo x id e  c o n fo r m a t io n  2010  
I R  c y c lo p h o s p h a m id e  c o n f ig u r a t io n  1 65 0  
I R  d io x a p h o s p h o r in a n e  c o n fo r m a t io n  1549  
I R  s p e c tr a  c o m p u t e r  p r o g r a m  1761 
I R  s ta b le  h e p ta m e th in e  p y r y liu m  d y e  885  
I R  th ia c y c lo h e x a n e d io n e  o x a c y c lo h e x a n e ^  

d io n e  1163
Ir id iu m  c o m p le x  is o m e r iz a t io n  c a ta ly s t  

2386
Ir o n  c a r b o n y l  d e s u lfu r iz a t io n  a g e n t  3522  
Iro n  c y c lo o c t a t e t r a e n e  p r o t o n a t io n  N M R  

4262
Ir ra d n  a z e p in o n e  2966 
Irra d n  c y c lo s e c o e s t r a d ie n o n e  102 
Ir ra d n  d ia z o q u in o l in o n e  1883  
I sa t in  c a r b o n  13 N M R  1344 
I s a t in a c e t ic  a c id  c y c lo a d d n  a c e ty l  en  e d ic a r b ^  

o x y la te  559 
Isa tin s  s y n th e s is  4 2 8 0  
Is la n d ic in  p r e p n  2371 
I s o b a c c h a r in  m o l s tru c tu re  4221  
I s o b a c c h a r in o l  m o l  s t r u c tu re  4221  
I s o b e n z o fu r a n  is o in d o ly l  4 2 1 7  
I s o b u ty la lu m in u m  a c e ty le n e  d im e r iz a t io n  

914
I s o b u ty r a ld é h y d e  d ia m in e  r e a c t io n  m e c h a n ^  

ism  1972
I s o b u ty r o n itr i le  c a r b o m e t h o x y h y d r a z in o  

2001
I s o c h a m a n e t in  U v a r ia  1295  
I s o c h r o m a n o n e  e le c t r o c h e m  o x id n  1090  
I s o c h r o m a n o n e  th e rm a l d e c o m p n  2 98 9  
Is o c o u m a r in  1329
Is o c o u m a r in  p r e p n  R e fo r m a t s k ii  r e a c t io n  

4 15 5
Is o c y a n a te  a d d n  y n a m in e  k in e t ic s  4 26 1  
I s o c y a n a te  p h o t o r e a c t io n  a le  k in e t ic s  1428  
I s o c y a n a te  p h o t o r e a c t io n  fe r r o c e n e  a le  1428  
I s o c y a n a te  r e a c t io n  im id a z o le  3 92 5  
I s o c y a n a tio n  e le c t r o c h e m  c y c io h e x e n e  2313  
I s o c y a n a to a lk a n o a te  U g i r e a c t io n  p e p t id e  

2019
I s o c y a n id e  a z o b e n z e n e  c y c lo a d d n  4 1 3 6  
I s o c y a n id e  t o s y lm e t h y l  c y c lo a d d n  a ld im in e  

1153
Is o c y a n id e  to s y lm e th y l  k e t o n e  r e a c t io n  

3114
I s o d e h y d r o v a l in e  1239  
I s o d u r e n e  c e r ic  o x id n  m e c h a n is m  3 68 2  
I s o h a r r in g to n in e  in te rm e d ia te  - 4 1 6 2  
I s o h e x y lm a lo n a te  d ia lk y l  d e c a r b a lk o x y la t io n  

c a ta ly s t  2631 
I s o in d o le  a lk y la t io n  894  
I s o in d o lin e  b is a r y lim in o  1872  
I s o in d o lo b e n z a z e p in e  B a e y e r  V il lig e r  r e a c t io n  

1093
I s o in d o lo n e  4 2 1 7
Is o m e r  c y c lo a lk e n e c a r b o x y lic  a c id  3 89 2  
Is o m e r is m  c a r b in o l  t o ly lb u t y l  3 39 4  
I s o m e r iz a t io n  a m in o p h e n o l  d ia c y l  652  
I s o m e r iz a t io n  a z e p in o n e  b e n z o fu r a n o a z e p i=  

n o n e  2 96 6
I s o m e r iz a t io n  b e n z y l id e n y l id e n e a c e t ic  a c id  

1914
I s o m e r iz a t io n  b ic y c lo b u ta n e  ch ira l  c a ta ly s t  

3 78 5
I s o m e r iz a t io n  b ir d c a g e  c o m p d  m e ch a n is m

270
I s o m e r iz a t io n  c a ta ly s t  ir id iu m  c o m p le x  

2 38 6
I s o m e r iz a t io n  c y c lo b u t a n e d i im in e  3 70 0  
I s o m e r iz a t io n  d ia lly l  e th e r  3 36 0  
I s o m e r iz a t io n  d io x a b ic y c lo h e p te n e  1089  
I s o m e r iz a t io n  e t h y l id e n e c y c lo h e x a n o n e  an il 

p h o t o c h e m  2 79 4
I s o m e r iz a t io n  fre e  e n e rg y  p e r h y d r o t r ip ty c e n e  

2 39 9
I s o m e r iz a t io n  h e t e r o fu lv e n e  2 73 4  
I s o m e r iz a t io n  h o m o p o r p h y r in  n ic k e l  1567 
I s o m e r iz a t io n  m e th y lc y c lo h e x e n o n e  k in e t ic s  

m e c h a n is m  2 08 8
I s o m e r iz a t io n  p e n t a c y c lo u n d e c a n e  3 8 5 2  
I s o m e r iz a t io n  p h o t o c h e m  e p o x y  k e to n e  

3 63 5
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Is o m e r iz a t io n  p h o t o c h e m  n a p h t h o b ic y c lo =  
h e p ta d ie n e  92

Is o m e r iz a t io n  p h o t o c h e m  o x a b e n z o b ic y c lo =  
h e p ta d ie n e  c a r b o m e t h o x y  2 37 4  

I s o m e r iz a t io n  p r o p a r g y l  a le  es te r  1804 
Is o m e r iz a t io n  s p ir o su lfu r a n e  k in e t ic s  4006  
Is o m e r iz a t io n  v in y l e th e r  th e r m o d n  1443  
I s o n e o p in e  4277
I s o n ic o t in y lo x y c a r b o n y l  p r o t e c t io n  a m in o  

ly s in e  3 2 8 6
I s o o v a t o d io lid e  c ry s ta l s tru c tu re  3824  
I s o p e lle t ie r in e  b ip h e n y lc a r b o x a ld e h y d e  c o n =  

d e n s a t io n  228
I s o p h o r o n e  t r im e r  s t r u c tu re  1600  
I s o p ic r o p o d o p h y l l in  p r e p n  246  
I s o p in o c a m p h e y lb ic y c lo n o n y l  h y d r id e  k e to n e  

re d n  2 53 4
I s o p in o c a m p h e y lb o r a n e  a sy m  r e d n  k e to n e  

2996
I s o p o d o p h y l lo t o x in  p r e p n  246  
I s o p o d o p h y l lo t o x o n e  p r e p n  246  
I s o p r e n e  c y c lo a d d n  b e n z e n e  ca ta ly s t  1967 
I s o p r e n e  n it r o a c e to x y la t io n  2 9 3 9  
I s o p r o p y l  c h lo r id e  re d n  a lk a n e  3046  
I s o p r o p y l  e s te r  p y r o ly s is  k in e t ic s  44 
I s o p r o p y lc a r b o a iim id e  r e a c t io n  h a lo a cy l 

c h lo r id e  3 22 0
I s o p r o p y l id e n e a lk a n o l id e  3 99 4  
I s o p r o p y l id e n e c a r b e n e  c y c lo a d d n  a lk e n e  

re a c t iv ity  1802
I s o p r o p y ln o r e a m p h o r  p h o t o ly s is  1327 
I s o q u in o lin e  4 3 5  1 32 9  3 2 0 8  
I s o q u in o l in e  a lk a lo id  h y d r o x y la t io n  2274  
I s o q u in o lin e  a lk a lo id  s y n th e s is  1117 
I s o q u in o l in e  b e n z y l  M a n n ic h  c y c liz a t io n  

3 19 0
Is o q u in o lin e  b e n z y l  m a ss  s p e c tr a  744 
I s o q u in o l in e  c y a n o p h e n y l  4 2 1 7  
I s o q u in o l in e  d e c a h y d r o  m e th o x y p h e n o l  

c o n f ig u ra t io n  1485  
I s o q u in o l in e  d ih y d r o  47 
I s o q u in o l in e  s p ir o b e n z y l  3 0 4 0  
I s o q u in o l in e  t e t r a h y d r o  2 74 2  
I s o q u in o l in e c a r b o x a ld e h y d e  b e n z y lid e n e  

p h o t o c y c l iz a t io n  1117 
I s o q u in o lin iu m  2 19 5  
I s o q u in o lo n e  o x id n  1090 
I s o q u in u c l id in e  2 48 6  
I s o r e tr o n e c a n o l  s y n th e s is  1225  
I s o t e tr a h y d r o a n e m o n in  p r e p n  c ry s ta l  s t r u c t  

tu re  1703
Is o t h io c y a n a t e  re a c t io n  b e n z y l  a z id e  1159  
I s o th io c y a n a te  th ie n y l r e a c t io n  1508  
I s o t h io c y a n a t o  th io cy a n a te  c y c liz a t io n  1517 
I s o t h io c y a n a t o  t h io c y a n a t o  h e x a n e  c o n f o r m a l  

t io n  1520
I s o t o p e  e f fe c t  h y d r o ly s is  e s te r  8 5 6  
I s o t o p e  e f fe c t  h y d r o ly s is  p h e n y lb e n z o d ia z a =  

b o r o le  3 5 4 5
I s o t o p e  e f fe c t  n it ra t io n  d e u t e r io to lu e n e  

2 8 7 5
Is o t o p e  e f fe c t  p y r o ly s is  T N T  4201 
Iso u re a  a c y l  c y c l iz a t io n  3 2 2 0  
Iso u re a  m e t h y ld iis o p r o p y l  a m in e  139 
I s o x a z o le  v s  o x im e  p r e p n  1356  
I s o x a z o lo p y r id in iu m  b r o m id e  1364 
Iv a n g u lin  t o t a l  s y n th e s is  4 11 3  
J a s m o n a te  e s te r  d e h y d r o  2 32 4  
J a s m o n e  2 36 2
J a s m o n ic  a c id  m e th y l e s te r  3 47 3  
J o n e s  o x id n  a z a b ic y c lo t r id e c a n o l  3 2 1 0  
K e ta l  c y c lo p r o p e n o n e  a le  r e a c t io n  6 7 9  
K e ta l  h y d r o x y  re a r r a n g e m e n t  4231 
K e ta l  in d e n o n e  d ie n o p h i le  b u ta d ie n e  2 15 5  
K e te n e  a ce ta l c y c lo a d d n  c a r b o n y l  3 1 2 8  
K e te n e  c y c lo a d d n  im id o y la z ir id in e  847 
K e te n e  c y c lo h e x y l  c y c lo p e n t y l  2111 
K e te n e  t h io a c e ta l  o x o d e c a n o a te  p r o s ta g la n =  

d in  175
K e t e n e  t r im e th y ls ily l  2 0 3 8  
K e te n e  t r im e th y ls ily lm e th y l c y c lo a d d n  732  
K e te n im in e  p r e p n  k in e t ic s  m e c h a n is m  4261 
K e te n im in e  r e a c t io n  o x a z ir id in e  448  
K e t im in e  c o n d e n s a t io n  h o m o p h t h a li c  a n h y ^  

d r id e  1111
K e t o  e s te r  a sy m  re d n  1671 
K e t o  su g a r  d e r iv s  k e to n e s  r e d n  d e u te r iu m  

4 2 7 9
K e t o  su g a r  sy n th e s is  3 56 2  
K e to c a n n a b in o id  p r e p n  2 2 7 7  
K e to e s t e r  u n s a td  re a c t io n  a m in o c y c lo h e x e 0  

n o n e  1919
K e to l  o x id n  c le a v a g e  m e c h a n is m  4061 
K e to n e  171
K e to n e  a c e t y le n ic  2 3 8 0  
K e to n e  a lip h  a ro m  1194 
K e to n e  a lip h  b r o m in a t io n  3 52 7  
K e to n e  a m in o  o x id n  c le a v a g e  4061 
K e to n e  a sy m  h y d r id e  re d n  1578  
K e to n e  a sy m  re d n  d iis o p in o c a m p h e y lb o r a n e  

2996
K e to n e  b is p y r id y l  r e d n  564

K e to n e  b r o m o  C h ic h ib a b in  m e th y lp y r im id in e  
2 44 8

K e to n e  c o n d e n s a t io n  h y d r o g e n  s e le n id e  

2510
K e to n e  c o n ju g a t e d  se le c t iv e  re d n  1197 
K e to n e  c y c l i c  r e d n  s te r e o ch e m  920  
K e to n e  c y c lo a d d n  k e te n e  a ce ta l 3 12 8  
K e to n e  c y c lo h e x y l  c y c lo a lk y l  1189  
K e to n e  c y c lo p r o p y l  a m in o m e th y l r e a rra n g e ^  

m e n t  3 60 5
K e to n e  c y c lo p r o p y l  c le a v a g e  a m in e  8 5 0  
K e to n e  d ia z o  u n sa td  c y c liz a t io n  396  
K e t o n e  d ia z o m e t h y l  a lk y l 3757  
K e to n e  e n o la te  a ry l b r o m id e  s u b s t itu t io n  

1481
K e to n e  e n o la te  h a lo b e n z e n e  s u b s t itu t io n  

1457
K e to n e  e p o x id e  2 07 7  
K e to n e  e p o x y  u n sa td  p h o to is o m e r iz a t io n  

3 6 3 5
K e to n e  f lu o r o  f lu o r id e  e x c h a n g e  4 0 5 5  
K e to n e  h o m o lo g a t io n  d ia z o a c e ta te  4 5 9  
K e t o n e  h o m o lo g a t io n  k in e t ic s  m e ch a n ism  

466
K e to n e  h y d r a z o n e  m e t h io d id e  N e b e r  r e a c t io n  

2514
K e to n e  h y d r a z o n e  re d n  k in e t ic s  1081 
K e to n e  im id a z o p y r id in y l  3 37 7  
K e to n e  im in e  c y c liz a t io n  1919 
K e to n e  io d o m e th y l  a lk y l 4 2 6 8  
K e to n e  k e ta l p y r id y l  m e ta la tio n  3 52 4  
K e to n e  m e r c a p t o  c y c liz a t io n  c h lo r o a c r y lo n i^  

tr ile  2 12 3
K e to n e  m e th y l b r o m o a lk y l  1709  
K e to n e  m e th y l t r ic y c lo o c t a n y l  s o lv o ly s is  

4 0 9
K e to n e  n u c le o p h i l ic  a lk y la t io n  2 53 7  
K e to n e  p h e n o th ia z in e  ca t io n  ra d ic a l  1833 
K e to n e  p o d o c a r p a n e  c h ira lity  4 2 5 6  
K e to n e  p o ly c y c l i c  a sy m  p h o t o ly s is  4 2 7 0  
K e to n e  p y r a z o ly l  3691 
K e to n e  p y r id y l  2481 
K e to n e  re a rra n g e m e n t  e p o x id e  2 29 9  
K e to n e  re d n  a sy m  in d u c t io n  2 53 4  
K e t o n e  r e d n  b o r o h y d r id e  m e c h a n is m  1108 
K e to n e  re d n  c o u p l in g  e le c t r o c h e m  2 56 0  
K e to n e  re d n  c y a n a t io n  3114  
K e to n e  re d n  h y d r o x y b o r o h y d r id e  io n  3 9 6 3  
K e to n e  re d n  s te r e o ch e m  1922 
K e t o n e  s e s q u ite rp e n e  G n id ia  3 4 8  
K e to n e  s i ly l  1773
K e to n e  t o ly ll ith iu m  s te r e o ch e m  a d d n  3 39 4  
K e to n e  to s y lh y d r a z o n e  s te r e o ch e m  3 2 0 5  
K e to n e  u n sa td  3 36 0  
K e t o n e  u n sa td  p r o t o n a t io n  2 1 6 8  
K e to n e  u n sa td  r e a c t io n  2474  
K e to n e  u n sa td  r e d u c t iv e  a m in a t io n  6 5 0  
K e to n e  u rea  p h o t o ly s is  k in e t ic s  2 37 8  
K e to n e  v in y l  b e ta  a lk y la t io n  1349  
K e to n e  v in y l h y d r o x y  re a r r a n g e m e n t  3787  
K e to n e  W itt ig  r e a c t io n  s i ly lp h o s p h o n iu m  

3 10 4
K e to n e s  re d n  d e u te r iu m  k e to  s u g a r  d e r iv s  

4279
K h e ll in  re a c t io n  h y d r o x y la m in e  1356  
K h u s im o n e  sy n th e s is  3 32 3  
K ik e m a n in e  3 5 8 8
K in a se  c r e a t in e  p h o s p h o r y la t io n  4 16 5  
K in e t ic  c o n t r o l  h e x e n o p y r a n o s id e  h y d r o g e n  

c y a n id e  1746
K in e t ic s  a c e to ly s is  t e t r a c y c lo u n d e c a d ie n y l  

t o s y la te  1728
K in e t ic s  a m in o ly s is  a c e ta te  2494  
K in e t ic s  a m m o n iu m  d e c o m p n  m e th o x id e  

2201.
K in e t ic s  a r y lo x ir a n e  r in g  c le a v a g e  4 06 7  
K in e t ic s  b e n z a ld e h y d e  h y d r a z o n e  n it r o s o =  

b e n z e n e  3 05 7
K in e t ic s  b r o m in a t io n  a lk e n e  a lk y n e  2021 
K in e t ic s  b r o m in a t io n  p y r im id in o n e  h y d r a te  

3 6 7 0
K in e t ic s  c a r b o n y l  a d d n  T a f t  3 53 5  
K in e t ic s  c r o ty lt h io im id a z o l in e  a ce ty l  r e a r =  

r a n g e m e n t  2 33 9
K in e t ic s  d e c o m p n  d ith io ly l  d it h io c a r b a m a te  

1543
K in e t ic s  d e u te r iu m  e x c h a n g e  tr y p ta m in e  

3 76 9
K in e t ic s  d ia z o m e th a n e  p h e n o l 3 9 7 9  
K in e t ic s  e x c h a n g e  th io l  d is u l f id e  332  
K in e t ic s  h a lo a lk a n e  l it h io a n th r a c e n e  s t e r e o =  

c h e m  4 0 5 8
K in e t ic s  h y d r o ly s is  a c e t o x y s t y r e n e  2499  
K in e t ic s  h y d r o ly s is  a c e ty l im id a z o l iu m  io n  

2459
K in e t ic s  h y d r o ly s is  p s e u d o  e s te r  2697  
K in e t ic s  h y d r o ly s is  s u l fo n a m id e  a m id e  2 4 6 2  
K in e t ic s  h y d r o ly s is  t r ic y c lo h e p t y l  e s te r  363  
K in e t ic s  is o b u ty r a ld é h y d e  d ia m in e  re a c t io n  

1972
K in e t ic s  is o m e r iz a t io n  h e te r o fu lv e n e  2 73 4  
K in e t ic s  is o m e r iz a t io n  m e t h y lc y c lo h e x e n o n e  

2088

K in e t ic s  is o m e r iz a t io n  t o ly lb u ty lc a r b in o l  
3 3 9 4

K in e t i c s  m e c h a n is m  h o m o lo g a t io n  k e to n e  
466

K in e t ic s  m e ch a n is m  n u c le o p h i l ic  s u b s t itu t io n  
1449

K in e t ic s  m e th y la t io n  s ty r e n e  2 8 7 0  
K in e t ic s  M e y e r  S c h u s t e r  r e a r r a n g e m e n t

3 4 0 3
K in e t ic s  n it ra t io n  b e n z e n e  h a lo b e n z e n e  

2511
K in e t ic s  o r g  c o r re la t io n  3531 
K in e t ic s  o rg  t r a n s fe r  h y d r o g e n o ly s is  2 3 0 9  
K in e t ic s  o x id n  a lk e n e  m e c h a n is m  6 8 5  
K in e t ic s  o x id n  b e n z i l ic  a c id  2 0 6 3  2 06 9  
K in e t ic s  o x id n  c y c lo h e x a n o l  b e n z a ld e h y d e  

8 2 6
K in e t ic s  p e n t a c h lo r o a z a c y c lo p e n t a d ie n e  

D ie ls  A ld e r  1375
K in e t ic s  p h o s p h o n a t e  a d d n  c h lo r o a c e t o n e  

4 7 2
K in e t ic s  p h o t o ly s is  u re a  k e to n e  2 3 7 8  
K in e t ic s  p y r o ly s is  is o p r o p y l  e s te r  44 
K in e t ic s  p y r o ly s is  T N T  4201 
K in e t ic s  r e a c t io n  b u ty l  h y d r o p e r o x id e  3 97 0  
K in e t ic s  r e a c t io n  T N T  a m in e  1261 
K in e t ic s  r e a r r a n g e m e n t  a lk y lp y r id in iu m  

d im e r  9 8 8
K in e t ic s  r e a r r a n g e m e n t  p h e n y ld ic h lo r o p r o ^  

p a n o l  4 0 5 2
K in e t ic s  r e a r r a n g e m e n t  t h ia a lly l ic  2 85 5  
K in e t ic s  r e d n  b e n z o p h e n o n e  3 4 5 4  
K in e t ic s  r e d n  th ia m in  8 7 9  
K in e t ic s  r e d o x  q u in h y d r o n e  4071 
K in e t ic s  s a p o n  a ry l m e t h y la c e ta te  3 67 7  
K in e t ic s  s o lv o ly s is  a r y le t h y n y lc y c lo p r o p y l  

to s y la te  28
K in e t ic s  s o lv o ly s is  b e n z o n o r b o r n e n y l  1145  
K in e t ic s  s o lv o ly s is  t r ic y c l ic  e s te r  2 6 5 9  
K in e t ic s  t h e r m o ly s is  c a r b o x y l ic  c a r b o n ic  

a n h y d r id e  3 68 6
K in e t ic s  th e r m o ly s is  o x a t h ia d ia z o le  3 3 7 2  
K in e t ic s  th e r m o ly s is  p h e n y lm e t h y l  d is e le n id e  

2491
K in e t ic s  t h ia n th r e n e  c a t io n  ra d ic a l  9 7 6  
K in e t ic s  W o l f f  K is h n e r  h y d r a z o n e  1081 
K ir k w o o d  W e s t h e im e r  f ie ld  m o d e l 534  
K n o r r  P a a l c y c liz a t io n  o x o c y c lo p h a n e  1379  
K o j i c  a c id  c y c lo a d d n  a c r y lo n it r i le  3 97 6  
K o j i c  a c id  m e t h y la t io n  2 0 3 0  
L a b d a d ie n o l  c y c liz a t io n  806  
L a b d a d ie n o l  o x id a t iv e  re a r r a n g e m e n t  8 1 3  
L a b d a tr ie n e  e p o x y  1900 
L a b e le d  c a r b o n  s o d iu m  fo rm a te  2 7 9 0  
L a b e lin g  a m in o  a c id  2 3 2 9  
L a c ta m  b e ta  n it r o m e t h y l  3 9 7 2  
L a c ta m  h y d r o x y e t h y l  1467 
L a c ta m  re d n  2 08 2  
L a c ta m  s u l fe n y la t io n  3 23 6  
L a c fa m  sy n th e s is  M ic h a e l  a d d n  3 1 6 2  
L a c ta te  e s te r  a lk y la t io n  2 94 8  
L a c t ic  a c id  p r e p n  2 79 7  
L a c t im  a c y la t io n  1808 
L a c t o n e  a lip h  m e th y le n a t io n  1 18 0  
L a c t o n e  a n e m o n in  t y p e  1703 
L a c t o n e  c o n f ig u r a t io n  N M R  384  
L a c t o n e  e n a n t io m e r ic  p u r ity  d e t n  3 2 0 6  
L a c t o n e  h y d r o x y s e c o p r e g n a n e d io a t e  3584  
L a c t o n e  im id a z o le c a r b o x y l ic  a c id  3 13 2  
L a c t o n e  m a c r o c y c l i c  4 2 1 3  
L a c t o n e  o p t ic a l  p u r ity  s o lv a t io n  1370  
L a c t o n e  p e r o x y  m a ss  s p e c tr a  537 
L a c t o n e  p r e p n  p e r h y d r in d a n c a r b o x y lic  

3 78 0
L a c t o n e  p y r o ly s is  m e c h a n is m  3 8 9 5  
L a c t o n e  re a c t io n  a m in o p r o p a n o l  1467 
L a c t o n e  r e d u c t iv e  p h e n y la t io n  4 2 6 6  
L a c t o n e  s e s q u ite rp e n e  E u p a to r iu m  2 26 4  
L a c t o n iz a t io n  h y d r o x y  a c id  1470  
L a c t o n iz a t io n  h y d r o x y m e t h y ls u c c in a n i l id e  

m e c h a n is m  3 02 9
L a c t o n iz a t io n  t r ic y c lo n o n e n e d ic a r b o x y l ic  

a c id  1103
L a n th a n id e  N M R  a m m o n iu m  io d id e  2 33 7  
L a u r e n c ia  m e t a b o l it e  3 3 4 3  
L a u r e n c ia  s e lin e n o l  b r o m o  2 5 1 8  
L a u r o le n ic  a c id  527
L e a d  b e n z o a te  s i ly lo x y d ie n e  r e a c t io n  1051 
L e u c y la d e n o s in y le t h a n e  7 0 6  
L e u k e m ia  c o n t r o l  m a y ta n b u ta c in e  M a y te n u s  

2 3 4 9
L e v a m is o le  a n a lo g  2 5 9 4  
L e w is  a n t ig in ic  d e te r m in a n t  sy n th e s is  7 2 0  
L F E R  a n ilin e  t o lu e n e  a c id it y  1817 
L F E R  a n n u le n e  r e s o n a n c e  N M R  1669 
L F E R  d e h a lo g e n a t io n  h a lo p y r id y lm e t h y l  

s u l fo n e  2 6 7 6
L F E R  d e u te r iu m  e x c h a n g e  tr y p ta m in e

3 76 9
L F E R  is o m e r iz a t io n  t o ly lb u ty lc a r b in o l  3 39 4  
L F E R  M e y e r  S c h u s te r  re a rra n g e m e n t  3 4 0 3  
L F E R  ta u to m e r is m  o x a lo a c e t a t e  4 0 7 6
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L F E R  th e r m o ly s is  h y d r a z in e  d ia c y ld ia lk o x y
3 09 6

L ig a n d  m a c r o c y c l i c  p o ly e t h e r  d i la c t o n e
3 93 7

L in e a r  fr e e  e n e r g y  re la t io n  916  
L in e a r  fr e e  e n e r g y  r e la t io n s h ip  3 0 9 6  
L in e a r  fr e e  e n e r g y  t o lu e n e  a c id it y  1817  
L ip ic  a c id  c a r b o n  13 N M R  3941 
L ip id  p h o s p h o  2 26 0  
L ip o d ip e p t id e  L y n g b y a  2 81 5  
L ir io d e n a r o n  s e s q u it e r p e n e  la c to n e  3 61 4  
L it h ia t io n  a r y la c e t ic  a c id  3 8  
L it h ia t io n  o r t h o  b e n z a m id e  1823  
L i t h ia t io n  t h ie n y lo x a z o lin e  2 6 4 9  
L i t h io  d e r iv  m e t h y lb u t e n o a t e  a lk y la t io n  

2 6 0
L it h io a m id e  s u b s t itu t io n  m e t h o x y  g r o u p

2 6 5 3
L it h io a n t h r a c e n e  h a lo a lk a n e  k in e t ic s  s t e r e o =  

c h e m  4 0 5 8
L i t h io d im e t h y la c e t a m id e  1688  
L it h io th io p h e n e  c o n d e n s a t io n  b e n z a ld e h y d e  

2 6 4 9
L it h iu m  a lk y l  a d d n  k e t o n e  2 38 0  
L it h iu m  a l ly lic  r e a g e n t  3 1 0 4  
L it h iu m  a lu m in u m  h y d r id e  c o m p le x  ch ira l 

2 07 3
L it h iu m  a lu m in u m  h y d r id e  re d n  a c y lg u a n i=  

d in e  3 6 0 8
L it h iu m  a m m o n ia  r e d n  k e t o  s t e r o id  3811 
L it h iu m  b e n z h y d r o la t e  r e d u c in g  a g e n t  3 4 5 4  
L it h iu m  d ip h e n y lm e t h y l  r e a c t io n  a lk y l h a lid e  

4 0 5 8
L it h iu m  e n o la t e  a lk y la t io n  k in e t ic s  2 62 9  
L it h iu m  e n o la t e  s e l f  c o n d e n s a t io n  2 0 3 8  
L it h iu m  e x c h a n g e  d ib r o m o p y r id in e  257  
L it h iu m  im id e  r e g io s p e c i f ic  a d d n  221 
L ith iu m  m e t h o x y a lu m in u m  h y d r id e  c o m p le x  

3 1 8 0
L it h iu m  m é t h y la t io n  s ty r e n e  2 87 0  
L it h iu m  m e t h y lc u p r a t e  h a l id e  r e a c t io n  

2 80 5
L it h iu m  n e o p e n ty la l ly l  e p o x id e  r e a c t io n  

6 9 4
L it h iu m  o r g a n o  b o r o n a t e  r e a c t io n  4 0 8 8  
L it h iu m  t r ie t h y lb o r o h y d r id e  h y d r o b o r a t io n  

s t y r e n e  1482
L o n g  r a n g e  s p l it t in g  s e m id io n e  63 
L o s s e n  r e a r r a n g e m e n t  p iv a lo y lh y d r o x a m a t e  

1750
L u p a n e  h e m ik e ta l  B u rs e r a  1627 
L y c o r a n e  to ta l  s y n th e s is  4 2 7 2  
L y n g b y a  m a ju s c u la m id e  A  B  2 81 5  
L y s in e  a m in o  p r o t e c t io n  i s o n ic o t in y lo x y c a r =  

b o n y l  3 28 6
L y t h r a c e a  a lk a lo id  s y n th e s is  2 2 8  
M a c r o c y c le  b in a p h th y l  c o m p le x a t io n  4 17 3  
M a c r o c y c le  p o ly e t h e r  d i la c t o n e  3937  
M a c r o c y c l i c  b e n z o b is d e h y d r o a n n u le n e  1960  
M a c r o c y c l i c  d i t e r p e n o id  A n is o m e le s  3 82 4  
M a c r o c y c l i c  e th e r  a r o m  3 73 3  
M a c r o c y c l i c  e t h e r  h e t e r o  1500  
M a c r o l id e  M a y te n u s  2 3 4 9  
M a c r o l id e  p o ly e t h e r  3 93 7  
M a g ic  a c id  r e a r r a n g e m e n t  3 2  
M a g n e s iu m  a lk y l  a ry l 3 4 8 0  
M a g n e t ic  e q u iv a le n c e  b e n z a m id e  d ia lk y l  

2 24 4
M a ju s c u la m id e  A  B  L y n g b y a  s t r u c tu re  

2 8 1 5
M a la c h it e  g re e n  e q u i l  s u lfit e  3 97 8  
M a le a te  c u m v l  e t h o x y a m in o  c y c liz a t io n  296  
M a le ic  a n h y d r id e  a d d u c t  a c e t a m id o a n t h r a c =  

e n e  s t r u c tu r e  3 73 6
M a le ic  a n h y d r id e  e p o x y  d ip h e n y l  p h o t o ly s is  

180
M a le ic  e p o x id n  k in e t ic s  1590  
M a le im id e  d ip h e n y l  m a le im id e  2821 
M a lo n a t e  c o n ju g a t e d  n o n e n o n e  c y c lo a d d n  

3 4 5 6
M a lo n a t e  i s o h e x y l  d ia lk y l  d e c a r b a lk o x y la t io n

2631
M a lo n o n it r i le  b e n z y l id e n e  s u b s t itu e n t  c o n s t  

381
M a n d e la t e  e s te r  a lk y la t io n  2 94 8
M a n d e l ic  a c id  p r e p n  2 79 7
M a n g a n e s e  p e n t a c y a n o b u t a d ie n y l  c o m p le x

2 33 5
M a n n ic h  c y c liz a t io n  b e n z y l is o q u in o lin e  

3 1 9 0
M a n n ic h  r e a c t io n  p r o p a r g y l  a le  2637  
M a n n o fu r a n o s e  b o r a n e d iy l  3151  
M a n n o s e  d e o x y f lu o r o  2341  
M a r k o w n ik o f f  h y d r o b o r a t io n  s ty re n e  1482 
M a s  s p e c t r a  a lk e n y l th io l  a c e ta te  3307  
M a s s  io n  k in e t ic  e n e r g y  s p e c t r o m e t r y  4161  
M a s s  s p e c tr a  a r y l id e n e c y c lo a lk a n o n e  2394  
M a s s  s p e c tr a  b e n z y l is o q u in o lin e  744  
M a s s  s p e c tr a  c h o le s ta n o l  7 2 5  
M a s s  s p e c tr a  c y c lo p r o p a n e  m e r o m y c o l i c  

e s te r  126
M a ss  s p e c tr a  d io x a n e  p h o t o ly s is  2 14 5

M a s s  s p e c t r a  i s o c h r o m a n o n e  2 98 9  
M a s s  s p e c tr a  p e r o x y la c t o n e  537  
M a s s  s p e c t r u m  c h o le s te r y l  a c e ta te  2 79 9  
M a t h  r e a c t io n  p r o f i le  338  
M a y t a n b u ta c in e  M a y te n u s  le u k e m ia  c o n t r o l  

2349
M a y ta n s in o id  M a y te n u s  2 34 9  
M a y te n u s  a lk a lo id  s t r u c tu re  3 66 0  
M a y te n u s  m a y ta n s in o id  2349  
M a y te n u s  s e s q u ite rp e n e  n ic o t in o y l  a lk a lo id  

115
M a y t in e  M a y te n u s  s e q u ite r p e n e  a lk a lo id  

115
M a y t o l id in e  M a y te n u s  s e s q u ite rp e n e  a lk a lo id  

115
M a y t o l in e  M a y te n u s  s e q u ite r p e n e  a lk a lo id  

115
M a y u r o n e  to ta l  sy n th e s is  3 16 5  
M e c h a n is m  a c e t y le n e d ic a r b o x y la te  p h o t o c y =  

c lo a d d n  b e n z o fu r a n  2374  
M e c h a n is m  a d d n  b e n z o p h e n o n e  m e th y la lu ^  

m in u m  425
M e c h a n is m  a d d n  c h lo r o a c e t o n e  p h o s p h o n a t e  

472
M e c h a n is m  a d d n  m e th y llith iu m  sty re n e  

2 87 0
M e c h a n is m  a lk a n e  o x id n  2 31 8  
M e c h a n is m  a lly la t io n  p h o t o c h e m  1570 
M e c h a n is m  a m in e  c a r b o x y l ic  c a r b o n ic  a n h y =  

d r id e  3 68 6
M e c h a n is m  b e n z y lp h e n y ln it r o n e  b a se  1133 
M e c h a n is m  b r o m in a t io n  a lk e n e  a lk y n e  

2021
M e c h a n is m  b r o m in a t io n  p y r im id in o n e  h y d =  

ra te  3 67 0
M e c h a n is m  c h lo r o n it r o m e t h y la n il in e  re a r =  

r a n g e m e n t  166
M e c h a n is m  c o v a le n t  p e r c h lo r a te  so lv o ly s is  

2 69 4
M e c h a n is m  d e a m in a t io n  a m in o t r i f lu o r o m e t ^  

h y lp h e n y le t h a n o l  868  
M e c h a n is m  d e h y d r a t io n  b e n z y l  a le  2012  
M e c h a n is m  d e h y d r o c h lo r in a t io n  b r e n d a n e  

a n is y lc h lo r o  800
M e c h a n is m  d e h y d r o c h lo r in a t io n  c h lo r o a n i^  

s y ln o r a d a m a n ta n e  800  
M e c h a n is m  d ia z o m e th a n e  w a te r  p h e n o l 

3979
M e c h a n is m  d is s o c n  a lk y lp y r id in iu m  d im e r  

9 8 8
M e c h a n is m  e p o x id n  o le f in  1587 
M e c h a n is m  F a v o rs k ii  r e a rra n g e m e n t  1256 
M e c h a n is m  flu o r in a t io n  n o r b o r n e n e  1562 
M e c h a n is m  fra g m e n ta t io n  p y r o ly s is  p e r o x id e  

2 16 0
M e c h a n is m  h y d r id e  re d n  h y d r o x y m e t h y lh e x ^  

a h y d r o p h e n a n th r e n e  3 35 0  
M e c h a n is m  h y d r o ly s is  a c e to x y s ty r e n e  2 49 9  
M e c h a n is m  h y d r o ly s is  a c e ty lim id a z o liu m  

io n  2 45 9
M e c h a n is m  h y d r o ly s is  t r ic y c lo h e p t y l  es te r  

363
M e c h a n is m  h y d r o x y la t io n  f lu o r o b e n z e n e  

832
M e c h a n is m  is o b u t y r a ld é h y d e  d ia m in e  r e a c ^  

t io n  1972
M e c h a n is m  is o m e r iz a t io n  b ir d c a g e  c o m p d  

270
M e c h a n is m  is o m e r iz a t io n  m e t h y lc y c lo h e x e =  

n o n e  2 08 8
M e c h a n is m  k in e t ic s  h o m o lo g a t io n  k e to n e  

466
M e c h a n is m  k in e t ic s  n u c le o p h i l ic  s u b s t itu t io n  

1449
M e c h a n is m  m e th y lb e n z e n e  c e r ic  o x id n  

3 68 2
M e c h a n is m  M e y e r  S c h u s te r  r e a rra n g e m e n t  

3403
M e c h a n is m  n it ra t io n  b e n z e n e  h a lo b e n z e n e  

2511
M e c h a n is m  o x id n  a lk e n e  k in e t ic s  685  
M e c h a n is m  p h o s p h id e  o r g  h a lid e  3 24 7  
M e c h a n is m  p h o t o a d d n  h y d r o c a r b o n  fu r a n o n e  

901
M e c h a n is m  p h o t o ly s is  e n e t h io l  e s te r  1142 
M e c h a n is m  p h o t o ly s is  f lu o r o m e t h y lo x a z o l i^  

n o n e  2 43 9
M e c h a n is m  p h o t o ly s is  p r o p y le n e  o x id e  

1252
M e c h a n is m  P u m m e r e r  re a r r a n g e m e n t  s u l f i=  

n y la c e to n itr i le  3 45 2
M e c h a n is m  p y r o ly s is  n i t r o b e n z e n e  n it r o s o ^  

b e n z e n e  841
M e c h a n is m  p y r o ly s is  T N T  4201 
M e c h a n is m  r e a rra n g e m e n t  c h lo r o p r o p a n o l  

p h e n y ld i  4 05 2
M e c h a n is m  re a r r a n g e m e n t  d ic h lo r o e t h a n o l  

346
M e c h a n is m  re a r r a n g e m e n t  t h ia a lly l ic  2855  
M e c h a n is m  re d n  c h lo r o p r o p a n e  3046  
M e c h a n is m  re d n  c o n ju g a t e d  e s te r  3 18 0  
M e c h a n is m  so lv o ly s is  a r y le t h y n y lc y c lo p r o p y l  

t o s y la te  28

v.

4339

M e c h a n is m  so lv o ly s is  b e n z o n o r b o r n e n y l 
1145

M e c h a n is m  s u b s t itu t io n  c y a n id e  m e th y lp y r =  
r o ly la m m o n iu m  1096

M e c h a n is m  s u b s t itu t io n  n u c le o p h i lic  p h o t o =  
c h e m  1457

M e c h a n is m  th e r m a l re a rra n g e m e n t  a c e ty la l=  
ly lt h io im id a z o l in e  2 33 9  

M e c h a n is m  th e r m o ly s is  p e r o x id e  3011 
M e c h a n is m  th e r m o ly s is  p h e n y lm e th y l d is e =  

le n id e  2491
M e c h a n is m  th ia n th r e n e  r a d ica l ca t io n  p y r i3  

d in e  9 7 6
M e c h a n is m  t h io l  d is u l f id e  e x c h a n g e  332 
M e c h a n is m  t r if lu o r o a c e to ly s is  b u ty lm e r cu ry  

p e r c h lo ra te  2 05 8
M e d r o x y p r o g e s t e r o n e  a c r y la t io n  1981 
M e e r w e in  a r y la t io n  f lu o r o a lk e n e  b e n z e n e d ia =  

z o n iu m  2 6 1 8
M e e r w e in  P o n n d o r f  V e r le y  O p p e n h a u e r  

826
M e is e n h e im e r  h y d r o x y a lk o x y n it r o b e n z e n e  

3387
M e ld r u m  d ia z o  a c id  d e c o m p n  2931 
M e n th a n e  c h lo r o h y d r in  249  
M e r ca p ta n  r e a c t io n  t h ie n y l is o th io c y a n a te  

1508
M e r c a p t o  p r o t e c t io n  b e n z y l  o x y t o c in  M e r r i=  

f ie ld  3 55 6
M e r c a p t o a c e t ic  a c id  t r i f lu o r o m e t h y l  su lfid e

2 02 4
M e r c a p t o b e n z e n e d ia z o n iu m  th e r m o ly s is

2 02 5
M e r c a p t o th ia z o lo p h e n a n t h r id in iu m  h y d r o x =  

id e  a n h y d r o  2 52 5
M e r c u r ic  c h lo r id e  r e a c t io n  d is u l f id e  967  
M e r c u r y  b u ty l  p e r c h lo ra te  tr if lu o r o a c e to ly s is  

2 05 8
M e r c u r y  c y c liz a t io n  d iy n e  3 40 8  
M e r o m y c o la t e  e s te r  118 
M e r o m y c o l i c  e s te r  c y c lo p r o p a n e  m a ss  s p e c tra  

126
M e r r i f ie ld  c y c lo h e x y lc a r b o d iim id e  r e a c t io n  

a m in o  1291
M e r r i f ie ld  o x y t o c in  c h lo r o m e t h y la t e d  b e n =  

z h y d r y la m in e  re s in  3 55 2  
M e r r i f ie ld  o x y t o c in  v a s o p r e s s in  3 55 6  
M e r r i f ie ld  p e p t id e  h a lo b e n z y l  p r o t e c t io n

523
M e s ity le n e  c e r ic  o x id n  m e c h a n is m  3682 
M e s o io n ic  a n h y d r o  h y d r o x y im id a z o liu m  

h y d r o x id e  1639  
M e s o io n ic  h e t e r o c y c le  1633 
M e s o io n ic  s e le n a z o liu m  h y d r o x id e  1644 
M e s o io n ic  th ia z o lo p h e n a n t h r id in e  2 52 5  
M e s y la te  a lk y l r e d n  a lk a n e  82 
M e s y la te  n o r b o r n y lm e t h y l  r e d n  t r ie t h y lb o =  

r o h y d r id e  2 16 6
M e s y lo x y a z e p in e  h e x a h y d r o  c y c liz a t io n  

c a te c h o la te  3933  
M e s y lo x y m e t h y l  e th e r  2 91 0  
M e ta  b r id g in g  n it r o p y r id in e  2 58 9  
M e t a b o l ic  a c t iv a t io n  a r o m  d io l  7 3 6  
M e t a c y c lo p h a n e  p h e n o lic  3 8 2  
M e t a l  e n o la te  a lk y la t io n  b r o m o p r o p e n e  

1709
M e t a l  sa lt  p r o m o t o r  la c to n iz a t io n  1470  
M e t a la t io n  a z o b e n z e n e  c o b a l t  4 1 3 6  
M e t a la t io n  p y r id y l  k e to n e  k e ta l  3 52 4  
M e t h a c r o le in  c y c lo a d d n  d ia z o a c e ta te  es te r  

1527
M e t h a c r y la te  f lu o r o a lk y l  2 68 0  
M e t h a c r y lo y l  c h lo r id e  e s t e r if ic a t io n  ca ta ly s t  

3965
M e t h a n e  d ia ry l  1821 
M e t h a n e  tr ip h e n y l  t r i f l ic  a c id  865  
M e th a n e s u lfe n y l  c h lo r id e  r e a c t io n  a m in o c r o =  

to n a t e  3 23 0
M e th a n e s u lfo n a te  t r i f lu o r o  3 10 9  
M e t h a n e s u lfo n y l  g r o u p  m ig ra t io n  1349  
M e t h a n o a d a m a n ta n e  p r e p n  2981 
M e th a n o a n n u le n e  M O  2017 
M e t h a n o f lu o r a n t h e n e  h e x a c h lo r o d ih y d r o  

4 09 2
M e t h a n o l  a c id ic  th e r m o ly s is  b r o m o b e n z e n e — 

d ia z o n iu m  6 3 9
M e t h a n o l  c y a n id e  c y c lo h e x e n e  e le c t r o o x id n  

2 31 3
M e t h a n o l  d e h y d r a t io n  ca ta ly s t  765  
M e th a n o t e t r a p e n t a c o n t a n o ic  a c id  118 
M e t h o t r e x a t e  208
M e t h o x id e  d e c o m p n  a m m o n iu m  2201 
M e t h o x y  e f fe c t  s o lv o ly s is  b e n z o n o r b o r n e n y l  

1145
M e t h o x y  e s tra tr ie n e  s t it c h in g  r iv e tin g  p r e p n  

3214
M e t h o x y  g r o u p  s u b s t itu t io n  l ith io a m id e

2 65 3
M e t h o x y a lu m in u m  h y d r id e  lith iu m  c o m p le x  

3 18 0
M e t h o x y b e n z e n e d ia z o n iu m  th e r m o ly s is  

a c id ic  m e th a n o l  639
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M e t h o x y b e n z y l  p r o t e c t io n  c y s te in e  o x y t o c in  
M e r r i f ie ld  3 55 6

M e t h o x y b u t e n o n e  a lk y n y lb o r a b ic y c lo n o n a n e  
r e a c t io n  3 10 6

M e t h o x y c a r b o n y ls u l fo x im id e  c y c liz a t io n  
9 5 2

M e t h o x y c y c lo a lk a n o n e  c o n fo r m a t io n  N M R  
e u r o p iu m  3 9 5 8

M e t h o x y c y c lo p r o p e n e  c y c lo a d d n  d ie n e  m e °  
c h a n is m  674

M e t h o x y d e d ia z o n ia t io n  d ia z o n iu m  sa it  m e t h °  
a n o l  639

M é t h o x y la t io n  e le c t r o c h e m  c y c lo h e x e n e  
2 31 3

M e t h o x y m e r c u r a t io n  a lié n é  ch ira l  3 69 7  
M e t h o x y n a p h t h a le n e  d ih y d r o  297 
M e t h o x y p h e n y la c e t i c  a c id  e le c t r o o x id n  

1461
M e t h o x y p r o p e n e  n a p h t h o n itr i le  c y c lo a d d n  

p h o t o  3 3 1 3
M e t h y l  b r o m o a lk y l  k e to n e  1709  
M e t h y l  c y c lo h e p t v l  e th e r  o x id n  3 09 7  
M e t h y l  d e h y d r o a b ie t a t e  t o t a l  s y n th e s is  

2 76 9
M e t h y l  ia s m o n a te  3 47 3  
M e t h y l  k e to n e  t r ic y c lo o c t a n y l  s o lv o ly s is  

4 0 9
M e t h y l  p h e n y l  e le c t r o n  re le a se  1073 
M e t h y l  p h o s p h o le n e  o x id e  N M R  2 02 3  
M e t h y l  p y r r o l id in e  o x id e  r e a c t io n  p h o s p h o =  

n a te  1904
M e t h y l  s o lv o ly s is  c o r r e la t io n  b e n z y l  1419 
M e t h y l  s u lfid e  c h lo r o b o r a n e  h y d r o c a r b o n  

2 53 3
M e t h y l  s u l fo x id e  e le c t r o o x id n  c a r b o x y la te  

1461
M e t h y l  s u l fo x id e  o x id n  c y s t in e  2524  
M e t h y la c e ta te  a ry l k in e t ic s  s a p o n  3 67 7  
M e t h y la lk a n o l  3 82 8  
M e th y la llo x a z in e  d io x id e  s t r u c tu re  2 20 3  
M e t h y la lu m in u m  b e n z o p h e n o n e  a d d n  m e =  

ch a n is m  4 2 5
M é t h y la t io n  a m in o  a c id  a m in e  139 
M é t h y la t io n  c o n ju g a t e d  a lk e n o n e  c u p r a te  

1099
M é t h y la t io n  h y d r o g e n  e x c h a n g e  d ia z o m e t h 0  

a n e  3 97 9
M é t h y la t io n  k o j ic  a c id  2 03 0  
M é t h y la t io n  n a p h th y la m in e  3 24 0  
M é t h y la t io n  o x o  n itr i le  3 74 4  
M é t h y la t io n  p h e n y lq u in a z o lin e  a n io n  78 
M e t h y lb e n z e n e  c e r ic  o x id n  m e c h a n is m  

3 68 2
M e t h y lb e n z o fu r a n  p h o t o c y c lo a d d n  a c e t y le n 0  

e d ic a r b o x y la t e  2 37 4  
M e t h y lb e n z o q u in o n e  3 32 0  
M e t h y lb e n z y l  p r o t e c t io n  c y s te in e  M e r r if ie ld

3 55 2
M e t h y lb e n z y l  p r o t e c t io n  c y s te in e  o x y t o c in  

M e r r i f ie ld  3 5 5 6
M e t h y lb u t a n e  d im e r iz a t io n  h y d r o c a r b o n  

id e n t if ic a t io n  3051
M e t h y lb u t e n o a t e  l ith io  d e r iv  a lk y la t io n  2 6 0  
M e t h y lb u t y lc y c lo h e x e n e  a b s  c o n f ig u ra t io n  

1079
M e t h y lc a r b e n o id  z in c  c y c lo a d d n  c y c lo a lk e n o l  

3031
M e t h y lc u p r a t e  l ith iu m  h a l id e  r e a c t io n  2 80 5  
M e t h y lc y c lo b u t o x y c a r b o n y l  a m in e  p r o t e c t io n  

143
M e t h y lc y c lo h e x a n o n e  a sy m  s y n th e s is  377 
M e t h y lc y c lo h e x e n o n e  is o m e r iz a t io n  k in e t ic s  

m e c h a n is m  2 08 8
M e t h y lc y c lo h e x y n e  d im e r iz a t io n  1076  
M e t h y lc y c lo o c t y l  t o s y la te  e l im in a t io n  3443  
M e t h y lc y c lo p h o s p h a m id e  a n t it u m o r  c o n f ig u 0  

r a t io n  1650
M e t h y ld ih y d r o  D e w a r  b e n z e n e  s in g le t  o x y g e n  

1657
M e t h y le n a t io n  a lip h  e s te r  1 18 0  
M e t h y le n a t io n  m e t h y le n e c h o le s t a n o n e  2941 
M e t h y le n a t io n  o x o  n o r c h o le s te r o l  3 61 9  
M e th y le n e a lk a n o a te  e s te r  1180  
M e t h y le n e b is p h e n o l  t r a n s b e n z y la t io n  1208  
M e t h y le n e b is u r e t h a n e  c y c lo a d d n  p h e l la n d r ~  

e n e  2 48 6
M e t h y le n e d io n e  a m m o n iu m  a c e ta te  c y c li z a 0  

t io n  h y d r o x y m e t h y le n e d e c a l in  2 18 7  
M e t h y le n e d io x y p h e n y l  in d o lo n e  c y c liz a t io n  

4 2 7 2
M e t h y le n e n a p h t h a le n e d io n e  a c ry la te  c o n =  

d e n s a t io n  1267
M e t h y l id e  p y r id y lp h o s p h o n iu m  th e r m o ly s is  

4 24 5
M e t h y l id e  s u l fo n iu m  in s e r tio n  d is u l f id e  

1768
M e t h y l l i t h iu m  s ty re n e  a d d n  m e ch a n is m  

2 87 0
M e t h y ln a p h t h a le n e c a r b o x y la t e  c y c liz a t io n  

4155
M e t h y ln it r o b u t e n y l  a c e ta te  2 93 9  
M e t h y lo c t a lo n e  re a r r a n g e m e n t  a c id  3331

M e t h y lo x a z o lin o n e  p h o t o ly s is  th e r m o ly s is  
2 43 9

M e t h y lp e n ic i l la n a t e  4 04 5  
M e th y lp h e n a n th r e n e  3 78 3  
M e t h y lp h e n y ld ia z ir in e  d e c o m p n  s o lv e n t  

e f fe c t  3 4 5 0
M e t h y lp h t h a l ic  a n h y d r id e  1478 
M e t h y lp h t h a lo n it r i le  3442  
M e t h y lp t e r id in e  r e a c t io n  a ro m  a ld e h y d e  

2951
M e t h y lp y r im id in e  C h ic h ib a b in  b r o m o  k e to n e  

2448
M e t h y lp y r r o ly la m m o n iu m  s u b s t itu t io n  m e =  

ch a n is m  c y a n id e  1096 
M e th y ls e le n iu m  tr ic h lo r id e  a d d n  a lk e n e  

1776
M e t h y ls i ly l  i o d id e  d e a lk y la t io n  e th e r  3761 
M e t h y ls u lf in y l  ca r b a n io n  r e a c t io n  b e n z o q u i0  

n o lin e  4 2 0 9
M e t h y lth io c y c lo h e x a n o n e  p r e p n  3 2 3 3  
M e t h y lth io fo r m a ld in e  a lk y la t io n  393 
M e t h y l th io o x o d io x a p h o s p h o r in a n e  c o n fo r m a 0  

t io n  N M R  190
M e t h y lt r y p t a m in e  d e u te r iu m  e x c h a n g e  k i °  

n e t ic s  3 76 9
M e th y lu r a c il  n it ra t io n  3821 
M e y e r  S c h u s te r  r e a rra n g e m e n t  m e c h a n is m  

3403
M ic e l le  ca ta ly s is  h a lo g é n a t io n  p e n t y l o x y -  

b e n z e n e  3 29 8
M ic e l le  ca ta ly s is  h y d r o ly s is  h y d r o x a m ic  a c id  

3 30 5
M ic e l le  ca ta ly s is  n it r o b e n z o y l  p h o s p h a t e  

h y d r o ly s is  475
M ic e l le  ca ta ly s is  o x im e  c le a v a g e  759  
M ic e l le  d é p h o s p h o r y la t io n  d e a c y la t io n  k i n e t °  

ics  2865
M ic e l le  e f fe c t  T N T  a m in e  r e a c t io n  1261 
M ic e l le  h y d r o ly s is  n it r o b e n z o a t e  n it ro p h e n y l 

e s te r  3279
M ic e l le  h y d r o ly s is  p h e n y l e s te r  8 5 6  
M ic h a e l  a c c e p t o r  a c id  c h lo r id e  3162  
M ic h a e l  a d d n  a m in o  a c id  2639  
M ic h a e l  a d d n  c y c lo h e x a n o n e  c a ta ly s t  1 25 8  
M ic h a e l  a d d n  la c ta m  sy n th e s is  3 16 2  
M ic r o b io l  r e s o lu t io n  s te r e o ch e m  o c t y n o l  

1659
M ic r o d i l in  M ik a n ia  1 72 0  
M ig r a t io n  a n isy l d e a m in a t io n  a n is y lp h e n e 0  

th y la m in e  3 30 6
M ig ra t io n  b r o m in e  d é m é t h y la t io n  b r o m o m e °  

t h o x y b e n z o ic  1068
M ig ra t io n  h y d r o g e n  d ib e n z o t r o p i l id e n e  

2 7 8 8
M ig r a t io n  m e th a n e s u lfo n y l g r o u p  1349 
M ig ra to r y  a p t itu d e  f lu o r o m e t h y lp h e n y l  

g r o u p  868
M ik a n ia  m ic r o d i l in  1720  
M O  a ry l c a t io n  1474 
M O  a z o  o x id e  p h o t o e le c t r o n  6 0 9  614  
M O  c le a v a g e  a lk y l id e n e c y c lo p r o p a n e  3 09 8  
M O  h e t e r o c y c le  2230  
M O  m e th a n o a n n u le n e  2 01 7  
M O  o x a d ia z o l in e  o x a d ia z o le  1555  
M O  v in y l  c a t io n  3004  
M O  v in y la m in e  2641  
M o d e l  e n z y m ic  p h o s p h o r y la t io n  771 
M o d e l  s y s te m  c a t io n ic  p o ly m n  690  
M o f fa t t  in te rm d ia te  e le c t r o o x id n  1461 
M o l  d y n a m ic s  p h t o c h e m  c y c lo a d d n  2621 
M o l  m e c h a n ic s  p o ly c y c l i c  u n d e ca n e  3 85 2  
M o l  s t r u c tu re  a s p h a lte n e  A t h a b a s c a  312 
M o l  s t r u c tu re  d it h io a c e t y ld it h ie t a n e  2 34 5  
M o l  s t r u c tu re  e p it r i t h io p y r a z in o d i in d o le  

948
M o l  s tru c tu re  i s o p h o r o n e  tr im e r  1600 
M o l  s t r u c tu re  s p ir o c y c lo p e n t y lb ic y c lo h e p t e n e  

3 18 8
M o l  s t r u c tu re  s p ir o su lfu r a n e  4001 
M o l  s t r u c tu re  s t e ff im y c in  3591 
M o ly b d e n u m  c o m p le x  r e a c t io n  a ry l G r ig n a rd  

1479
M o n o a m in e  o x id a s e  in h ib ito r  p r o p a r g y la m in e

2637
M o n o b r o m o p h a k e ll in  is o la t io n  P h a k e llia  

4 1 1 8
M o n o p h e n o l  o x id a t iv e  c o u p l in g  in t r a m o le c u 0  

lar 4 27 9
M o n o t e r p e n e  1231 
M o r p h in e  a lk a lo id  a n a lo g  1485 
M o r p h o l in e  p h e n y lh y d r a z o n o b e n z y l  2091  
M o r p h o l in o  b ic y c lo o c t a n e  c ry s ta l  s tru c tu re  

2 72 0
M o r p h o l in o p y r a z o le  2 89 3  
M u lt ip h a s e  p h a se  tra n s fe r  c a ta ly s t  4 27 5  
M u lt is t r ia t in  sy n th e s is  3 6 2 2  
M u s c o n e  sy n th e s is  2 32 6  
M u s ta r d  n itro g e n  a p r o p h in e  2014  
M y c o t o x in  A s p e rg il lu s  t r y p t o q u iv a l in e  244 
M y r is ta te  p h o r b o l  3645  
N a b i lo n e  p r e p n  2277
N a p h th a le n e  a n io n  a s p h a lte n e  d e g r d n  312

N a p h t h a le n e  c y c lo p r o p a n o  c o n fo r m a t io n  
N M R  3 16 8

N a p h th a le n e  d ih a lo  1480  
N a p h t h a le n e  d ih y d r o  m e t h o x y  297 
N a p h t h a le n e  d ip h e n y le t h y le n e  p h o t o c h e m  

c y c liz a t io n  2191 
N a p h th a le n e  e t h e n o  3 7 5 8  
N a p h t h a le n e  h e x a h y d r o  s e s q u it e r p e n o id  

1794
N a p h th a le n e  io d o  c o u p l in g  p r o p y n y lc o p p e r

2 62 6
N a p h t h a le n e  N M R  2411 
N a p h t h a le n e  o c t a m e th y l  e le c t r o p h i l ic  h a lo =  

g e n a t io n  2684
N a p h th a le n e  o x id a t iv e  c o u p l in g  764
N a p h t h a le n e  p r e p n  1
N a p h t h a le n e  r e a c t io n  a c e t o n itr i le  p h e n y l

2 85 8
N a p h t h a le n e c a r b o x a ld e h y d e  c y c lo c o n d e n s a 0  

t io n  4131
N a p h t h a le n e c a r b o x y la t e  m e th y l c y c liz a t io n  

4 15 5
N a p h t h a le n e d io n e  m e t h y le n e  c o n d e n s a t io n  

a c r y la te  1267
N a p h t h a le n o n e  h e x a h y d r o  d im e th y l  1258 
N a p h t h a le n o p h a n e  p y r r o lo  1379  
N a p h t h a le n o p h a n e d ie n e  1085 
N a p h t h o b ic y c lo h e p t a d ie n e  is o m e r iz a t io n  

p h o t o c h e m  92
N a p h t h o l  a lk y la t io n  a le  a lk a li 2 02 0  
N a p h t h o l  p r e p n  1479  
N a p h t h o n it r i le  m e t h o x y p r o p e n e  c y c lo a d d n  

p h o t o  3 31 3  
N a p h t h o p y r a n  1267
N a p h t h o q u in o n e  D ie ls  A ld e r  s ty r e n e  3 4 6 5  
N a p h t h o q u in o n e  e p o x y  c y c lo a d d n  o le f in  

3 80 0
N a p h t h o q u in o n e  e p o x y  h y d r o g e n  a b s t r a c t io n  

3793
N a p h t h o q u in o n e  p h e n y lim in o  s u l fo n iu m  

y l id e  2 16 4
N a p h t h o q u in o n e  t e t r a h y d r o  2 17 9  
N a p h t h o t h io p h e n e d io n e  3 71 7  
N a p h t h o t r ic y c lo h e p t e n e  re a rra n g e m e n t  9 2  
N a p h t h o x id e  a lk a li a lk y la t io n  a le  2 0 2 0  
N a p h t h y la m in e  d e a m in a t io n  s u b s t itu t io n  

2 42 6
N a p h t h y la m in e  m é t h y la t io n  3 24 0  
N a p h t h y le n y l id e  d io x o p h e n y l im in o  e t h y l m e °  

th y ls u lfo n iu m  2 16 4  
N a p h t h y lm e t h y l  d is e le n id e  2 51 0  
N a p h t h y r id in e  te t ra p h e n y l  3 4 1 0  
N e b e r  r e a c t io n  p y r id in iu m  sa lt  2514  
N e f  r e a c t io n  in te rm e d ia te  2091 
N e ig h b o r in g  g r o u p  e f fe c t  s o lv o ly s is  3 0 1 5  
N e ig h b o r in g  g r o u p  p a r t ic ip a t io n  m e r c a p t o 0  

b e n z e n e d ia z o n iu m  2025 
N e ig h b o r in g  g r o u p  p a r t ic ip a t io n  s u b s t itu t io n  

5 8 5
N e o p e n t y la lly l l i t h iu m  e p o x id e  r e a c t io n  s t e r °  

e o c h e m  694  
N e o p in e  4277
N e o p in o n e  re d n  s t e r e o c h e m  4 27 7  
N e o p la s m  d e o x y v e r n o le p in  495  
N e r i i fo l in  o x id n  3 5 8 0  
N ic k e l  a lly l h a lid e  b e n z o a t e  1329  
N ic k e l  d im e r iz a t io n  ca ta ly s t  a c e t y le n e  9 1 4  
N ic k e l  h o m o p o r p h y r in  1567 
N ic k e l  r e d u c e d  h y d r o g e n a t io n  ca ta ly s t  551 
N ic o t in a m id e  a d e n in e  d in u c le o t id e  n ú c le o 0  

p h y l i c it y  2 58 0
N ic o t in iu m  io d id e  N M R  la n th a n id e  2 33 7  
N ic o t in o y l  a lk a lo id  s e s q u it e r p e n e  M a y te n u s  

115
N io b iu m  p e n t a f lu o r id e  r e d n  c h lo r o p r o p a n e  

3 04 6
N itr a m in e  p r e p n  3 44 6  
N it r a te  c e r ic  o x id n  a lk y la r o m  3 6 8 2  
N it r a t io n  b e n z e n e  h a lo h e n z e n e  m e c h a n is m  

2511
N it r a t io n  c a p p e d  p o r p h y r in  3 98 6  
N it r a t io n  io d o x y le n e  4 04 9  
N it r a t io n  t o lu e n e  c a t a ly s t  2 8 7 5  
N it r a t io n  t r in it r o to lu e n e  f lu o r o n it r o m e th a n e  

563
N itr a t io n  u ra c il m e th y lu r a c il  3821 
N it r e n e  a r y is u lfo n y l  in tra m o l  in s e r tio n  

2 92 0
N itr e n e  b ia r y ls u lfo n y l  in tra m o l in s e r tio n  

2914
N itr e n e  e t h o x y c a r b o n y l  r e a c t io n  a z id e  2 44 3  
N it r ic  a c id  r e a c t io n  p y r r o le c a r b o x y la te  

2 2 1 9
N itr i le  8 7 5
N itr i le  c o n ju g a t e d  re d n  m e c h a n is m  3 1 8 0  
N it r i le  c y c liz a t io n  v a le r o la c t im  1808 
N it r i le  c y c lo b u t e n e d i  r e a c t io n  1948 
N it r i le  im in e  a lk e n y l c y c lo a d d n  1389  
N it r i le  n a p h th a le n e  re d n  a b s t r a c t io n  2 8 5 8  
N it r i le  o x o  m é th y la t io n  3744  
N it r i le  th e r m o ly s is  o x a t h ia z o lo n e  1813 
N it r im in e  re d n  3 44 6
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N it r ite  d e a m in a t io n  a r y la m in e  2 4 2 6  
N it r i te  r e a c t io n  n i t r o p h t h a l im id e  3431 
N it r o  a re n e s  c y c liz a t io n  a m id in e  4 3 5  
N it r o  a r o m  d e n it r a t io n  t o ly lt h io  3 5 5 0  
N it r o  r e a r r a n g e m e n t  p o ly n i t r o d ip h e n y lm e t h ^  

a n e  1262
N it r o a c e t o x y la t io n  is o p r e n e  2 93 9  
N it r o a lk a n e  844
N it r o a lk a n e  reaction p h o s p h o r u s  t r ic h lo r id e  

3 9 5 6
N it r o a m in o c h lo r o c h o le s t a n e  c y c liz a t io n  

4251
N it r o a n i l in e  h y d r o g e n  b o n d  s o lv a t o c h r o m is m  

1929
N itr o a n th r a n i l  e q u il  fo r m y lb e n z o fu r a z a n  

o x id e  8 9 7
N itr o a r e n e  r e d n  a c y la t io n  3 7 5 5  
N it r o a z ir id in o d e c a l in  4251  
N it r o b e n z e n e  e le c t r o r e d n  h y d r o x y la m in e  

s y n th e s is  1836
N it r o b e n z e n e  g lu c o fu r a n o s e  s u b s t itu t io n  

2 5 1 3
N it r o b e n z e n e  h y d r o g e n a t io n  t r a n s fe r  431 
N it r o b e n z e n e  p h o t o c h e m  o x id n  p r o p a n o l  

1 45 9
N it r o b e n z e n e  p y r o ly s is  m e c h a n is m  841 
N it r o b e n z e n e  r e d n  c a ta ly s t  3491 
N it r o b e n z is o x a z o le c a r b o x y la te  d e c a r b o x y la =  

t io n  c a ta ly s is  p o iy s o a p  306  
N it r o b e n z o a t e  e s te r  h y d r o ly s is  m ic e lle  3 2 7 9  
N it r o b e n z o a t e  p h e n y lt h io c y c lo h e x e n y l  a n =  

c h im e r ic  a s s is ta n c e  5 8 5  
N it r o b e n z o a t e  s o lv o ly s is  s u b s t itu e n t  e f fe c t  

3 01 5
N it r o b e n z o y l  p h o s p h a t e  h y d r o ly s is  ca ta ly s is  

m ic e l le  4 7 5
N it r o b e n z y l is o q u in o lin iu m  s a lt  r e d u c t iv e  

fr a g m e n t a t io n  751
N it r o c y c lo h e x e n e  p h o t o c h e m  re a r r a n g e m e n t  

621
N it r o d e o x y u r id in e  p h o s p h a t e  3821 
N it r o d ip h e n y la m in e  1786  
N it r o d z ir id in o c h o le s ta n e  4251  
N it r o g e n  h e t e r o c y c le  p y r id in iu m  a n n u la t io n  

2 47 4
N it r o g e n  m u s ta r d  a p r o p h in e  2014  
N it r o g e n  N M R  e n a m in e  2 2 4 9  
N it r o g e n  N M R  s u lfa g u a n id in e  s t r u c tu re  

1095
N itr o g e n  tra n s a n n u la r  c a r b o n  r e a r r a n g e m e n t  

2342
N it r o im in o c h o le s t e r y l  a c e ta te  4251 
N it r o n e  b e n z y lp h e n y l  r e a c t io n  1133  
N it r o n e  c h lo r o  c y c lo a d d n  e n o l  e th e r  4 2 1 3  
N it r o n e  r e a c t io n  k e te n im in e  s u b s t itu e n t  

e f fe c t  4 4 8
N it r o n iu m  f lu o r o b o r a t e  n u c le o t id e s  n it ra t io n  

3821
N it r o p a r a f f in  h a lo g é n a t io n  3 76 4  
N it r o p h e n y l  a lk y l  s u l f id e  554  
N it r o p h e n y l  e s te r  h y d r o ly s is  m ic e lle  3 2 7 9  
N it r o p h e n y l  io d in e  a b s t r a c t io n  io d o b e n z e n e  

7
N it r o p h e n y la c e t ic  a c id  e le c t r o o x id n  1461 
N it r o p h t h a la t e  s u b s t itu t io n  s o d iu m  p h e n o x =  

id e  3 4 1 9
N it r o p h t h a l ic  a n h y d r id e  s u b s t itu t io n  f lu o r id e

3 4 3 5
N it r o p h t h a l i c  a n h y d r id e  s u b s t itu t io n  p h e ^  

n o x id e  3 4 2 5
N it r o p h t h a l im id e  r e a c t io n  f lu o r id e  3431 
N it r o p h t h a l im id e  s u b s t itu t io n  p h e n o x id e  

3 41 4
N it r o p r o p a n e  a c é t o n y la t io n  m e t h y lc y c lo h e x ^  

a n e d io n e  m e c h a n is m  2 7 7 9  
N it r o p y r a z o le  n u c le o p h i l ic  s u b s t itu t io n

2 89 3
N it r o s a t io n  c y c lo h e x a n o n e  2 7 4 8  
N it r o s a t io n  d ih e x y la m in e  a u to c a ta ly s is  391 
N it r o s o a lk a n e  r e d u c t iv e  d e a m in a t io n  a n ilin e  

3 49 4
N it r o s o b e n z e n e  b e n z a ld e h y d e  h y d r a z o n e  

k in e t ic s  3 05 7
N it r o s o b e n z e n e  p y r o ly s is  m e c h a n is m  841 
N it r o s o b e n z o y lh y d r a z in e  2091 
N it r o s o d ib e n z y la m in e  d e o x id n  p h e n y l  a z id e  

2 63 6
N it r o s o u r e a  c h lo r o b u t y l  d e c o m p n  s te r e o e h e m

3 5 3 8
N it r o s y l  c h lo r id e  r e a c t io n  c y c lo h e x a n o n e  

2 74 8
N it r o t o lu e n e  p r e p n  2 87 5  
N it r o t r if lu o r o a c e t a n il id e  h y d r o ly s is  m e c h a n 

ism  k in e t ic s  3 98 9  
N it r o u r a c il  3821
N it r o x id e  a m in o c a r b o n y l  E S R  3 54 2  
N it r o x id e  s p in  la b e l in g  1 65 5  
N M R  a c e t y la c e to n e  a m in e  2 5 4 9  
N M R  a f la to x in  s t e r ig m a to c y s t in  112 
N M R  a m m o n iu m  io d id e  la n th a n id e  2337  
N M R  a n ilin e  s u b s t itu e n t  e f fe c t  2 99 9  
N M R  a n n u la te d  p y r id in e  2 7 4 2

N M R  a n n u le n e  r e s o n a n c e  e n e r g y  1669 
N M R  a z a b r e n d a n e  a za tw is ta n e  2844  
N M R  a z a n o r b o r n e n e  1375 
N M R  b e n z a m id e  d ia lk y l  2244 
N M R  b e n z o c y c lo b u t e n e  U V  3 0 0  
N M R  b ic y c lo h e p ta d ie n y liu m  r e a rra n g e m e n t  

1472
N M R  b ic y c lo n o n a n e  2 24 0  
N M R  c a r b a m a t e  1839 
N M R  c a r b é n iu m  io n  32 
N M R  c a r b o d i im id e  p h o s p h o r o t h io a t e  a d d u c t  

3629
N M R  c a r b o n  a n a ly s is  d e u te r iu m  212  
N M R  c a r b o n  a n t ib io t ic  L L B M 5 4 7  1282  
N M R  c a r b o n  b e n z y l  c o m p d  7 6 2  
N M R  c a r b o n  c o n f ig u r a t io n  im in e  2614  
N M R  c a r b o n  c o n fo r m a t io n  t r ip ip e r id e in e  

66
N M R  c a r b o n  c y c lo h e x y n e  d im e r  1076 
N M R  c a r b o n  c y p r o h e p t a d in e  o x id e  378  
N M R  c a r b o n  e p o x y p r o p a n e  c o n fo r m a t io n  

1434
N M R  c a r b o n  n o r c a r a n e  d e r iv  6 6 6  
N M R  c a r b o n  o x in d o le  1340 
N M R  c a r b o n  p o ly c y c l i c  h y d r o c a r b o n  2 94 0  
N M R  c a r b o n  p r o p y n y lt r ip h e n y lp h o s p h o n iu m  

b r o m id e  2641
N M R  c a r b o n  s u b s t itu e n t  c o n s t  381 
N M R  c a r b o n  th ia p y r a n  d ith ia n e  3 51 8  
N M R  c a r b o n  13 a m id e  1015 
N M R  c a r b o n  13 a n th e lm y c in  3 28 9  
N M R  c a r b o n  13 b ic y c lo o c t a n e  3 8 7 8  
N M R  c a r b o n  13 c o u m a r in  1337 
N M R  c a r b o n  13 fu lv e n iu m  661 
N M R  c a r b o n  13 l ip ic  a c id  3941 
N M R  c a r b o n  13 p le io c r a lin e  2785  
N M R  c a r b o n  13 s t e r o id  789  
N M R  c a r b o n  13 te t ra z o lo t r ia z in e  1866  
N M R  c a r b o n  13 t h io l  s e le n o l  3 7 2 5  
N M R  c h o le s te r o l  e p im e r  3 77 8  
N M R  c o n d e n s e d  a ro m  d io l  736  
N M R  c o n d u c t iv it y  m o l s t r u c tu re  1315  
N M R  c o n f ig u r a t io n  lith iu m  e n o la te  346 
N M R  c o n f ig u ra t io n  t h io cy a n a to h e x a n e  

1520
N M R  c o n fo r m a t io n  c y c lo p r o p a n o n a p h th a l=  

e n e  3 16 8
N M R  c o n fo r m a t io n  d io x a b ic y c lo o c t a n e  365  
N M R  c o n fo r m a t io n  s p i r o c y c lo p e n t y lb ic y c lo ^  

h e p t e n e  3 18 8
N M R  C o p e  re a rra n g e m e n t  b e n z o b u llv a le n e  

2 18 3
N M R  c o u p l in g  h e p t a c h lo r o n o r b o r n e n e  2853  
N M R  c y a n o b u ta d ie n e  f lu o r o b u ta d ie n e  d im e r  

3 85 9
N M R  c y c lo h e x a n o n e a c e t a t e  1026 
N M R  c y c lo p h o s p h a m id e  c o n f ig u ra t io n  1650  
N M R  C 1 3  c a n n a b in o id  490  
N M R  C 1 3  th io la lk a n o a te  e s te r  2118  
N M R  d e c a h y d r o q u in o lin e  d e r iv  c o n fo r m a t io n  

51
N M R  d ia z a b ip h o s p h e t id in e  4 12 5  
N M R  d ib e n z o c y c lo h e p t a t r ie n e  c o n fo r m a t io n  

3 84 0
N M R  d ic h lo r o m e t h y ld im e t h y lc y c lo h e x a n e  

1105
N M R  D ie ls  A ld e r  a d d u c t  3736  
N M R  d io x a p h o s p h o r in a n e  c o n fo r m a t io n  

1549
N M R  e u r o p iu m  m e t h o x y c y c lo a lk a n o n e  c o n =  

fo r m a t io n  3 95 8
N M R  f lu o r in e  b ic y c l i c  f lu o r id e  218  
N M R  h e te r o a r o m  c o m p d  2237 
N M R  h o m o c u b a n e  1957 
N M R  im in e  3 70 0  
N M R  isa tin  c a r b o n  13  1344 
N M R  is o m e r iz a t io n  h e t e r o fu lv e n e  2 73 4  
N M R  la c to n e  c o n f ig u r a t io n  384  
N M R  m e th y lth io o x o d io x a p h o s p h o r in a n e  

c o n fo r m a t io n  190 
N M R  n a p h th a le n e  2411 
N M R  n it ro g e n  a m in o d e o x y h e x o s e  2247  
N M R  n itro g e n  e n a m in e  2 24 9  
N M R  n itro g e n  s u lfa g u a n id in e  s tru c tu re  

1095
N M R  n u p h a r  a lk a lo id  2 11 3  
N M R  o x a lo a c e t ic  a c id  ta u to m e r is m  4 07 6  
N M R  oxaziridine enantiomer 3 21 7  
N M R  p h o s p h in e  p h o s p h o n iu m  sa lt  1236  
N M R  p h o s p h o e n o lp y r u v a t e  a n a lo g  1030 
N M R  p h o s p h o le n e  o x id e  m e t h y l  2023  
N M R  p h o s p h o n o im in o im id a z o l id in e  4 03 5  
N M R  p h o s p h o r u s  b u t t e r f ly  h e t e r o c y c le  

1170
N M R  p h th a lid e  369
N M R  p r o s ta g la n d in  F  c o n fo r m a t io n  3 14 0  
N M R  p r o t o n a t io n  c y c lo o c t a t e t r a e n e ir o n  

4 2 6 2
N M R  p y r a z o le  p y r a z o lin e  h y d r a z in e  3 94 9  
N M R  p y r a z o le  s o lv e n t  e f fe c t  659  
N M R  s e c o c h o le s t a d ie n o l  2284  
N M R  s e c o c h o le s t a d in e  3 32 5

N M R  s te re o e h e m  b r o m in a t io n  4 02 9  
N M R  su b s t itu e n t  c a r b in y l  io n  2 66 6  
N M R  su lfo n iu m  y lid e  3365 
N M R  t e tra h y d r o p h th a lic  a n h y d r id e  co n fo rm  

m a t io n  1259
N M R  th ia c y c lo h e x a n e d io n e  o x a c y c lo h e x a n e © 

d io n e  1163
N M R  t h ia d e c a lin  c o n f ig u ra t io n  co n fo rm a t io n

4 02 4
N M R  th ia d ia z in e  o x id e  952  
N M R  tr ia z in e  o x id e  546  
N M R  tr im e th y lp h e n y lo x a p h o s p h o la n e  778 
N M R  tr y p ta m in e  d e u te r iu m  e x ch a n g e  3769  
N M R  v in y l  e th e r  1443 
N o b le  m e ta l  sa lt  h y d r o g e n a t io n  ca ta ly s t  

431
N o n a c o s a n o n e  h y d r o x y d im e t h y l  566 
N o n a d e c e n o a t e  c y c lo a d d n  m e th y le n e  io d id e

2 78 3
N o n e n e  o x id e  a c e t o x y  a lk y la t io n  2537 
N o n e n o n e  c o n ju g a t e d  m a lo n a te  c y c lo a d d n  

3 45 6
N o n p h e n o l  o x id a t iv e  c o u p l in g  p h e n e th y lis o ©  

q u in o l in e s  4 27 9
N o n t r o p a n e  e le c t r o c h e m  o x id n  6 7 0  
N o ra d a m a n ta n e  a n is y lch lo r o  d e h y d ro c h lo r i©  

n a t io n  m e c h a n is m  800  
N o ra d a m a n ta n e  d ia c e t o x y  794  
N o r a p o r p h in e  c h lo r o e t h y l  2014  
N o r b o r n a d ie n y lc y c lo p e n t a d ie n y l  io n  p a ir  

c h lo r o n o r b o r n a d ie n e  176 
N o r b o r n a n e c a r b o x y l ic  a c id  2 17 6  
N o r b o r n a n o l  p h e n y lt h io  1149 
N o r b o r n a n o n e  r e d n  a lk y la t io n  s te re o e h e m  

264
N o r b o r n a n o n e  to s y lh y d r a z o n e  h y d r id e  s h ift

3 35 6
N o r b o r n a n o n o l  t r if la te  r e a c t io n  m e th o x id e  

4 2 2 6
N o r b o r n e n e  f lu o r in a t io n  1562  
N o r b o r n e n e  h e p t a c h lo r o  N M R  c o u p l in g  

2 85 3
N o r b o r n e n e  o x id e  c le a v a g e  t h io p h e n o l  1149 
N o r b o r n e n e  v in y l  s u lfe n e  c y c lo a d d n  1910  
N o r b o m e n o l  p h e n y l  h y d r id e  re d n  1944 
N o r b o r n y l  G r ig n a rd  r e a c t io n  a c e to n e  1940  
N o r b o r n y lm e t n y l  m e s y la te  r e d n  t r ie th y lb o ©  

r o h y d r id e  2166  
N o r c a m p h o r  p h o t o ly s is  1327  
N o rc a r a n e  d e r iv  3983  
N o rc a r a n e  d e r iv  c a r b o n  N M R  666  
N o r c h o la n o n e  r e d n  s te r ic  e f fe c t  3811  
N o r  c h o le s te r o l  o x o  m e t h y le n a t io n  3 61 9  
N o r c y c lo s e c o e s t r a d ie n o l  102 
N o r fu s id a n  1276
N o rh y d r a s t in in e  h o m o p h t h a lic  a n h y d r id e  

c o n d e n s a t io n  1111 
N o r m o r p h o t h e b a in e  a lk y la t io n  2 01 4  
N o rp re g n a tr ie n y n o l  e th a n o  3091 
N o r p s e u d o p e l le t ie r in e  629  
N o r t e lo id in o n e  c o n v e r s io n  b e ta la m ic  a c id  

2 19 2
N o r th ia g o n a tr ie n e  3196  
N u c ife r in e  c a r b e n e  a d d n  347 
N u c ife r in e  d é m é t h y la t io n  1228 
N u c ife r in e  h y d r o x y la t io n  2 27 4  
N u c le ic  a c id  in te ra c t io n  b a s e  517 
N u c le o p h ile  a d d n  p y r id in e  n u c le o t id e  2 58 0  
N u c le o p h ile  a m in o tr ia z in e  o x id e  3 49 8  
N u c le o p h il ic  a d d n  a m in e  b e n z o x e t e n e  2 96 6  
N u c le o p h il ic  a d d n  h e x e n o p y r a n o s id e  s te r e o ©  

c h e m  1746
N u c le o p h il ic  a lk y la t io n  k e t o n e  2537  
N u c le o p h il ic  c le a v a g e  d ia z o k e t o p h o s p h o r y l  

c o m p d  552
N u c le o p h il ic  c y c l iz a t io n  ea len  3 84 6  
N u c le o p h il ic  d is p la c e m e n t  d ic h lo r o t e t r a h y ©  

d r o p y r a n  s te r e o e h e m  2151 
N u c le o p h il ic  s u b s t it i tu io n  h a lo b e n z e n e  p in a ©  

c o lo n e  1449
N u c le o p h il ic  s u b s t itu t io n  a ro m  c a ta ly s t  

4 08 0
N u c le o p h il ic  s u b s t itu t io n  a ro m  p h o t o  1481 
N u c le o p h il ic  s u b s t itu t io n  c h lo r o p y r id o p y r i©  

m id in e  993
N u c le o p h il ic  s u b s t itu t io n  h a lo p y r id in e  e n o ©  

la te  2481
N u c le o p h il i c  s u b s t itu t io n  h e t e r o c y c l i c  a ld e h ©  

y d e  3024
N u c le o p h il ic  s u b s t itu t io n  n it ro p y r a z o le  

2 89 3
N u c le o p h il ic  s u b s t itu t io n  p h o t o c h e m  m e ©  

c h a n is m  1457
N u c le o p h v li c it y  a d e n in e  n ic o t in a m id e  d in u ©  

c le o t id e  2 58 0  
N u c le o s id e  a m in o  a c y l  706  
N u c le o s id e  a n h y d r o  2 80 9  
N u c le o s id e  C  a n t ib io t i c  109 
N u c le o s id e  C  p y r im id in e  711 
N u c le o s id e  d is a c c h a r id e  N M R  3 28 9  
N u c le o s id e  p y r id o p y r im id in e  997 
N u c le o s id e  tr ia z o le  a n a lo g  1109
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N u c le o t id e  d e o x y r ib o o l ig o  s y n th e s is  3 14 4  
N u c le o t id e  d i 2 26 0  
N u c le o t id e  d i tr i c a r b a m a te  703  
N u c le o t id e  p y r id in e  n u c le o p h i le  a d d n  2 58 0  
N u c le o t id e s  n it ra t io n  n it ro n iu m  f lu o r o b o r a te  

3821
N u p h a r a m in e  a n h y d r o  s y n th e s is  2113  
O c c id e n t a lo l  1794  
O c o p o d in e  d é m é t h y la t io n  1228  
O cta lo n e  d im e th y l 1258  
O cta lo n e  m e th y lte r tb u ty l  r e d n  s te r e o ch e m  

183
O cta lo n e  t r ite r p e n e  in te rm e d ia te  3744  
O cta n e d io a te  a ic a r b o m e th o x y  D ie c k m a n n  

3765
O cta n o l la b e le d  in v e rs io n  767  
O c t a n o l  p h o t o a d d n  c y c lo p e n t e n o n e  p r o s t a =  

g la n d in  356
O cty l  m e th y l e th e r  o x id n  3097  
O c t y n o l  s te r e o ch e m  r e s o lu t io n  m ic r o b io l  

1659
O il c e le r y  p h th a lid e  2333  
O il sa n d  a s p h a lte n e  d e g r d n  312  
O le fin  a ce ty le n e  p r o t o n  a f f in it y  3 00 4  
O le fin  a d d n  b r o m o c h lo r o c a r b e n e  s te r e o ch e m  

1082
O le f in  a d d n  p h e n y la lly lm a g n e s iu m  p h e n o x =  

id e  820
O le f in  a le  p e r a c id  o x id n  2077  
O le f in  c a r b e n e  r e a c t iv ity  3 35 4  
O le f in  c y c liz a t io n  a s y m m e tr ic  in d u c t io n  

3196
O le f in  e p o x id n  h y d r o p e r o x id e  1587 
O le f in  f lu o r o  c r y s t  b r o m in a t io n  1780  
O le f in  h y d r o b o r a t io n  1392 
O le f in  h y d r o b o r a t io n  c h lo r o b o r a n e  s u lfid e

2 53 3
O le fin  o x id n  p e r m a n g a n a te  3 74 9  
O le f in  p h o t o c h e m  c y c lo a d d n  e p o x y n a p h t h o =  

q u in o n e  3 80 0
O le f in  s t e r e o se le c t iv e  p r e p n  3336  
O le f in  te r p e n e  e p o x id n  2034  
O le f in a t io n  in d o le  b e n z e n e  1784 
O lig o n u c le o t id e  d e o x y r ib o  s y n th e s is  3144  
O liv a c in e  in d o lo n a p h t h y r id in e  1725  
O liv e to l  p r e p n  3 4 5 6  
O o g o n io l  m o d e l  sy n th e s is  3571  
O p h in o b o l in  n u c le u s  s y n th e s is  4 2 8 0  
O p h io b o lin  in te rm e d ia te  3 63 0  
O p h io b o lin  r in g  sy n th e s is  922  
O p t ic a l  a c t iv ity  f ra c t io n a l s u b l im a t io n  1249 
O p t ic a l  p u r ity  la c to n e  s o lv a t io n  1370  
O p t ic a l  r o ta t io n  b u t y lc y c lo h e x e n e  1079  
O p t ic a l  s t e r e o is o m e r  o x a z ir id in e  3917  
O p t ic a l ly  a c t iv e  p h e n y lc y c lo h e x a n e d io l  

1742
O p t ic a l ly  a c t iv e  p h o s p h o r ic  t r ie s te r  3 45 9  
O re o lin e  m e th y l s y n th e s is  9 1 0  
O rg  c o m p d  d e h y d r o g e n a t io n  c o u p l in g  1 
O rg  h y d r o g e n a t io n  h y d r o g e n  f lu o r id e  3255  
O rg a n o c u p r a te  r e d u c t iv e  a lk e n y la t io n  c y c lo =  

h e x e n o n e  1581
O r ie n ta t io n  m e t h y lse le n iu m  t r ic h lo r id e  

a d d n  1776
O rse ll in a te  d ih y d r o  r e a c t io n  p h e n y lfo r m a m i=  

d a te  2 5 2 6
O r t h o  e s te r  e n a n t io m e r  c h r o m a t o g  3 20 6  
O v a t o d io l id e  c ry s ta l  s t r u c tu re  3824  
O x a b e n z o b ic y c lo h e p ta d ie n e  c a r b o m e t h o x y  

is o m e r iz a t io n  p h o t o c h e m  2374 
O x a b ic y c lo n o n a n e  N M R  2 2 4 0  
O x a b ic y c lo o c t a n o n e  h y d r o x y  4 1 7 0  
O x a b ic y c lo o c t a n o n e  la c to n e  3976  
O x a c y c lo h e p ta n e  372  
O x a c y c lo h e x a n e d io n e  1163  
O x a d ia z e p in e  in d e n o  1496 
O x a d ia z o le  4 4 3  
O x a d ia z o le  M O  1555
O x a d ia z o le  p h o t o c h e m  r e a c t io n  in d e n e  1496 
O x a d ia z o lid in e d io n e  o x id n  1367 
O x a d ia z o lin e  M O  1555 
O x a lic  a c id  c a r b o n  la b e le d  2 79 0  
O x a lo a c e t ic  a c id  c o n d e n s a t io n  g ly o x a l  3 44 0  
O x a lo a c e t ic  a c id  ta u to m e r is m  N M R  4 07 6  
O x a ly l  c h lo r id e  c y c liz a t io n  b e n z o d ia z e p in a =  

m in e  2 2 1 2
O x a p h o s p h o la n e  m e th y l p h e n y l  7 7 8  
O x a s p iro a lk a n o n e  p h o t o c h e m  3994 
O x a tn ia d ia z o le  o x id e  p r e p n  re a rra n g e m e n t  

3 37 2
O x a th ia z o lid in e  o x id e  im in o  1015 
O x a t h ia z o lo n e  th e r m o ly s is  n itr i le  1813 
O x a th io la n e  755
O x a th io liu m  h y d r o x id e  in n e r  s a lt  1633  
O x a z in e  d ih y d r o  2 53 0  
O x a z in e  t r ic y c l ic  p r e p n  th e r m o ly s is  4 21 3  
O x a z in e  y l id e  180 
O x a z in o m y c in  sy n th e s is  109 
O x a z ir id in e  e n a n t io m e r  N M R  3217 
O x a z ir id in e  o p t ic a l  is o m e r  2 08 0  
O x a z ir id in e  r e a c t io n  k e te n im in e  448  
O x a z ir id in e  s te r e o is o m e r  o p t ic a l  3917

O x a z o le  d ih y d r o  441
O x a z o le  in d o ly lm e th y l  a c r y lo n it r i le  c y c lo a d d n  

2 03 9
O x a z o le  P o m e r a n z  F r it s ch  re a c t io n  3 2 0 8  
O x a z o lid in o n e  3 22 0  
O x a z o lin e  a m in o a ry l  2 65 3  
O x a z o lin e  h y d r o x y a lk y l  1467 
O x a z o lin e  s ty r y l  a d d n  p h e n y la lly lm a g n e s iu m  

8 2 0
O x a z o lin e  th ie n y l lith ia t io n  2649  
O x a z o lin o n e  th e r m o ly s is  tr if lu o r o m e th y l  

m e ch a n is m  2 43 9  
O x a z o lo b e n z o d ia z e p in e  2 21 2  
O x e ta n e  c y c lo a d d n  k e te n e  a ce ta l 3 12 8  
O x e ta n e  fo r m a t io n  p h o t o ly s is  im id e  3 2 1 5  
O x e ta n o n e  s te r o id a l  487  
O x id a s e  m o n o a m in e  in h ib it o r  p r o p a r g y la =  

m in e  2637
O x id a t iv e  c o u p l in g  a ro m  c o m p d  764 
O x id a t iv e  r e a rra n g e m e n t  a le  813  
O x id a t iv e  re a rra n g e m e n t  la b d a d ie n o l  806  
O x id e  b e n z o x a th ia n e  s te r e o ch e m  2206 
O x id e  m e th y l p h o s p h o le n e  N M R  2 02 3  
O x id e  t r ia z in e  N M R  546  
O x id n  a lk a n e  m e ch a n is m  2 31 8  
O x id n  a lk e n e  c h r o m a te  io d in e  4 2 6 8  
O x id n  a lk e n e  k in e t ic s  m e c h a n is m  685  
O x id n  a lk y la r o m  c e r ic  n itra te  3682  
O x id n  a lk y l in d o le  1213 
O x id n  a llo x a z in e  2203  
O x id n  a m in o e th a n e s u lfo n y l f lu o r id e  169 
O x id n  a z a b ic y c lo n o n a n e c a r b o x y la t e  2651 
O x id n  b e n z il ic  a c id  k in e t ic s  2 0 6 3  2069  
O x id n  b e n z im id a z o le d ia m in e  542  
O x id n  b e n z y l  m e th y l e th e r  3 09 7  
O x id n  b is  a m in o a n il  3 4 8 5  
O x id n  c a r b a z o le  561 
O x id n  c le a v a g e  k e to l m e c h a n is m  4061 
O x id n  c y c lo d e c a n o l  tr ip h a s e  ca ta ly s is  875  
O x id n  c y c lo h e x e n y l  s ily l e th e r  3961 
O x id n  c y s t in e  d im e th y l  s u l fo x id e  2524  
O x id n  d ib e n z o t h io p h e n e  2751 
O x id n  d ih y d r o x y t e t r a m e th y lp h e n a n t h r e n e  

734
O x id n  d io l  372
O x id n  d it e r p e n o id  e p id io x id e  1885 
O x id n  e le c t r o c h e m  a c y la m in o m a lo n a te  m o =  

n o e s te r  2 41 9
O x id n  e le c t r o c h e m  c y c lo h e x e n e  2313  
O x id n  e le c t r o c h e m  d ip h e n y lm e t h y lp y r a z o lin =  

e c a r b o x y l ic  a c id  3 94 9  
O x id n  e le c t r o c h e m  p h e n y la c e t ic  a c id  1461 
O x id n  e le c t r o c h e m  p h e n y lp h e n o th ia z in e  

983
O x id n  e le c t r o c h e m  th ia n th r e n e  9 7 6  
O x id n  e le c t r o c h e m  tr o p a n e  6 7 0  
O x id n  e lim in a t io n  a m in o th ie ta n e  d io x id e  

3 50 6
O x id n  f lu o r e n e  c a r b o n  c a ta ly s t  3754  
O x id n  i s o ch ro m a n o n e  1090 
O x id n  is o p r o p y lid e n e  p y r a n o s e  1216 
O x id n  J o n e s  a z a b ic y c lo t r id e c a n o l  3 21 0  
O x id n  k in e t ic s  c y c lo h e x a n o l  b e n z a ld e h y d e  

826
O x id n  n e r iifo l in  3 58 0  
O x id n  o le f in  a c e ty le n e  p e r m a n g a n a te  3 7 4 9  
O x id n  p e r a c id  im in e  a sy m  3917 
O x id n  p e r a c id  o le f in  a le  2077 
O x id n  p h e n a c y l  b r o m id e  d ia lk y lh y d r o x y la ^  

m in e  754
O x id n  p h o t o c h e m  a le  171 
O x id n  p h o t o c h e m  a n th r o n e  507  
O x id n  p h o t o c h e m  c y c lo p r e g n a n e c a r b o x a ld e h =  

y d e  3 63 3
O x id n  p h o t o c h e m  d ib e n z y l  d it e llu r id e  2 93 7  
O x id n  p h o t o c h e m  h e x o s e  1216 
O x id n  p h o t o c h e m  p r o p a n o l  n it r o b e n z e n e  

1459
O x id n  p h o t o e le c t r o c h e m  q u in o n e  2347  
O x id n  p h o t o e le c t r o c h e m  q u in o n e  c a ta ly s t  

2347
O x id n  p r im a ry  a m in e  o z o n e  844 
O x id n  p y r r o le c a r b o x y la te  2 21 9  
O x id n  ra te  T h u ja  te r p e n e  1616 
O x id n  r e a g e n t  a le  1816 
O x id n  re d n  p h e n y lg ly o x a ly l  a m id e  2821 
O x id n  s e le c t iv e  c h lo r o p y r a z in e  c h lo r o q u in o x  =  

a lin e  1869
O x id n  se le n a in d a n  369  
O x id n  te r t ia r y  a lly lic  c y c lo h e x e n o l  682 
O x id n  th io p u r in e  2 47 0  
O x id n  t o lu e n e s u lfo n ic  h y d r a z id e  c a ta ly s t  

571
O x im a t io n  a c e to n e  ca ta ly s ts  a m in e  1593 
O x im e  c le a v a g e  m ic e lle  c a ta ly s is  759  
O x im e  d é p h o s p h o r y la t io n  d e a c y la t io n  m ice lle  

2 86 5
O x im e  v s  is o x a z o le  p r e p n  1356 
O x im in o c y c lo h e x a n o l  r e a r r a n g e m e n t  2 74 8  
O x in d o le  m e t h y lth io  1344 
O x in d o le  N M R  c a r b o n  1340 
O x in d o le  p h e n y l 448

O x ira n e  a c e t o x y  a lk y la t io n  d ia lk y lc u p r a te
2 53 7

O x ir a n e  a ry l r in g  c le a v a g e  4 06 7  
O x ir a n e  b ic y c lo h e p t y l  3 98 3  
O x ira n e  c le a v a g e  a lk e n y ld ia lk y la lu m in u m  

2 71 2
O x ir a n e  d ip h e n y l  s t e r e o c h e m  1661 
O x ir a n e  m e t h y l th io p r o p y l  3303  
O x ir a n e  r in g  c le a v a g e  343  
O x ir e n e  d ip h e n y l  180 
O x o  n itr i le  m é th y la t io n  3 74 4  
O x o c h o le s t a n o l  b r o m in a t io n  487 
O x o c y c lo h e x a n e a c e ta te  e s te r  d im e th y l  s te r =  

e o c h e m  1026
O x o c y c lo p e n t a n e d it h io c a r b o x y l ic  a c id  a d d n  

p r o p io la te  3 3 8 3
O x o c y c lo p h a n e  c y c liz a t io n  P a a l K n o r r  1379  
O x o g lu ta ra te  c y c liz a t io n  c y c lo h e x a n e d io n e  

889
O x o g lu ta ra te  c y c lo c o n d e n s a t io n  g ly o x a l 

2826
O x o g lu ta r ic  a c id  s e m ia ld e h y d e  c y c liz a t io n  

a m m o n ia  3 4 4 0
O x o m a lo n a te  D ie ls  A ld e r  d ie n e  4 0 9 5  
O x o n iu m  ca ta ly s t  k e to n e  h o m o lo g a t io n  4 5 9  
O x o n iu m  sa lt  e t h e r if ic a t io n  a le  1801 
O x o p e n ic i l la n a t e  W it t ig  r e a g e n t  4 0 4 5  
O x o s u c c in ic  a c id  s e le c t iv e  re d n  2797  
O x y g e n  a lly l s u l f id e  re a r r a n g e m e n t  172 
O x y g e n  a to m  r e a c t io n  a lk y n e  569  
O x y g e n  c a r b o n y l  G r ig n a r d  a t ta c k  1402 
O x y g e n  s in g le t  r e a c t io n  D e w a r  b e n z e n e  

1657
O x y g e n  t r a n s fe r  a c é t o n y la t io n  m e c h a n is m  

2 77 9
O x y m e r c u r a t io n  d ib e n z o b ic y c lo  o c t a t r ie n e s  

p o ly c y c l i c  c o m p d s  4 2 7 9  
O x y p r o t o b e r b e r in e  1117 
O x y t o c in  M e r r i f ie ld  c h lo r o m e t h y la t e d  b e n =  

z h y d r y la m in e  re s in  3 55 2  
O x y t o c in  sy n th e s is  M e r r i f ie ld  3 55 6  
O z o n e  o x id n  p r im a ry  a m in e  844  
O z o n o ly s is  c y c lo h e p t e n o n e  1225 
O z o n o ly s is  d ip h e n y lm a le im id e  2821 
O z o n o ly s is  p r e g n e n o n e  1613 
P a a l K n o r r  c y c liz a t io n  o x o c y c lo p h a n e  1379  
P a lla d iu m  c h lo r id e  c y c liz a t io n  a io l  372  
P a lla d iu m  r e d u c e d  h y d r o g e n a t io n  ca ta ly s t  

551
P a lla d iu m  v in y l ic  s u b s t itu t io n  ca ta ly s t  3 90 3  
P a n c r e o z y m in  h e p t a p e p t id e  p r e p n  147 
P a p a in  c a ta ly s t  r a c e m ic  d ip e p t id e  a m id a t io n  

3731
P a r a c y c lo p h a n e  3 46 8  
P a r a c y c lo p h a n e  m u lt i la y e r e d  287  
P a r a c y c lo p h a n e  p r e p n  2787  
P a rg y lin e  p r e p n  2 63 7  
P a tc h u le n e  d ih y d r o  1825  
P e n ic i lla n a e  o x o  n it ro m e th a n e  a d d n  3 97 2  
P e n ic i lla n a te  e n o la te  a ld o l  c o n d e n s a t io n  

2 96 0
P e n ic i lla n a te  m e th y l 4 0 4 5  
P e n ic i ll in  r in g  c le a v a g e  1239 
P e n ic i ll in  s u l fo x id e  r in g  e n la r g e m e n t  2887  
P e n ic i ll in  t h io  2 22 4  
P e n ic i l l in a t e  d ia z o  irra d n  2 22 4  
P é n ic i ll iu m  e r e m o fo r t in  C  t e r p e n o id  2 63 2  
P e n ta c h lo r o a z a c y c lo p e n t a d ie n e  D ie ls  A ld e r  

k in e t ic s  1375
P e n ta c y c l ic  t r ite r p e n e  in te r m e d ia te  3 74 4  
P e n ta c y c lo d e c a n e  p r e p n  a b s  c o n f ig u r a t io n  

2 98 5
P e n t a c y c lo d o d e c a d ie n e  176 
P e n ta d e c y l  d im e th y l  a c e ta te  1102 
P e n ta n e  t e t ra m e th y l f lu o r in a t io n  3 43 7  
P e n ta n e t h io l  t e t ra m e th y l 973  
P e n ta n o l  e t h e r if ic a t io n  1801 
P e n ta th ia b ic y c lo n o n a n e  2 34 5  
P e n ta z o c in e  sy n th e s is  3 60 5  
P e n te n a l p h e n y lh y d r a z o n e  F is c h e r  c y c liz a t io n  

1878
P e n te n o n e  e t h o x y  p h o t o ly s is  1850  
P e n ty lo x y b e n z e n e  n a lo g e n a t io n  m ic e lle  

c a ta ly s is  3 29 8
P e p t id e  a m in e  p r o t e c t io n  143 
P e p t id e  a n t ib io t ic  L L B M 5 4 7  1282 
P e p t id e  c a r b o x y l  r e s id u e  d e t n  1750  
P e p t id e  c e s iu m  sa lt  e s t e r if ic a t io n  1286  
P e p t id e  c h o le c y s t o k in in  147 
P e p t id e  h is t id in e  s e r in e  a c y la t io n  149 
P e p t id e  ly s in e  i s o n ic o t in y lo x y c a r b o n y l  p r o =  

t e c t io n  3 28 6
P e p t id e  M e r r i f ie ld  d ic y c lo h e x y lc a r b o d i im id e  

a m in o  1291
P e p t id e  M e r r i f ie ld  h a lo b e n z y l  p r o t e c t io n

523
P e p t id e  s y n th e s is  e x c e s s  a z id e  m e t h o d  2 0 9 8  
P e r a c id  o x id n  im in e  a sy m  3917 
P e r a c id  o x id n  o le f in  a le  2077  
P e r c h lo r a te  a r y ls u lfo n y lm e t h y l  s o lv o ly s is  

k in e t ic s  2694
P e r c h lo r a te  b u t y lm e r c u r y  t r i f lu o r o a c e to ly s is  

m e c h a n is m  2 05 8
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P e r c h lo r ic  a c id  a c id it y  fu n c t io n  162 
P e r f lu o r o a c e t o n e  d ie n e  d im e t h o x y c y c lo p r o p =  

e n e  m e c h a n is m  6 7 4
P e r f lu o r o a lk y le t h y l  i o d id e  s u b s t itu t io n  r e a c =  

t io n  2 6 8 0
P e r f lu o r o e t h y le n e  te lo m e r iz a t io n  d i f lu o r o e =  

th y l  i o d id e  1985
P e r h y d r in d a n c a r b o x y l ic  la c to n e  p r e p n  3 7 8 0  
P e r h y d r o t r ip t y c e n e  p r e p n  c o n f ig u r a t io n  

2 3 9 9
P e r im id in e  2 53 0  
P e r ip lo g e n in  d e h y d r a t io n  9 0 6  
P e r is ty la n e  3  1733
P e r m a n g a n a te  o x id n  o le f in  a c e ty le n e  3 74 9  
P e r o x id e  fra g m e n ta t io n  p y r o ly s is  m e c h a n is m  

2 1 6 0
P e r o x id e  th e r m o ly s is  m e c h a n is m  p o la r iz a t io n  

3011
P e r o x y  a c id  re a r r a n g e m e n t  32 
P e r o x y c a m p h o r a te  a s y m  in d u c t io n  2 08 0  
P e r o x y fe r o lid e  t u lip  t re e  3 61 4  
P e r o x y la c t o n e  m ass  s p e c tr a  537  
P e r o x y s e le n in ic  a c id  b e n z e n e  e p o x id n  2 03 4  
P e r o x y s u lfu r ic  a c id  o x id n  1869  
P e t r o le u m  a s p h a lte n e  o r ig in  s t r u c tu re  312  
P G E 2  h y d r id e  r e d n  1087 
P G F  2 1087
P h a k e llia  d ib r o m o p h a k e l l in  m o n o b r o m o p ^  

h a k e llin  is o la t io n  4 11 8  
P h a s e  tra n s fe r  a c r o le in  c y c liz a t io n  2123  
P h a s e  tra n s fe r  c a ta ly s is  s u l fo n y l  f lu o r id e  

2031
P h a se  tra n s fe r  m u lt ip h a s e  c a ta ly s t  4 2 7 5  
P h e lla n d r e n e  c y c lo a d d n  b e n z a lb is u r e th a n e  

m e th y le n e b is u re th a n e  2486  
P h e lla n d r e n e  e p id io x id e  d e c o m p n  iro n  1895 
P h e n a c y l  b r o m id e  o x id n  d ia lk y lh y d r o x y la =  

m in e  754
P h e n a n th r a q u in o n e  D ie ls  A ld e r  b u ta d ie n e  

3 46 3
P h e n a n th r e n e  c y c lo a d d n  p h e n y la l ly lm a g n e s i -  

u m  8 2 0
P h e n a n th r e n e  d e c a h y d r o  t r im e t h y l  s e s q u i=  

t e r p e n o id  153 
P h e n a n th r e n e  d e r iv  214 
P h e n a n t h r e n e  d e r iv  o c t a h y d r o  c o n f ig u r a t io n  

1 1 7 7 ,4 2 8 0
P h e n a n th r e n e  d ih y d r o x y t e t r a m e th y l  734 
P h e n a n th r e n e  d im e th y l  3 78 3  
P h e n a n th r e n e  d o d e c a h y d r o  e n e r g y  2 3 3 0  
P h e n a n t h r e n e  e p o x y e t h a n o  1090 
P h e n a n th r e n e  h y d r o x y m e t h y lh e x a h y d r o  

re d n  m e c h a n is m  3 35 0  
P h e n a n t h r e n e d io l  d ih y d r o  736  
P h e n a n t h r e n e d io n e  1267 
P h e n a n th r id in e  o c t a h y d r o  2 74 2  
P h e n a n t h r id in e a c e t ic  a c id  o x o  c y c liz a t io n  

2 52 5
P h e n a z in e  c a t io n  r a d ic a l  t e t r a flu o r o b o r a t e  

561
P h e n e th y l  a le  la b e le d  in v e rs io n  767  
P h e n e t h y la m in e  a n isy l d e a m in a t io n  3306  
P h e n e t h y lis o q u in o l in e s  n o n p h e n o l  o x id a t iv e  

c o u p l in g  4 2 7 9  
P h e n o l  a c y l  3 92 9  
P h e n o l  a m in o  d ia c y l  s a p o n  6 5 2  
P h e n o l  a n n é la t io n  c y c lo h e x e n o n e  e p o x id e  

3 45 8
P h e n o l  b r o m o a lk y l  c y c lo c o n d e n s a t io n  2840  
P h e n o l  d im e th o x y  a lk y la t io n  344  
P h e n o l  f o r m a ld e h y d e  c o n d e n s a t io n  382  
P h e n o l  h a lo  d e h a lo g e n a t io n  835  
P h e n o l  k in e t ic s  d ia z o m e t h a n e  3 97 9  
P h e n o l  m e th y le n e b is  t r a n s b e n z y la t io n  1208 
P h e n o l  o x o c y c lo h e x a d ie n y l id e n e b is  h in d e r e d  

2 17 7
P h e n o l  p r e p n  1479  2 05 3  
P h e n o la te  p h e n y l  2751 
P h e n o l i c  m e t a c y c lo p h a n e  382  
P h e n o li c  m e t a c y c lo p h a n e s  p r e p n  4 2 8 0  
P h e n o t h ia z in e  c a t io n  r a d ic a l  k e to n e  1833 
P h e n o t h ia z in e  d ia lk o x y  3 22 2  
P h e n o t h ia z in e  p h e n y l p y r id in a t io n  m e c h a n =  

ism  983
P h e n o x a t h i in  d ia lk o x y  3 2 2 2  
P h e n o x a t h i in  o x id e  c o n fo r m a t io n  I R  2 01 0  
P h e n o x a t h i in  r a d ic a l  c a t io n  a m in a t io n  1538  
P h e n o x id e  c a ta ly s is  p h o s p h o r y la t io n  a le

771
P h e n o x id e  p h e n y la lly lm a g n e s iu m  a d d n  

o le f in  8 2 0
P h e n o x id e  s o d iu m  s u b s t itu t io n  n i t r o p h t h a =  

la te  3419
P h e n o x id e  s u b s t itu t io n  n it r o p h th a l im id e  

3414
P h e n o x y c y c lo h e x e n o n e  c y c liz a t io n  3 45 8  
P h e n o x y p e n t a n e  h a lo g é n a t io n  m ic e lle  c a t a ly =  

s is  3 29 8
P h e n o x y p h o s p h in y l im in o im id a z o lid in e  4 0 3 5  
P h e n y l  a lk y l h y d r o x y la m in e  e le c t r o s y n th e s is  

1836
P h e n y l  a z id e  d e o x id n  n it ro s o d ib e n z y la m in e  

2 63 6

P h e n y l c a t io n  M O  1474 
P h e n y l d is u l f id e  in s e r tio n  y l id e  1768 
P h e n y l e s te r  h y d r o ly s is  m ic e lle  856 
P h e n y l is o p r o p y l  k e to n e  1189 
P h e n y l m e th y l e le c t r o n  re le a se  1073 
P h e n y l  s i ly l  e th e r  re d n  2 03 2  
P h e n y l s u b s t itu e n t  e f fe c t  c a r b o n  a c id  321 
P h e n y l s u l f id e  1462 
P h e n y l t r i f lu o r o m e t h y l  s u lfo n e  3 87 5  
P h e n y l v in y l  s e le n id e  2 95 0  
P h e n y la c e t ic  a c id  e le c t r o o x id n  1461 
P h e n y la c e t ic  a c id  th io  e s te r  3 96 0  
P h e n y la c e t y le n e  b r o m in a t io n  m e ch a n ism  

2 68 9
P h e n y la c e t y le n e  p r e p n  2 62 6  3308  
P h e n y la c r o le in  a ce ta l 3 90 7  
P h e n y la c t o n it r i le  r a d ica l h y d r o g e n  a b s t r a c t  

t io n  752
P h e n y la la n y la d e n o s in y le th a n e  706  
P h e n y la lly lm a g n e s iu m  p h e n o x id e  a d d n  

o le f in  8 2 0
P h e n y la t io n  a c r o le in  a ce ta l ca ta ly s t  3907 
P h e n y la t io n  r e d u c t iv e  e s te r  la c to n e  4266  
P h e n y lb u t a d ie n e  p y r o ly s is  c y c liz a t io n  297 
P h e n y lb u t a n e  a u to m e r iz a t io n  3 01 8  
P h e n y lb u t y r ic  a c id  p r e p n  c y c lo c o n d e n s a t io n  

2 55 6
P h e n y lc a r b in y l  io n  N M R  2666 
P h e n y lc y c lo h e x a n e d io l  o p t i c a l ly  a c t iv e  1742 
P h e n y lc y c lo p r o p y lc a r b in o l  b r o m in a t io n  

1071
P h e n y ld ic h lo r o p r o p a n o l  r e a r r a n g e m e n t  

k in e t ic s  4 05 2
P h e n y ld it h ia n e  o x id e  d io x id e  s t r u c tu re  961 
P h e n y le n e b is t r ie th y lp h o s p h o n iu m  s p lit in g  

E S R  3 75 9
P h e n y le th a n o l  e t h e r if ic a t io n  1801 
P h e n y le t h e n e  f lu o r in a t io n  1559 
P h e n y le t h e n y lp y r id in e  o x id e  1364 
P h e n y le t h y l  n it r o b e n z o a t e  s o lv o ly s is  1073 
P h e n y lf lu o r e n y la c e ta ld e h y d e  d e c a r b o n y la t io n  

r a d ica l 19
P h e n y lfo r m ic  a c id  s e le c t iv e  re d n  2797  
P h e n y lg ly c id a t e  c le a v a g e  343  
P h e n y lg ly o x a ly l  a m id e  p h o t o ly s is  2821 
P h e n y lh y d r a z in e  a m id a t io n  r a c e m ic  d ip e p =  

t id e  p a p a in  3731 
P h e n y lm a le im id e  o z o n o ly s is  2821 
P h e n y lm a le y l  a m in o  g r o u p  p r o t e c t io n  2 81 9  
P h e n y lm e t h a n e  re a c t io n  t r if l ic  a c id  8 6 5  
P h e n y lm e t h a n e s u lfo n y l  c h lo r id e  c y c lo a d d n  

a m in o s ty re n e  3 5 0 2
P h e n y lm e th y l  d is e le n id e  k in e t ic s  th e rm o ly s is  

2491
P h e n y lm e t h y lp y r a z o l in e c a r b o x y lic  a c id  e le c =  

t r o o x id n  3 9 4 9
P h e n y ln o r b o r n e n o l  h y d r id e  re d n  1944 
P h e n y lp h e n a n th r y l  ra d ica l d is p r o p o r t io n a t io n  

19
P h e n y lp h e n o t h ia z in e  ra d ica l p y r id in a t io n  

m e ch a n is m  983
P h e n y lp h o s p h it e  m e th y l io d id e  io d in a t io n  

482
P h e n y lp h o s p h o le n e  o x id e  p h o t o ly s is  582  
P h e n y lp r o p a n e  a u to m e r iz a t io n  3018  
P h e n y lp r o p e n e  f lu o r o  b r o m in a t io n  1780 
P h e n y lp r o p y n a l  p r e p n  d e fo r m y la t io n  2626  
P h e n y lp y r o m e ll it id e  2 92 9  
P h e n y lp y r u v a te  c y c liz a t io n  a m in o b e n z a m id e  

3 65 0
P h e n y ls e le n e n y l b r o m id e  a d d n  a lk e n e  2 95 0  
P h e n y lt h io c y c lo h e x e n y l  n it r o b e n z o a t e  a n =  

c h im e r ic  a ss is ta n ce  585  
P h e n y lt h io n o r b o r n a n o l  1149 
P h e r o m o n e  D e n d r o c to n u s  e x o  b r e v ic o m in  

2 38 0
P h e r o m o n e  d o d e c a d ie n o l  a ce ta te  1799 
P h e r o m o n e  h y d r o x y d im e t h y ln o n a c o s a n o n e  

566
P h e r o m o n e  sa w fly  d im e th y lp e n t a d e c y l  a c e =  

tä te  1102
P h e r o m o n e  sy n th e s is  3 62 2  
P h o r b o l  e p im e r iz a t io n  e s te r if ic a t io n  3645  
P h o s g e n e  c y c liz a t io n  b e n z o d ia z e p in a m in e  

2212
P h o sp h a ta s e  in h ib it io n  p h o s p h o r a m id a te  

p r e p n  2466
P h o s p h a t e  a lle n y l  e s te r  1804 
P h o s p h a t e  c r e a t in e  4 16 5  
P h o s p h a t e  c y c lic  c a r b o x y l ic  a c id  2260  
P h o s p h a t e  e s te r  o p t ic a lly  a c t iv e  3 45 9  
P h o s p h a t e  n it r o b e n z o y l  h y d r o ly s is  ca ta ly s is  

m ic e lle  4 7 5
P h o s p h a t e t r a th ia c y c lo d o d e c a n e  d i 1662 
P h o s p h id e  o r g  h a lid e  m e c h a n is m  3 24 7  
P h o s p h in d o lin e s  s y n th e s is  4 27 9  
P h o s p h in e  N M R  1236 
P h o s p h in e  r e a c t io n  k in e t ic s  h y d r o p e r o x id e  

3 97 0
P h o s p h in e  r h o d iu m  a sy m  re d n  1671 
P h o s p h in e  tr ip h e n y l 2 19 0  
P h o s p h in e  tr is a n il in o m e th y l d is p r o p o r t io n a =  

t io n  4 12 5

P h o s p h it e  d e o x y g e n a t io n  q u in o x a lin e  d io x id e
1360

P h o s p h it e  m e th y l io d id e  io d in a t io n  482  
P h o s p h it e  r e a c t io n  c h lo ro a m in e  s te re o ch e m

782
P h o s p h o e n o lp y r u v a t e  a n a lo g  N M R  1030 
P h o s p h o la n o n e  d ia z o  c le a v a g e  552 
P h o s p h o le n e  a d d n  p h o t o c h e m  a le  3070 
P h o s p h o le n e  o x id e  m e th y l N M R  2023 
P h o s p h o le n e  o x id e  p h o t o ly s is  s te r e o ch e m  

582
P h o s p h o lip id  2 26 0
P h o s p h o n a t e  c h lo r o a c e t o n e  a d d n  m e ch a n ism

472
P h o s p h o n a t e  m e th y l d ia ry l  379  
P h o s p h o n a t e  R a b in o w it c h  d e a lk y la t io n

2771 *
P h o s p h o n a t e  s u lfe n y l c h lo r id e  s te r e o ch e m  

190
P h o s p h o n io r ib o fu r a n o s id e  y lid e  W itt ig  

4 08 4
P h o s p h o n ite  s u lfe n y l c h lo r id e  s te r e o ch e m  

190
P h o s p h o n iu m  a d d n  p y r id in e  o x id e  4 2 4 5  
P h o s p h o n iu m  a lk y lt r ip h e n y l e le c t r o r e d n  

1242
P h o s p h o n iu m  b r o m id e  a m in o p r o p e n y l  200  
P h o s p h o n iu m  c h lo r id e  te t ra k is a n il in o m e th y l 

d is p r o p o r t io n a t io n  4 1 2 5  
P h o s p h o n iu m  h y d r o x y m e t h y l  c a r b a m a te  

4 04 0
P h o s p h o n iu m  h y d r o x y m e t h y l  c a r b a m a te  

re a c t io n  4 04 0
P h o s p h o n iu m  p h e n y le n e b is t r ie th y l  E S R  

s p l it t in g  3 75 9
P h o s p h o n iu m  sa lt  a m in o v in y l  p r e p n  s t r u c =  

tu re  2641
P h o s p h o n iu m  sa lt  N M R  1236 
P h o s p h o n iu m  W it t ig  r e a c t io n  3 10 4  
P h o s p h o n iu m  y l id e  r e a c t io n  s u lfin y la m in e

3922
P h o s p h o n o a c e t a t e  a m in a t io n  h y d r o x y la m in e  

d e r iv  376
P h o s p h o n o im in o im id a z o lid in e  N M R  p r e p n  

4035
P h o s p h o r a m id a te  c h lo r o  p h o to r e a r r a n g e m e n t

617
P h o s p h o r a m id a te  p r e p n  p h o s p h a ta s e  in h ib i=  

t io n  2466
P h o s p h o r a n e  W it t ig  b e n z a ld e h y d e  3691 
P h o s p h o r ic  tr ie s te r  o p t ic a lly  a c t iv e  3 45 9  
P h o s p h o r in a n e  h a lo g e n  a d d u c t  s t r u c tu re  

1315
P h o s p h o r in a n e  te r t ia r y  b u ty l  p h e n y l  1306 
P h o s p h o r o s e le n o a te  a d d u c t  c a r b o d i im id e

3629
P h o s p h o r o th io a t e  a d d u c t  c a r b o d i im id e

3 62 9
P h o s p h o r u s  b u t t e r f ly  h e t e r o c y c le  s t r u c tu re  

1170
P h o s p h o r u s  h a lid e  r e a c t io n  c y c lo a lk a n e d io n e

2 38 0
P h o s p h o r u s  o x y c h o r id e  re d n  a m id e  2 08 2  
P h o s p h o r u s  t r ic h lo r id e  b e n z e n e  su lfu r  F r ie ^  

d e l  C ra fts  2 19 0
P h o s p h o r u s  t r ic h lo r id e  r e a c t io n  n itro a lk a n e

3 95 6
P h o s p h o r y la t io n  a le  p h e n o x id e  ca ta ly s is  

771
P h o s p h o r y la t io n  c r e a t in e  e n z y m e  A T P  r e =  

g e n e r a t io n  4 16 5
P h o s p h o r y la t io n  im in o im id a z o lid in e  4 03 5  
P h o t o  a ro m  n u c le o p h i l ic  s u b s t itu t io n  1481 
P h o t o  c y c lo a d d n  n a p h th o n itr i le  m e t h o x y =  

p r o p e n e  3313
P h o to a d d n  b e n z o q u in o n e  c y c lo b u t e n e d io n e  

2371
P h o to a d d n  c y c lo h e x a n e  fu r a n o n e  m e c h a n is m  

904
P h o to a d d n  h y d r o c a r b o n  fu r a n o n e  m e c h a n is m  

901
P h o to a d d n  o c t a n o l  c y c lo p e n t e n o n e  p r o s t a =  

g la n d in  356
P h o to c h e m  a d d n  p h o s p h o le n e  a le  3 07 0  
P h o to c h e m  a lly la t io n  m e c h a n is m  1 5 7 0  
P h o to c h e m  a m in o q u in o n e  3317  
P h o to c h e m  c o u m a la te  1844 
P h o to c h e m  c y c liz a t io n  m e th o x y s t ilb e n e  

3783
P h o to c h e m  c y c liz a t io n  n a p h th a le n e  d ip h e =  

n y le th y le n e  2191
P h o to c h e m  c y c liz a t io n  s t ilb a z o le  3 51 4  
P h o to c h e m  c y c liz a t io n  s ty r y ln a p h th a le n e

3 62 6
P h o to c h e m  c y c lo a d d n  a n is o le  c y c lo a lk e n e  

1321
P h o to c h e m  c y c lo a d d n  b e n z o n it r ile  a lk e n e

4 2 3 8
P h o to c h e m  c y c lo a d d n  e p o x y n a p h t h o q u in o n e  

o le f in  3 80 0
P h o to c h e m  d im e r iz a t io n  c y to s in e  s te r e o ch e m  

4127
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P h o to c h e m  e n a m id e  1117 
P h o to c h e m  is o m e r iz a t io n  e t h y l id e n e c y c lo 3  

h e x a n o n e  a n il 2 79 4  
P h o to c h e m  o x a s p ir o a lk a n o n e  3 99 4  
P h o to c h e m  o x id n  a n th r o n e  507 
P h o to c h e m  o x id n  c y c lo p r e g n a n e c a r b o x a ld e h 3  

y d e  3633
P h o to c h e m  o x id n  d ib e n z y l  d it e l lu r id e  2937  
P h o to c h e m  o x id n  h e x o s e  1216 
P h o to c h e m  o x id n  p r o p a n o l  n it ro b e n z e n e  

1459
P h o to c h e m  p o d o c a r p a n o a t e  c y e lo p e n t a d ie n 3  

o n e  a d d u c t  1573
P h o to c h e m  r e a c t io n  o x a d ia z o le  in d e n e  1496  
P h o to c h e m  r e a c t iv it y  a c y lt h io p h e n e  a c y l fu 3  

ran  3 77 4
P h o to c h e m  re a rra n g e m e n t  b e n z o c y c lo b u t e n 3  

e d io n e  1693
P h o to c h e m  re a r r a n g e m e n t  d im e th y l  c h r o m a 3  

n o n e  3 07 6
P h o to c h e m  r e a r r a n g e m e n t  d ip h e n y ln i t r o c y 3  

c lo h e x e n e  621
P h o to c h e m  r e a r r a n g e m e n t  t r iq u in a ce n e  

m e ch a n is m  503
P h o to c h e m  r e d n  b r id g e h e a d  b r o m id e  2 79 0  
P h o to c h e m  r e d n  c h lo r in a t io n  b e n z a ld e h y d e  

1810
P h o to c h e m  s u b s t itu t io n  n u c le o p h i l ic  m e 3  

c h a n is m  1457
P h o to c h e m  v in y lp y r id o n e  1122  
P h o to c h e m  W o l f f  r e a r r a n g e m e n t  d ia z o in d a 3  

n o n e  1697
P h o to c h e m  W o l f f  r e a r r a n g e m e n t  d ia z o t r ic y 3  

c lo o c t a n o n e  4 1 5
P h o to c y c l iz a t io n  b e n z y l id e n e is o q u in o lin e c a r 3  

b o x a ld e h y d e  1117
P h o to c y c l iz a t io n  d iv in y lb ip h e n y l  3271  
P h o to c y c l iz a t io n  v in y lp y r id o n e  1122 
P h o t o c y c lo a d d n  a c e t y le n e d ic a r b o x y la te  

b e n z o fu r a n  m e c h a n is m  2 37 4  
P h o to d im e r  h y d r o n a p h t h a le n e  B ir c h  r e d n  

1098
P h o to e le c t r o c h e m  o x id n  q u in o n e  c a ta ly s t  

2 34 7
P h o to e le c t r o n  s p e c tr a  a z o  o x id e  6 0 9  614  
P h o to e le c t r o n  s p e c tr a  h e t e r o c y c le  2 23 0  
P h o to is o m e r iz a t io n  p le ia d ie n e  92  
P h o to is o m e r iz a t io n  u n s a td  e p o x y  k e to n e  

3 63 5
P h o to is o m e r iz a t io n  v in y lp y r id o n e  1122  
P h o to ly s is  a c r id in y lm e th y la m m o n iu m  b r o m 3  

id e  2726
P h o to ly s is  a l ic y c l ic  im id e  m e c h a n is m  3 21 5  
P h o to ly s is  a lly l i o d id e  a r o m  s o lv e n t  1 57 0  
P h o to ly s is  a n th r o n e  507  
P h o to ly s is  a sy m  p o ly c y c l i c  k e t o n e  4 27 0  
P h o to ly s is  a z id o a z o b ip h e n y l  292 
P h o to ly s is  b e n z is o x a z o liu m  3929 
P h o to ly s is  b r o m o t r ic h lo r o m e t h a n e  p h e n y la 3  

c e t o n it r i le  752  
P h o to ly s is  c o u m a la te  1844 
P h o to ly s is  d ia z o q u in o l in o n e  1883  
P h o to ly s is  d io x a n e  2 14 5  
P h o to ly s is  e n e th io l  e s te r  m e c h a n is m  1142 
P h o to ly s is  e p o x y  q u in o n e  m e c h a n is m  3793 
P h o to ly s is  e p o x y d ip h e n y lm a le ic  a n h y d r id e  

180
P h o to ly s is  e t h o x y m e t h y lp e n t e n o n e  1850  
P h o to ly s is  f lu o r o m e t h y lo x a z o l in o n e  m e c h a n 3  

ism  2 43 9
P h o to ly s is  fo r m y lb e n z o a t e  e n o l  1693  
P h o to ly s is  h y d r o x y e s t r a d ie n o n e  102 
P h o to ly s is  im id o y l im in o p y r id in iu m  443  
P h o to ly s is  im in o q u in o l in iu m  d im e r  1856  
P h o to ly s is  i s o p r o p y ln o r c a m p h o r  c o n fo r m a 3  

t io n  1327
P h o to ly s is  m e t h a n o f lu o r a n t h e n e  4 0 9 2  
P h o to ly s is  n o r b o m a n o n e  to s y lh y d r a z o n e  

3 35 6
P h o to ly s is  o x a s p ir o a lk a n o n e  3 99 4  
P h o to ly s is  p h e n y lg ly o x a ly l  a m id e  2821 
P h o to ly s is  p h o s p h o le n e  o x id e  s te r e o ch e m  

582
P h o to ly s is  p r o p y le n e  o x id e  m e c h a n is m  

1252
P h o to ly s is  p y r r o lo b e n z o x a z in e  105 
P h o to ly s is  t e t r a z o lo n a p h t h y r id in e  1725 
P h o to ly s is  u re a  k e t o n e  k in e t ic s  2 37 8  
P h o t o o x id n  a le  fe r r ic  c h lo r id e  171 
P h o to r e a c t io n  fe r r o c e n e  is o cy a n a te  a le  1428  
P h o to r e a r r a n g e m e n t  c h lo r o p h o s p h o r a m id a t e  

617
P h th a la ld e h y d e  a m m o n ia  a m in e  r e a c t io n  

4 21 7
P h th a la te  n it r o  s u b s t itu t io n  p h e n o x id e  

3419
P h th a la z in e d io n e  D ie ls  A ld e r  a n th ra ce n e  

2371
P h th a la z in e d io n e  o x id n  1367  
P h th a lic  a n h y d r id e  m e th y l 1478  
P h th a lic  a n h y d r id e  n it ro  s u b s t itu t io n  3 42 5  
P h th a lic  a n h y d r id e  r e a c t io n  n it r ite  3 43 5

P h th a lid e  c e le r y  o i l  2 33 3  
P h th a lid e  N M R  369
P h th a lim id e  n it r o  h a lo  r e a c t io n  p h e n o x id e  

3 41 4
P h th a lim id e  n it r o  r e a c t io n  n it r ite  3431 
P h th a lim id in e  4 21 7
P h th a lo n it r i le  a d d n  a m in e  ca ta ly s t  1872 
P h th a lo n it r i le  m e th y l 3 44 2  
P h to c h e m  c y c lo a d d n  m o l  d y n a m ic s  2621 
P ic r y ld ip h e n y lh y d r a z y l  r a d ica l 577 
P in a c o l  d ia n is y l  a n a lo g  d e h y d r a t io n  2423  
P in a c o l  e le c t r o p r e p n  2 56 0  
P in a c o lo n e  h a lo b e n z e n e  s u b s t it i tu io n  n u c le o 3  

p h i l ic  1449
P in e n e  a lp h a  h y p o c h lo r o u s  a c id  a d d n  249 
P in o l  d ih y d r o  2 5 3  
P in o l  o x id e  249
P ip e r a z in e d io n e  e p id is u lf id e  r e s o ln  925  
P ip e r id in e  d ib r o m o  c y c liz a t io n  3 93 3  
P ip e r id in e c a r b o x y lic  a c id  a c y l  c y c liz a t io n  

909
P ip e r id in iu m  d e c o m p n  m e t h o x id e  2201 
P ip e r id in o p y r a z o le  2893  
P ip e r id o n e  p r e p n  p y r o ly s is  2 11 3  
P iv a lo y lh y d r o x a m a t e  L o s s e n  re a r r a n g e m e n t  

1750
P iv a lo y lh y d r o x y la m in e  p e p t id e  c a r b o x y l  

d e g r d n  1750  
P la n t  a lk a lo id  d e t n  4 16 1  
P la s m a  f lu o r in a t io n  b e n z o t r i f lu o r id e  863  
P le ia d ie n e  p h o t o is o m e r iz a t io n  92 
P le io c a r p a m in e  d ih y d r o  a n a lo g  A ls to n ia  

2 78 5
P le io c r a l in e  A ls t o n ia  s t r u c tu re  2 78 5  
P lo c a m iu m  a c y c l ic  t r ic h lo r o  te r p e n e  2 81 2  
P lo c a m iu m  h a lo te r p e n e  2 63 4  
P o d o c a r p a n e  c a r b o n y l  c h ira lity  4 25 6  
P o d o c a r p a n o a t e  c y c lo p e n t a d ie n o n e  a d d u c t  

p h o t o c h e m  1573
P o d o c a r p a t r ie n o n e  to ta l  sy n th e s is  4131  
P o d o c a r p e n e d io n e  p r e p n  a r o m a t iz a tio n  

4131
P o d o c a r p ic  a c id  2357  
P o d o c a r p ic  a c id  to ta l  s y n th e s is  2 87 9  
P o la r  e f fe c t  r a d ic a l  r e a c t io n  7 
P o la r iz a b i l i t y  b a s ic it y  h y d r o c a r b o n  3 31 6  
P o la r iz a t io n  h y p e r v a le n t  b o n d  s p ir o su lfu r a n e  

4001
P o la r iz a t io n  th e r m o ly s is  p e r o x id e  3011 
P o ly a n g it r io l  d e r iv  s t r u c tu re  3 66 4  
P o ly c y c l i c  c o m p d s  o x y m e r c u r a t io n  d ib e n z o 3  

b i c y c lo  o c ta tr ie n e s  4 27 9  
P o ly c y c l i c  d io le f in  in tra m o l c y c liz a t io n  

2621
P o ly c y c l i c  h y d r o c a r b o n  c a r b o n  N M R  2 94 0  
P o ly c y c l i c  k e to n e  a sy m  p h o t o ly s is  4 27 0  
P o ly c y c l i c  u n d e ca n e  s ta b i li ty  3 85 2  
P o ly e t h e r  m a c r o c y c le  d i la c t o n e  3937  
P o ly f lu o r o a lk y l  io d id e  1985 
P o ly m e r  b o u n d  r h o d iu m  c o m p le x  1194 
P o ly m e r  s t r u c tu re  a s p h a lte n e  A th a b a s c a  

3 1 2
P o ly m e r  s u p p o r t  c a r o t e n o id  sy n th e s is  3 20 3  
P o ly m n  c a t io n ic  m o d e l  sy s te m  6 9 0  
P o ly n it r o d ip h e n y lm e t h a n e  n it ro  r e a rra n g e 3  

m e n t  1262
P o ly n u c le a r  a r y lc o p p e r  c o p p e r  t r if la te  r e a c 3  

t io n  2 04 7
P o ly s o a p  ca ta ly s is  d e c a r b o x y la t io n  n i t r o b e n 3  

z is o x a z o le c a r b o x y la t e  3 0 6  
P o ly s t y r e n e  tr ip h a s e  ca ta ly s t  8 7 5  
P o ly th ia e th e r  2644
P o m e r a n z  F r it s ch  r e a c t io n  b e n z a la m in o a c e 3  

ta l 3 20 8  
P o r p h in e  2957
P o r p h y r in  c a p p e d  n it ra t io n  3 98 6  
P o r p h y r in  h o m o  1567 
P o r p h y r in  t r ic a r b o x y e th y l  2953  
P r e g n a n o n e  re d n  s te r ic  e f fe c t  3811 
P r e g n e n e d io l  m a ss  s p e c tr a  725  
P r e g n e n e d io n e  c y c lic  a c e ta l  e p o x id n  358  
P r e g n e n o d io x o la n e d io n e  e p o x id n  s te r e o ch e m  

358
P r e g n e n o n e  o z o n o ly s is  1613 
P r e p n  im id a z o l id in e th io n e  3 70 4  
P r e ssu re  e f fe c t  tr a n s it io n  s ta te  338  
P r im a r y  a le  d e u te r a te d  in v e r s io n  767 
P r im a r y  a lip h  a m in e  b a s ic it y  916  
P r im a r y  a m in e  o z o n e  o x id n  8 4 4  
P r o a p o r p h in e  a lk a lo id  d é m é t h y la t io n  9 1 0  
P r o d u c t  d e v e lo p m e n t  c o n t r o l  s ig n if ic a n c e  

264
P r o g e s te r o n e  c o n v e r s io n  s t ig m a s te r o l  3 63 3  
P r o l in e  h y d r o x y  3 44 0  
P r o l in e  h y d r o x y  m e th y l 1 00 0  
P r o ly l le u c y lg ly c in a m id e  p r e p n  c o n fo r m a t io n  

2105
P r o n u c i fe r in e  d é m é t h y la t io n  9 1 0  
P r o p a n e d io l  a r y lo x y  C D  1006 
P r o p a n o a t e  d ia ry l 4 16 7  
P r o p a n o l  a m in o  r e a c t io n  la c to n e  1467 
P r o p a n o l  p h o t o c h e m  o x id n  n it ro b e n z e n e  

1459

P r o p a rg y l  a c e ta te  b o r a t io n  2 65 0  
P r o p a r g y l  a le  e s te r  is o m e r iz a t io n  1804 
P r o p a r g y la m in e  p r e p n  2637  
P r o p a r g y lm a lo n a t e  c y c liz a t io n  t h io p h e n o l  

3 40 8
P r o p e n e  p h e n y lf lu o r o  b r o m in a t io n  1780  
P r o p e n y l  s a l ic v l id e n e a m in e  C D  4 18 4  
P r o p io la t e  a d d n  c y c lo p e n t a n e d i t h io c a r b o x y l3  

ic  a c id  3 38 3
P r o p io la t e  G r ig n a r d  r e a c t io n  p o le m ic  2647  
P r o p io la t e  p h o t o c y c lo a d d n  b e z o fu r a n  2 3 7 4  
P r o p io l ic  a c id  c y c liz a t io n  u re a  2 18 5  
P r o p io n a t e  d ia z o o x o  d e c o m p n  c a ta ly s t  1685  
P r o p io p h e n o n e  h a lo g é n a t io n  3 52 7  
P r o p io p h e n o n e  h y d r o x y m é t h y la t io n  f o r m a l3  

d e h y d e  e q u il  2 7 8 6
P r o p y le n e  o x id e  p h o t o ly s is  m e c h a n is m  

1252
P r o p y l id e n e v in y lc y c lo p e n t a n e  h y d r o b o r a t io n  

c a r b o n y la t io n  3214  
P r o p y n e  d e r iv  c y a n in e  d y e  1035  
P r o p y n o y la c r y lo y lu r e a  c y c liz a t io n  4 1 5 9  
P r o p y n o y lu r a c i l  a m in o d im e t h y l  4 1 5 9  
P r o p y n y l  s a l ic y l id e n e a m in e  C D  4 1 8 4  
P r o p y n y la m in e  D ie ls  A ld e r  p y r o n e  2 9 3 0  
P r o p y n y lt r ip h e n y lp h o s p h o n iu m  b r o m id e  

a d d n  a m in e  2641 
P r o s ta g la n d in  a za  2103  
P r o s t a g la n d in  C o r e y  a ld e h y d e  in te rm e d ia te  

786
P r o s ta g la n d in  E l  d e o x y a z a  3201 
P r o s ta g la n d in  E 2  h y d r id e  r e d n  1087 
P r o s ta g la n d in  F  c o n fo r m a t io n  N M R  3 1 4 0  
P r o s ta g la n d in  in te rm e d ia te  h y d r o x y c a r b o m e 3  

t h o x y h e x y lc y c lo p e n t e n o n e  175 
P r o s t a g la n d in  p h o t o a d d n  o c t a n o l  c y c lo p e n 3  

te n o n e  356
P r o s ta g la n d in  p r e c u r s o r  2 36 2  
P r o s t a n o id  e n d o p e r o x id e s  3 98 7  
P r o s t e n o ic  a c id  h y d r o x y  3 5 6  
P r o t e c t in g  g r o u p  d ip h e n y lm a le y l  2 81 9  
P r o t e c t io n  m o n o  b e n z o q u in o n e  3 5 0  
P r o t e c t iv e  g r o u p  a m in e  399  
P r o t e c t iv e  g r o u p  a m in e  p e p t id e  143 
P r o t e c t iv e  g r o u p  b e n z y l  c y s t e in e  M e r r i f ie ld  

3 55 6
P r o t e c t iv e  g r o u p  d im e th y lb e n z y l  c y s te in e  

M e r r i f ie ld  3 55 2
P r o t e c t iv e  g r o u p  d ip h e n y lm a le y l  2821 
P r o t e c t iv e  g r o u p  h a lo b e n z y l  M e r r i f ie ld  523 
P r o t e c t iv e  g r o u p  i s o n ic o t in y lo x y c a r b o n y l  

ly s in e  3 28 6
P r o t o a d a m a n t a n e  m e t h a n o  p r e p n  2981 
P r o t o a d a m a n t a n o n e  d e h y d r o  3 8 7 0  
P r o t o b e r b e r in e  1117 
P r o t o b e r b e r in e  a lk a lo id  s t r u c tu re  3 5 8 8  
P r o t o b e r b e r in e  a lk a lo id  sy n th e s is  3 19 0  
P r o t o b e r b e r in e  o x o  1111 
P r o t o d e d ia z o n ia t io n  b e n z e n e d ia z o n iu m  

a c id ic  m e th a n o l  6 3 9
P r o t o d ia m a n t a n e  re a r r a n g e m e n t  c a ta ly s t  96 
P r o t o n  a f f in it y  o le f in  a c e t y le n e  3 00 4  
P r o t o n a t e d  h e t e r o c y c le  r e a c t io n  2 47 4  
P r o t o n a t io n  c o n s t  a n il in e  162 
P r o t o n a t io n  c y c liz a t io n  d e c a d ie n o a t e  e s te r  

387
P r o t o n a t io n  c y c lo o c t a t e t r a e n e ir o n  N M R  

4 26 2
P r o t o n a t io n  e n o n e  s u b s t itu e n t  e f fe c t  2 16 8  
P r o t o n a t io n  fu lv e n e  661 
P r o t o n a t io n  in d o le  B r o e n s te d  ca ta ly s is  

3 7 6 9
P r o t o p o r p h y r in  III  2957  
P r o t o p o r p h y r in  X I I I  2957  
P s e u a o  e s te r  h y d r o ly s is  k in e t ic s  2 69 7  
P t e r id in e  1523
P t e r id in e  m e th y l r e a c t io n  a r o m  a ld e h y d e  

2931
P t e r id in e d ia m in e  b r o m o m e th y l  a m in e  208  
P u m m e r e r  r e a r r a n g e m e n t  s ily l s e le n o x id e  

1773
P u m m e r e r  re a r r a n g e m e n t  th e r m a l s u l f in y la 3  

c e t o n it r i le  3 45 2
P u r in e  a m in o d e o x y r ib o fu r a n o s y l  714  
P u r in e  d ia m in o  h y d r o g e n o ly s is  3 0 6 5  
P u r in e  t h io  o x id n  2 47 0  
P y r a n  372
P y r a n  a lk o x y d ih y d r o  282  
P y r a n  d ih y d r o  a d d n  h y p o h a li te  a le  1057 
P y r a n d ic a r b o x y la t e  e s te r  4 0 9 5  
P y r a n o n e  b r o m o t e tr a h y d r o  r e a c t io n  b a se  

3 71 3
P y r a n o s e  i s o p r o p y lid e n e  o x id n  1 21 6  
P y r a z in e  b r o m o m e th y l  s u b s t itu t io n  1523  
P y r a z in e  c h lo r o  s e le c t iv e  o x id n  1869 
P y r a z in o d i in d o le  9 4 8  
P y r a z o le  a lly l 4 5 2  
P y r a z o le  c h lo r o  s u b s t itu t io n  177 
P y r a z o le  n it r o  n u c le o p h i l ic  s u b s t itu t io n  

2 89 3
P y r a z o le  o x id e  c h lo r o  h y d r o ly s is  3 72 1  
P y r a z o le  t a u to m e r iz a t io n  k in e t ic s  659
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P y r a z o le  v in y lth io v in y l  1648  
P y r a z o l in e  fo r m y l  m e t h y l  d im e r iz a t io n  1527 
P y r a z o l in e c a r b o x y l ic  a c id  d ip h e n y lm e t h y l  

e le c t r o o x id n  3 94 9  
P y r a z o lo p y r a z o le  452  
P y r a z o lo p y r id in e  443  
P y r a z o lo q u in o l in o n e  1791 
P y r a z o ly l  e s te r  k e t o n e  3691 
P y r a z o ly lb e n z is o x a z o le  p y r o ly s is  1791 
P y r id a z in e  159
P y r id a z in e  e n a m in e  a z in e  c y c liz a t io n  2321 
P y r id a z in e d io n e  c u m y l  2 9 6  
P y r id a z in e d io n e  o x id n  1367 
P y r id in a t io n  p h e n y lp h e n o t h ia z in e  h e te r o a to m  

e f fe c t s  4 2 8 0
P y r id in a t io n  p h e n y lp h e n o t h ia z in e  ra d ica l 

m e c h a n is m  9 8 3
P y r id in e  a lk a lo id  s y n th e s is  2111 
P y r id in e  a n n u la te d  p r e p n  N M R  2 74 2  
P y r id in e  c o m p le x  b o r a b ic y c lo n o n a n e  r e d u c e  

in g  a g e n t  4 16 9
P y r id in e  d e r iv  s u b s t itu e n t  c o n s t  2 67 6  
P y r id in e  d ib r o m o  lith iu m  e x c h a n g e  257 
P y r id in e  d ih y d r o  c y c lo a d d n  a c e t y le n e d ic a r b =  

o x y la te  2 90 3
P y r id in e  h a lo  s u b s t itu t io n  e n o la te  2481 
P y r id in e  m e c h a n is m  th ia n th r e n e  r a d ica l 

c a t io n  9 7 6
P y r id in e  m e t h o x y b e n z y lt e t r a h y d r o  c y c l i z a =  

t io n  3 60 5
P y r id in e  m e t h y le n e b is  564  
P y r id in e  n it ro  c y c liz a t io n  a m id in e  2 5 8 9  
P y r id in e  n u c le o t id e  a d d n  n u c le o p h i le  2 5 8 0  
P y r id in e  o x id e  a d d n  e t h y n y lp h o s p h o n iu m  

4 24 5
P y r id in e c a r b o x im id o y lh y d r a z in iu m  1862 
P y r id in e d ic a r b o x a ld e h y d e  d ia m in o  F r ie d =  

la e n d e r  3 41 0
P y r id in e d iy l  m a c r o c y c l i c  e th e r  1500 
P y r id in iu m  a ik y it h io  c le a v a g e  2 18 0  
P y r id in iu m  a n n u la t io n  n it ro g e n  h e t e r o c y c le  

2 47 4
P y r id in iu m  s a lt  N e b e r  r e a c t io n  2 51 4  
P y r id in iu m  to lu e n e s u ifo n a te  c a ta ly s t  t e t r a h =  

y d r o p y r a n y la t io n  3 77 2  
P y r id in iu m  t r im e t h y ld ic a r b o e t h o x y  r e d u c t iv e  

d im e r iz a t io n  988
P y r id in iu m  y l id e  im id o y l im in o  p h o t o ly s is  

4 4 3
P y r id in o n e  2 57 4  
P y r id in o n e  a c y l  1808
P y r id in y le th a n o n e  o x id e  c y c liz a t io n  1364 • 
P y r id o n e  p h e n y l  c a r b o m e t h o x y  1644 
P y r id o n e  p y r id y lm e t h y l  3 52 4  
P y r id o n e  v in y l  p h o t o c h e m  1122 
P y r id o p y r im id in e  c h lo r o  n u c le o p h i l ic  s u b s t i0  

t u t io n  993
P y r id o p y r im id in e  n u c le o s id e  997  
P y r id o p y r im id in e  te t r a h y d r o  1808  
P y r id o q u in o l iz in e  3 2 1 0  
P y r id o t h io n e  a lk y l h a lid e  2 18 0  
P y r id o t r ia z in e  2 5 1 4  
P y r id y l  k e to n e  2481 
P y r id y l  k e to n e  k e ta l m e ta la t io n  3524  
P y r id y lb u t a d ie n e  p y r o ly s is  c y c li z a t io n  47 
P y r id y lp h o s p h o n iu m  m e t h y l id e  th e r m o ly s is  

4 24 5
P y r im id in e  a n h y d r o a r a b in o  2 80 9  
P y r im id in e  b a se  n it ra t io n  3821  
P y r im id in e  m e t h y l  C h ic h ib a b in  b r o m o  k e =  

t o n e  2 4 4 8
P y r im id in e  n u c le o s id e  C  711 
P y r im id in e  t e t r a h y d r o  2 5 3 0  
P y r im id in e  t r ia m in o  c y c liz a t io n  to lu e n e s u l=  

fo n im id e  3 0 6 5
P y r im id in e s u l fo n ic  a c id  o x o  a m in o  2 02 8  
P y r im id in iu m  h y d r o x id e  in n e r  sa lt  1644 
P y r im id in o n e  h y d r a te  k in e t ic s  b r o m in a t io n

3 6 7 0
P y r in d in e c a r b o x y la t e  2651 
P y r o c a t e c h o l  b o r a n e  r e d u c in g  a g e n t  512  
P y r o ly s is  a c e ta te  s u r fa c e  ca ta ly s is  6 9 8  
P y r o ly s is  a r y la n t im o n y  1399  
P y r o ly s is  a z id o a z o b ip h e n y l  292  
P y r o ly s is  b e n z is o x a z o le  1791 
P y r o ly s is  c y c lo h e x e n e c a r b o n y l  c h lo r id e  

2111
P y r o ly s is  c y c lo h e x e n e d ic a r b o n it r i le  2 8 2 9  
P y r o ly s is  d e h y d r o a d a m a n t a n o n e  t o s y lh y d r a =  

z o n e  1806
P y r o ly s is  epoxynonanone 2 3 8 0  
P y r o ly s is  i s o p r o p y l  e s te r  k in e t ic s  44 
P y r o ly s is  la c to n e  m e c h a n is m  3 89 5  
P y r o ly s is  m e c h a n is m  n it r o b e n z e n e  n i t r o s o =  

b e n z e n e  841
P y r o ly s is  n o r b o r n a n o n e  to s y lh y d r a z o n e

3 35 6
P y r o ly s is  p e r o x id e  m e c h a n is m  2 1 6 0  
P y r o ly s is  p h e n y lb u ta d ie n e  c y c li z a t io n  297  
P y r o ly s is  p y r id y lb u t a d ie n e  c y c liz a t io n  47 
P y r o ly s is  s i lv e r  a r e n e s u lf in a te  1691 
P y r o ly s is  T N T  k in e t ic s  m e c h a n is m  4201

P y r o ly s is  t o lu e n e s u lfo n y lh y d ra z in e  2508  
P y r o ly s is  v in y l  e th e r  m e ch a n is m  3899 
P y r o m e lli t id e  te t ra p h e n y l 2929  
P y r o n e  D ie ls  A ld e r  p r o p y n y la m in e  2 9 3 0  
P y r o n e  h y d r o x y  c y c lo a d a n  d ie n o p h i le  4170  
P y r o n e  h y d r o x y  h y d r o x y m e t h y l  m é th y la t io n  

2 03 0
P y r o p h o s p h a t e  d im e th y le th e n y le n e  n u c le o =  

t id e  s y n th e s is  3144  
P y r r o le  a c e t y la t io n  3 95 2  
P y r r o le  a lk y l 2 0 8 2
P y r r o le  a r o y la t io n  V ils m e ie r  H a a ck  4 24 8  
P y r r o le  p e n t a c h lo r o  D ie ls  A ld e r  1375 
P y r r o le  p h e n y l  1639
P y r r o le c a r b o x y la t e  r e a c t io n  n itr ic  a c id  2 21 9  
P y r r o l id in e  p h e n y lh y d r a z o n o b e n z y l  2091 
P y r r o l id in iu m  d e c o m p n  m e t h o x id e  2201 
P y r r o l id in o n e  a lk y l 2 10 3  
P y r r o l id in o n e  d ic a r b a lk o x y  3 16 2  
P y r r o l id in o n e  h y d r o x y e t h y l  1467 
P y r r o l in e  o x id e  m e th y l r e a c t io n  p h o s p h o n a te  

1904
P y r r o l in o n e  2 2 1 9
P y r r o l iz id in e  a lk a lo id  sy n th e s is  1225 
P y r r o l iz id in e d ic a r b o x y la t e  2 90 3  
P y r r o l iz in e a c e t ic  a c id  a t t e m p t e d  c y c liz a t io n  

3 95 2
P y r r o lo b e n z o x a z in e  p h o t o ly s is  F r ie s  r e a c t io n  

105
P y r r o lo fu r a n o p h a n e  1379  
P y r r o lo in d o le  c r y s ta l  s t r u c tu re  105  
P y r r o lo in d o le d ic a r b o x y la t e  o x o  5 5 9  
P y r r o lo n a p h t h a le n o p h a n e  1379  
P y r r o lo p a r a c y c lo p h a n e  1379  
P y r r o lo p h a n e  1379
P y r r o lo p y r r o le  p h o t o e le c t r o n  s p e c tr a  2 23 0  
P y r u v a te  h e x o s e  e l im in a t io n  a c e ta te  1216 
P y r u v ic  a c id  se le c t iv e  r e d n  2 79 7  
P y r y liu m  h e p ta m e th in e  d y e  8 8 5  
Q u a ss in  s k e le to n  sy n th e s is  1613 
Q u a s s in o id  p r e p n  c o n fo r m a t io n  3 58 4  
Q u a te rn a ry  a m m o n iu m  m ic e lle  c a ta ly s t  4 7 5  
Q u in a ld in e  911 
Q u in a z o lin e  d ih y d r o  2 5 3 0  
Q u in a z o lin e  p h e n y l  a n io n  78  
Q u in a z o lin e d io n e  2551  
Q u in a z o lin o n e  a lk a lo id  3 65 0  
Q u in a z o lin o n e  b e n z y l  2 50 4  
Q u in a z o lin o n e  m e th y l d e r iv s  a q  a c id ic  s o in s  

4 27 9
Q u in a z o lo n e  12 3 86 3  
Q u in h y d r o n e  r e d o x  4071 
Q u in o c y c lo b u t a n e d io n e  U V  E S R  1126 
Q u in o d im e th a n e  c y c lo a d d n  re a rra n g e m e n t  

2 67 2
Q u in o l  a c e ta te  b e n z y lm a g n e s iu m  c h lo r id e  

1408
Q u in o l  a c e ta te  G r ie n a r d  r e a g e n t  1402 
Q u in o l  d ib r o m o c a r o o x y m e t h y l  3 5 0  
Q u in o lin e  2 0 0  4 3 5
Q u in o lin e  a r y lb e n z im id a z o  h in d e r e d  ro ta t io n  

2 00 3
Q u in o lin e  d e r iv  d e c a h y d r o  c o n fo r m a t io n  51 
Q u in o lin e  n it ro  c y c liz a t io n  ca r b a n io n  2 5 8 9  
Q u in o lin e  o x id e  c o n d e n s a t io n  y l id e n e m a lo -  

n o n it r ile  3 97 4  
Q u in o lin e  p r e p n  1 
Q u in o lin e  t e t r a h y d r o  2 74 2  
Q u in o lin e a c e ta te  d io x o  889  
Q u in o lin e q u in o n e  p y r id y l  232  
Q u in o lin iu m  2 19 5
Q u in o lin iu m  im in o  d im e r  p h o t o ly s is  1856  
Q u in o n e  a m in o  p h o t o c h e m  3 31 7  
Q u in o n e  ca ta ly s t  p h o t o e le c t r o c h e m  o x id n  

2 3 4 7
Q u in o n e  e p o x y  p h o t o ly s is  m e c h a n is m  3 79 3  
Q u in o n e  h y d r in d a c e n e  3260  
Q u in o q u a z o l in o q u in a z o lin e  te t r a c y a n o  a c c e p t  

to r  1666
Q u in o q u in o lin e  h e x a h y d r o  2187  
Q u in o x a lin e  c h lo r o  s e le c t iv e  o x id n  1869 
Q u in o x a lin e  d io x id e  m o n o d e o x y g e n a t io n  

1360
R a b in o w it c h  d e a lk y la t io n  p h o s p h o n a t e  

2771
R a c e m ic  d ip e p t id e  a m id a t io n  p a p a in  c a ta ly s t  

3731
R a ce m iz a t iin  ch ira l  b ip h e n y l  m e ch a n is m  

2 52 8
R a d ic a l  a n io n  b ic y c lo h e p te n e d io n e  E S R  63 
R a d ic a l  c a t io n  h e t e r o c y c le  te t r a flu o r o b o r a t e  

561
R a d ic a l  c a t io n  p h e n o th ia z in e  k e to n e  1833 
R a d ic a l  c a t io n  r e a c t io n  a m in e  1538  
R a d ic a l  c a t io n  th ia n th r e n e  w a te r  k in e t ic s  

9 7 6
R a d ic a l  c v c lo p r o p y l  s te r e o ch e m  1254 
R a d ic a l  f lu o r e n y lc a r b in y l  r e a r r a n g e m e n t  19 
R a d ic a l  fr e e  in te rm e d ia te  178 
R a d ic a l  h y d r a z y l  a c y l  E S R  1367 
R a d ic a l  h y d r o c a r b o n  r e s o n a n c e  e n e r g y  8 3 9  
R a d ic a l  h y d r o g e n  a b s tr a c t io n  p h e n y la c t o n i^  

tr ile  752

R a d ic a l  h y d r o x y l  r e d n  v ita m in  879 
R a d ic a l  io n  a s p h a lte n e  d e g rd n  312 
R a d ic a l  m e ch a n is m  s ig m a tr o p ic  re a rra n g e 

m e n t  4142
R a d ic a l  p h e n y lp h e n o th ia z in e  p y r id in a t io n  

m e c h a n is m  983
R a d ic a l  p h o s p h id e  o rg  h a lid e  3247 
R a d ic a l  p ic r y ld ip h e n y lh y d r a z y l  577 
R a d ic a l  s u lfe n a m id e  r e a c t io n  cy a n o e th y le n e

3767
R a d io ly s is  g a m m a  c a r b o n  d io x id e  2318
R a m a n  c y c lo h e x y n e  d im e r  1076
R a n e y  n ick e l  r e a rra n g e m e n t  th io o r th o a ce ta te

913
R e a c t io n  c o n s t  o x id n  b e n z il ic  a c id  2 06 9  
R e a c t io n  k in e t ic s  b u ty l  h y d r o p e r o x id e  3 9 7 0  
R e a c t io n  o x id e  m e th y l p y r r o l id in e  1904 
R e a c t io n  p r o f i le  e q u a t io n  338  
R e a c t iv ity  c a r b e n e  o le f in  3 35 4  
R e a c t iv i ty  c y c lo a d d n  is o p r o p y lid e n e c a r b e n e  

a lk e n e  1802
R e a c t iv ity  p h o t o c h e m  a c y lt h io p h e n e  a c y l fu =  

ran  3774
R e a rr a n g e m e n t  a b ie t ic  a c id  214 
R e a rr a n g e m e n t  a c id  m e t h y lo c t a lo n e  3331 
R e a rr a n g e m e n t  a c y lm e rc a p to e th y la m in e  

d e te r g e n t  e f fe c t  3 4 0 0  
R e a rr a n g e m e n t  a d a m a n ty l  a z id e  3741  
R e a rr a n g e m e n t  a lly lic  a le  c h ira l 3 82 8  
R e a rr a n g e m e n t  a lly lic  c y c lo p r o p y l  a lk e n o l 

2172
R e a rr a n g e m e n t  a z ir id in o c h o le s ta n e  4251  
R e a rr a n g e m e n t  b e n z im id a z o le d ia m in e  542  
R e a rr a n g e m e n t  b e n z o tr ia z e p in o n e  d ih y d r o  

161
R e a rr a n g e m e n t  b ic y c lo h e p ta d ie n y liu m  N M R  

1472
R e a rr a n g e m e n t  b ir d c a g e  c o m p d  m e ch a n is m

270
R e a rr a n g e m e n t  b r o m o c a m p h o r ic  a n h y d r id e

527
R e a rr a n g e m e n t  b u ty la n th r a c e n e  2 40 7  
R e a rr a n g e m e n t  c h a lc o n e  th a lliu m  tr in itra te  

4 16 7
R e a rr a n g e m e n t  c h lo r o im in iu m  re a c t io n  

a z id e  3 70 9
R e a rr a n g e m e n t  c h lo r o n it r o m e t h y la n il in e  

m e c h a n is m  166
R e a rr a n g e m e n t  c h lo r o p h e n e t h y la z a b ic y c lo h e 0  

x a n e  b u ty ll ith iu m  2 34 2  
R e a rr a n g e m e n t  C o p e  a t t e m p t e d  t r ic y c lo u n d 0  

e c a tr ie n e c a r b o x y la te  401 
R e a rr a n g e m e n t  C o p e  b e n z o b u llv a le n e  N M R  

2 18 3
R e a rr a n g e m e n t  C o p e  d e h y d ro s a u s s u re a  

la c to n e  1717
R e a rr a n g e m e n t  c y c lo p e n t e n y lm e t h y la m m o n i"  

u m  3 21 4
R e a rr a n g e m e n t  c y c lo p r o p y l  a m in o m e th y l 

k e to n e  3 6 0 5
R e a rr a n g e m e n t  d e h y d r o h o m o t w is t a n e  1737 
R e a rr a n g e m e n t  d ia lly l  e th e r  ca ta ly s t  3 3 6 0  
R e a rr a n g e m e n t  d ib e n z o b a r r e le n e  e p o x id e  

3840
R e a rr a n g e m e n t  d ic h lo r o e t h a n o l  m e c h a n is m  

346
R e a rr a n g e m e n t  e p o x id e  r h o d iu m  p h o s p h in e

2 29 9
R e a rr a n g e m e n t  e th e r  im in o  2721  
R e a rr a n g e m e n t  F a v o rs k ii  d ib r o m o h o m o a ^  

d a m a n ta n e d io n e  4 1 0 8  
R e a rr a n g e m e n t  F a v o rs k ii  m e c h a n is m  1 25 6  
R e a rr a n g e m e n t  F is c h e r  in d o le  1878 
R e a rr a n g e m e n t  f lu o r e n y lc a r b in y l  r a d ica l 19 
R e a rr a n g e m e n t  h a lo p h e n y l th io ca rb a m a te  

m e c h a n is m  1139
R e a rr a n g e m e n t  h o m o p r o t o a d a m a n t a n e  a c id  

2041
R e a rr a n g e m e n t  h y d r o x y  k eta l k in e t ic s  4231 
R e a rr a n g e m e n t  h y d r o x y a n d r o s t a n e d io n e  

482
R e a rr a n g e m e n t  im id o y la z ir id in e , 847 
R e a rr a n g e m e n t  k in e t ic s  a lk y lp y r id in iu m  

d im e r  9 8 8
R e a rr a n g e m e n t  k in e t ic s  p h e n y ld ic h lo r o p r o =  

p a n o l 4 0 5 2
R e a rr a n g e m e n t  L o s s e n  p iv a lo y lh y d r o x a m a te  

1750
R e a rr a n g e m e n t  M e y e r  S c h u s te r  m e ch a n is m

3 40 3
R e a rr a n g e m e n t  n a p h t h o t r ic y c lo h e p t e n e  92  
R e a rr a n g e m e n t  n it ro  p o ly n it r o d ip h e n y lm e t h =  

a n e  1262
R e a rr a n g e m e n t  o x a th ia d ia z o le  o x id e  3 37 2  
R e a rr a n g e m e n t  o x id a t iv e  a le  8 1 3  
R e a rr a n g e m e n t  o x id a t iv e  la b d a d ie n o l  806  
R e a rr a n g e m e n t  o x id n  a lly lic  c y c lo h e x a n o l  

682
R e a rr a n g e m e n t  o x im in o c y c lo h e x a n o l  2 74 8  
R e a rr a n g e m e n t  p e r o x y  a c id  32 
R e a rr a n g e m e n t  p h e n y la lk a n e  a lu m in u tn  

h a lid e  3018
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R e a rr a n g e m e n t  p h o t o c h e m  b e n z o c y c lo b u t e n =  
e d io n e  1693

R e a rr a n g e m e n t  p h o t o c h e m  c h lo r o p h o s p h o r a =  
m id a te  617

R e a rr a n g e m e n t  p h o t o c h e m  d ip h e n y ln it r o c y =  
c lo h e x e n e  621

R e a rr a n g e m e n t  p in a c o l  d ia n is y lp in a c o l  d e h =  
y d r a t io n  2423

R e a rr a n g e m e n t  p r o t o d ia m a n t a n e  c a ta ly s t  
96

R e a rr a n g e m e n t  P u m m e r e r  th e r m a l s u l f in y la =  
c e t o n it r i le  3 45 2

R e a rr a n g e m e n t  p y r id in y le t h a n o n e  o x id e  
1364  ’

R e a rr a n g e m e n t  s a l ic y l id e n e th io le n o n e  1465  
R e a rr a n g e m e n t  s e m ip in a c o l ic  a m in o t r i f lu o r o =  

m e t h y lp h e n y le t h a n o l  m e c h a n is m  868  
R e a rr a n g e m e n t  s e s q u ite rp e n e  632  
R e a rr a n g e m e n t  s ig m a tr o p ic  b e n z o c y c lo b u t =  

e n e  th e r m o ly s is  2672
R e a rr a n g e m e n t  s ig m a tr o p ic  r a d ic a l  m e c h a n =  

ism  4 14 2
R e a rr a n g e m e n t  s ig m a tr o p ic  y l id e  3 2 4 0  
R e a rr a n g e m e n t  s i ly l  s e le n o x id e  1773 
R e a rr a n g e m e n t  sm a ll r in g  h e t e r o c y c le  3 07 6  
R e a rr a n g e m e n t  S te v e n s  a u to x id n . y l id e  

1460
R e a rr a n g e m e n t  S te v e n s  b e r b e r in e  m e t h io d =  

id e  3 04 0
R e a rr a n g e m e n t  S te v e n s  d i t h ia n a p h t h a le n o =  

p h a n e  1085
R e a rr a n g e m e n t  s u b s t itu t io n  r e a c t io n s  a lly l 

s y s te m  4 27 9
R e a rr a n g e m e n t  th e r m a l m e c h a n is m  a c e ty la l^  

ly lt h io im id a z o l in e  2339  
R e a rr a n g e m e n t  th ia  a l ly lic  s u l f id e  172 
R e a rr a n g e m e n t  t h ia a lly l ic  m e c h a n is m  2 85 5  
R e a rr a n g e m e n t  t h ie n o a z o c in o n e  135 
R e a rr a n g e m e n t  t h io o r t h o a c e t a t e  c a r b o h y d =  

ra te  913
R e a rr a n g e m e n t  t r ic y c l ic  d ik e t o  s u l fo n e  

1349
R e a rr a n g e m e n t  t r ic y c lo o c t a n y l  m e t h y l  k e to n e  

4 0 9
R e a rr a n g e m e n t  t r im e t h y le n e b ic y c lo o c t a n e  

3 83 3
R e a rr a n g e m e n t  t r iq u in a c e n e  p h o t o c h e m  

m e c h a n is m  503  
R e a r r a n g e m e n t  u r ic  a c id  3 1 3 2  
R e a rr a n g e m e n t  v in y l  h y d r o x y  k e t o n e  3 7 8 7  
R e a rr a n g e m e n t  W o l f f  a e c o m p n  d ia z o o x o p r o =  

p io n a t e  1685
R e a rr a n g e m e n t  W o l f f  p h o t o c h e m  d ia z o in d a =  

n o n e  1697
R e d n  a b s tr a c t io n  n a p h th a le n e  n itr i le  2 85 8  
R e d n  a c e t o p h e n o n e  te r p e n e  g ly c o l  c o m p le x  

2 0 7 3
R e d n  a c y lg u a n id in e  lith iu m  a lu m in u m  h y =  

d r id e  3 60 8
R e d n  a ld e h y d e  b o r a b ic y c lo n o n a n e  c o m p le x  

p y r id in e  4 16 9  
R e d n  a lk e n a l c a ta ly s t  1202 
R e d n  a lk y l  h a lid e  c y a n o b o r o h y d r id e  82  
R e d n  a r y ld ia z o n iu m  h y p o p h o s p h o r o u s  a c id  

1469
R e d n  a sy m  k e to n e  d iis o p in o c a m p h e y lb o r a n e  

2 99 6
R e d n  b e n z o a te  h y d r o x y b o r o h y d r id e  io n  

3 96 3
R e d n  b ip h e n y ld is u l fo n y l  c h lo r id e  su lfite  

3 2 6 5
R e d n  b is p y r id y l  k e to n e  564 
R e d n  b r id g e h e a d  b r o m id e  t r ib u ty ls ta n n a n e  

2 79 0
R e d n  b r id g e h e a d  h a lid e  t r ib u ty ls ta n n a n e  

3 9 6 8
R e d n  c in e o le  c h lo r o h y d r in  2 5 3  
R e d n  c o u p l in g  e le c t r o c h e m  k e to n e  2 56 0  
R e d n  c y a n a t io n  k e to n e  3 1 1 4  
R e d n  c y c lo a lk a n o n e  b o r o h y d r id e  s te r e o ch e m  

9 2 0
R e d n  c y c lo h e x a n o n e  s o lv e n t  1108  
R e d n  c y c lo h e x e n y lp r o p a n e n it r i le  d e c y a n a t io n  

3 3 0 9
R e d n  d e c h lo r in a t io n  c h lo r o s t r e p ta m in e  

3083
R e d n  d e h y d r o h o m o t w is t a n e  h y d r id e  tra n s fe r  

1737
R e d n  e le c t r o c h e m  a lk y lt r ip h e n y lp h o s p h o n iu m  

1242
R e d n  e le c t r o c h e m  f lu o r e n e  D M F  1063 
R e d n  f lu o r o b ip h e n y l  m e ta l  a m m o n ia  2 62 0  
R e d n  f lu o r o s p ir o is o b e n z o fu r a n p ip e r id in o l  

f o r m ic  a c id  374
R e d n  fo r m y l  p e p t id e  b o r a n e  T H F  4 14 8  
R e d n  h y d r id e  a m in a t io n  a lk e n o n e  6 5 0  
R e d n  h y d r id e  b ic v c lo o c t a n e d io n e  3 6 8  
R e d n  h y d r id e  h y d r o x y m e t h y lh e x a h y d r o p h e =  

n a n th re n e  m e c h a n is m  3 35 0  
R e d n  h y d r id e  k e to n e  a sy m  1578 
R e d n  h y d r in d a c e n e  3 2 6 0  
R e d n  k e to  e s te r  a sy m  1671

R e d n  k e to n e  a s y m  in d u c t io n  2 53 4  
R e d n  k e t o n e  b o r o h y d r id e  m e c h a n is m  1108 
R e d n  k e to n e  h y d r a z o n e  k in e t ic s  1081 
R e d n  k e to n e  s te r e o ch e m  1922 
R e d n  k in e t ic s  b e n z o p h e n o n e  3 45 4  
R e d n  m e c h a n is m  c h lo r o p r o p a n e  3 04 6  
R e d n  m e c h a n is m  c o n ju g a t e d  e s te r  3 18 0  
R e d n  m e t h y lte r t b u t y lo c t a lo n e  s te r e o ch e m  

183
R e d n  n itr im in e  3 44 6  
R e d n  n it ro a re n e  a c y la t io n  3 75 5  
R e d n  n it r o b e n z e n e  c a ta ly s t  3491  
R e d n  n o r b o r n a n o n e  p r o d u c t  d e v e lo p m e n t  

264
R e d n  n o r b o r n y lm e t h y l  m e s y la te  t r ie t h y lb o =  

r o h y d r id e  2166  
R e d n  P G E 2  h y d r id e  1087  
R e d n  p h e n y l  s ily l e th e r  2032  
R e d n  p h e n y ln o r b o r n e n o l  h y d r id e  1944 
R e d n  p h o t o c h e m  b e n z a ld e h y d e  1810  
R e d n  q u in o x a l in e  d io x id e  1360  
R e d n  s e le c t iv e  c o n ju g a t e d  c y c lo h e x e n o n e  

1197
R e d n  s e le c t iv e  fu n c t io n a l  g r o u p  512  
R e d n  s e le c t iv e  p y r u v ic  a c id  2 79 7  
R e d n  s te r e o ch e m  n e o p in o n e  4 2 7 7  
R e d n  s te r ic  e f fe c t  n o r c h o la n o n e  3811  
R e d n  s te r ig m a to c y s t in  v e r s ic o lo r in  A  h e m i=  

a ce ta l 3 59 9
R e d n  s u lfid e  a s p h a lte n e  d e g r d n  312  
R e d n  s u l fo x id e  568  
R e d n  v ita m in  s o lv a te d  e le c t r o n  879  
R e d n  z in c  c o p p e r  c o u p le  212  
R e d n  z in c  d ith io l iu m  h e x a f lu o r o p h o s p h a te  

2 77 8
R e d o x  q u in h y d r o n e  4071  
R e d u c e d  n ic k e l  p a l la d iu m  h y d r o g e n a t io n  

ca ta ly s t  551
R e d u c in g  a g e n t  b o r a b ic y c lo n o n a n e  c o m p le x  

p y r id in e  4 16 9
R e d u c in g  a g e n t  l ith iu m  b e n z h y d r o la t e  3 45 4  
R e d u c t iv e  a lk e n y la t io n  c y c lo h e x e n o n e  o r g a =  

n o c u p r a te  1581
R e d u c t iv e  a m in a t io n  c y c lo h e p t e n e c a r b o x y =  

la te  1225
R e d u c t iv e  a m in a t io n  u n s a td  k e to n e  650  
R e d u c t iv e  b o n d  c le a v a g e  h y d r o n a p h th a le n e  

p h o t o d im e r  1098
R e d u c t iv e  c le a v a g e  e t h y n y lc y c lo a lk e n e  e p o x =  

id e  2 38 2
R e d u c t iv e  d e a m in a t io n  a n ilin e  n it ro s o a lk a n e  

3494
R e d u c t iv e  d e h a lo g e n a t io n  h a lo p h e n o l  z in c  

835
R e d u c t iv e  d im e r iz a t io n  e le c t r o c h e m  a lk y lp y =  

r id in iu m  9 8 8
R e d u c t iv e  e l im in a t io n  c y c lo d e c a n e d io l  c y c lo =  

p h o s p h a t e  1311
R e d u c t iv e  fra g m e n ta t io n  n i t r o b e n z y lis o q u i^  

n o lin iu m  s a lt  751
R e d u c t iv e  p h e n y la t io n  e s te r  la c to n e  4 2 6 6  
R e d u c t iv e  s u c c in o y la t io n  4 16 6  
R e d u c t iv e  s u l fe n y la t io n  c y c lo h e x e n o n e  3 23 3  
R e g io c h e m  m e t h y lse le n iu m  tr ic h lo r id e  a d d n  

1776
R e g io s e le c t iv e  k e to n e  in s e r tio n  r e a c t io n  459  
R e g io s p e c i f ic it y  a d d n  v in y lo g o u s  a m id e  221 
R e g io s p e c i f ic it y  t r i f lu o r o a c e ta te  a d d n  a lle n e  

3297
R e s in  a c id  in te rm e d ia te  2761 
R e s in  a c id  s y n th e s is  2 35 7  
R e s in  s u lfo n a te  tr a n s a lk y la t io n  c a ta ly s t  

4187
R e s o ln  a le  c h r o m a t o g  2 43 6  
R e s o ln  c a r b a m a te  d ia s te r e o is o m e r  1839 
R e s o ln  e p id ith io d io x o p ip e r a z in e  925  
R e s o ln  p o ly c y c l i c  k e t o n e  4 2 7 0  
R e s o lu t io n  d ih y d r o x y b in a p h t h y l  4 17 3  
R e s o lu t io n  f lu o r o a la n in e  142 
R e s o lu t io n  is o d e h y d r o v a l in e  1239  
R e s o lu t io n  s te r e o ch e m  o c t y n o l  m ic r o b io l  

1659
R e s o n a n c e  e n e r g y  a n n u le n e  N M R  1669 
R e s o n a n c e  e n e r g y  h y d r o c a r b o n  r a d ica l 839  
R e s o r c in o l  a lk y l 344
R e s o r c in o l  c y c lo h e x a d ie n y lp r o p a n o l  c o n d e n =  

s a t io n  2 27 7
R e t r o e n e  v in y lc y c lo h e x a n o l  s te r e o ch e m  

3 33 6
R h iz o p u s  o c t y n o l  s te r e o ch e m  r e s o lu tio n  

1659
R h o d iu m  c h ira l c o m p le x  ca ta ly s t  3785  
R h o d iu m  c o m p le x  p o ly m e r  b o u n d  1194 
R h o d iu m  p h o s p h in e  a s y m  re d n  1671 
R h o d iu m  p h o s p h in e  re a r r a n g e m e n t  e p o x id e  

2 29 9
R ib o fu r a n o s y lp u r in e  a m in o d e o x y  714  
R ib o fu r a n o s y lt r ia z o le c a r b o x a m id e  1109 
R ig id iz e d  h e p ta m e th in e  p y r y liu m  d y e  885  
R in g  c le a v a g e  a c y lc y c lo p r o p a n e  a m in e  8 5 0  
R in g  c le a v a g e  a m in o d im e th y l  u ra c il  4 15 9  
R in g  c le a v a g e  b e n z o c y c lo b u t e n e  2 67 2

R in g  c le a v a g e  c u p r o u s  ca ta ly s t  2 65 7  
R in g  c le a v a g e  c y c lo h e p t a b e n z o fu r a n  3 4 5 8  
R in g  c le a v a g e  c y c lo p r o p e n o n e  k e ta l 6 7 9  
R in g  c le a v a g e  d ia m in o D u r in e  3 06 5  
R in g  c le a v a g e  d ib r o m o b ic y c lo a lk a n e  s ilv e r  

4 1 8
R in g  c le a v a g e  d io x a b ic y c lo h e p t e n e  1089  
R in g  c le a v a g e  d ip h e n y lc y c lo p r o p y lc a r b in o l  

b r o m in e  1071 
R in g  c le a v a g e  e p o x id e  694  
R in g  c le a v a g e  e p o x id e  r h o d iu m  2 29 9  
R in g  c le a v a g e  e p o x y c y c lo d e c e n e  p h e n y ll i th i=  

u m  2 17 5
R in g  c le a v a g e  h y d r o x y  s i ly lo x y  e p o x id e  394 
R in g  c le a v a g e  im id a z o th ia z o l iu m  72 
R in g  c le a v a g e  m e t h o x y b e n z is o x a z o l in e  1812 
R in g  c le a v a g e  m e t h o x y t e t r a c y c lo a lk e n e  

1321
R in g  c le a v a g e  p e n ic il l in  1239
R in g  c le a v a g e  p y r r o l id in iu m  p ip e r id in iu m

2201
R in g  c le a v a g e  s e le n a in d a n  369  
R in g  c le a v a g e  s t e r e o c h e m  a r y lo x ir a n e  4 06 7  
R in g  c le a v a g e  tr ia x a n e  794  
R in g  c lo s u re  b r o m o c h lo r o e t h y le n e d io x y p r o p =  

e n e  6 7 4
R in g  c lo s u re  d o d e c a n o l  b r o m o  3 73 3  
R in g  c lo s u re  m e r c a p t o b e n z e n e d ia z o n iu m  

2 02 5
R in g  c o n t r a c t io n  b e n z o t r ia z e p in e d io n e  2551 
R in g  c o n t r a c t io n  b e n z o t r ia z e p in o n e  d ih y d r o  

161
R in g  c o n t r a c t io n  b ic y c lo o c t a n o n e  c a ta ly s t  

2176
R in g  c o n t r a c t io n  c h lo r o k e te n e  c y c lo h e x a d i^  

e n e  a d d u c t  4 15 7
R in g  c o n t r a c t io n  d ia z o in d a n d io n e  W o l f f  

1697
R in g  c o n t r a c t io n  d ia z o q u in o l in o n e  1883  
R in g  c o n t r a c t io n  d i t h iin o p y r r o le  2891 
R in g  e n la r g e m e n t  a d a m a n ty l  a z id e  3741  
R in g  e n la r g e m e n t  d is ilo x y b ic y c lo p e n t a d e c a n e  

• 2 32 6
R in g  e n la r g e m e n t  p e n ic i l l in  s u l fo x id e  2887  
R in g  e x p a n s io n  b e n z o n o r b o r n a d ie n e  3 7 5 8  
R in g  e x p a n s io n  b e n z o p y r a z o lo c in o lin e t r ic a r =  

b o x y la t e  573
R in g  e x p a n s io n  c y c lo h e x a n o n e  d ia z o a c e ta te  

459
R in g  e x p a n s io n  c y c lo p r o p a n e m e t h a n o l  280 
R in g  e x p a n s io n  im id o y la z ir id in e  847 
R in g  h e p ta m e th in e  d y e  r ig id iz a t io n  885  
R in g  s e s te r te r p e n e  9 2 2  
R o t a m e r  t o ly lb u ty lc a r b in o l  3 39 4  
R o t a t io n  b a rr ie r  d ib e n z o c y c lo h e p t a t r ie n e  

3 84 0
R o t a t io n  b a r r ie r  te t r a n e o p e n t y le t h y le n e

580
R o t a t io n  b a rr ie r  v in y l  c a t io n  3 00 4  
R o t a t io n  h in d e r e d  a r y lb e n z im id a z o q u in o lin e  

2 0 0 3
R u th e n iu m  c h lo r id e  h y d r o g e n a t io n  c a ta ly s t  

431
S a c c h a r id e  m o n o  p h o t o c h e m  o x id n  1216  
S a c c h a r id e  te t ra  sy n th e s is  b l o o d  g r o u p  7 2 0  
S a fe t y  a lly l t r if la te  3109  
S a fe t y  h a lo p y r a z in e  o x id e  1869 
S a fe t y  h y d r o g e n  f lu o r id e  3 2 5 5  
S a fe t y  m e s it y le n e s u l fo n y lh y d r o x y la m in e  

376
S a fe t y  n it ra t io n  i o d o x y x y le n e  4 04 9  
S a fe t y  p o ly n it r o d ip h e n y lm e t h a n e  1262  
S a k u ra n e t in  B a cc h a r is  3 91 3  
S a l ic y lid e n e a m in e  p r o p y n y l  p r o p e n y l  C D  

4 18 4
S a lt  e f fe c t  a r y lo x ir a n e  c le a v a g e  4 06 7  
S a n d m e y e r  r e a c t io n  c u p r ic  h a l id e  2 42 6  
S a n g iv a m y c in  a n a lo g  997 
S a p o n  k in e t ic s  a ry l m e t h y la c e ta te  3 67 7  
S a p o n  p h e n o l  a m in o  d ia c y l  652  
S a tr a to x in  H  s t r u c tu re  S t a c h y b o tr y s  240  
S c h e f fe r in e  s t r u c tu re  3 5 8 8  
S c h i f f  b a se  c y c lo a lip h  2 08 8  
S c h i f f  b a se  c y c lo d e h y d r o g e n a t io n  3 4 8 5  
S c h i f f  r e a c t iv it y  h e t e r o c y c lic  a ld e h y d e  3 02 4  
S e c a lo n ic  a c id s  A s p e rg il lu s  t o x in  352  
S e c o a n d r o s t a n e d io a te  1613 
S e c o a n d r o s t a n o a t e  1613  
S e c o c h o le s ta d ie n o l  p r e p n  N M R  2 28 4  
S e c o c h o le s ta d in e  N M R  3 3 2 5  
S e c o c h o le s t r a t r ie n e d io l  p r e p n  c o n fo r m a t io n  

3 59 7
S e c o e s tr a tr ie n e n it r ile  m e t h o x y o x o  2101  
S e d a n e n o l id e  c e le r y  2 33 3  
S e le c t iv e  r e d n  fu n c t io n a l  g r o u p  512  
S e le n a in d a n  o x id n  r in g  c le a v a g e  369  
S e le n a z in iu m  h y d r o x id e  in n e r  sa lt  1644  
S e le n a z o liu m  h y d r o x id e  a n h y d r o  1644 
S e le n id e  b u t a d ie n y l  D ie ls  A ld e r  1819 
S e le n id e  h y d r o g e n  a iip h  im id a te  2 64 5  
S e le n id e  p h e n y l  v in y l  2 9 5 0  
S e le n id e  s i ly l  1773
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S e le n iu m  a l lo a r o m a d e n d r e n e  o x id n  3 34 3  
S e le n iu m  m e t h y lt r ic h lo r o  a d d n  a lk e n e  1776  
S e le n o  a m id e  a l ip h  2 64 5  
S e le n o a m id e  r e a c t io n  b r o m o a c e t y l  c h lo r id e  

1644
S e le n o d ia z o le  t h io l  s e le n o l  N M R  3 7 2 5  
S e le n o l  th ia d ia z o le  s e le n a d ia z o le  N M R

3 7 2 5
S e le n o lo s e le n o p h e n e  p h o t o e le c t r o n  s p e c tr a

2 2 3 0
S e le n o s e m ic a r b a z id e  c y c liz a t io n  c a r b o n  

d is e le n id e  3 72 5  
S e le n o u r e a  p h o s p h o r y l  3 6 2 9  
S e le n o x a n th in e  o x id n  d e s e le n a t io n  2 47 0  
S e le n o x id e  s i ly l  e l im in a t io n  re a r r a n g e m e n t  

1773
S e lin e n o l  b r o m o  L a u r e n c ia  2 5 1 8  
S e m id io n e  lo n g  r a n g e  s p l it t in g  63  
S e m ip in a c o li c  r e a r r a n g e m e n t  a m in o t r i f lu o r o 13 

m e t h y lp h e n y le t h a n o l  m e c h a n is m  868  
S e r in e  h is t id in e  p e p t id e  a c y la t io n  149 
S e r in e  p e p t id e  c h lo r in a t io n  2 2 5 3  
S e r in e  p r o t e c t io n  b r o m o b e n z y  1 M e r r if ie ld  

523
S e ru m  a lb u m in  b o v in e  t r e h a lo s e  b o n d in g  

130
S e s q u ic a r e n e  d e m e t h y l  4 15 7  
S e s q u it e r p e n e  d e m e t h y ls e s q u ic a r e n e  4 1 5 7  
S e s q u it e r p e n e  d ie n e  c y c liz a t io n  1825  
S e s q u it e r p e n e  d i la c t o n e  S t a c h y b o tr y s  240  
S e s q u ite r p e n e  in te rm e d ia te  1623  3 98 4  
S e s q u ite r p e n e  k e t o n e  G n id ia  348  
S e s q u it e r p e n e  la c to n e  E u p a t o r iu m  2 26 4  
S e s q u it e r p e n e  la c to n e  L ir io d e n d r o n  3 61 4  
S e s q u it e r p e n e  n ic o t in o y l  a lk a lo id  M a y te n u s  

115
S e s q u it e r p e n e  r e a r r a n g e m e n t  632  
S e s q u it e r p e n e  s t r u c tu re  L a u r e n c ia  2 5 1 8  
S e s q u it e r p e n e  t o t a l  s y n th e s is  1607  3 16 5  

3447
S e s q u it e r p e n o id  t r im e t h y l t r i c y c lo t e t r a d e c a d -  

ie n e  153
S e s te r te rp e n e  b ic y c l i c  3 6 3 0  
S e s te r te rp e n e  r in g  9 2 2  
S e x  h o r m o n e  A c h ly a  s te r o id  s y n th e s is  3571  
S id e r it is  a n d a lu so l  s t r u c tu r e  2517  
S ig m a t r o p ic  r e a r r a n g e m e n t  a c e t y la lly lt h io i^  

m id a z o lin e  m e c h a n is m  2 33 9  
S ig m a t r o p ic  r e a r r a n g e m e n t  b e n z o c y c lo b u t e n e  

t h e r m o ly s is  2 6 7 2
S ig m a t r o p ic  r e a r r a n g e m e n t  r a d ic a l  m e c h a n =  

ism  4 14 2
S ig m a t r o p ic  r e a r r a n g e m e n t  y lid e  3 2 4 0  
S ila n e  t r ic h lo r o  c le a v a g e  c a r b a m a t e  2781  
S i l ic o n  a lly lic  c o m p d  3104  
S i l o x y c y c lo t e t r a d e c e n e  c y c lo a d d n  m e th y le n e  

io d id e  2 32 6
S ilv e r  a r e n e s u lf in a te  p y r o ly s is  1691 
S ilv e r  n itra te  r e a c t io n  d is u l f id e  967  
S ilv e r  r in g  c le a v a g e  d ib r o m o b ic y c lo a lk a n e  

418
S ily l  a n io n  t r im e th y l 2 65 4
S ily l  c y c lo h e x a d ie n y l  e th e r  a c e t y la t io n  2 03 2
S ily l  k e te n e  2 03 8
S ily l  s e le n o x id e  e l im in a t io n  r e a r r a n g e m e n t  

1773
S i ly la t io n  h a lo b e n z e n e  2654  
S ily lm e t h y lk e t e n e  c y c lo a d d n  732  
S i ly lo x y  e p o x id e  r in g  c le a v a g e  394 
S i ly lo x y d ie n e  le a d  b e n z o a t e  r e a c t io n  1051 
S ily lv in y l  t r if la te  d e c o m p n  c a r b e n e  1667 
S in g le t  o x y g e n  r e a c t io n  D e w a r  b e n z e n e  

1657
S o d iu m  c a t e c h o la te  c y c liz a t io n  b r o m o p ip e r i^  

d in e  3 93 3
S o d iu m  e th o x y a lu m in u m  h y d r id e  c o m p le x  

3 1 8 0
S o d iu m  h y d r o x id e  c a r b o n y la t io n  2 7 9 0  
S o ln  h e a t  s u l fo n e  2 9 3 3  
S o lv a t e d  e le c t r o n  re d n  v it a m in  879  
S o lv a t io n  la c to n e  o p t ic a l  p u r it y  1370  
S o lv a t o c h r o m is m  n it r o a n il in e  h y d r o g e n  

b o n d  1929
S o lv e n t  a lk y lt r ip h e n y lp h o s p h o n iu m  1242 
S o lv e n t  d r y in g  w a te r  a n a ly s is  3 06 0  
S o lv e n t  e f fe c t  a d d n  y n a m in e  is o cy a n a te  

4261
S o lv e n t  e f fe c t  b e n z y la t io n  a n il in e  1415 
S o lv e n t  e f fe c t  b r o m in a t io n  2 68 9  
S o lv e n t  e f fe c t  b r o m in a t io n  a lk e n e  3 67 3  
S o lv e n t  e f fe c t  b r o m in a t io n  k in e t ic s  2021 
S o lv e n t  e f fe c t  c h lo r o a c e t o n e  p h o s p h o n a t e  

472
S o lv e n t  e f fe c t  c y c lo a d d n  b e n z o q u in o n e  

2 17 9
S o lv e n t  e f fe c t  d e c o m p n  m e t h y lp h e n y ld ia z i^  

r in e  3 4 5 0
S o lv e n t  e f fe c t  e l im in a t io n  c y c lo o c t y l  to s y la te  

3443
S o lv e n t  e f fe c t  is o m e r iz a t io n  h e te r o fu lv e n e  

2 73 4
S o lv e n t  e f fe c t  N M R  p y r a z o le  6 5 9

J. Org. Chem., Voi 42, 1977

S o lv e n t  e f fe c t  th io c y a n a t io n  h e x e n e  1510 
S o lv e n t  re d n  c y c lo h e x a n o n e  1108 
S o lv o ly s is  a r y le t h y n y lc y c lo p r o p y l  to s y la te  

k in e t ic s  m e c h a n is m  28 
S o lv o ly s is  a r y ls u lfo n y lm e th y l p e r c h lo ra te  

k in e t ic s  2 69 4
S o lv o ly s is  a z ir id in o c h o le s ta n e  4251 
S o lv o ly s is  b e n z o n o r b o r n e n y l  m e t h o x y  e f fe c t  

1145
S o lv o ly s is  b r o m o o x o p h e n y lb u ta n o ic  a c id  

k in e t ic s  3867
S o lv o ly s is  c o n ju g a t e d  to s y lh y d r a z o n e  1352  
S o lv o ly s is  c u m y l  n it r o b e n z o a t e  1073  
S o lv o ly s is  c y c lo b u t e n y l  n o n a fla te  t r i f lu o r o e =  

t h a n o l 174
S o lv o ly s is  h a lo c y c lo p r o p a n e  k in e t ic s  1082 
S o lv o ly s is  k eta l e s te r  m e c h a n is m  4231 
S o lv o ly s is  k in e t ic s  s t e r ic  e f fe c t  1422 
S o lv o ly s is  k in e t ic s  t r ic y c l ic  e s te r  2 65 9  
S o lv o ly s is  m e th y l b e n z y l  c o r re la t io n  1419 
S o lv o ly s is  n e ig h b o r in g  g r o u p  e f fe c t  3 01 5  
S o lv o lv s is  s te r e o ch e m  p h e n y lt h io c y c lo h e x e =  

n y l n it r o b e n z o a t e  585  
S o lv o ly s is  t r ic y c lo o c t a n y l  m e th y l k e to n e  

409
S o r b a t e  e s te r  a d d n  h a lo g e n  2141 
S o r ig e n in  sy n th e s is  4 15 5  
S p a r te in e  a n a lo g  c o n fo r m a t io n  937  
S p e c t r a  c y t o s in e  d im e r  4 12 7  
S p e c t r a  d iq u in o c y c lo b u t a n e d io n e  1126 
S p e c tr a  I R  h e p ta m e th in e  p y r y liu m  d y e  8 8 5  
S p e c t r o m e t r y  k in e t ic  e n e r g y  a lk a lo id  4161  
S p e r m id in e  a lk a lo id  s t r u c tu re  3 6 6 0  
S p in  c o u p l in g  c o u m a r in  1337 
S p in  la b e l r e a g e n t  1655 
S p ir o  M e is e n h e im e r  c o m p le x  3 38 7  
S p ir o  s u l fo x id e  e l im in a t io n  e x p a n s io n  1530 
S p ir o a n n u la t io n  b r o m o a l ly l c y c lo h e x a n e c a r b -  

o x a ld e h y d e  2 5 2 0  
S p ir o b e n z in d e n e c y c lo b u t a n e  102 
S p ir o b e n z y l is o q u in o lin e  3 04 0  
S p ir o c y c lo b u ta n e b e n z in d e n e  102 
S p ir o c y c io p e n t y lb ic y c lo h e p t e n e  cry s ta l  s t r u c =  

tu re  3188
S p ir o c y c lo p r o p a n e b e n z in d e n e  102 
S p ir o c y c lo p r o p a n e c h o le s t a n o l  2941 
S p ir o d e c e n o n e  2 52 0  
S p ir o o x a u n d e c a n o n e  1623  
S p ir o s t a n e d io l  N M R  c a r b o n  13 789  
S p ir o s u lfu r a n e  cu n e a l in v e rs io n  b a rr ie r  

4006
S p ir o s u lfu r a n e  s t r u c tu re  h y p e r v a le n t  b o n d  

p o la r iz a t io n  4001
S p ir o t e t r a lo n e c y c lo p e n t a n o n e  3 44 4  
S p ir o u n d e c a n e  d ip h o s p h a  te t ra o x a  379  
S p ir o u n d e c a t r ie n o n e  2 17 9  
S p l i t in g  E S R  p h e n y le n e b is t r ie t h y lp h o s p h o n i -  

u m  3 75 9
S p o n g e  d ib r o m o p h a k e l l in  m o n o b r o m o p h a k ^  

e llin  is o la t io n  4 11 8
S t a b i l ity  d o d e c a h y d r o p h e n a n th r e n e  2 33 0  
S t a b i l it y  h y d r o ly s is  in te rn u c le o s id e  c a r b a °  

m a te  703
S t a b i l ity  p o ly c y c l i c  u n d e ca n e  3 85 2  
S t a b i l it y  s u lf in y l  s u l fo n e  2 93 3  
S ta b i l iz a t io n  r a d ica l c y a n o  g r o u p  752  
S t a c h y b o tr y s  s a tra to x in  H  s t r u c tu re  240  
S ta n n a n e  re d n  b r id g e h e a d  b r o m id e  2 79 0  
S ta n n a n e  re d n  b r id g e h e a d  h a lid e  3 96 8  
S t a n n y lp h o s p h o n iu m  a ld e h y d e  W it t ig  r e a c =  

t io n  3 10 4
S t e f f im y c in  B  m o l s t r u c tu re  3591  
S t e f f im y c in  m o l s t r u c tu re  3591 
S t e p h o l id in e  to ta l  sy n th e s is  3 1 9 0  
S te r e o  a c e to ly s is  t e t r a c y c lo u n d e c a d ie n y l  

t o s y la te  1728
S t e r e o  h y d r id e  s h i ft  n o r b o r n a n o n e  t o s y lh y ^  

d ra z o n e  3 3 5 6
S te r e o c h e m  a d d n  b r o m o c h lo r o c a r b e n e  o le fin  

1082
S t e r e o c h e m  a d d n  m e th y lse le n iu m  t r ic h lo r id e  

1776
S t e r e o c h e m  a d d n  n u c le o p h i l ic  h e x e n o p y r a n o =  

s id e  1746
S t e r e o c h e m  a d d n  t o ly ll ith iu m  k e to n e  3 39 4  
S t e r e o c h e m  a r y lo x ir a n e  r in g  c le a v a g e  4 06 7  
S t e r e o c h e m  b e n z o x a th ia n e  o x id e  2 2 0 6  
S t e r e o c h e m  b o n d  c le a v a g e  h y d r o n a p h th a le n e  

p h o t o d im e r  1098
S t e r e o c h e m  b o r o h y d r id e  re d n  c y c lo a lk a n o n e  

920
S t e r e o c h e m  b r o m in a t io n  th ia h y d r in d a n  

o x id e  4 02 9
S te r e o c h e m  b u ty l  p h e n y l p h o s p h o r in a n e  

1306
S t e r e o c h e m  c a n n a b in o id  490  
S t e r e o c h e m  c h lo r o b u t y l  n itro s o u re a  d e c o m p n  

3 53 8
S te r e o c h e m  c le r o d a n e  d it e r p e n o id  3 91 3  
S t e r e o c h e m  c y c liz a t io n  d ia z o  k e to n e  396  
S t e r e o c h e m  c y c lo a d d n  c y c lo h e x e n e  c y c lo p e n =  

t e n o n e  2 52 3

4347

S te r e o c h e m  c y c lo a d d n  t r im e th y ls ily lm e th y lk =
e te n e  732

S te r e o c h e m  c y c lo a d d n  z in c  m e th y lca rb e n o id
3031

S te r e o c h e m  c y c lo p r o p y l  ra d ica l 1254 
S te r e o c h e m  d e c a h y d ro is o q u in o l in e  1485 
S te r e o c h e m  d e c o m p n  e th y le n e tr ia z e n e  1136 
S te r e o c h e m  d ia lk y lcu p r a te  a d d n  1991 
S te r e o c h e m  d im e th y lc y c lo h e x a n o n e a c e ta te  

1026
S te r e o c h e m  d is p la c e m e n t  n u c le o p h i lic  d i=  

c h lo r o te t r a h y d r o p y r a n  2151 
S t e r e o c h e m  d ite rp e n e  D o la b e lla  3157  
S te r e o c h e m  e p o x id n  c y c lo n o r c h o le n o l  2 03 6  
S te r e o c h e m  e p o x id n  p r e g n e n o d io x o la n e d io n e  

358
S te r e o c h e m  flu o r in a t io n  n o r b o r n e n e  1562  
S te r e o c h e m  f lu o r in a t io n  p h e n y le th e n e  1559 
S te r e o c h e m  G rig n a rd  a z o n ia a z a b ic y c lo n o n e n e

937
S te r e o c h e m  h e x e n e  th io c y a n o g e n  1510 
S te r e o c h e m  h y d r o x y la t io n  d e o x y d a u n o m y c i55 

n o n e  3 65 3
S te r e o c h e m  h y d r o x y m e t h y lp r o l in e  1000 
S te r e o c h e m  iv a n g u lin  4 11 3  
S te r e o c h e m  k e to n e  to s y lh y d r a z o n e  3 20 5  
S te r e o c h e m  k in e t ic s  h a lo a lk a n e  l ith io a n th =  

r a ce n e  4 0 5 8
S te r e o c h e m  n e o p e n ty la l ly ll i th iu m  e p o x id e  

r e a c t io n  694
S te r e o c h e m  n o r b o r n a n o n e  re d n  a lk y la t io n  

264
S te r e o c h e m  p h o s p h it e  r e a c t io n  c h lo ro a m in e

782
S te r e o c h e m  p h o t o c h e m  d im e r iz a t io n  cy to s in e  

4127
S te r e o c h e m  p h o t o c y c lo a d d n  3 31 3  
S te r e o c h e m  p h o t o ly s is  p h o s p h o le n e  o x id e

582
S te r e o c h e m  re a c t io n  a m in e  a ce ty la n th ra n il

656
S te r e o c h e m  re d n  h y d r o x y m e t h y lh e x a h y d r o p =  

h e n a n th re n e  h y d r id e  3 35 0  
S t e r e o c h e m  re d n  k e to  s te r o id  3811 
S te r e o c h e m  re d n  k e to n e  1922 
S te r e o c h e m  re d n  k e to n e  b o r o h y d r id e  1108 
S te r e o c h e m  re d n  m e t h y lte r t b u t y lo c t a lo n e  

183
S te r e o c h e m  re d n  n e o p in o n e  4 2 7 7  
S te r e o c h e m  r e s o lu t io n  o c t y n o l  m ic r o b io l  

1659
S t e r e o c h e m  re tro e n e  v in y lc y c lo h e x a n o l

3 33 6
S te r e o c h e m  rin g  c le a v a g e  d ib r o m o b ic y c lo a l=  

k a n e  4 1 8
S te r e o c h e m  so lv o ly s is  b e n z o n o r b o r n e n y l  

1145
S te r e o c h e m  s o lv o ly s is  p h e n y !t h io c y c Io h e x e =  

n y l n it ro b e n z o a te  585  
S te r e o c h e m  s t ilb e n e  o x id e  1661 
S te r e o c h e m  s u b s t itu t io n  d ip y r a z o lo p y r a z in e  

1527
S te r e o c h e m  s u lfe n y l c h lo r id e  d io x a p h o s p h o =  

r in a n e  190
S te r e o c h e m  t r ic y c l ic  d it e r p e n o id  in t e r m e d ia  

a te  2754
S te r e o c h e m  tr im e th y lp h e n y lo x a p h o s p h o la n e

778
S te r e o c h e m  t r ip t y c e n e  p e r h y d r o g e n a t io n  

2399
S te r e o c h e m  v ita m in  D 3  a n a lo g  2284  
S te r e o e le c t r o n ic  e f fe c t  a m in o d e o x y h e x o s e  

N M R  2247
S te r e o is o m e r  o p t ica l  o x a z ir id in e  3917  
S te r e o is o m e r  p h e n y lc y c lo h e x a n e d io l  1742 
S t e r e o iso m e r  p h o r b o l  es te r  t u m o r  p r o m o t e r  

3645
S te r e o iso m e r is m  c y p r o h e p t a d in e  o x id e  378  
S te r e o s e le c t iv ity  d e h y d r o c h lo r in a t io n  c h lo =  

r o a n is y ln o ra d a m a n ta n e  800  
S t e r e o s p e c if ic  p r e p n  e x o  b ic y c lo h e p ta n e  

d e r iv  3 98 3
S t e r e o s p e c if ic it y  h y d r o b o r a t io n  d im e t h y lc y ^  

c lo a lk e n e  b o r a b ic y c lo n o n a n e  2 70 2  
S te r ic  e f fe c t  a lk y lp h e n y lc a r b in y l  e th e r  1652 
S te r ic  e f fe c t  a m in o d e o x y h e x o s e  N M R  2247 
S t e r ic  e f fe c t  ary l m e th y la c e ta te  3677  
S te r ic  e f fe c t  b e n z o c y c lo b u t e n e  c le a v a g e  

2 67 2
S te r ic  e f fe c t  d io x a p h o s p h o r in a n e  c o n fo r m a =  

t io n  1549
S t e r ic  e f fe c t  h y d r o x y  s te r o id  789  
S te r ic  e f fe c t  n o r c a r a n e  d e r iv  6 6 6  
S te r ic  e f fe c t  p h t o c h e m  c y c lo a d d n  2621  
S te r ic  e f fe c t  p y r o ly s is  44  
S te r ic  e f fe c t  r a c e m iz a t io n  b ip h e n y l  2 5 2 8  
S t e r ic  e f fe c t  r e d n  n o r c h o la n o n e  3811  
S te r ic  e f fe c t  s u b s t itu e n t  c o n s t  1422 
S te r ic  h in d r a n c e  re d n  n e o p in o n e  4277  
S t e r ig m a to c y s t in  h e m ia c e ta l  r e d n  3 59 9  
S t e r ig m a to c y s t in  N M R  112 
S t e r o id  a ld e h y d e  re d n  c a ta ly s t  1202
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T o ly l l i t h iu m  k e to n e  s te r e o ch e m  a d d n  3394  
T o ly l t h io  d e n it r a t io n  d in itr o  a ro m  3 5 5 0  
T o s y la c y lt h r e o n in e  d e h y d r o t o s y la t io n  2 25 6  
T o s v la t e  a r y le t h y n y lc y c lo p r o p y l  s o lv o ly s is  

k in e t ic s  m e c h a n is m  28 
T o s y la t e  r e a c t io n  io d o s o b e n z e n e  d ic h lo r id e  

1476
T o s y la z o a lk e n e  th e rm a l d e c o m p n  1667 
T o s y lh y d r a z o n e  c o n ju g a te d  c y c liz a t io n  s o lv o =  

ly s is  1352
T o s y lh y d r a z o n e  k e to n e  s te r e o ch e m  3 20 5  
T o s y lh y d r a z o n e  t r ic y c lo o c t a n o n e  d e c o m p n  

3882
T o s y lm e t h y l  a m in o c a r b o n y l  n it r o x id e  c o n fo rm  

m a t io n  3 5 4 2
T o s y lm e t h y l  is o cy a n id e  c y c lo a d d n  a ld im in e  

1153
T o s y lm e t h y l is o c y a n id e  k e t o n e  re a c t io n  

3 11 4
T o t a l  s y n th e s is  a c o r o n e  1607  
T o t a l  sy n th e s is ’ b e ta  e le m e n o n e  2 32 7  
T o t a l  s y n th e s is  c a n n a b id io l  2563  
T o t a l  s y n th e s is  c o s t u n o l id e  1717 
T o t a l  s y n th e s is  d a m s in  3447  
T o t a l  s y n th e s is  d ite rp e n e  a c id  2 87 9  
T o t a l  s y n th e s is  d it e r p e n o id  2761 
T o t a l  sy n th e s is  iv a n g u lin  4 1 1 3  
T o t a l  s y n th e s is  m e th y l d e h y d r o a b ie t a t e  

2 76 9
T o t a l  s y n th e s is  m e t h y l  t r is p o r a te  5 2 5  
T o t a l  s y n th e s is  t r ip t o l id e  2569  
T o t a l  s y n th e s is  v ira z o le  a n a lo g  1109  
T o x in  s e c a lo n ic  a c id s  A s p e rg il lu s  352  
T r a c h e la n t h a m id in e  sy n th e s is  1225 
T r a n s a lk y la t io n  b u t y lb r o m o b e n z e n e  422  
T r a n s a lk y la t io n  ca ta ly s t  r e s in  s u lfo n a te  

4187
T r a n sa n n u la r  n it ro g e n  c a r b o n  r e a rra n g e m e n t

2 34 2
T r a n s b e n z y la t io n  m e t h y le n e b is p h e n o l  1208  
T r a n s e s t e r i f ic a t io n  p r o d u c t s  s y n th e s is  d ia ry l 

m e th y lp h o s p h o n a te s  4 2 7 9  
T r a n s fe r  h y d r o g e n o ly s is  o r g  h a lid e  2 30 9  
T r a n s it io n  m e ta l d e c o m p n  d ia z o o x o p r o p io n =  

a te  1685
T r a n s it io n  s ta te  b e n z o p h e n o n e  t r im e t h y la lu -  

m in u m  4 2 5
T r a n s it io n  s ta te  b r o m in a t io n  2 68 9  
T r a n s it io n  s ta te  is o m e r iz a t io n  h e te r o fu lv e n e  

2 73 4
T r a n s it io n  s ta te  p re s s u re  e f fe c t  3 3 8  
T r e h a lo s e  b o v in e  se ru m  a lb u m in  b o n d in g  

130
T r ia x a n e  1733  
T r ia x a n e  r in g  c le a v a g e  794 
T r ia z e n e  d ia ry l  a d d n  te t ra cy a n o e th y le n e  

2611
T r ia z in e  a z id o  c y c liz a t io n  1866  
T r ia z in e  h y d r a z in o  c y c liz a t io n  1018  
T r ia z in e  o x id e  a m in o  e le c t r o p h i le  n u c le o p h ile  

3 4 9 8
T r ia z in e  o x id e  N M R  546  
T r ia z in e  p y r id o  2 51 4  
T r ia z in o b e n z im id a z o le  5 4 2  
T r ia z in o n e  2 53 0
T r ia z o le  h y d r a z in o  c y c liz a t io n  1018 
T r ia z o lo p y r a z in e  b r o m o  s u b s t itu t io n  4 19 7  
T r ia z o lo p y r id in e  4 4 3  
T r ia z o lo tr ia z in e  1018  
T r ic h o t e c e n e  a n t ile u k e m ic  4221 
T r ic h o t h e c a t r ie n e  e p o x y  m e t h o x y  1045  
T r i c y c l i c  d im e rs  c y c l i c  d ik e t o n e s  4 2 7 9  
T r i c y c l i c  d it e r p e n o id  in te rm e d ia te  s te r e o ch e m  

2 75 4
T r i c y c l i c  e s te r  s o lv o ly s is  k in e t ic s  2 65 9  
T r i c y c l i c  h y d r o c a r b o n  c a r b o n  N M R  2 9 4 0  
T r i c y c l i c  h y d r o x y c a r b o c a t io n  3 33 1  
T r i c y c l i c  te r p e n e  806  
T r ic y c lo a lk e n o n e  1321 
T r ic y c lo h e p ta n e c a r b o x a m id e  4 1 5  
T r ic y c lo h e p t y l  e s te r  h y d r o ly s is  k in e t ic s  363  
T r ic y c lo n o n e n e d ic a r b o x y l i c  a c id  la c to n iz a t io n  

1103
T r ic y c lo o c t a n o n e  to s y lh y d r a z o n e  d e c o m p n  

3 88 2
T r ic y c lo o c t a n y l  m e t h y l  k e t o n e  so lv o ly s is  

409
T r ic y c lo t e t r a d e c a d ie n e  t r im e t h y l  s e s q u ite r=  

p e n o id  153
T r ic y c lo t r id e c e n o n e  d ip h e n y l  4151 
T r ic y c lo u n d e c a n e  3 7 8 7  
T r ic y c lo u n d e c a n e  b is h o m o b r e n d a n e  1737 
T r ic y c lo u n d e c a t r ie n e c a r b o x y la t e  a t te m p te d  

C o p e  re a r r a n g e m e n t  401  
T r id e c a n o l  d ith ia  a c e ta te  1814 
T r i f la t e  a lk y la t in g  a g e n t  3 10 9  
T r i f la t e  d is p la c e m e n t  d e o x y g e n a t io n  1302 
T r i f la t e  n o r b o r n a n o n o l  r e a c t io n  m e t h o x id e  

4226
T r if la t e  s i lv lv in y l  d e c o m p n  ca r  b e n e  1667 
T r i f l i c  a c id  re a c t io n  tr ip h e n y lm e th a n e  865  
T r i f lo n e  a ro m  3 87 5

T r i f lo n e  c o n v e r s io n  k e to n e  2 9 3 5  
T r i f lu o r o a c e t a t e  a d d n  a lie n e  s u b s t itu e n t  

c o n t r o l  3297
T r i f lu o r o a c e t a t e  a lle n y l  e s te r  1804 
T r i f lu o r o a c e t o ly s is  b u t y lm e r c u r y  p e r c h lo ra te  

m e c h a n is m  2 05 8
T r im e r  i s o p h o r o n e  s t r u c tu re  1600  
T r im e th y le n e  a lk y lb o r o n a te  b r o m in a t io n  

3252
T r im e th y le n e b ic y c lo o c ta n e  re a rra n g e m e n t  

3 83 3
T r im e th y le n e p y r id in e  2 74 2  
T r im e th y ls i ly l  g r o u p  e le c t r o n  d o n o r  7 3 2  
T r in d a n  h e x a m e th y l 1967 
T r in o r t h ia a n d r o s t a t r ie n e  3 19 6  
T r io x a b ic y c lo n o n a n e  p r e g n e n o  3 0 3 5  
T r ip h a s e  ca ta ly s is  s u b s t itu t io n  r e a c t io n  8 7 5  
T r ip h e n y lm e t h a n e  r e a c t io n  t r if l ic  a c id  865  
T r ip h e n y lm e t h a n o l  f lu o r o  re d n  374  
T r ip ip e r id e in e  c o n fo r m a t io n  c a r b o n  N M R  

66
T r ip t e r y g iu m  a lk a lo id  s t r u c tu re  3 6 6 0  
T r ip t o l id e  to ta l  sy n th e s is  2 56 9  
T r ip t y c e n e  p e r h y d r o g e n a t io n  s te r e o ch e m  

2 39 9
T r iq u in a c e n e  p h o t o c h e m  re a rra n g e m e n t  

m e c h a n is m  503  
T r is h o m o c u b a n e  3 85 2  
T r is p o r ic  a c id  B  to ta l  s y n th e s is  525  
T r is u l f id e  a cy l a lk y l 9 5 8  
T r it e r p e n e  d e g r d n  1276  
T r it e r p e n e  p e n t a c y c l ic  in te r m e d ia te  3744  
T r i t e r p e n o id  h e m ik e ta l B u rse ra  1627 
T r it h ia c y c lo n o n a n e  2 64 4  
T r it h io c a r b o n a t e  v in y le n e  N M R  2 23 7  
T r it ia t e d  p r im a ry  a le  in v e rs io n  767  
T r it iu m  la b e le d  d e t h io b io t in  3 7 7 6  
T r o p a n e  e le c t r o c h e m  o x id n  6 7 0  
T r o p i l id e n e  d ib e n z o  h y d r o g e n  m ig ra tio n  

2 78 8
T r o p y l iu m  sa lt  275
T r y p t a m in e  k in e t ic s  d e u te r iu m  e x c h a n g e  

3 76 9
T r y p t o q u iv a lin e  A s p e rg il lu s  m y c o t o x in  244 
T u lip  t re e  p e r o x y fe r o lid e  3 61 4  
T u m o r  in h ib it o r  t r ic h o t e c e n e  4 22 1  
T u m o r  p r o m o t e r  s te r e o is o m e r  p h o r b o l  e s te r  

3645
T u n g s t e n  p e n t a c y a n o b u t a d ie n y l  c o m p le x  

2 33 5
T y r o s y lv a l in a m id e  l ip o p e p t id e  L y n g b y a  

2 81 5
U g i r e a c t io n  is o cy a n a to a lk a n o a te  p e p t id e  

2019
U n d e c a n a l o x o  re d n  c a ta ly s t  1202  
U n d e c a n e  p o ly c y c l i c  s ta b ility  3 8 5 2  
U n d e c e n o l  a c e ta te  b r o m in a t io n  1799 
U n s a td  a ld e h y d e  h y d r o g e n a t io n  ca ta ly s t  

551
U n s a td  a m in o  a c id  1239 
U n s a td  a z in e  th e r m o ly s is  3691 
U n s a td  d ia z o  k e to n e  c y c liz a t io n  3 9 6  
U n s a td  k e to e s te r  r e a c t io n  a m in o c y c lo h e x e ^  

n o n e  1919
U n s a td  k e to n e  a lk y llith iu m  a d d n  2 38 0
U n s a td  k e to n e  r e a c t io n  2474
U n s a t d  k e to n e  r e d u c t iv e  a m in a t io n  6 5 0
U ra cil a m in o d im e th y l  r in g  c le a v a g e  4 15 9
U ra c il  d ia lk y l  a lk  h y d r o ly s is  2 57 4
U ra c il  e le c t r o p h i l ic  a d d n  221
U ra c il  n itra tio n  3821
U ra c il  p r e p n  2185
U ra c ils  d is u b s t itu te d  4281
U re a  c y c liz a t io n  p r o p io li c  a c id  2 1 8 5
U re a  d ia lk y l  2 57 4
U re a  k e to n e  p h o t o ly s is  k in e t ic s  2 37 8  
U re th a n e  b e n z a lb is  c y c lo a d d n  p h e l la n d r e n e  

2 48 6
U r ic  a c id  a c y la t iv e  d e g r d n  3 13 2  
U r id in e  a n h y d r o  a c e ta te  2 80 9  
U V  b e n z o c y c lo b u t e n e  N M R  3 0 0  
U V  c y a n in e  d y e  a n a lo g  1041 
U V  c y t o s in e s u lfo n a t e  2 0 2 8  
U V  d iq u in o c y c lo b u t a n e d io n e  1126  
U V  e th e n o g u a n in e  3 29 2  
U V  m e th a n o f lu o ra n th e n e  p r e p n  4 0 9 2  
U V  o x a d ia z o lin e  o x a d ia z o le  1555  
U V  t h ia c y c lo h e x a n e d io n e  o x a c y c lo h e x a n e =  

d io n e  1163 
U V  th ia z o le  r e d n  8 7 9  
U v a r ia  b e n z y l  d e r iv  f la v o n o id  1295 
V a le r o la c t im  c y c liz a t io n  n itr ile  1808  
V a le r o la c t o n e  4 09 5
V a lin a m id e  ty r o s y l  l ip o p e p t id e  L y n g b y a  

2 81 5
V a s o p r e ss in  a rg in in e  s y n th e s is  M e r r if ie ld  

3556
V e r s i c o l o r i  A  h e m ia c e ta l  r e d n  3 5 9 9  
V ils m e ie r  H a a c k  a r o y la t io n  p y r r o le  4 24 8  
V in y l  c a t io n  M O  3 00 4  
V in y l  e th e r  is o m e r iz a t io n  t h e r m o d n  1443 
V in y l e th e r  p y r o ly s is  m e c h a n is m  3 89 9

V in y l  h y d r o x y  k e to n e  re a r r a n g e m e n t  3 78 7  
V in y l  k e to n e  b e ta  a lk y la t io n  1349 
V in y l  s u lfe n e  c y c lo a d d n  n o r b o r n e n e  1910  
V in y l  s u l f id e  r e a c t io n  c a r b e n e  3 3 6 5  
V in y l  t r i f la t e  c a r b e n e  r e a c t iv ity  1802 
V in y lb ic y c lo h e p ta n e  3 98 3  
V in y lb ip h e n y l  p h o t o c y c l iz a t io n  3271 
V in y lb u t a n o n e  h y d r o b r o m in a t io n  1709  
V in y lc y c lo h e x a n o l  r e t ro e n e  s te r e o ch e m  

3 33 6
V in y le n e  c a r b o n a t e  t r it h io c a r b o n a t e  N M R

2237
V in y l ic  s u b s t itu t io n  c a ta ly s t  p a lla d iu m  

3 90 3
V in y lm e r c u r y  d im e r iz a t io n  c a ta ly s t  1680  
V in y lo g o u s  a m id e  r e g io s p e c i f ic i t y  a d d n  221 
V in y lp h o s p h o n iu m  D ie ls  A ld e r  d ie n e  4 0 9 5  
V in y lp y r id o n e  p h o t o c h e m  1122 
V in y ls u l fo n iu m  r e a c t io n  e n o la te  3 3 0 3  
V io m y c in  c a r b o n  N M R  1282 
V ir a z o le  a n a lo g  to ta l  s y n th e s is  1109 
V ir e s c e n o l  A  c o n v e r s io n  B  3 4 3 8  
V ita m in  D  c o n fo r m a t io n  3 3 2 5  
V ita m in  D 3  a n a lo g  p r e p n  N M R  2 28 4  
V ita m in  D 3  h y d r o x y  s y n th e s is  3 5 9 7  
V ita m in  E  in te r m e d ia te  m e th y la lk a n o l 

3 8 2 8
V ita m in  re d n  s o lv a te d  e le c t r o n  8 7 9  
V o lt a m m e tr y  c a r b o x y d ip h e n y lp y r a z o l in e  

3 9 4 9
W a te r  a n a ly s is  d r y in g  s o lv e n t  3 0 6 0  
W a te r  d ia z o m e t h a n e  k in e t ic s  3 9 7 9  
W a te r  k in e t ic s  t h ia n th r e n e  c a t io n  r a d ica l 

976
W ill ia m s o n  s y n th e s is  tr ip h a s e  c a ta ly s is  8 7 5  
W it t ig  b e n z a id e h y d e  c a r b o n  t e t r a b r o m id e

3 30 8
W it t ig  e t h o x y a l ly l id e n e p h o s p h o r a n e  c y c lo ^  

c o n d e n s a t io n  1664
W it t ig  in tra m o l a m in o p r o p e n y lp h o s p h o n iu m  

b r o m id e  200
W it t ig  p h o s p h o r a n e  b e n z a id e h y d e  3691  
W it t ig  r e a c t io n  s i ly lp h o s p h o n iu m  k e to n e  

3104
W it t ig  r e a c t iv ity  h e t e r o c y c lic  a ld e h y d e  3 02 4  
W it t ig  r e a g e n t  o x o p e n ic i l la n a t e  4 0 4 5  
W it t ig  y l ia e  p h o s p h o n io r ib o fu r a n o s id e  4 08 4  
W o l f f  K is h n e r  h y d r a z o n e  k in e t ic s  1081 
W o l f f  r e a r r a n g e m e n t  d e c o m p n  d ia z o o x o p r o =  

p io n a te  1685
W o l f f  r e a r r a n g e m e n t  d ia z o t r ic y c lo o c t a n o n e  

4 1 5
W o l f f  r e a r r a n g e m e n t  th e rm a l d ia z o in d a n ^  

d io n e  1697
W o o d w a r d  H o ffm a n n  ru le  9 2  
W 7 7 8 3  a n t ifu n g a l s t r u c tu re  3 66 4  
X  ra y  c r y s ta l  s t r u c tu re  a n a ly s is  t r iq u in a c e n e  

4 2 7 9
X  ra y  d ith io a c e t y ld it h ie t a n e  2 3 4 5  
X a n t h a t e  r e a c t io n  a r y ld ith io l iu m  1543 
X a n t h e n o n e  fu ry l  3 5 9 9  
X e n o n  d i f lu o r id e  f lu o r in a t io n  n o r b o r n e n e  

1562
X e n o n  d i f lu o r id e  f lu o r in a t io n  p h e n y le t h e n e

1559
X y le n e  io d o  n it ra t io n  4 0 4 9  
X y lo fu r a n o s y la d e n in e  b r o m o d e o x y  3 96 7  
X y lo p in e  m e t h io d id e  S te v e n s  r e a r r a n g e m e n t  

3 0 4 0
Y lid e  a m id r a z o n e  1862 
Y l id e  a u t o x id a t io n  S te v e n s  re a r r a n g e m e n t  

4281
Y l id e  o x a z in e  180 
Y l id e  p h e n o th ia z in e  1833 
Y l id e  p h o s p h o n io r ib o fu r a n o s id e  W itt ig  

4 08 4
Y l id e  p h o s p h o n iu m  r e a c t io n  s u l f in y la m in e

3 9 2 2
Y lid e  p y r id in iu m  im id o y l im in o  p h o t o ly s is  

443
Y lid e  r e a r r a n g e m e n t  s ig m a tr o p ic  3 2 4 0  
Y l id e  S t e v e n s  r e a r r a n g e m e n t  a u to x id n .

1460
Y lid e  s u l fo n iu m  fo r m a t io n  N M R  3 3 6 5  
Y l id e  s u l fo n iu m  in s e r tio n  d is u l f id e  1768  
Y l id e  s u l fo n iu m  p h e n y lim in o n a p h t h o q u in o n e  

2164
Y lid e  th ia d ia z in e  o x id e  9 5 2  
Y l id e n e m a lo n o n it r i le  c o n d e n s a t io n  q u in o l in e  

o x id e  3 97 4
Y n a m in e  a d d n  is o cy a n a te  k in e t ic s  4261 
Z in c  a ry l c o u p l in g  h a lo a r e n e  1821 
Z in c  c h lo r id e  q u in a ld in e  911 
Z in c  c o p p e r  c o u p le  re d n  212  
Z in c  m e t h y lc a r b e n o id  c y c lo a d d n  c y c lo a lk e n o l  

3031
Z in c  re d n  d it h io l iu m  h e x a f lu o r o p h o s p h a te

2 77 8
Z in c  r e d u c t iv e  d e h a lo g e n a t io n  h a lo p h e n o l

8 3 5
Z o n a re n e  6 3 2
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Diazomethane
Precursors

Diazomethane is an exceedingly useful reagent in organic 
synthesis.1 The mild and quantitative esterification o f car
boxylic acids, sulfonic acids and phosphonic acids by 
diazomethane proceeds rapidly with evolution o f nitrogen. It 
methylates mineral acids, phenols and phthalimideas well as 
alcohols in the presence of a Lewis acid (e.g., B F ,-E t20 ) . 
Diazomethane may be used for the ring enlargement o f  cyclic 
ketones and enamines. Its use in the Arndt-Eistert reaction 
extends the chain o f a carboxylic acid by one methylene unit.

Unfortunately, this useful reagent does not lend itself to 
storage, much less to shipping. Diazomethane is an explosive 
and toxic gas- which should be freshly prepared (usually as 
an ethereal solution) when needed. All preparations and 
reactions using diazomethane, regardless o f how it is produc
ed, should be carried out behind a safety shield in an efficient 
hood.3-4 We know o f no diazomethane precursor which is 
clearly superior for all applications so we offer a variety of 
reagents, each with a particular advantage.

CH3
c h 3c 6h 4s o 2n -n = o

Diazald, A'-methyl-A-nitroso-p-toluenesulfonamide, is 
the reagent most commonly used for preparing ethereal 
solutions o f diazomethane by distillation. We recommend 
the use of our Diazald Kit distillation apparatus* which 
features Clear-Seal® joints for this process. An advantage of 
using Diazald is that at no time is a large amount o f 
diazomethane present in the distilling flask. Diazald is 
relatively inexpensive and has a good shelf life (ca . one year). 
A disadvantage is the need for a nonaqueous solvent.

O N =0
II

c 6h 5-c -n h c h 2-n -c h 3

This new reagent recently described by Sekiya e t  al.'' has an 
excellent storage life and may be used in our Diazald Kit to 
produce ethereal solutions o f diazomethane. We expect this 
reagent to take the place o f  A',A''-dimethyl-A',A''-dinitroso- 
terephthalamide (EXR-101) which has been discontinued 
due to the explosive character o f the unstabilized product.6 
A'-['-Methyl-Ar’-nitroso(aminomethyl)]benzamide appears 
to have a somewhat better shelf life than Diazald, but is more 
expensive, and also requires a nonaqueous solvent.

Clear Seal® license, Ronor SA, Berne. Switzerland.
•See pp 978-980 of the Aldrich Catalog Handbook for a description.

NHi
c h 3-n -c -n h n o 2

N O
MNNG, A'-methyl-A''-nitro-A-nitrosoguanidine, has been 

used to prepare diazomethane by distillation with ether; 
however, millimole quantities may be quickly and con
veniently prepared without distillation using our M NNG- 
Diazomethane apparatus.* The apparatus is available in 
millimole and micromole sizes with either “O ” ring or Clear- 
Seal® joints. The procedure7 involves the s lo w  dropwise ad
dition o f aqueous sodium hydroxide via a syringe into the 
closed apparatus. The diazomethane produced collects in an 
outer tube containing chilled ether. This solution is sufficient 
for small-scale reactions or the preparation o f methyl esters 
for gc analysis.

When only small quantities o f diazomethane are needed, 
MNNG is the reagent o f  choice. It is the only reagent from 
which diazomethane can be generated with aqueous alkali, 
thus avoiding alcoholic contamination. It has an excellent 
shelf life. The disadvantages o f MNNG are its relatively high 
cost and its powerful mutagenic activity.8

All precursors to diazomethane are nitroso compounds 
and therefore should be handled with great care.
References:
1) J.S. Pizey, Synthetic Reagents, Vol. 2, John Wiley and Sons, Inc., New York, N Y , 

1974, Chapter 2; H. Hopps Aldrichimica Acta, 3, 9 (1970).
2) F.W. Sunderman, laboratory Diagnosis of Diseases Caused by Toxic Agents, Warren 

H. Green, Inc., St Louis, Mo., 1970.
3) T.J. de Boer and J.J. Backer, Org. Syn., Coll. Vol. 4, John Wiley and Sons, Inc., New 

York, N.Y., 1963, p 250.
4) J.A. Moore and D.E. Reed. Org. Svn., (  oil. Vol. 5, John Wiley and Sons. Inc., New 

York, N.Y., 1973. p 351.
5) M. Sekiya, Y. Ohahi, Y. Terao, and K. ito, Chem. Pharm. Bull., 24, 369(1976).
6) E.l. du Pont de Nemours and Co., private communication, 1977.
7) H.M. Paies, T.M. Jaouni, and J.F. Babashak, Anal Chem., 45, 2302 (1973).
8) J.D. Mandell and J. Greenberg, Biochem. Biophy. Res. Commun., 3, 575(1960); E.A. 

Adelberg, M. Mandel, and G.C.C. Chen, ibid., 18, 788 (1965).
D 2800-0 Diazald® 100g $7.50; 1kg $49.00; 10kg $350.00 
19,738-6 N -[N ‘-Methyl -A"-nitroso(aminomethyI)]benz-

amide 25g $8.00; 100g $22.00
12,994-1 iY-Methyl-A"-nitro-A'-nitrosoguanidine

10g $10.00; 25g $22.00
Z 10,025-0 
Z 10, 100-1

ZIO, 102-8

ZlO.159-1

ZIO, 161-3

Diazald Kit $114.00ea.
MNNG-Diazomethane Kit, millimole size 

with “O ” ring $19.66ea.
MNNG-Diazomethane Kit, micromole size 

with “O ” ring $17.86ea.
MNNG-Diazomethane Kit, millimole size with 

Clear-Seal® joint $22.94ea.
MNNG-Diazomethane Kit, micromole size with 

Clear-Seal® joint $20.85ea.
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