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Many aliphatic 1,2-dicarbonyl compounds react at room temperature with dimethyl /î ketoglutarate (1) in aque
ous or dilute methanolic solution to furnish 1:2 adducts of type 2; cyclic 1,2-diketones similarly give the propellane 
derivatives of type 3. In contrast, camphorquinone (14) and aromatic 1,2-diketones such as benzil (18) and phenan- 
threnequinone (19) yield only 1:1 adducts with 1. The 1,2-glycol (17) resulting from simple aldolization followed 
by hemiketal formation, was isolated in the case of 14, whereas 4-hydroxycyclopent-2-enones 20 and 23 were ob
tained in the case of the two fully aromatic dicarbonyl compounds. Ninhydrin gave only the 1:2 adduct (31) when 
reacted with 1, while phenylglyoxal (27) yielded both a stable 1:2 adduct of type 2 and a very unstable 1:1 adduct 
(not isolated). The significance of these findings for the interpretation of the course of such reactions is discussed.

Dimethyl /3-ketoglutarate (1) has been found3 to react 
with aliphatic 1 ,2 -dicarbonyl compounds in aqueous or 
aqueous/methanolic4 solution at neutral or slightly acidic pH 
to provide /3-keto esters (2)5 derived from bicyclo[3.3.0]oc- 
tane-3,7-dione. Alicyclic 1,2-diones in similar fashion yield 
esters (3) of [n.3.3]propellanediones.3’4 From the reaction of 
I with glyoxal, more complex products (see below) have been 
isolated3’6 in addition to 2, R = R' = H.

■ V 0

It seemed probable a priori that the 1:2 adducts 2 and 3 
would be formed stepwise by reaction of one molecule each 
of 1 and the 1 ,2 -dicarbonyl compound to yield a primary 1 : 1  
adduct, capable of adding a second molecule of 1 to furnish 
the /3-keto esters 2 and 3 actually isolated. A plausible se
quence, shown in Scheme I, can be formulated, which is con

sistent with all information available to date. Simple aldoli
zation of 1 and the dicarbonyl compound in equimolar 
amounts would generate the adducts 4,5, or 6. Of these, 4 and 
6 could easily be converted to the 4-hydroxycyclopent-2-enone
8. Michael addition of a second molecule of 1 to 8 would fur
nish the intermediate 9 which, as a /3-hydroxy ketone, would 
readily eliminate water to form the a,/3-unsaturated ketone
10. A second Michael addition (intramolecular) would then 
lead to the product 2.7 This sequence also can be readily ex
tended to provide an explanation for the origin of the more 
complex /3-keto esters 11,12, and 13 which are obtained from 
glyoxal3-6 (see Scheme II). The endo6a and exo6b isomers 11 
and 12 can be assumed to arise through reaction of 2 (R = R' 
= H) with intermediate 8 in a sequence of reactions which is 
perfectly analogous to formation of 2  itself from 8 and 1 via 
intermediates 9 and 10. In addition, the hexacarbomethoxy 
derivative 136c could similarly originate from 2 by reaction 
with the «,,3-unsaturated aldehyde 5 (R = R' = H), the E  
isomer of 6. The formation of the entire series of compounds 
can thus be explained in a uniform and consistent manner 
through a sequence of aldolizations and Michael additions.

Since all the reactions outlined in Schemes I, II, and III are 
undoubtedly reversible, there would seem to be little hope for 
direct experimental verification. However, use of suitable
1 ,2 -dicarbonyl compounds has now permitted the actual 
isolation of a 1:1 adduct (17, see below) derived from the 
monoaldolization product 4, and of several 4-hydroxycyclo- 
pent-2-enones of type 8. Several substances related to this 
latter type8’9 have been isolated by Japp and his associates 
long before our work (see below). While none of these com
pounds can qualify as an actual intermediate in the formation
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Scheme I

a The sequence 4 -+ 7 ->• 8 is plausible but at present highly conjectural; we have so far not encountered any diol o f  type 7.

Scheme II

of substances of type 2, 3, 11, 12, or 13, their isolation lends 
definite support to our interpretation of the course of the re
actions illustrated in Schemes I—III.

Initial attempts to demonstrate the intermediate formation 
of 1:1 adducts of type 4,5,6, or 8 in reactions of 1 with aliphatic 
or alicyclic 1,2-diketones were uniformly unsuccessful. For 
instance, when the reaction was carried out with a tenfold 
excess of the 1 ,2 -dicarbonyl compound, cyclododecane-1 ,2 - 
dione, in a citrate/phosphate buffer (pH 6.8) in the presence 
of methanol, the only product isolated or observed by TLC 
was the 1:2 adduct (3, n  = 10).4 Moreover, reaction of cyclo- 
dodecane-l,2 -dione (tenfold excess) and 1 with sodium 
methoxide in methanol similarly provided only the 1 :2  adduct 
(3, n  = 10).4

It seemed likely, however, that a 1,2-dicarbonyl compound 
with bulky groups adjacent to the keto functions might react 
to give a 1 : 1  intermediate unable, for steric reasons, to add a 
second molecule of 1 (step 8 —* 9 in Scheme I). Camphorqui- 
none (14) appeared to be a suitable «-diketone for this pur
pose. Reaction of 14 at room temperature with 1 equiv of 1 in 
citrate/phosphate buffer (pH 6.8)10 for 1 week furnished a new 
compound which was obtained in pure, crystalline form by 
column chromatography in 20% yield, mp 138-140 °C. The 
empirical formula C17H24O7, established by microanalysis and 
mass spectrometry (mol wt calcd and found 340), showed that 
the substance was a simple 1:1 adduct of 14 (C10C14O2) and 
1 (C 7 H 1 0 O 5 ). On heating with sodium methoxide in methanol, 
the adduct reverted to 14 and 1, indicating that no rear-
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Scheme III

O
5, R = R' = H

1
COjMe

rangement had taken place during the formation of the C17 
compound. These data are compatible with an aldol-type 
structure analogous to intermediates 4 or 7 in Scheme I, i.e., 
with formulas such as 15,16, or 17.

C02Me

Spectroscopic findings excluded the possibility of structure
15. The symmetry of such a 1,2-glycol, formed through al-

dolization of both  carbonyls of 14, would cause hydroxyl sig
nals to appear at very similar chemical shifts in the NMR 
spectrum. In fact, the 220-MHz spectrum of the adduct ex
hibited two signals (singlets, 1 H each) but at very d ifferen t  
locations {d 3.35 and 4.48), indicative of a nonsymmetrical 
structure. The 13;C NMR spectrum (see below) is likewise quite 
incompatible with 15, as are the ir and uv spectra.

However, it would also be difficult to reconcile the various 
spectroscopic data with formula 16. While the presence of two 
hydroxyl signals in the NMR spectrum could be rationalized 
as being due to enolization of the /i-keto ester grouping,5 the 
occurrence of a pair of doublets (1 H each) with J  = 17.5 Hz, 
centered at <5 3.56 and 3.92, points clearly to a methylene group 
with nonequivalent protons, subject to geminal coupling. 11 
These findings, and other spectroscopic observations to be 
discussed, however, can be readily accommodated by formula 
17, the hemiketal of the enol form of 16. Here, the adjacent 
carbomethoxy group would interfere somewhat with the 
rotation of the side chain methylene group; this fact, together 
with influences from the endo protons of the methylenes of 
the norbornane system, would create the observed non
equivalence.

Formula 17 also finds strong support from the ir spectrum, 
which shows hydroxyl stretching bands at 3480 and 3410 
cm“ 1, a band at 1740 cm“ 1 (nonconjugated ester group), and, 
significantly, bands at 1695 and 1630 cm“ 1. These latter two 
absorptions agree well with those reported for other com
pounds containing the chromophore MeOvC-C=C-0; the 
iridoids genipin ( p  1695, 1630 cm“ 1) 12 and daphylloside (v 
1700,1635 cm“ 1)12 and the indole alkaloids mayumbine13® and 
serpentinine13b are pertinent examples.

The uv of 17 (Amax 250.8 nm) is likewise compatible with the 
spectra of iridoids carrying a carbomethoxy group at C-4 (cf. 
inter alia, genipin and verbenalin, 240 nm, loganin, 237 nm, 
and daphylloside, 235 nm) .14 The plausible assumption can 
be made that the difference in size of the unsaturated het
erocyclic ring, six membered in the iridoids, five membered 
in 17, is responsible for the bathochromic shift of ~ 1 0  nm in 
the latter case.

Additional support for structure 17 can be obtained from 
examination of the 13C NMR spectrum (see Table I). Signals 
from all 17 carbon atoms can be identified, but the spectrum 
definitely does not contain any resonance ascribable to a free 
carbonyl in a five-membered ring; this fact eliminates struc
tures 15 and 16. In contrast, the assignments of the observed 
signals are entirely compatible with formula 17. The spectrum

Table I. 13C NMR Chemical Shifts o f  1 :1 Adduct 17

ppm “ S ford0 Carbon atom ppm “ Sford* Carbon atom

168.3 s 14 a c 52.31 16 d 6'
165.2 s 15 a 51.3) q 17 d
162.9 s 11 a 49.7 s 1 c
117.3 s 12 b 34.6 t 13
109.2 s 2 b 29.6 t 5 e

86.9 s 3 24.9 t 6 e
54.7 d 4 22.1 q 9 f
53.1 s 7 c 21.5 q 8 f

9.8 q 10 f

“ Measured from  (CH3)4Si standard. b Multiplicités observed on angle frequency off-resonance decoupling. “ Assignments 
within lettered groups may be interchanged.
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contains signals from two fully substituted vinylic carbon 
atoms [C-ll, 162.852 ppm; C-12,117.259 ppm (see Table I)], 
one of which is deshielded due to the bond to an oxygen atom. 
Furthermore, the resonances from two fully substituted car
bon atoms are located downfield; one of these is bound to 
hydroxyl (C-3), while the other is attached to two oxygen 
atoms (C-2). The formulation of 17 with the stereochemistry 
shown is based on analogous reactions of 14 with lithium 
aluminum hydride15 and Grignard reagents. 16 The assign
ment17 was further corroborated by the lanthanide-induced 
shifts of the “ carbon-bound” methyl functions of 17, which 
are similar to ones described in analogous systems recently 
reported by Burgstahler.18

As mentioned previously, reaction of cyclododecane-1,2- 
dione with 1 in methanolic sodium methoxide gave the pro- 
pellanedione (3, n =  10)4 as the only isolable product, although 
traces of another compound were observed by TLC. However, 
reaction of 14 with 1 under the same conditions yielded ex
clusively the 1:1 adduct 17.

In contrast to the behavior of the aliphatic and alicyclic
1,2-dicarbonyl compounds, fully aromatic n-diketones (Ar- 
CO-CO-Ar) such as benzil (18) and phenanthrenequinone

(19) failed to react with 1 in aqueous methanol (buffer added, 
either pH 6.8 or 8.4). In more strongly alkaline media, 1:1 
adducts 20 and 23 of the type 8 were readily obtained.

Some related 4-hydroxycyclopent-2-enones have been 
prepared in the 1890’s during the classical studies of Japp and 
co-workers. Japp and Lander, e.g., reported that they obtained 
the dicarboxylic acid corresponding to 20 by reaction of benzil
(18) with free d-ketoglutaric acid in alcoholic KOH .8 In ad
dition, the acid8 24819 was reported by Japp and co-workers

to result from loss of CO2 from the diacid of 20 ; however, this 
structure has recently been revised to 25.1 In similar experi
ments, Japp and Klingemann20 reported that the reaction of 
19 and acetoacetic acid yielded the 1:1 adduct 26; this was later 
reinvestigated by Cope and MacDowell and the structure of 
26 was confirmed.21

We had previously obtained the 4-hydroxycyclopent-2- 
enone 20 by reaction of 18 and 1 in alcoholic KOH4 under

conditions similar to those described in the literature.93"0 
When this same procedure was employed in the reaction of 
19 and 1, a compound (M+ at m/e 364) corresponding to the 
alcohol 23 was isolated. However, it was contaminated with 
impurities of high molecular weight and was not obtained 
completely pure. In the course of the investigation of the re
actions of 18 and 1 , we had carried out this condensation in 
methanolic sodium methoxide, from which yellow crystals 
precipitated in 50% yield. The same compound (mp 227-235 
°C dec) was obtained by stirring the cyclopent-2-enone 20 
with sodium methoxide in either methanol or ethanol. This 
new compound is therefore 2 1 , the sodium enolate of 2 0 . 
Spectroscopic data were in agreement with this assignment; 
treatment of the salt 2 1  with cold, dilute hydrochloric acid (0.1
N) converted it back to 20. Reaction of 20 with potassium 
methylate in methanol at room temperature did not produce 
an analogous enolate; however, heating the solution and 
subsequent removal of most of the solvent produced a yellow, 
crystalline potassium salt in amounts too small for study. 
While our work was in progress a brief mention of a similar 
sodium compound generated by Harris and co-workers ap
peared and confirmed our assignment.22

Alkali enolates, often colored, have been obtained repeat
edly from cyclic d-keto esters related to 2 ; cf. e.g., the red 
mono- and yellow disodium enolates of a derivative of 2 (R = 
R' = H) which were discovered by Vossen23 and studied more 
recently by Yates et al.24 Because the enolate salts crystallize 
rapidly from methanol, it was felt that reaction of 19 with 1 
in methanolic sodium methoxide would generate the metha
nol-insoluble salt 2 2 , so that further reaction would be 
stopped. Production of high molecular weight impurities 
found in ethanolic potassium hydroxide would thus be held 
to a minimum. This was found to be the case. The sodium 
enolate 2 2  precipitated in 68% yield as red-orange crystals (mp 
263-270 °C) when 19 and 1 were stirred for 4 h in methanolic 
sodium methoxide. Acidification with cold hydrochloric acid 
(0.1 N) furnished the pure 4-hydroxycyclopent-2-enone 23 as 
a yellow powder (mp 175 °C dec).

The tendency of 18 and 19 to provide 1:1 adducts with 1 and 
related compounds (e.g., the corresponding free acid) 1 appears 
to be quite typical of fully aromatic (Ar-CO-CO-Ar) a-di- 
carbonyl compounds, although strongly alkaline conditions 
seem to be required. This behavior contrasts with that of ali
phatic and alicyclic 1 ,2 -diones which furnish 1 :2  adducts in 
weakly acidic,3’4’6 neutral,6 weakly alkaline, or strongly alka
line media.4’25 The formation of the 1 : 1  adduct 17 from 14 is 
the exception rather than the rule and is undoubtedly due to 
steric factors.

Surprisingly, compounds (Ar-CO-CO-R) in which the
1 ,2 -dicarbonyl system is bound to only one aromatic ring seem 
not to occupy an intermediate position but to resemble their 
aliphatic or alicyclic congeners more than 18 or 19. Two such 
compounds have been studied to date: phenylglyoxal (27) and 
ninhydrin (30).

Reaction of 27 with 1 in bicarbonate buffer (pH 8.4) at room 
temperature for 60 h produced a yellow solution, which fur
nished a copious precipitate when it was acidified to pH 1 with 
sulfuric acid (6 M). Recrystallization from methanol gave the 
pure 1:2 adduct [29 (2, R = C6H5; R' = H)], mp 147-148 °C. 
The yield of recrystallized product was 65%. The same reac
tion was carried out in citrate/phosphate buffer (pH 6.8) for 
3 days and furnished an oil which was extracted into chloro
form. Column chromatography on silica gel gave a 27% yield 
of 29; however, both TLC and mass spectrometry revealed the 
presence of another, more polar substance in the crude oil. The 
molecular weight (mass spectrometry) of this product, m/e 
290, is that expected for the 1:1 adduct 28, and the fragment 
corresponding to the loss of methanol (M+ — 32), typical of 
these /?-keto esters,4 was present. Unfortunately, this com-
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pound proved to be very elusive; all attempts at isolation so 
far yielded only 29 or material of higher molecular weight. The 
lability of 28 can be understood by assuming reversion to 27 
and 1 by retroaldolization, or loss of the second molecule of 
water to give the unstable cyclopentadienone. In the first case, 
the compounds formed would recombine to give 29, while 
dimerization of the intermediate cyclopentadienone would 
lead to products of high molecular weight.

In the case of ninhydrin (30), only the 1:2 adduct, the pro
pellane derivative (31, mp 95-98 °C) has been observed; it was 
converted readily into the trione (32, mp 172.5-174 °C) by acid 
hydrolysis.26

It would seem plausible that the fully aromatic a-diketones 
do not add a second molecule of glutarate 1, for the enone 
system is stabilized by overlap with the w bonds of the phenyl 
ring; however, this effect would also be expected to occur in 
the monoaromatic cases (Ar-CO-CO-R), but apparently does 
not. Work is in progress at present to explain the difference 
in reactivity of these closely related systems.

Experimental Section

Microanalyses were performed on an F & M Scientific Corp. Car
bon, Hydrogen, Nitrogen Analyzer Model 185; some analyses were 
also performed at the National Institutes of Health, Bethesda, Md. 
Melting points were taken on a Thomas-Hoover melting point ap
paratus; they are uncorrected. Nuclear magnetic resonance spectra 
were recorded on Varian T-60 and 220 MHz spectrometers. Infrared 
spectra were taken on a Beckman Acculab-1 instrument. The ultra
violet spectra were recorded on a Cary 17 spectrophotometer, and 
mass spectra on Finnigan 1015 and AEI MS-902 instruments.

Analytical TLC plates used were E. Merck Brinkmann uv active 
silica gel on plastic. The citrate/phosphate buffer (pH 6.8) was pre
pared by dissolving disodium hydrogen phosphate heptahydrate 
(11.67 g) and citric acid (3.68 g) in water (900.00 ml). The bicarbonate 
buffer (pH 8.4) was prepared by dissolving NaHCOa (1.40 g) in water 
(100.00 ml). Camphorquinone, benzil, phenanthrenequinone, 
phenylglyoxal, ninhydrin, and dimethyl /3-ketoglutarate were pur
chased from Aldrich Chemical Co.

Reaction of Camphorquinone (14) with Dimethyl /3-Keto- 
glutarate (1) to Produce the 1:1 Adduct (17). Camphorquinone (14, 
5 g, 0.030 mol) was dissolved in methanol (70 ml). Citrate/phosphate 
buffer (pH 6.8) was added until the solution became turbid, where
upon small amounts of methanol were added to clarify the solution. 
To this solution, dimethyl /3-ketoglutarate (1,10.5 g, 0.060 mol) was 
added and the liquid stirred at room temperature for 1 week. It was

next extracted with ether (5 X 100 ml); and the combined extracts 
were washed with water and dried (Na2SO,i). Removal of solvent at 
reduced pressure afforded 8.1 g of a solid shown by TLC to consist of 
17 and starting materials. The adduct 17 was isolated by column 
chromatography (silica gel) using petroleum ether (bp 30-60 °C)/ 
benzene as eluent. Recrystallization from methanol furnished white 
needles (2.1 g, 20%) of mp 138-140 °C: uv \max (MeOH) 250.8 nm\Rf 
0.19 (10% ethyl acetate in benzene); ir (KBr) 3480 and 3410 (OH ab
sorptions), 1740 (saturated ester), 1687 (conjugated ester), and 1630 
cm- 1 (>C =C <); NMR (CDC13) 5 0.94 (3 H, s), 1.0 (3 H, s), 1.28 (3 H, 
s), 1.30-1.70 (4 H, broad multiplet), 2.1 (1 H, d, J  = 4 Hz), 3.35 (1 H, 
s, OH) 3.56 (1 H, d, J = 17.5 Hz), 3.71 and 3.73 (6 H, 2 OCH3 singlets),
3.92 (1 H, d, J  = 17.5 Hz), and 4.48 (1 H, s, OH). The singlets at b 3.35 
and 4.48 disappeared on treatment with D20. Mass spectrum (elec
tron impact): m'e at 340 (5.5), 322 (5.5 M+ -  18), 310 (30.3, M+ -  30), 
308 (10, M+ -  32), 291 (36), 280 (100), 275 (17.2), 252 (38), 249
(56).

Anal. Calcd for Ci7H240 7: C, 60.00; H, 7.10. Found: C, 60.14; H,
7.18.

Retroaldolization of 17 by Treatment with Base. The hemi- 
ketal (1 g) was dissolved in methanol (25 ml) and sodium methoxide 
(100 mg) was added. The solution was heated gently for 0.5 h. TLC 
showed the presence of two compounds with Rf values identical with 
those of 14 and 1. These two compounds were separated by prepara
tive TLC (silica gel) and were identified by comparison of their mass 
spectra with those of authentic samples.

Reaction of Benzil (18) and Dimethyl /3-Ketoglutarate (1) in 
Sodium Methoxide and Methanol. Sodium Enolate (21) of Al
cohol 20. Benzil (18, 2.1 g, 0.010 mol) was dissolved in methanol (125 
ml) and sodium methoxide (1.0 g, 0.020 mol) was added. To the re
sulting solution, dimethyl /3-ketoglutarate (1, 1.74 g, 0.0100 mol) was 
added and the mixture was stirred at room temperature for 24 h. 
Yellow crystals (21,2.0 g, 50%) were filtered from the solution. They 
were identical with the product obtained by treating 20 with sodium 
methoxide in methanol or ethanol: mp 227-235 °C dec; ir (KBr) 3500 
(s, OH), 3600-3300 (broad OH), 1695 (C = 0 ), 1655 (C=C), and 1005 
cm-1 (C-O); NMR (pyridine-d.5) <5 3.7 (6 H, s, 2 OCH3) and 7.0-8.0 
(10 H, broad multiplet). Tests indicated the presence of sodium in 
the salt.

Treatment of the enolate salt 21 with cold aqueous hydrochloric 
acid (0.1 N) yielded the 4-hydroxycyclopent-2-enone 20 whose 
properties were identical with those reported previously by several 
groups.4,9

Reaction of Benzil (18) with Dimethyl /3-Ketoglutarate in 
Potassium Methoxide/Methanol. Reaction of benzil (18) with 1 in 
the same proportions as before but with potassium methoxide (0.02 
mol) in place o: sodium methoxide yielded no crystals on stirring at 
room temperature. After heating for several hours, followed by 
evaporation of most of the solvent, a yellow, crystalline potassium salt 
of 20 was isolated in very low yield. Acidification of this solid gave the 
previously characterized alcohol 20.

Reaction of Phenanthrenequinone (19) with Dimethyl 0- 
Ketoglutarate (1) in Sodium Methoxide and Methanol to Provide 
the Sodium Enolate (22) of 23. Phenanthrenequinone (19, 1.0 g, 
0.0048 mol) was suspended in methanol (50 ml). Dimethyl /3-keto
glutarate (1,0.84 g, 0.0048 mol) and sodium methoxide (0.52 g, 0.0095 
mol) were added to the mixture in that order. The phenanthrene
quinone dissolved gradually, and red-orange crystals of 22 (1.3 g, 68%) 
precipitated from the solution during 4 h. They were filtered off and 
dried: mp 263-270 °C dec; ir (KBr) 3600-3350 (broad OH peak), 1705 
(C = 0 , intense), 860 (s), 840 (s), and 825 cm-1 (s); NMR (Me2SO-d6) 
5 3.60 (3 H, s, OCH3), 3.64 (3 H, s, OCH3), 7.1-8.3 (8 H, aromatic 
multiplet). Tests for sodium were positive.

The red-orange crystals (22) were treated with cold aqueous hy
drochloric acid (0.1 N). The red color disappeared and a yellow powder
(23) precipitated from the solution: mp 175 °C dec; ir (KBr) 3440 
(sharp, OH), 1750 (C = 0 , ester), 1725 (cyclopentenone), 1710 (un
saturated ester), 760 (s), and 732 cm-1 (s); NMR (Me2SO-de) 5 3.70 
(3 H, s, OCH3;, 3.76 (3 H, s, OCH3), 4.8 (1 H, s), 6.45 (1 H, s, OH),
7.10-8.30 (8 h, broad multiplet). The peak at S 6.45 disappeared on 
treatment with D20. Mass spectrum: m/e 364 (80, M+), 348 (30), 346
(15), 332 (50). 316 (90), 305 (50), 273 (95), 257 (100).

Anal. Calcd for C2iH160 6: C, 69.20; H, 4.39. Found: C, 69.21; H, 
4.52.

Reaction of Phenanthrenequinone (19) with Dimethyl 0- 
Ketoglutarate (1) and Potassium Hydroxide in Ethanol to Fur
nish 4-Hydroxycyclopentenone (23). Phenanthrenequinone (19, 
0.7 g, 0.0033 mol) was placed in ethanol (25 ml) and dimethyl /3-ke
toglutarate (1,0.64 g 0.0036 mol) was added. To the slurry, potassium 
hydroxide (0.1 g) was added and the reaction mixture was stirred for
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24 h. A yellow solid was filtered from the reaction; its ir spectrum was 
very similar to that of product 23. The mass spectrum indicated the 
presence of the alcohol (M+, 364); however, other products with mass 
numbers in the 500-600 region were present. The yellow solid 23 had 
the same Rf as that of the alcohol 23 obtained by acidification of the 
red-orange salt 22 above.

Tetramethyl l-Phenylbicyclo[3.3.0]octane-3,7-dione- 
2,4,6,8-tetracarboxylate (29). Phenylglyoxal monohydrate (27,2.50 
g, 0.0164 mol) was dissolved in aqueous sodium bicarbonate (100 ml, 
pH 8.4). After the solution was stirred for 2 min, dimethyl /3-keto- 
glutarate (1,5.71 g, 0.0328 mol) was added in one portion, whereupon 
the solution immediately turned yellow. After stirring for 60 h, the 
reaction was acidified to pH 1 with aqueous sulfuric acid (6 N); a pink 
solid precipitated from the solution. This solid was recrystallized from 
methanol to furnish white crystals of 29 (4.79 g, 65.6%): mp 147-148 
°C; ir (KBr) 3015 (C-H, aromatic) and 1740 cm“ 1 (broad ester car
bonyl); NMR (CDCI3) 6 3.50-3.80 (14 H, 4 overlapping singlets of 
unequal intensity), 4.36 (1 H, s), 7.28 (5 H, s, aromatic), 10.02 (1 H, 
s, enol proton), and 10.82 (1 H, s, enol proton). The signals at 5 10.02 
and 10.82 disappeared on treatment with D2O. Mass spectrum: m/e 
446 (13, M+), 414 (57, M+ -  32), 383 (36), 382 [100, M + -  (2 X 32)], 
351 (36), 350 [100, M+ -  (3 X 32)], 323 (46), 322 (29), 318 (26), 292 (46), 
282 (24), 276 (38).

Anal. Calcd for C22H22Oj0: C, 59.18; H, 4.97. Found: C, 58.93; H,
4.94.

Preparation of Tetramethyl 1-Phenylbicyclo[3.3.0]octane-
3,7-dione-2,4,6,8-tetracarboxylate (29) at pH 6 .8 . Phenylgloxal 
monohydrate (27, 2.50 g, C.0164 mol) was dissolved in citrate/phos- 
phate buffer (70 ml, pH 6.8). Dimethyl /3-ketoglutarate (1, 5.71 g, 
0.0328 mol) was added all in one portion to the solution. After 3 days, 
an oil had formed at the bottom of the flask. The mixture was ex
tracted with chloroform (3 X 60 ml). The organic layer was dried 
(Na2SO<i) and the solvent removed under reduced pressure to yield 
an oil which was shown by TLC to be composed of two compounds 
(Rf 0.10 and 0.86; 2:98 acetic acid/ethyl acetate). This oil (6.25 g) was 
purified by column chromatography (gradient elution with ben- 
zene/ethyl acetate) and yielded a white, crystalline solid (29, 2.00 g, 
27%) identical in all respects with the 1:2 adduct (29) from the pre
vious experiment. The Rf of the 1:2 adduct was 0.86, while the com
pound of Rf 0.10 has tentatively been assigned structure 28. The 
molecular ion of the 1:1 adduct (M+, 290) was observed in the mass 
spectrum of the crude oil. In addition a peak at m/e 258 could be at
tributed4 to the loss of methanol from the parent ion (290) of the 1:1 
adduct (28). Neither the peak at m/e 290 nor the one at m/e 258 was 
found in the spectrum of the 1:2 adduct 27 or the starting materials. 
Many attempts to isolate the 1:1 adduct 28 were made; however, only 
decomposition products and 29 were obtained.

Tetramethyl Benzo[3,4]tricyclo[3.3.3.01>5 ]undeca-2,7,10-trione- 
6,8,9,11-tetracarboxylate (31). Dimethyl /5-ketoglutarate (1, 3.90 
g, 0.022 mol) was added to aqueous sodium bicarbonate solution (100 
ml, pH 8.4) and the resulting mixture was stirred until the glutarate 
dissolved. Ninhydrin monohydrate (30,2.00 g, 0.0110 mol) was added 
to the reaction in one portion and the mixture was stirred for 72 h. The 
reaction was then acidified to pH 1 with aqueous sulfuric acid (6 M). 
A white solid precipitated from the solution, which was crystallized 
from methanol to furnish a 59.2% yield of 31 (2.13 g): mp 95-98 °C; 
ir (KBr) 2955,1750-1720 (broad carbonyl), and 1665 cm“ 1 (enol form 
of /3-keto ester); NMR (CDCI3) h 3.27 (3 H, m), 3.50 (12 H, overlapping 
singlets), 7.20-7.67 (4 H, m, aromatic protons), and 8.58 (2 H, broad 
band, enolic protons); mass spectrum m/e 472 (2, M+), 440 (6), 414
(7), 408 (2), 382 (13), 340 (13), 323 (13), 280 (26), 82 (100).

Anal. Calcd for C 23H 2oO„: C, 58.48; H, 4.27. Found: C, 58.76; H,
4.22. High-resolution mass spectrum, calcd for C 23H 2oOn, 472.1005; 
found, 472.1027.

Benzo[3,4]trieyclo[3.3.3.0l’5 ]undeca-2,7,10-trione (32). The
tetracarbomethoxy propellanetrione (31, 4.5 g, 0.0095 mol) was added 
to a mixture of glacial acetic acid (55 ml), concentrated hydrochloric 
acid (40 ml), and water (20 ml). The mixture was refluxed for 10 h and 
a portion of the excess acid was removed under reduced pressure. The 
resulting solution was made alkaline with sodium hydroxide/sodium 
bicarbonate solution and extracted with chloroform (3 X 100 ml). The 
organic layer was washed with water and dried over sodium sulfate 
and the solvent removed under reduced pressure to furnish an oil, 
which crystallized after dissolution in methanol to furnish yellow 
crystals (32,1.47 g, 70%): mp 172.5-174 °C; ir (KBr) 3060 (aromatic 
C-H), 1735 (cyclopentanone carbonyl), and 1700 cm“ 1 (conjugated 
carbonyl); NMR (CDC13) 5 2.62 (2 H, d, J = 20 Hz), 2.83 (4 H, s) 3.05 
(2 H, d, J  = 20 Hz), and 7.23-7.93 (4 H, m, aromatic protons). One of 
the peaks of the AB quartet overlapped with the singlet at <5 2.83. Mass 
spectrum: m/e 240 (26, M+), 212 (19), 199 (24), 198 (100), 184 (10),

171 (16), 170 (81), 156 (26).
Anal. Calcd for Ci5H ,20 3: C, 73.67; H, 5.30. Found: C, 73.67; H,
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A series of 1,5 diketones of the type M eC (=0 )(CH2)3C (= 0 )CH2R (2) has been prepared. The route involves al
kylation of 2,6-lutidine via its lithium salt with RX. The resultant pyridine, of the structure 2-MeC5H3N-6-CH2R, 
is converted to the diketone of the type 2 by Birch-type reduction followed by hydrolysis. The base-catalyzed cyclo
dehydration of systems of the type 2 at room temperature has been examined in detail. The relative amounts of the 
two isomeric cyclohexenones, 3-RCH2-cyclohex-2-en-l-one (type 3) and 2-R-3-methylcyclohex-2-en-l-one (type
6), were determined by product isolation. In the case of R = methyl the type 3:type 6 ratio is ca. 1:17. When R is 
straight-chain alkyl, the ratio is close to unity, with a slight preference for the type 3 product. When R is branched 
alkyl and the branch point is either a or (3 to the ketone, type 3 product becomes strongly favored. As the branch 
point is moved y to the ketone, the ratio veers toward unity. The presence of a dioxolane function in R, (5 to the ke
tone, favors type 6 product. Temperature conditions employed in the base-catalyzed aldol cyclizations are shown 
to affect the product ratios.

The critical phase in our synthesis of ring A aromatic ste
roids from 2,6-lutidine involves reduction-hydrolysis of a
6-substituted a-picoline (1) to afford a 7-substituted 2,6- 
octanedione (2), which suffers aldol cyclization to provide a
3-substituted cyclohexenone (3).' 4 The R group encompasses 
the C and D rings of the ultimate steroid. After unmasking the 
carbonyl group within R, which is a  to its center of attach
ment, the resultant B seco steroid 4, is susceptible to vinylo- 
gous aldolization to yield the tetracyclic system 5.

5

At the time the feasibility of this approach was being 
studied, there was little decisive information bearing on a key 
issue, i.e., the aldol cyclization 2 — 3. Clearly there existed, 
a priori, an alternative aldol cyclization mode, 2 —*■ 6, whose 
occurrence to any serious extent would have been deleterious 
to the scheme set forth above.

The precedents involving the formation of cyclopentenones, 
from the conceptually related cyclization of 1,4 diketones of 
the type 7, might have been viewed to be discouraging in this 
connection. An imposing collection of syntheses of cis-jasmone
(10) and cis -dihydrojasmone (11) have involved base-cata
lyzed cyclization of the type 7 —► 8 in which the tetrasubst- 
ituted enone is produced to the apparent exclusion of tri-

1  L
¡0 R = CHj - CH = CH- Et 
H. R - (CH,), - Me

9

substituted product 9.5 Furthermore, the well-known syn
thesis of steroids of the Johnson school involved the base- 
catalyzed conversion of 12 —*■ 13, with apparent exclusion of 
interference from the cyclization mode, 7 - *  9.6

In the case of cyclohexenone formation from 1,5 diketones, 
we could find only one clearcut example which was relevant7 
to the question of the aldol cyclization course of 2. Stork and 
Borch had obtained compound 14 by their elegant directed 
acetylene hydration, and had reported that this compound 
cyclizes under basic catalysis (KOH/ethanol, reflux) to yield 
15, to the apparent exclusion of a product of type 3, R = pro- 
pyl.8

Undeterred by this prior art, we prepared compound 16 by 
methods which we have previously described and studied its 
cyclization2'9 to cyclohexenones under basic conditions. It 
should be emphasized that for synthetic purposes there is no 
reason to isolate the intermediate 1,5 diketones since one 
achieves substantially the same result, in terms of cyclohex
enone formation, in much higher yield by directly converting 
the lutidine system 1 to the product. However, in some cases 
there are real differences in the ratio of cyclohexenones pro
duced directly from the dihydropyridine and from the 1,5 
diketone.9 Accordingly, all of the reults discussed in this report 
involve cyclizations of isolated homogeneous 1,5 diketones.

Cyclization of 16 in aqueous ethanolic alkali u n d e r  re flu x  
gave a 1:3.4 ratio of 17:18. However, by the simple expedient 
of conducting the cyclization at room temperature, the ratio 
of 17:18 was dramatically and favorably reversed to the level 
of 3.8:1. It was further demonstrated2 that under these con
ditions of reflux, 17 is converted to 18 presumably by hydra
tion and retro-aldol followed by aldol cyclization.10-12

As we continued to the synthetically crucial substrate 20, 
the only cyclohexenone obtained was the desired trisubsti- 
tuted system (3).2>9 This was the case either at room temper
ature or under conditions of reflux. Furthermore, the trisub- 
stituted product did not suffer transformation to the te- 
trasubstituted system (6) even under forcing alkaline condi
tions.

After the viability of the total synthesis had thus been es
tablished, some preliminary studies of the aldol cyclization 
of simpler 1,5 diketones were reported.9 Birch-type reduction 
of 6-ethyl-a-picoline followed by careful hydrolysis gave di- 
ketone 21. Alkali-induced cyclodehydration of 21 at room 
temperature afforded a 19:1 ratio (determined by GLC) of 
22:23. This result seemed to be very much in keeping with 
those expected on the basis of the precedents arising from the 
cyclization of 1,4 diketones discussed above.5

We also prepared the diketone ketal 24 by alkylation of the 
lithium salt of 2,6-lutidine with the dioxolane of 4-chloro-2-
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butar.one followed by reduction and hydrolysis. Base-cata
lyzed cyclization of 24 at room temperature gave a 3:1 ratio 
of 25:26 (determined by GLC). When this reaction was con
ducted in refluxing aqueous ethanolic base, the ratio of 25:26 
was 13:1.9

One could thus discern several general effects. Branching 
in the group R in structure 2 seems to be a factor favoring type 
3 (trisubstituted) products. Higher reaction temperatures 
appear to favor type 6 (tetrasubstituted) products by equili
bration. With heavily encumbered R groups such as those 
found in 19 and 20, trisubstituted products are favored, ex
clusively, even at higher temperatures. Whether this reflects 
an inability to achieve equilibration of the trisubstituted 
products, or whether in these cases the trisubstituted product 
is actually thermodynamically more stable, is not known. 
Since no studies of cyclization of 1,4 diketones similar to 16, 
19, or 20 had ever been described, there was no reason to 
suspect any basic differences in the behavior of systems 2 and
7.

Below we report the results of experiments undertaken to 
generalize these findings. Except for 21, the diketones thus 
far studied under structure 2 were rather special in that the 
R group contained a ketal. Any specific directive influences 
of this group could not be readily discerned from our data. 
Furthermore, it was necessary to define with greater precision 
the effect of branching on the direction of aldol cyclization and 
the consequences of varying the distance between the branch 
point and the ring being produced.

In pursuing this line of study, we have found that there are 
major differences in the aldol cyclization of 1,5 and 1,4 dike
tones such as 2 and 7, respectively. Furthermore, it was found 
that the ketal does exert a directing effect but the effect favors 
tetra- rather than trisubstituted products. The findings are 
summarized below.

Preparation of the 1,5 Diketones. The route which was 
followed for the preparation of all the 1,5 diketones used in 
this study involved Birch reduction of 2,6-disubstituted py- 
ridines followed by hydrolytic opening of the dihydropyri- 
dines. While the overall yield for the two steps was only in the 
order of 20-40%, this route was the most convenient for the 
purposes of this study.

The required pyridines 28 — 34 were prepared by the 
monoalkylation of 2,6-lutidine via its lithium salt. The latter 
was generated from the action of the tar base with either 
phenyl- or butyllithium. The products, obtained in 20-60% 
yields, were readily separated from the starting material and 
polyalkylated materials by distillation.

RX »

Alkylated Lutfdlne Di ketone

X=I 28 R =i-propyl 35 R=|-propyl
X = Br 29 R = n-butyl 14 R= n-butyl
X = Br 30 R = cyciohexyl 36 R=cydohexyl
X = Br 31 R = (CH2) cyclohexyl 37 R* CHe-cyclohexyl
Xs Br 32 R = (CĤ2 cyclohexyl 38 R* (CH2)*cyclohexyl
Xe Br 33 R s (CHa)s cyclohexyl 39 R= (CHzlscyclohexyl
X= Br 34 R = (CĤ4 cyclohexyl 40 R= (CHiU cyclo hexyl

Each pyridine was subjected to Birch-type reduction with 
sodium in ammonia containing ethanol.13 After removal of the 
ammonia, the residue was treated with 10% aqueous sulfuric 
acid to provide the diketone.14 Under these conditions, there 
is no appreciable cyclization to cyclohexenone and the dike
tone is obtained as the neutral product. This method was of 
course not feasible for the preparation of diketone ketals 16, 
19, and 24 since the ketal would have been cleaved.15 Rapid 
alkaline hydrolysis of the dihydropyridine intermediate was 
used to avoid cyclization in these cases.

Starting pyridine compound and overreduction products 
are easily removed by acidic extraction.

Cyclization of the 1,5 Diketones. The cyclohexenones 
obtained by base-catalyzed aldol cyclization of the 1,5 dike
tones were purified by chromatography on silica gel. Elutions 
were conducted with benzene containing varyingly small 
amounts of ethyl acetate depending on the ease of the sepa
ration. In each case, the tetrasubstituted isomer was eluted 
first and this was followed by elution of the trisubstituted 
system. The separations were clean and there seems no reason 
to doubt that the yield ratio, as determined by isolation, ac
curately reflects the ratio produced in the reaction.

The structural assignments of the cyclohexenones follow 
unambiguously from their NMR spectra. The type 3 (tri
substituted) products all exhibit a broad (long range coupling) 
1 H singlet in the region & 5.8 ppm. The NMR spectra of type 
4 (tetrasubstituted) enones, of course, contain no such signal 
but do contain a 3 H singlet in the region <5 1.9 ppm. The as
signments were supported by infrared and mass spectra, 
though these measurements are not useful for purposes of 
differentiation.

The effects of branching are dramatically een in the com
parison of the results of base-catalyzed aldol cyclization of 
diketones 21 and 35 at room temperature. Although the cy-

clization of 21 under these conditions had been studied be
fore,9 this was repeated. The 17:1 ratio of cyclohexenones 22:23 
produced in this work, as ascertained by product isolation, 
compared quite closely with the 19:1 ratio previously reported 
on the basis of GLC analysis. These results stand in sharp 
contrast to the virtually exclusive isolation of 41 from cycli
zation of 35 under identical conditions. TLC analysis leaves 
open the possibility of the presence of some tetrasubstituted 
enone 42 but the amount, if any, was too small for isolation. 
It was now of interest to study the room temperature base- 
catalyzed aldol cyclization of diketone 14. As noted above, 
Stork and Borch7 had obtained only compound 15 from more 
forcing alkaline cyclization conditions. U nder our conditions 
at room  tem p eratu re, a 1.5:1 ratio o f  cycloh exen on es  43:15 
was obtained. When diketone 14 was subjected to the condi-
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tions of Stork and Borch, we found, as was reported,7 that 
compound 15 was the only isolated product. In a separate 
experiment it was shown that cyclohexenone 43 could be 
isomerized to 15 in aqueous ethanolic alkali under reflux.10’11 
This situation is similar to our findings in the case of enone 
17 which could be isomerized to 18 under the same condi
tions.2 These results leave open the possibility of some dif
ference in the kinetic distribution of cyclohexenones in the 
room temperature vs. forcing conditions, but the simplest 
interpretation is that the formation of tetrasubstituted 
products at elevated temperatures is the consequence of 
thermodynamic equilibration. In any case, it is seen that in 
the cyclization of 1,5 diketones of the type 2 where R is straight 
chain, the kinetic distribution of products is near unity and, 
in fact, tends to favor type 3 product. Diketone 21 (i.e., 2, R 
= H) is actually the exception in that even kinetically (room 
temperature), the type 6 product is overwhelmingly fa
vored.

We also examined the analogous cyclization of the 1,4 di
ketone 44, readily obtained by hydrolysis of 2-methyl-5-n- 
butylfuran. Cyclization of 44 even at room temperature gives 
cyclopentenone 45 as the only isolated product. A p p a ren tly , 
there is a m ajor d ifferen ce in the d irection a lity o f b a se-ca t
a lyzed  cyclization  o f 1,5 and 1,4 d ik eton es under identical 
conditions. This difference had previously been obscured by 
our own report of the room temperature cyclization of 21 
which gives overwhelmingly 22 product and by the previous 
report that 14 affords 15 under high temperature conditions. 
The former case is seen to be the exception at the kinetic level. 
The later case reflects thermodynamic, rather than kinetic, 
control.

Analysis of the results of cyclization of diketones 36 —► 40

37,
5S

n = I 
n =2 
n «3 
n *4

Ratio of 
3/6

Type 3 Enone Type 6 Enone

1.3/1
1.3/1
l.l/l

50
52
54

n -2 
n »3 
n * 4

at room temperature indicates the effect of the distance be
tween the carbon branching and the ring to be formed on the 
distribution of cyclohexenones. It is seen that as the cyclohexyl 
group is placed further from the C6 ketone, the ratio of cy
clohexenones moves in the direction of unity. In the case of 
7i = 0 (36), only type 3 product is isolated. This is the analogue 
of compound 35. Again it is seen that formation of type 6 
product is seriously discouraged where the branched carbon 
would be adjacent to the ring.

In the cyclohexyl series, the consequence of branching is 
largely dissipated in passing from compound 37 to compound
38. In the tetrasubstituted (type 6) product, this corresponds 
to changing from a cyclohexylmethyl to a 2-cyclohexylethyl 
substituent at the a  carbon of the jS-methylenone system. The

stage at which this effect is lost as “ n ”  increases may well vary 
from system to system.

It will be noted that the case of n =  1 is the analogue of 16 
which was the model case for the steroid work.2 The ratio of 
type 3/type 6 product obtained from cyclization of 37 at room 
temperature is 8.1:1 whereas in the case of 16 these products 
are produced in a ratio of 3.8:1. Thus it appears that in this 
case the ketal linkage, in fact, exerts a small but distinct di
recting effect in favor of the type 6 mode of cyclization.

The same tendency is seen in more pronounced form in 
comparison of the cyclization of 24 [type 6 (25)/type 3 (26) = 
1:4] relative to 14 [type 3 (43)/type 6 (15) = 1.5:1]. A closer 
model for the expected result for a carbon branched analogue 
of 24 would be diketone 39 where the type 3 (52)/type 6 (53) 
ratio is 1.3:1. Thus the preponderance of type 6 product (4:1) 
in the case of 14 is clearly ascribable to the ketal which is ex
erting a decisive influence in favor of the tetrasubstituted 
enone at the kinetic level.

While the structural reasons for the effect are not known, 
it seems possible that the ketal oxygens serve to stabilize that 
enolate which is the precursor to tetrasubstituted product by 
bonding to the metal counterion (cf. 56). The possibility of

controlling the course of aldol cyclization of systems such as 
2 by the placement of remote groups which might influence 
the course of enolization is a potential consequence of this 
work.

The nature of the effect of carbon branching in promoting 
formation of the tetrasubstituted enone is not known in detail. 
It may be operative, on steric'grounds, by retardation of the 
formation of the /(-aldol precursor of the type 6 product. Al
ternatively, it may be operative by retardation of the final 
dehydration step.

In the light of these data, the cyclization of 19 and 20 in the 
direction of type 3 products, which was critical to the steroid 
total synthesis, is by no means anomalous. The apparent 
anomaly arose from an inadequate data base since there is 
virtually no correlation in the cyclization of systems such as 
2 and 7.

Experimental Section

Preparation of 2-Isobutyl-6-methylpyridine (28). To a mixture 
of 100 ml of anhydrous ether containing 1.4 g (0.2 mol) of lithium 
metal under a nitrogen atmosphere was added dropwise 15.7 g (0.1 
mol) of bromobenzene. The mixture was heated under reflux until 
the lithium had completely disappeared (approximately 1.5 h). To 
this mixture was added 9.3 g (0.087 mmol) of 2,6-lutidine. The mixture 
was stirred under reflux for 30 min. To this mixture was added 6.15 
g (0.036 mmol) of isopropyl iodide in an equal volume of anhydrous 
ether. The mixture was heated under reflux for 30 min. The reaction 
mixture was then diluted with water and extracted with methylene 
chloride. The organic layers were dried over anhydrous Na2SC>4. 
Evaporation of the volatiles afforded 4.95 g of a brown residue. Dis
tillation of the crude oil at 10 mm yielded 3.21 g (60%)17 of 28 as a pale 
yellow liquid, boiling at 70-75 °C; Amax (CHCR) 1580, 1595 cm-1; & 
(CDCR) 7.28-7.57 (m, 1), 6.77-7.0 (m, 2), 1.88-2.73 (m, 6 containing 
s ca. 3 at 5 2.52), 0.87, 0.98 (d, 6); m/e 149 (P), 107.

Preparation of 8-Methyl-2,6-nonanedione (35). To a solution 
of 1.00 g (6.7 mmol) of 28,1.23 g (26.8 mmol) of absolute ethanol, and
5.0 ml of anhydrous ether in 60 ml of anhydrous liquid ammonia 
(freshly distilled from sodium) was slowly added 354 mg (15.4 mmol) 
of sodium metal. The solution was stirred for 15 min and the volatiles 
were evaporated under a stream of nitrogen. To the residue was added 
10 ml of aqueous 10% H2SO4, and the solution was stirred at room 
temperature for 15 min. The reaction mixture was diluted with 10 ml 
of water and extracted with three 50-ml portions of methylene chlo
ride. The organic layers were dried over anhydrous Na2SC>4 and the
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solvent was removed to afford a residue (612 mg). This was washed 
with three 15-ml portions of aqueous 10% HC1 to afford 305 mg (27%) 
of diketone 35 as a yellow oil: Amax (CHCI3) 1718 cm-1; 5 (CDCI3)
1.5-2.6 (m, 12 H containing s ca. 3 H at 5 2.12). 0.85,0.97 (d, 6 H); m/e 
170 (P), 85.

Anal. Calcd for C10H18O2: m/e 170.13068. Found: m/e 170.13035.
Neutralization of the combined acidic layers, extraction with 

chloroform, and drying (Na2S04> afforded 523 mg of basic materi
al.

Room Temperature Cyclization of Diketone 35. Formation of 
3-Isobutylcyclohex-2-en-l-one (41). To a solution of 936 mg (5.5 
mmol) of diketone 35 in 22 ml of ethanol was added a solution of 550 
mg (13.75 mmol) of sodium hydroxide in 11 ml of water. The solution 
was stirred at room temperature under nitrogen for 2.5 h. The solution 
was acidified with 10% aqueous HC1 and extracted with three 100-ml 
portions of chloroform. The organic layers were dried over anhydrous 
NacSO.i. Evaporation of the solvent afforded 929 mg of a yellow oil. 
Chromatography of the oil on 100 g of silica gel using 10:1 benzene- 
ethyl acetate as eluent yielded 759 mg (91%) of cyclohexenone 41 as 
an oil: Amax (CHCI3) 1660 cm“ 1; b (CDCI3) 0.88, 0.98 (d, 6), 1.93-2.5 
(m, 9), 5.88 ppm (s, 1); 2,4-DNP mp 136-138 °C (lit.18 135 °C).

Anal. Calcd for Ci(iHi60: m/e 152.120115. Found: m/e 
152.120149.

Preparation of 2-Pentyl-6-methylpyridine (29). To a solution 
of 147 ml of re-BuLi (1.6 M in hexane), maintained under a nitrogen 
atmosphere, was added dropwise 25.0 g (0.234 mol) of 2,6-lutidine in 
50 ml of anhydrous ether. The mixture was stirred at reflux for 30 min. 
To this mixture was added 16.03 g (0.117 mmol) of n-butyl bromide 
in an equal volume of anhydrous ether. The solution was heated under 
reflux for 30 min. This was followed by dilution with water and ex
traction with ether. The organic layers were combined and dried over 
anhycrous Na2SO,|. Evaporation and solvent removal afforded 18.5 
g of a yellow oil. Vacuum distillation of the crude oil yielded 13.2 g 
(69%)17 of compound 29: bp 42-45 °C (22 mm); Amax (CHC13) 1582, 
1597 cm“ 1; b (CDC13) 7.17-7.47 (m, 1), 6.68- 6.88 (m, 2), 2.48-2.82 (m, 
2), 2.38 (s, 3), 0.77-1.85 ppm (m, 9).

Anal. Calcd for C11H17N: m/e 163.13609. Found: m/e 163.13609.
Preparation of 2,6-Undecanedione (14). To a solution of 1.00 

g (6.1 mmol) of 29,1.13 g (24.4 mmol) of absolute ethanol and 6 ml of 
anhydrous ether in 60 ml of anhydrous liquid ammonia (freshly dis
tilled from sodium) was slowly added 323 mg (14 mmol) of sodium 
metal The solution was stirred for 15 min and the volatiles were 
evaporated under a stream of nitrogen. To the residue was added 10 
ml of aqueous 10% H2SO4 and the solution was stirred at room tem
perature for 15 min. The reaction mixture was diluted with 10 ml of 
water and extracted with three 50-ml portions of ether. The organic 
layers were dried over anhydrous Na2SC>4 and the solvent was re
moved to afford 701 mg (62%) of diketone 14 as tan crystals: mp 46-48 
°C; Amax (CDCI3) 1712 cm“ 1; b (CDC13) 0.9-2.6 ppm (m, 20 containing 
s ca. 3 at 2.13).

Anal. Calcd for CnH2o02: m/e 184.14633. Found: m/e 184.14619.
Neutralization of the acidic layer, extraction with chloroform, and 

drying (Na2S04) yielded 232 mg of basic material.
Room Temperature Cyclization of Diketone 14. Formation of 

2-Butyl-3-methylcyclohex-2-en-l-one (15) and 3-Pentylcyclo- 
hex-2-en- l-one (43'). To a solution of 172 mg (0.94 mmol) of diketone 
14 in 3.74 ml of ethanol was added a solution prepared from 94 mg 
(2.35 mmol) of sodium hydroxide and 1.87 ml of water. The solution 
was stirred at room temperature under nitrogen for 2.5 h. The solution 
was acidified with 10% aqueous HC1 and was extracted with three 
250-ml portions of chloroform. The organic layers were dried over 
anhydrous Na2S04. Evaporation of the solvent afforded 143 mg of 
a yellcw oil. Chromatography of the oil on 30 g of silica gel using 40:1 
benzene-ethyl acetate as eluent yielded 39 mg (25%) of 15 as an oil: 
Amax (CHCI3) 1656 cm-1; b (CDCI3) 1.8-2.5 (m, 11 containing s ca. 3 
at 1.93), 0.83-1.42 ppm (m, 7); 2,4-DNP mp 147-148 °C (lit.19 144 
°C).

Anal. Calcd for Cn H ,80 : m/e 166.13577. Found: m/e 166.13561.
Continued elution with the same solvent system afforded 64 mg 

(41%) of cyclohexenone 43' as an oil: Amax (CHCI3) 1661 cm-1; b 
(CDCI3) 0.7-2.5 (m, 17), 5.88 ppm (s, 1); 2,4-DPN mp 125-126 °C.

Anal. Calcd for CnHigO: m/e 166.13577. Found: m/e 166.13546.
Preparation of 2,6-Octanedione (21). To a solution of 1.01 g (8.3 

mmol) of 2-methyl-6-ethyipyridine, 1.52 g (0.33 mmol) of absolute 
ethanol, and 5.0 ml of anhydrous ether in 50 ml of anhydrous ammonia 
(freshly distilled from sodium) was slowly added 440 mg (20 mmol) 
of sodium metal. The solution was stirred for 15 min and the volatiles 
evaporated under a stream of nitrogen. To the residue was added 10 
ml of aqueous 10% H2SC>4 and the solution was stirred at room tem
perature for 15 min. The reaction mixture was diluted with 10 ml of

water and extracted with three 50-ml portions of ether. The organic 
layers were combined and dried over anhydrous Na2SC>4 and the 
solvent was evaporated at the water pump to yield 755 mg (64%) of 
diketone 21 as an oil: Amax (CHCI3) 1712 cm-1; b CDCI3) 1.67-2.63 (m, 
11 containing s ca. 3 at 2.12), 0.92-1.17 ppm (t, 3); m/e 142 (P).

Neutralization of the acidic layer, extraction with chloroform, and 
drying (Na2SC>4) afforded 200 mg of basic material.

Room Temperature Cyclization of Diketone 21. Formation of
2,3-Dimethylcyclohex-2-en-l-one (22) and 3-Ethylcyclohex-
2- en-l-one (23). To a solution of 306 mg (2.2 mmol) of diketone 21 
in 8.6 ml of ethanol was added a solution of 215 mg (5.38 mmol) of 
sodium hydroxide in 4.3 ml of water. The solution was stirred at room 
temperature under nitrogen for 2.5 h. The solution was acidified with 
10% aqueous HC1 and then stirred for 15 min at room temperature. 
The solution was extracted with three 50-ml portions of chloroform 
and the organic layers were dried over anhydrous Na2S04. Evapora
tion of the solvent afforded 250 mg of a yellow oil. Chromatography 
of the oil on 40 g of silica gel using chloroform as eluent yielded 124 
mg of pure 22 and 131 mg of a mixture of 22 and 23. The mixture was 
rechromatographed on 20 g of silica gel using 95:5 hexane-ether as 
eluent. This chromatography yielded 86 mg (210 mg total, 78.7%) of 
the tetrasubstituted isomer 22 as an oil: Amax (CHCI3) 1645 cm-1; b 
(C D C I3) 2.17-2.5 (m, 6), 2.0 (s, 3), 1.77 ppm (s, 3); m/e 124 (P). 2,4 
DNP mp 198-200 °C (lit.20 198-199 °C).

Continued elution with chloroform as eluent afforded 12 mg (4.5%) 
of the isomeric cyclohexenone 23 as an oil: Amax (CHCI3) 1658 cm-1; 
b (CDCI3) 6.07 (s, 1), 2.0-2.5 (m, 8), 1.12-1.37 ppm (t, 3); m/e 124 (P).
2,4 DNP mp 163-164 °C (lit.21 160-161 °C).

Preparation of 2-Cyclohexylmethyl-6-methylpyridine (30). 
To a solution of 30 ml of n-BuLi (1.6 M in hexane), maintained under 
a nitrogen atmosphere, was slowly added 4.6 g (0.043 mol) o f 2,6-lu- 
tidine in 5 ml of anhydrous ether. The mixture was stirred at reflux 
for 1 h. To this mixture was added 7.0 g (0.043 mol) of cyclohexyl 
bromide in an equal volume of anhydrous ether. Addition required 
15 min. The solution was heated under reflux overnight to ensure 
complete reaction. The solution was hydrolyzed and extracted with 
three 100-ml portions of ether and the organic layers dried over an
hydrous Na2S04. Solvent evaporation yielded 8.12 g of a brown oil. 
Vacuum distillation of the crude liquid yielded 2.4 g (29%) of 30: bp 
73-75 °C (0.15 mm); Amflx (CHC13) 1577, 1592 cm "1; b (CDC13)
7.32-7.57 (m, 1), 6.78-6.98 (m, 2), 2.48-2.70 (m, 5 containing s ca. 3 
at b 2.53), 0.98-1.95 ppm (m, 11); m/e 189 (P), 107.

Anal. Calcd for Ci3Hi9N: C, 82.48; H, 10.12; N, 7.40. Found: C, 82.47; 
H, 10.18; N, 7.31.

Conversion of 30 to 7-Cyclohexyl-2,6-heptanedione (36). To
a solution of 997 mg (5.27 mmol) of compound 30 and 970 mg (21 
mmol) of absolute ethanol in 5.0 ml of anhydrous ether in 50 ml of 
anhydrous liquid ammonia (freshly distilled from sodium) was slowly 
added 279 mg (12 mmol) of sodium metal. The solution was stirred 
for 15 min and the volatiles evaporated under a stream of nitrogen. 
To the residue was added 10 ml of 10% H2SO4 and the solution was 
stirred at room temperature for 15 min. The reaction mixture was 
diluted with 10 ml of water and extracted with three 50-ml portions 
of ether. The organic layers were dried over anhydrous Na2S04 and 
the solvent evaporated to yield 944 mg of a yellow oil. Chromatogra
phy of the oil on 100 g of silica gel using 10:1 benzene-ethyl acetate 
as eluent afforded 545 mg (49%) of diketone 36: Amax (CHC13) 1715 
cm-1; b (CDCI3) 1.0-2.6 ppm (m, 22 containing s ca. 3 at b 2.13).

Anal. Calcd for Ci3H220 2: m/e 210.16198. Found: m/e 210.16173.
Room Temperature Cyclization of Diketone 36. Formation of

3- Cyclohexylmethylcyclohex-2-en-l-one (46). To a solution of 
320 mg (1.52 mmol) of diketone 36 in 6.2 ml of ethanol was added a 
solution of 152 mg (3.8 mmol) of sodium hydroxide in 3.1 ml of water. 
The solution was stirred under nitrogen at room temperature for 2.5
h. The solution was then acidified with 10% aqueous HC1 and ex
tracted with three 50-ml portions of chloroform. The organic layers 
were dried over anhydrous Na2S04. Evaporation of the solvent yielded 
288 mg of a yellow oil. Chromatography of the oil on 20 g of silica gel 
using 10:1 benzene-ethyl acetate as eluent afforded 250 mg (85%) of 
cyclohexenone 46 as an oil: Amax (CHC13) 1658 cm-1; b (CDCI3) 1.0-2.5 
(m, 19), 5.87 ppm (s, 1); 2,4-DNP mp 150-153 °C.

Anal. Calcd for Ci3H20O: m/e 192.15151. Found: m/e 192.15060.
Preparation of 2-(2-Cyclohexyl)ethyl-6-methylpyridine (31). 

To a solution of 30 ml of n -BuLi (1.6 M in hexane), maintained under 
a nitrogen atmosphere, was slowly added 4.6 g (0.043 mol) of 2,6-lu- 
tidine in 5 ml of anhydrous ether. The mixture was stirred at reflux 
for 1 h. To this mixture was added 7.0 g (0.040 mol) of cyclohexyl- 
methyl bromide in an equal volume of anhydrous ether. The solution 
was heated under reflux for 5 h. The solution was diluted with water 
and extracted with ether. The organic extracts were combined and
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dried over anhydrous Na2S04 and the solvent removed to afford 9.96 
g of a yellow oil. Vacuum distillation of the crude oil afforded 4.14 g 
(52%) of 31: bp 92-93 °C (0.29 mm); Xmax (CHC13) 1582,1592 cm“ 1; 
b (CDCl.,) 7.33-7.58 (m, 1), 6.87-6.98 (m, 2), 2.65-2.93 (m, 2), 2.53 (s,
3), 1.0-1.95 ppm (m, 13); m/e 203 (P).

Anal. Calcd for C i4H2iN: C, 82.70; H, 10.41; N, 6.89. Found: C, 82.66;
H, 10.40; N, 6.87.

Conversion of 31 to 8-Cyclohexyl-2,6-octanedione (37). To a 
solution of 1.01 g (4.9 mmol) of compound 31,902 mg (19.6 mmol) of 
absolute ethanol, and 5.0 ml of anhydrous ether in 50 ml of anhydrous 
liquid ammonia (freshly distilled from sodium) was slowly added 260 
mg (11.3 mmol) of sodium metal. The solution was stirred for 15 min 
and the volatiles evaporated under a stream of nitrogen. To the resi
due was added 10 ml of 10% H2S0 4 and the solution was stirred at 
room temperature for 15 min. The reaction mixture was diluted with 
10 ml of water and extracted with three 50-ml portions of ether. The 
organic layers were combined and dried over anhydrous Na2S04 and 
the solvent removed to yield 220 mg (20%) of crystalline diketone 37: 
mp 52-54 °C; Xmax (CHC13) 1712 cm -1; 5 (CDC13) 1.0-2.6 (m, 24 
containing s ca. 3 at 6 2.13); m/e 244,128 (P).

Anal. Calcd for C14H24CD: C, 74.95; H, 10.78. Found: C, 74.80; H,
10.76.

Neutralization of the acidic layer, extraction with chloroform, and 
drying (Na2S04) yielded 431 mg of unreacted 31 (42%).

Room Temperature Cyclization of Diketone 37. Formation of
3-(2-Cyclohexyl)ethylcyclohex-2-en-l-one (48) and 3-Cyclo- 
hexylmethyl-3-methylcyclohex-2-en-l-one (49). To a solution 
of 202 mg (0.91 mmol) of diketone 37 in 3.6 ml of ethanol was added 
a solution prepared from 91 mg (2.3 mmol) of sodium hydroxide in
I. 8 ml of water. The solution was stirred at room temperature under 
nitrogen for 2.5 h. The solution was acidified with 10% aqueous HC1 
and extracted with three 50-ml portions of chloroform, and the organic 
layers were dried over anhydrous Na2S04. Evaporation of the solvent 
afforded 170 mg of a yellow oil. Chromatography of the oil on 17 g of 
silica gel using 10:1 benzene-ethyl acetate as eluent yielded 11 mg 
(6.1%) of 49 as an oil: Xmax (CHC1;|) 1658 cm "1; b (CDC1:>) 0.8-2.5 ppm 
(m, containing s ca. 3 at 5 1.93).

Anal. Calcd for Ci4H220: m/e 206.16706. Found: m/e 206.16711.
Continued elution with the same solvent system gave 48 (92 mg, 

50%) as an oil: Xmax (CHC13) 1658 cm“ 1; b (CDC13) 1.0-2.5 (m, 21), 5.87 
ppm (s, 1); 2,4-DNP mp 149-151 °C.

Anal. Calcd for Ci4H220: m/e 206.16706. Found: m/e 206.16650.
Preparation of 2-(3-Cyclohexyl)propyl-6-methylpyridine (32). 

To a solution of 15 ml of n-BuLi (1.6 M in hexane), maintained under 
a nitrogen atmosphere, was slowly added 2.3 g (0.021 mol) of 2.6-lu- 
tidine in 2.5 ml of anhydrous ether. The mixture was stirred under 
reflux for 1 h. To this mixture was added 3.8 g (0.020 mol) of 2-cy- 
clohexylethyl bromide in an equal volume of anhydrous ether. The 
solution was heated under reflux for 5 h. The solution was diluted with 
water and extracted with ether. The organic layers were dried over 
anhydrous Na2S 04. Solvent removal afforded 5.11 g of a yellow oil. 
Vacuum distillation of the crude oil yielded 2.55 g (59%) of 32: bp
101-103 °C (0.17 mm); Xmax (CHC13) 1582, 1600 cm "1; b (CDC13)
7.4-7.6 (m. 1), 6.9-7.0 (m, 2), 2.62-2.88 (m, 2), 2.53 (s, 3), 0.83-1.92 
ppm (m, 15); m/e 217 (P).

Anal. Calcd for CiSH23N; C, 82.89; H, 10.67; N, 6.44. Found: C, 82.70;
H, 10.66; N, 6.59.

Conversion of 32 to 9-Cyclohexyl-2,6-nonanedione (38). To a 
solution of 1.02 g (4.7 mmol) of compound 32,865 mg (18.8 mmol) of 
absolute ethanol, and 5.0 ml anhydrous ether in 50 ml of anhydrous 
liquid ammonia (freshly distilled from sodium) was slowly added 249 
mg (10.8 mmol) of sodium metal. The solution was stirred for 15 min 
and the volatiles were evaporated under a stream of nitrogen. To the 
residue was added 10 ml of 10% H2S 04 and the solution was stirred 
for 15 min at room temperature. The reaction mixture was diluted 
with 10 ml of water and extracted with three 50-ml portions of ether. 
The organic layers were dried over anhydrous Na2S04 and the solvent 
evaporated to yield 469 mg of a yellow oil. Chromatography of the oil 
on 50 g of silica gel using 10:1 benzene-ethyl acetate as eluent afforded 
382 mg (34%) of diketone 38: Xmax (CHC13) 1715 cm“ 1; b (CDC13)
I. 0-2.6 ppm (m, cntaining s ca. 3 at b 2.13).

Anal. Calcd for C,sH260 2: m/e 238.19328. Found: m/e 238.19320.
Neutralization of the acidic layer, extraction with chloroform, and 

drying (Na2S 04) afforded 660 mg of basic material.
Room Temperature Cyclization of Diketone 38. Formation of

3-(3-Cyclohexyl)propylcyclohex-2-en-l-one (50) and 2-(2- 
Cyclohexyl)methyl-3-methylcyclohex-2-en-l-one (51). To a so
lution of 251 mg (1.06 mmol) of diketone 38 in 4.2 ml of ethanol was 
added a solution of 106 mg (2.7 mmol) of sodium hydroxide in 2.1 ml 
of water. The solution was stirred at room temperature under nitrogen

for 2.5 h. The solution was acidified with 10% aqueous HC1 and stirred 
at room temperature for 15 min. The solution was extracted with three 
50-ml portions of chloroform and the organic layers were dried over 
anhydrous Na2S04. Evaporation of the solvent afforded 224 mg of 
a yellow oil. Chromatography of the oil on 25 g of silica gel using 10:1 
benzene-ethyl acetate as eluent yielded 84 mg (36.4%) of 51 as an oil: 
Xmax (C H C 13) 1656 cm -'; b (C D C 13) 0.9-2.5 ppm (m, containing s ca. 
3 at b 1.93); 2,4-DNP mp 146-148 °C .

Anal. Calcd for CiSH240: m/e 220.18271. Found: m/e 220.18240.
Continued elution with the same solvent system gave cyclohexe- 

none 50 (111 mg, 48.3%) as an oil: Xmax (CHC13) 1664 cm -'; b (CDC1-0
1.0- 2.5 (m, 23), 5.78 (s, 1); 2,4-DNP mp 140-141 °C.

Anal. Calcd for CisH240: m/e 220.18271. Found: m/e 220.18239.
Preparation of 2-(Cyelohexyl)butyl-G-methylpyridine (33). 

To a solution of 15 ml of n -BuLi (1.6 M in hexane), maintained under 
a nitrogen atmosphere, was slowly added 2.3 g (0.0215 mol) of 2,6- 
lutidine in 2.5 ml of anhydrous ether. The mixture was stirred at reflux 
for 1 h. To this mixture was added 4.1 g (0.020 mmol) of 3-cyclohex- 
ylpropyl bromide in an equal volume of anhydrous ether. The solution 
was heated under reflux overnight. The solution was diluted with 
water and extracted with three 50-ml portions of ether. The organic 
layers were dried over anhydrous Na2S 04. Solvent removal afforded
5.77 g of a crude liquid. Vacuum distillation of the recovered liquid 
yielded 2.86 g (62%) of 33: bp 107-108 °C (0.17 mm); Xmax (CHC1:1) 
1580,1597 cm -1; b (CDC13) 7.35-7.6 (m, 1), 6.87-7.0 (m, 2), 2.65-2.9 
(m, 2), 2.52 (s, 3), 0.98-1.88 (m, 17).

Anal. Calcd for Ci6H23N: m/e 231.19869. Found: m/e 231.19814.
Conversion of 33 to 10-Cyclohexyl-2,6-decanedione (39). To 

a solution of 516 mg (2.2 mmol) of compound 33, 405 mg (8.8 mmol) 
of absolute ethanol, and 3.0 ml of anhydrous ether in 30 ml of anhy
drous liquid ammonia (freshly distilled from sodium) was slowly 
added 116 mg (5.04 mmol) of sodium metal. The solution was stirred 
for 15 min and the volatiles were evaporated under a stream of ni
trogen. To the residue was added 10 ml of 10% H2S04 and the solution 
was stirred for 15 min at room temperature. The reaction mixture was 
diluted with 10 ml of water and extracted with three 50-ml portions 
of ether. The organic layers were combined and dried over anhydrous 
Na2S04. Solvent removal afforded 360 mg of crude diketone 39. 
Chromatography of the oil on 30 g of silica gel using 10:1 benzene- 
ethyl acetate as eluent yielded 202 mg (36%) of crystalline diketone 
39: mp 43.0-44.5 °C; Xmax (CHC13) 1698 cm -1; b (CDC13) 1.0-2.6 ppm 
(m, containing s ca. 3 at b 2.13).

Anal. Calcd for Ci6H2g02: m/e 252.20893. Found: m/e 252.20908.
Neutralization of the acidic layer, extraction with chloroform, and 

drying (Na2S 04) afforded 190 mg of basic material.
Room Temperature Cyclization of Diketone 39. Formation of

3-(4-Cyclohexyl)butylcyclohex-2-en-l-one (52) and 2-(3-Cy- 
clohexyl)propyl-3-methylcyclohex-2-en-l-one (53). To a solution 
of 115 mg (0.46 mmol) of diketone 39 in 1.8 ml of ethanol was added 
a solution prepared from 46 mg (1.15 mmol) of sodium hydroxide in 
0.92 ml of water. The solution was stirred under nitrogen at room 
temperature for 2.5 h. The solution was then acidified with 10% 
aqueous HC1 and extracted with chloroform. The organic layers were 
dried over anhydrous Na2S 04. Solvent evaporation yielded 108 mg 
of a yellow oil. Chromatography of the oil on 6 g of silicic acid using 
30:1 benzene-ethyl acetate as eluent afforded 41.8 mg (40%) of 53 as 
an oil: Xmax (CHC13) 1664 cm-1; b (CDC13) 1.0-2.5 ppm (m, containing 
s ca. 3 at b 1.93). 2,4 DNP mp 171-173 °C.

Anal. Calcd for CmH^O: m/e 234.19837. Found: m/e 234.19818.
Continued elution with the same solvent system gave cyclohexe- 

none 52 (57.2 mg, 54%) as an oil: Xmax (CHC13) 1664 cm-1; b (CDC13)
1.0- 2.5 (m, 25), 5.83 (s, 1). 2,4 DNP mp 118-121 °C.

Anal. Calcd for CisH260: m/e 234.19837. Found: m/e 234.19819.
Preparation of 2-(5-Cyclohexyl)pentyl-6-methylpyridine (34). 

To a solution of 38 ml of n-BuLi (1.42 M in hexane), maintained under 
a nitrogen atmosphere, was slowly added 4.6 g (0.043 mol) of 2,6-lu- 
tidine in 5 ml of anhydrous ether. The mixture was stirred at reflux 
for 1 h. To this mixture was added over a 15-min period 9.4 g (0.043 
mol) of cvclohexylbutyl bromide in an equal volume of anhydrous 
ether. The solution was refluxed overnight. The solution was diluted 
with water and extracted with three 100-ml portions of ether. The 
organic layers were combined and dried over anhydrous Na2S 04. 
Solvent evaporation yielded 15.17 g of a yellow oil. Vacuum distillation 
of the crude oil afforded 4.4 g of 34: bp 120-123 °C (0.20 mm); 42% 
yield; Xmax (CHC13) 1583, 1596 cm“ 1; b (CDC13) 7.34-7.6 (m, 1), 
6.87-7.0 (m, 2), 2.63-2.89 (m, 2), 2.53 (s, 3), 0.98-1.95 ppm (m, 19).

Anal. Calcd for C^H^N: m/e 245.21434. Found: m/e 245.21434.
Conversion of 34 to 1 l-Cyclohexyl-2,6-undecanedione (40). To 

a solution of 1.18 g (4.8 mmol) of compound 34, 883 mg (19.2 mmol) 
of absolute ethanol, and 5.0 ml of anhydrous ether in 50 ml of anhy
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drous liquid ammonia (freshly distilled from sodium) was slowly 
added 254 mg (11 mmol) of sodium metal. The solution was stirred 
for 15 min and the volatiles were evaporated under a stream of ni
trogen. To the residue was added 10 ml of 10% H0SO4 and the solution 
was stirred for 15 min at room temperature. The reaction mixture was 
diluted with 10 ml of water and extracted with three 50-ml portions 
of ether. The organic layers were combined and dried over anhydrous 
Na2S04. Solvent removal yielded 615 mg of a yellow oil. Chroma
tography of the oil on 60 g of silica gel using 1 0 :1  benzene-ethyl acetate 
as eluent afforded 565 mg (44%) of diketone 40: Amax (C H C I3) 1704 
cm~!; b (CDCl-j) 1.0-2.6 ppm (m, containing s ca. 3 at 5 2 .1 2 ); m /e 266
(P).

Room Temperature Cyclization of Diketone 40. Formation of
3-(5-Cyclohexyl)pentylcyclohex-2-en-l-one (54) and 2-(4- 
Cyclohexyl)butyl-3-methylcyclohex-2-en-l-one (55). To a so
lution of 90 mg (0.34 mmol) of diketone 40 in 1.4 ml of ethanol was 
added a solution of 33.8 mg (0.85 mmol) of sodium hydroxide in 0.71 
ml of water. The solution was stirred at room temperature under ni
trogen for 2.5 h. The solution was then acidified with 10% aqueous HC1 
and extracted with three 30-ml portions of chloroform. The organic 
layers were dried over anhydrous Na2S0 4. Solvent evaporation af
forded 80 mg of a yellow oil. Chromatography of the oil on 19 g of silica 
gel using 30:1 benzene-ethyl acetate as eluent afforded 37.7 mg (45%) 
of cyclohexenone 55 as an oil: Amax (CHCI3) 1664 cm-1; b (CDCI3) 
0.9-2.5 ppm (m, containing s ca. 3 at b 1.93); 2,4-DNP mp 136-137 
°C.

Anal. Calcd for C17H28O: m /e 248.21402. Found: m /e 248.21145.
Continued elution with the same solvent system gave 54 (42.2 mg, 

51%) as an oil: Amax (CHCI3) 1667 cm-1; b (CDCI3) 1.0-2.5 (m, 27), 5.87 
ppm (s, 1); 2,4-DNP mp 131-133 °C.

Anal. Calcd for CnFDgO: m/e 248.21402. Found: m/e 248.21400.
Preparation of 2-Methyl-5-n-butylfuran (43) . 2 2  To 59 ml of 1.6 

M re-BuLi (0.095 mmol) cooled to —20 °C and under a nitrogen at
mosphere was slowly added a solution of 7.7 g (0.094 mmol) of 2- 
methylfuran dissolved in 10 ml of THF. The mixture was stirred at 
—20 °C for 1.5 h. To this was added slowly a solution of 13.1 g (0.096 
mmol) of n-butyl bromide in 10 ml of THF. Stirring was continued 
at —20  °C for 1  h and the solution was warmed to room temperature 
and allowed to stir overnight. The reaction mixture was poured over 
ice and thoroughly extracted with chloroform. The organic layers were 
combined and dried over anhydrous Na2S04 and the solvent removed 
to afford 6 g (47%) of a crude 43 which was used as such in the next 
experiment without further purification: Amax (C H C I3) 2895, 1575, 
1462 cm "1; b (C D C I3) 5.77 (s, 2 ), 2.7-2.43 (t, 2 ), 2.23 (s, 3), 1.7-0.9 (m,
7).

Preparation of 2,5-Nonanedione (44). Glacial acetic acid (3 ml), 
water (1 ml), 20% H0SO4 (4 drops), and 2.1 g (15.2 mmol) of crude 
2-methyl-5-re-butylfuran were combined and heated under reflux for 
4 h. The resulting solution was poured into water and extracted with 
chloroform. The organic layers were combined and dried over Na2S04. 
Solvent evaporation afforded 2 g of a crude product which was dis
tilled to yield 1.5 g (63%) of the desired diketone 44: bp 110-115 °C 
(15 mm); Amax (CHCI3) 2941, 1725, 1488 cm -1; b (CDCI3) 2.75 (s, 4),
2.6-2.3 (t, 2), 2.2 (s, 3), 1.7-0.9 (m, 7).

Room Temperature Cyclization of Diketone 44.22 Formation 
of 2-Propyl-3-methylcyclopent-2-en-l-one (45). To 200 mg (1.28 
mmcl) of diketone 44 was added 2.56 ml of 5% NaOH (3.2 mmol) and
5.1 ml of EtOH. The solution was stirred at room temperature under 
nitrogen for 20 h. After neutralization with 10% HC1 the solution was 
extracted with three 20-ml portions of CHCI3. The combined organic 
layers were dried over Na2S04. Solvent removal afforded 150 mg (85%) 
of a product whose NMR revealed the presence of cyclopentenone 
45:22 Amax (CHCI3) 1692,1645, 2743 cm“ 1; 6 (CDCI3) 2 .6- 2 .1  (m, con
taining s ca. 3 at b 2.1), 1.7-0.9 ppm (m, 5).
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Anions of itaconic acid derivatives [R02CCHC(=CH2)C02] are versatile intermediates for the synthesis of a- 
methylene lactones. The addition of these anionic species to aldehydes or ketones and subsequent lactonization 
and hydrolysis have been utilized for the synthesis of a variety of compounds including protolichesterinic acid, 
nephrosterinic acid, and canadensokde.

a-Methylene lactones have recently attracted much syn
thetic effort1 owing to the isolation of several cytotoxic and/or 
antitumor agents that possess this characteristic system.2 
Although several direct procedures have been developed for 
the synthesis of a-methylene lactones, the current method
ology rests primarily upon techniques for the introduction and 
subsequent elimination of a heteroatom attached to the /? 
carbon.1

Structural analysis of several naturally occurring fi-car- 
boxy-a-methylene lactones such as protolichesterinic acid,3 
nephrosterinic acid,4 and canadensolide5 suggested that these 
compounds could be obtained by the addition of an itaconic 
acid derivative to an aldehyde6 (Scheme I). This synthesis 
would offer the advantages of broad scope and the ready 
availability of starting materials.7

Results and Discussion

Stable enolate anions could not be generated from dimethyl 
itaconate (1, Ri = R 2 = CH3) even at reduced temperatures 
(—78 °C ).8 The polymeric products that resulted from such 
attempts appeared to be derived from a Claisen condensation 
of the desired anion with the carboxymethyl not directly in
volved in the resonance stabilized system. Therefore, in order 
to avoid nucleophilic addition to the affected carbonyl carbon 
a carboxylate anion was used as a convenient protecting group 
(1, R2 = Li).9

0
|L._=-______- > c h 2

c h 3o —  C— CH— CC'
TCtCH,

Attempts to generate the trianion of itaconic acid (1, Ri = 
R2 = Li) and to add it to carbonyl compounds were only 
moderately successful. Thus, treatment of itaconic acid with 
3 equiv of lithium diisopropylamide10 (LDA) at —78 °C in 
tetrahydrofuran (THF) followed by the addition of 1 equiv 
of aldehyde or ketone gave, upon acidification, low yields 
(~30%) of the desired a-methylene lactone 2 (Ri = H) .11 The 
use of higher reaction temperatures and/or hexamethyl- 
phosphoramide (HMPA) decreased the yield of 2.

In contrast, the dianions derived from monoesters of ita
conic acid 1 (Ri = CH3, ArChL; Ro = Li) were generated and 
observed to be viable nucleophiles in addition reactions to 
both aldehydes and ketones (Table I). For example, treatment 
of methyl itaconate (prepared by the addition of methanol to 
itaconic anhydride7’12) with 2 equiv of LDA10 gave the dianion 
which upon addition to cyclohexanone and acid-catalyzed 
cyclization provided a 71% yield of the desired a-methylene 
lactone 2 |Rj = CH3; R3R4 = (—CH2—)rj- However, the use of 
methyl itaconate in the synthesis of protolichesterinic acid 
and its carboxy analogues 3 was precluded by the inability to 
hydrolyze the methyl ester without isomerization to the bu- 
tenolide (Scheme II).

The problem of selective hydrolysis vs. isomerization in this 
overall scheme was overcome by utilizing the dianion of p- 
methoxybenzyl itaconate (1, Ri = ArCH2i R2 = Li) .13 Hy
drolysis of the ester without concurrent isomerization was 
then effected with trifluoroacetic acid. The overall sequence 
of addition, cyclization, and hydrolysis successfully generated 
a number of a-methylenebutyrolactones 3, including protol
ichesterinic and nephrosterinic acids (Table I).

Scheme I

R 3--- (C H2)12C H 3;R4 =  H

(protolichesterinic acid)
R i ----( C H 2)IOC H 3; R 4 =  H

(nephrosterinic acid)

R, =  H R5 =  — (CH.2)5CH:t;R , =  H
Rj =  CH3 (canadensolide)
Ri =  CH,Ar R5= H ;R li =  (CH2):1CH:i

( ep;-canadensolide )
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Table 1.« Compounds Prepared from Monoesters o f Itaconic Acid
H

2 and 3

Compd 
(registry no.) R, R 4 r 3

%
yield Mp, °C NMR, 5

2a
(60427-56-7)

p -c h 3o c 6h 4c h 2 c h 3 c h 3 78« 5 4 .5 -
55.5*

1.22 (3 H, s), 1.55 (3 H, s), 3.72 (1 H, t), 3.81 
(3 H, s), 5.19 (2 H, s), 5.85 (1 H, d, J = 2.5 
Hz), 6.48 (1 H, d, J = 2.5 Hz), 6.95 (2 H, 
m ), 7.32 (2 H, m)«

3a
(60427-57-8)

H CH3 c h 3 69° 1 5 0 -
151.8*

1.37 (3 H, s), 1.55 (3 H, s), 3.85 (1 H, t), 5.90 
(1 h, d, J = 2.2 Hz), 6.05 (1 H, broad), 6.30 
(1 H, d, J =  2.8 Hz)d

2 b
(60427-58-9)

p -c h 3o c 6h 4c h 2 - c h 2c h 2c h 2c h 2- 73« e 1.7 (8 H, m), 3.78 (3 H, s), 3.90 (1 H, t), 5.12 
(2 H, s), 5.75 (1 H, d, J =  2.2 Hz), 6.32 (1 
H, d, J  = 2.8 Hz), 6.9 (2 H, m ), 7.3 (2 H, m)«

3b
(60427-59-0)

H -C H 2CH2CH2CH2- 54« 1 0 7 -
109*

1.9 (8 H, m), 3.92 (1 H, t), 5.90 (1 H, d, J  = 
2.2 Hz), 6.47 (1 H, d, J  = 2.5 H z), 8.5 (1 H,
s)«

0.9 (6 H, m ), 1.7 (4 H, m ), 3.8 (2 H, s), 3.8 
(1 H, m ), 5.15 (2 H, s), 5.8 (1 H, d, J  = 2.5 
Hz), 6.4 (1 H, d, J  = 2.5 Hz), 6.9 (2 H, m), 
7.28 (2 H, m )c

2c
(60427-60-3)

p -c h 3o c 6h 4c h 2 c h 3c h 2 c h 3c h 2 30« e

3c
(60427-61-4)

H CH3CH2 c h 3c h 2 17« 7 4 -7 5 * 1.0 (6 H, m ), 1.85 (4 H, m ), 3.9 (1 H, t), 5.95 
(1 H, d, J = 2.5 Hz), 6.52 (1 H, d, J  = 2.5 
Hz), 8.5 (1 H, s)«

2d
(60427-62-5)

p -c h 3o c 6h „c h 2 h c h 3(c h 2)12 25f 5 3 .5 -
54.5*

0.91 (3 H, t), 1.28 (24 H, m ), 3.65 (1 H, m), 
3.90 (3 H, s), 4.83 (1 H, m ), 5.28 (2 H, s), 
5.98 (1 H, d, J =  2.1 Hz), 6.50 (1 H ,d ,J  = 
2.5 Hz), 7.1 (2 H, m), 7.4 (2 H, m)«

2e
(60427-63-6)

p-CH 3OC6H4CH2 CH3(CH2)12 H 1 6 / 3 8 -
39.5*

0.89 (3 H, t), 1.25 (24 H, m ), 3.9 (3 H, s), 
4.08 (1 H, d, t, J  = 8 and 1 Hz), 4.7 (1 H, 
m ), 5.25 (2 H, s), 5.9 (1 H, d, J = 2 Hz), 
6.5 (1 H, d, J = 2 Hz), 7.08 (2 H, m ), 7.4 
(2 H, m)«

3d
(51260-32-3)

H H CH3(CH 2)12 20? 9 1 -
92*

0.9 (3 H, t), 1.3 (24 H, m ), 3.7 (1 H, m ),4 .8 5  
(1 H, m), 6.1 (1 H ,d , J = 2.1 H z), 6.55 (1 
H, d, J =  2.8 Hz), 8.3 (1 H, s)c

3e
(60478-54-8)

H CH3(CH2)12 H 13? 8 7 -
88*

0.9 (3 H, t), 1.25 (24 H, m ), 4.08 (1 H, d, t, 
J = 7.6 and 2 Hz), 4.7 (1 H, m ), 6.0 (1 H, 
d , J = 2  Hz), 6.55 (1 H, d, J  = 2 Hz), 9.75 
(1 H, s)«

2f
(60427-64-7)

p -c h 3o c 6h 4c h 2 h CH3(CH2)10 13f 4 6 .8 -
47*

0.88 (3 H, t), 1.25 (20 H, m ), 3.58 (1 H, m), 
3.8 (3 H, s), 4.75 (1 H, m ), 5.13 (2 H, s), 
6.83 (1 H, d, J = 2.3 Hz), 6.37 (1 H, d, J = 
3 Hz), 6.9 (2 H, m), 7.3 (2 H, m )«

2g
(60427-65-8)

p-CH 3OC„H4CH2 CH3(CH2)10 H 13f 3 4 -3 5 * 0.89 (3 H, t), 1.23 (20 H, m ), 3.8 (3 H, s), 
3.95 (1 H, d, t, J = 7.6 and 2 Hz), 4.55 (1
H, m ), 5.12 (2 H, s), 5.78 (1 H, d, J = 2.1 
Hz), 6.38 (1 H, d, J = 2.5 Hz), 6.9 (2 H, m ), 
7.2 (2 H, m)c

3f
(60427-66-9)

H H CH3(CH2)10 11? 8 3 .5 -
84.5*

0.88 (3 H, t), 1.28 (20 H, m ), 3 .65 (1 H, m), 
4.8 (1 H, m ), 6.0 (1 H, d, J = 2.7 Hz), 6.49 
(1 H, d ,J  = 2.8 Hz), 9.5 (1 H, s)c

3g
(60427-10-0)

H CH3(CH 2)10 h 5? 8 1 .5 -
82.5*

0.9 (3 H, t), 1.28 (20 H, m ), 4.05 (1 H, d, t, 
J  = 8 and 2.1 Hz), 4.65 (1 H, m ), 5.92 (1 
H, d, J = 1.9 Hz), 6.5 (1 H, d, J = 2.1 Hz), 
9.3 (1 H, s)«

2h
(60427-67-0)

CH3 - c h 2c h 2c h 2c h 2c h 2- 71« 6 3 -6 5 * 1.6 (10 H, m ), 3.62 (1 H, t, J = 2.1 Hz), 3.88 
(3 H, s), 5.86 (1 H, d, J = 2.8 Hz), 6.58 (1 
H, d, ,7 = 2 .5  Hz)c

«Initial yield based on itaconic acid ester; > 90%  pure by NMR and/or HPLC. * A  satisfactory elemental analysis (±0.3% ) 
was obtained for this com pound. c Solvent: CDC13. d Solvent: acetone-d6. e This com pound gave satisfactory mass spectral 
analysis. /Y ie ld  o f  single diastereomer, based on itaconic ester, after separation and purification by HPLC. ?Y ield  based on 
itaconic acid ester; includes separation o f  intermediate ester diastereomers by HPLC and subsequent hydrolysis.  ̂L it.3a 
mp o f  (±)-protolichesterinic acid is 92—93.5 °C . '(+ )-Alloprotolichesterinic acid .33' 16/ “ (±)-irans-Nephrosterinic acid ” .4-16 
fc“ (± )-c«-Nephrosterinic acid” .4' 16

R,

r / C = °1 R' > mild 2 CFjOOOH

Ri = ArCH2
H+>

R, =  ArCH r
CeH*

R ,= Li

The synthesis of canadensolide and related bislactones 7 
(Table III) could be visualized as emanating from the pre
viously developed synthetic sequence by the use of aldehydes 
4 possessing an «-hydroxyl equivalent (Scheme I).

Symmetrically substituted a-chloro aldehydes were found
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Table II. Physical Properties of Compounds Prepared from Symmetrical a-Chloro Aldehydes and Methyl Itaconate
0

7
Compd

(registry n o.) R s R 6 M p ,°C

7a -C H 2CH2CH2CH2CH2-  1 7 4 -1 7 5 «
(60451-45-8)

7b -C H 2CH2CH2CH2CH2CH2-  1 4 8 -1 5 1 «
(60427-68-1)

7c CH3CH2CH2 CH3CH2CH. 8 0 .5 -8 2 «
(60427-69-2)

N M R , 5 ( C D C l j )

1.7 (m, 10 H), 4.2 (d, t, 1 H, J =  7, 2 Hz), 5.0 (d, 1 H, J = 7 
Hz), 6.4 ( d , l H , J = 2  Hz), 6.7 (d, 1 H, J = 2 Hz)

1.7 (m, 12H ), 4.25 (d, t, 1 H, J = 7, 2 Hz), 5.0 (d. 1 H, J  = 7 
Hz), 6 .3 ‘(d, 1 H, J =  2 Hz), 6.65 ( d , l H , / = 2  Hz)

1.0 (t, 3 H), 1.6 (m , 8 H), 4.15 (d, t, 1 H, J =  7, 2 Hz), 5 (d, 1 
H, J = 7 Hz), 6.35 (d, 1 H, J = 2 Hz), 6.65 (d, 1 H, J = 2 Hz)

«A  satisfactory elemental analysis (+0.3% ) was obtained for this com pound.

Scheme II

to provide an entry into the desired bislactone system by the 
addition of methyl itaconate dianion, the formation of the cis 
chloro lactone 5 (contaminated with 0-20% of the trans lactone
6) by treatment with acid, and the generation of the bislactone 
by the silver ion promoted solvolysis of the tertiary halide 
(Scheme III, Table II).

However, the synthesis of canadensolide itself from a - 
chlorovaleraldehyde could not be accomplished utilizing this 
procedure since the requisite cis chloro lactone 5 was not 
formed during the initial addition step.

The successful synthesis of canadensolide involved the 
addition of the itaconic acid trianion (1, Ri = R2 = Li)14 to 
«-hydroxyvaleraldehyde protected as the ethoxyethyl ether 
[4, R5 = CH3(CH2)3; R6 = H; X  = OCH(OCH2CH3)CH3]. 
Moreover, the ease of isolation of the canadensolide isomers 
by the extraction of the uncyclized acidic products 6 (Rj = H) 
from the itaconic acid trianion addition provided significant 
consolation for the relatively low yields. Separation of the 
isomers by liquid chromatography (HPLC) gave pure samples 
of canadensolide and e p i -canadensolide.

OCH2CH3
I

0 — CHCH3
I

CH3(CH2>3— c h — c = n

LDIBAH 

2 K 7 H 20

OCH,CH;1

OCHCH3
I

CH3(CH2)3— CH— CHO
8  4

Experimental Section
General. Melting points (uncorrected) were obtained on a 

Thomas-Hoover capillary apparatus. Infrared spectra were recorded

Scheme III

on a Beckman IR-33. NMR spectra were obtained with a Varian 
EM-360 instrument using Me4Si as an internal standard. Preparative 
liquid chromatography (HPLC) was carried out on Waters Associates 
equipment using two 610 X 9.5 mm columns packed with Porasil A. 
In most cases ether-hexane mixtures were used at a flow rate of 9.9 
ml/min.

The THF (Aldrich Gold Label, <0.003% H20 ) was maintained 
under N2 in septum-capped bottles and removed via syringe. The 
n-butyllithium and the diisobutylaluminum hydride (DIBAH) in 
hexane were obtained from Alfa Products. The diisopropylamine was 
distilled from CaH2 and stored under N2. The itaconic acid was ob
tained from Aldrich. The methyl itaconate was prepared by literature 
methods.12

All reactions involving organometallic reagents were carried out 
under N2 in septum-capped flasks with introduction of reagents via 
syringe.

Elemental analyses were performed by Robertson Laboratories, 
Florham Park, N.J. Mass spectra were run on a Varian CH5 by Mr. 
Douglas Kuehl, National Water Quality Laboratory, Duluth, 
Minn.

General Procedure for the Preparation and Addition Reac
tions of Dianions of Monoesters of Itaconic Acid. The preparation 
of protolichesterinic acid (3d) using p-methoxybenzyl itaconate 
provides a typical example of the experimental procedure for the 
compounds listed in Table I. LDA10 was prepared from n-butyllith- 
ium (4.2 ml of a 2.4 M solution in hexane, 0.010 mol) and diisopro
pylamine (1.4 ml, 0.010 mol) in 25 ml of THF contained in a sep
tum-capped flask with nitrogen atmosphere at —10 °C. After stirring 
for 15 min the solution was cooled to —78 °C and p-methoxybenzyl 
itaconate13 (1.25 g, 0.0050 mol) dissolved in 3 ml of THF was added. 
After 1.5 h tetradecylaldehyde (1.06 g, 0.0050 mol) in 3 ml of THF was 
added and the resulting mixture stirred for 7 h at —78 °C before 
quenching at this temperature with 25 ml of cold 6 M H2SO4. Imme
diate extraction with ether followed by overnight treatment with 
MgS04 afforded 2.05 g of a 3:1 mixture (by NMR) of the desired di- 
astereomeric lactones (2) and p-methoxybenzyl itaconate. After re
moval of the starting material with a saturated NaHCO.t wash, 1.4 g 
(64%) of an approximately 1:1 mixture of the two diastereomers re
mained. Separation of 1.0 g of this mixture by HPLC15 gave 0.39 g
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Table III. Preparation o f  Bislactones 7. Yield Data
c h 2 0

OH Cl H

1. LiCHClj I 1. n-BuLi I
R5R6C = 0  -------------*• R5RbCCHC1, ----------- RsRfiCCH0

1. MeOOCCHCCOOLi CH3OC
Li+ Cl 1

2. H+ 2. A, pyr 2. H+

/  \  H

X
AgN03

dioxane
reflux

0

R5 ^6
7

^5 ^6 9« 4e 5e 7
Overall 
yield, %

a -C H 2CH2CH2CH2CH2- 56% (52183-64-9) 
bp 5 5 -5 6  °C 
(0.2 mm)

70% (53627-10-4) 
bp 5 6 -6 0  °C b 
(5 .5  m m )

65%c (60427-72-7) 31% 8

b -C H 2CH2CH2CH2CH2CH2- 74% (52183-65-0) 
bp 75 °C 
(0.3 mm)

76% (60464-11-1) 
bp 5 5 -5 7  °C 
(1.4 mm)

29% (60427-73-8) 65% 11

c c h 3c h 2c h 2 c h 3c h 2c h 2 49% (60427-70-5) 64%tf (60427-71-6) 69%c (60427-74-9) 48% 10
bp 6 5 -6 8  °C  bp 3 8 -4 2  °C
(1.3 m m ) (1.8 mm)

aYields represent material o f  95% purity (by NM R) unless stated otherwise. 6 Lit. bp 4 7 —50 °C  (6 m m ): G. Stork et al.,
J. Am. Chem. Soc., 82, 4315 (1960). c 60—75% pure. ^90% pure. e Registry no. in parentheses.

(25% overall) of the p-methoxybenzyl ester of protolichesterinic acid16 
(2 d) and 0.26 g (16% overall) of the p-methoxybenzyl ester of al- 
loprotolichesterinic acid16 (2 e).

The p-methoxybenzyl ester of protolichesterinic acid (2d) (0.159 
g, 0.357 mmol) and trifluoroacetic acid17 (0.05 ml, 0.714 mmol) in 2 
ml of benzene were stirred for 7 h at 25 °C. The reaction mixture was 
then extracted with a saturated NaHCC>3 solution. The combined 
aqueous extracts were washed with ether, acidified to ~pH 1 with 6 
M H0SO4, and extracted with ether to give 0.093 g (80%) of (±)-pro- 
tolichesterinic acid (3d) . 3

General Procedure for the Preparation of the Bislactones (7,
Rg = Ri; = Alkyl). The general procedure for the preparation of the 
bislactones shown in Table II is illustrated below for the case of the 
lactone 7b [R5, R6 = (CHo)^. In all cases, the intermediates in the 
reaction sequence were not isolated in an analytically pure form, but 
rather, they were used in the subsequent step with little or no puri
fication (see Table III).

Modified literature methods were used to prepare the a-chloro 
aldehyde.18 Dichloromethane (11.6 ml, 0.18 mol) was dissolved in 300 
ml of dry THF at —78 °C under N2. n-Butyllithium (62.5 ml, 0.15 mol 
of a 2.4 M solution in hexane) was added dropwise from an addition 
funnel over a 1-h period. After the resulting solution had stirred for 
40 min at —78 °C, cycloheptanone (16.3 ml, 0.138 mol) was added over 
a 5-min period. The reaction mixture was stirred for 2 h at —78 °C and 
then was allowed to gradually warm to -35  °C before it was poured 
into a cold solution of 15 ml of sulfuric acid in 600 ml of water. The 
resulting mixture was immediately extracted with 11. of ether in three 
portions. The combined ether extracts were dried over MgS04 and 
evaporated to yield 33 g of oil. Distillation afforded 9b [20 g, 74%, bp 
75-79 °C (0.3 mm); NMR (C D C I3) 5 1.4-2.2 (broad multiplet, 12 H),
2.3 (s, 1 H), 5.7 (s, 1 H)J. A portion of the alcohol (9b) (14.5 g, 0.0738 
mol) was dissolved in 180 ml of THF at —78 °C under N2 and n-bu- 
tyllithium (29.5 ml, 0.0738 mol of a 2.5 M solution in hexane) was 
added dropwise. After stirring for 20 min at —78 °C, 0.06 ml (0.74 
mmol) of pyridine was added and the solution was gradually warmed 
to reflux and maintained at reflux for 18 h. The mixture was cooled, 
filtered, diluted with 200 ml of water, and extracted three times with 
250-ml portions of ether. The combined ether extracts were dried over 
MgS04 and evaporated to give 12.6 g of crude a-chloro aldehyde which 
was distilled to provide a colorless liquid 4b [bp 55-57 °C (1.4 mm),
9.03 g, 76% based on alcohol or 56% based on cycloheptane].

The addition of methyl itaconate to the a-chloro aldehyde 4b was 
carried out as described below. Diisopropylamine (4.61 ml, 0.0329 mol) 
was dissolved in 125 ml of dry THF under N2 at -1 0  °C and n-bu- 
tyllithium (13.2 ml, 0.0329 mol of a 2.5 M solution in hexane) was 
added dropwise. After stirring for 15 min at —10 °C, the solution was 
cooled to -7 8  °C in a dry ice-acetone bath and 2.37 g (0.016 mol) of 
methyl itaconate12 dissolved in 6 ml of THF was added slowly. After 
stirring for 2 h at -7 8  °C, 2.6 g (0.016 mol) of the a-chloro aldehyde 
4b in 2 ml of THF was added. After stirring for an additional 4.5 h at 
—78 °C, the reaction mixture was quenched at this temperature with 
100 ml of 6 M H2SO4. The dry ice-acetone bath was removed, and 
after stirring for 5 min the mixture was extracted with 650 ml of ether

in three portions. The combined ether extracts were dried overnight 
with MgS04. Evaporation of the solvent gave 5.5 g of an oil which 
contained the addition product, the starting aldehyde, and methyl 
itaconate (by NMR). This mixture was dissolved in ether and washed 
with saturated NaHCC>3 solution. After drying over MgS04, the or
ganic layer was slowly evaporated to yield a solid which was purified 
by hexane trituration. The yield of solid amounted to 1.36 g (29%) and 
gave an NMR spectrum consistent with structure 5b: NMR (CDCI3) 
& 1.65 (m, 8 H), 2.25 (m, 4 H), 3.85 (s, 3 H), 4.25 (d, t, J = 8,2 Hz, 1H),
4.8 (d, J = 7 Hz, 1 H), 5.95 (d, J  = 2 Hz, 1 H), 6.6 (d, J = 2 Hz, 1 
H).

Closure to the bislactone 7b was effected with silver nitrate. Silver 
nitrate (0.8 g, 0.0047 mol) was dissolved in 12 ml of water and 20 ml 
of dioxane and heated to reflux. The product 5b (0.67 g, 0.00235 mol) 
dissolved in 5 ml of dioxane was then added and the resulting mixture 
was maintained at reflux for 15 min. After cooling, the mixture was 
filtered and concentrated on a rotary evaporator. The residue was 
diluted with water and extracted three times with methylene chloride. 
The combined organic extracts were washed twice with brine and 
dried over MgS04. Evaporation gave 0.49 g (88%) of white solid of mp 
142-146 °C (>85% pure by NMR). Recrystallization from THF gave 
analytically pure 7b (0.362 g, 65%, mp 148-151 °C).

Preparation of Canadensolide. To the ethyl vinyl ether adduct19 
of valeraldehyde cyanohydrin20’21 (8) (18.3 g, 0.099 ml), dissolved in 
100 ml of hexane at —78 °C under nitrogen, was added 108 ml (0.105 
mol) of a 0.97 M solution of DIBAH in hexane over a period of 40 min. 
After stirring for an additional 30 min, the reaction mixture was 
poured into 690 ml (6.9 mol) of 10 M acetic acid cooled to 0 °C. The 
resulting mixture, after stirring for 30 min at 0 °C, was extracted three 
times with hexane (1250 ml total). The combined extracts were diluted 
with 200 ml of a saturated sodium bicarbonate solution and solid so
dium bicarbonate was added to the resulting mixture until carbon 
dioxide ceased to be liberated. The organic layer was separated, 
washed one time with 200 ml of saturated sodium bicarbonate solu
tion, and dried over MgS04. The crude yield of product, which 
amounted to 12.2 g (66%), was shown by NMR to be 75-83% pure. 
Distillation afforded analytically pure aldehyde 4 [R.5 = CHj(CH9).3; 
Re = H; X  = OCH(OCH2CH3)CH3;22’23 8.7 g, 47% yield, bp 46 °C <0.8 
mm); NMR (CDCb) <5 0.8-2.0 (m, 15 H), 3.4-4.2 (m, 3 H), 4.8 (m, 1 H),
9.75 (m, 1 H); ir (neat) 1750 cm-1 (C = 0 )].

LDA10 in 140 ml of THF was prepared from 6.06 ml (0.0432 mol) 
of diisopropylamine and 17.3 ml (0.0432 mol) of a 2.5 M n-butyllith- 
ium solution in hexane at —10 °C under nitrogen. After 15 min the 
pale-yellow solution was cooled to —78 °C and 1.87 g (0.0144 mol) of 
itaconic acid in 9 ml of THF was added. After 4 h at -7 8  °C, the 2- 
(l-ethoxy)ethoxyvaleraldehyde (4) was added to the finely divided 
suspension. After an additional 4 h at —78 °C, the reaction mixture 
was quenched at this temperature with 87 ml of 6 M H2SO4. The dry 
ice-acetone bath was then removed and the reaction mixture stirred 
vigorously for 25 min before extraction with 400 ml of ether in three 
portions. The ether extracts were combined and dried overnight with 
MgS04.24 Evaporation yielded 3.5 g of a complex mixture which in
cluded itaconic acid, canadensolide (and its epimer), and unidentified



«-Methylene Lactone Synthesis Using Itaconic Acid Derivatives J. Org. Chem., Vol. 41, No. 26, 1976 4069

products. In order to remove itaconic acid and uncyclizable trans 
products 6 (Ri = H), the mixture was dissolved in ether and washed 
three times with a saturated solution of sodium bicarbonate. After 
drying over MgSCL, the ether was evaporated to yield 1.01 g of a 
mixture containing canadensolide. This mixture was separated by 
HPLC using 9:1 ether-hexane and columns deactivated as previously 
described.15 The first peak, which appeared after 5 min, amounted 
to 0.48 g of material which presumably was largely derived from the 
unreacted aldehyde (based on NMR). The second peak, which ap
peared after 6.9 min, amounted to 0.225 g (7.4% based on starting 
aldehyde) of slightly impure (±)-ep;-canadensolide. The third peak, 
which appeared after 12.5 min, amounted to 0.134 g (4.4% based on 
starting aldehyde) of impure (±)-canadensolide.

The material derived from the second peak was recrystallized once 
from ether-hexane to yield (±)-epi-canadensolide [0.179 g, 5.9%, mp
47-48 °C (lit.55 mp 47.5-48.5 °C); NMR (CDC13) ,5 0.95 (t, J = 6 Hz, 
3 H), 1.2-1.9 (m, 6 H), 4.1 (dt, J = 7 and 2 Hz, 1 H), 4.75 (dt, J = 7 and 
1 Hz, 1 H), 5.1 (dt, J = 8 and 1 Hz, 1 H), 6.3 (d, J = 2 Hz, 1 H), 6.6 (d, 
J = 2 Hz, 1 H)j.

The material derived from the third peak was recrystallized once 
from ether to yield (±)-canadensolide [0.071 g, 2.3%, mp 96-96.5 °C 
(lit.55 mp 92.5-93.5 °C); NMR 5 0.92 (t, J = 6 Hz, 3 H), 1.1-2.2 (m, 6 
H), 4.05 (dt, J  = 7 and 2 Hz, 1 H), 4.7 (m, 1 H), 5.22 (m, 1 H), 6.2 (d, 
J  = 2 Hz, 1 H), 6.51 (d, J  = 2 Hz, 1 H)].
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The synthesis of kavain, dihydrokavain, and a number of new analogues of kava pyrones is described. Kavain and 
dihydrokavain were synthesized by a modification of the Reformatsky reaction in yields severalfold higher than 
described before. A novel analogue of kavain was obtained by this procedure. Several new analogues of the naturally 
occurring kava pyrones were synthesized in 10-60% yields by condensing the appropriate aldehyde with 4-me- 
thoxy-6-methyl-2-pyrone. The pyrones dehydrokavain and yangonin were obtained in much improved yields. Cata
lytic hydrogenation of pyrones gave new analogues of dihydrokavain.

The root, rhizome, and the base of the stem of P ip er  
m eth y s ticu m  Forster (Kava)2 have been used for centuries 
to prepare an intoxicating beverage.'* Kava was used in Europe 
before World War I for the treatment of gonorrhea, cystitis, 
and gout.4 The active principle of Kava resin consists of a 
number of a-pyrones and reduced pyrones (nine lactones and 
two chalcones)5-10 which have a variety of pharmacological 
properties (soporific and sedative, potentiation of barbiturate 
narcosis, protection against chemo- and electroshock, local 
anesthetic, spasmolytic and smooth muscle relaxant, anal
getic, antimycotic, and antiedemic).5,8,11-26

Tc obtain analogues of the naturally occurring kava lactones 
we investigated several possible general synthetic methods 
for the preparation of a-pyrones and reduced pyrones. A 
number of new analogues of kava lactones were synthesized, 
and the yield of several known compounds was improved 
severalfold.

The structures of the kava lactones described here are given 
in Table I. Only kavain ( l)27-31 7,8-dihydrokavain (2),31 
yangonin (3),10,32-35 5,6-dehydrokavain (4),35 and 7,8-dihy- 
dro-5,6-dehydrokavain (5)34 had previously been synthesized 
(in low yields).

We synthesized kavain, dihydrokavain, and analogues by 
two methods: (a) modifications of the Reformatsky reaction, 
and (b) catalytic reduction of the corresponding dehydroka- 
vains.

(a) By using Neuwland and Daly’s modification of the Re
formatsky reaction,36 the appropriate aldehydes when con
densed with ethyl 4-bromo-3-methoxycrotonate (26) gave 1 
and 2 in 80 and 50% yield, respectively (Scheme I). This pro-

Scheme I

RCHO
BrCH^C= CHCOOC2H5 --------------»

| Zn-Ou,C6H6

0C H 9fi I R  =  C;,H,CH=CH
2 6  2, R =  Ct)H .CH2CH2

cedure was not successful in the synthesis of the p -N ,N -  
dimethylamino analogue of kavain (6). However, when the 
aldehyde group was activated toward nucleophilic attack (by 
conversion of the p-A'.N-dimethylamino group to a quater
nary nitrogen with chloromethyl methyl ether), the activated 
aldehyde underwent modified Reformatsky reaction to give 
6 in 26.5% yield.

Kavain (1) was also obtained (25% yield) by the condensa
tion of the W-butylamine Schiff base of cinnamaldéhyde

* T h is  w ork  w as s u p p o r te d  in p a rt  b y  th e  N a tio n a l In stitu tes  o f  H e a lth  G ra n ts  
G M  9 2 5 4  a n d  G M  14270. T h is  p a p e r  is d e d ic a t e d  t o  th e  m e m o ry  o f  P r o fe s s o r  
E d w a r d  E . S m is s m a n  a n d  M r . S . H . Isra ili.

* D e p a r t m e n t  o f  M e d ic in e ,  C l in ica l  P h a r m a c o lo g y  P r o g r a m , 152  W o o d r u f f  
M e m o r ia l  B ld g ., E m o r y  U n iv e rs ity , A t la n ta , G a . 303 22 .

J D e ce a se d , J u ly  1 4 ,1 9 7 4 .

under Reformatsky conditions. This approach was also un
successful in the synthesis of 6.

(b) Hydrogenation of dehydrokavains in THF (over Pd/C) 
resulted in the stepwise reduction of A7,8 and A5,6 bonds (A7,8 
reduced faster than A5,6) to give the corresponding kavains 
and dihydrokavains (Table II) in good yields. In EtOH, the 
reduction products were mainly tetrahydrokavaic acid (23) 
and analogues (obtained by opening of lactone ring and sub
sequent hydrogenation); however, the model compound 4- 
methoxy-6-methyl-2-pyrone (27) was reduced to the intact 
lactone 3-methoxy-5-hydroxy-2-hexenoic acid lactone (28) 
in 85% yield.

Reduction of dehydrokavains with NaBH4 (which occurred 
only when «-pyrones were refluxed in alcoholic KOH for 4-6 
h with a 30-fold excess of NaBH4) yielded kavaic acid (20) and 
analogues instead of the expected dihydropyrones.

For the synthesis of dehydrokavains, the procedure of 
Bu’lock and Smith33 was modified. Compounds 3 and 4 were 
obtained in much higher yield than reported previously. A 
number of new analogues (10-12, 15-19) were obtained in 
yields of 10-60%.

Experimental Section

Melting points were determined on a calibrated Thomas-Hoover 
melting point apparatus and are corrected. The uv spectra were re
corded on a Cary recording spectrophotometer Model 14. The ir 
spectra were taken on a Beckman IR-8 and IR-10 infrared spectro
photometer. NMR spectra (reported in 5) were recorded on a Varian 
A-60 and A-60A spectrometer using tetramethylsilane and 3-(tri- 
methylsilyl)propanesulfonic acid sodium salt as internal standards. 
Elemental analyses were performed by Midwest Microlab, Inc., In
dianapolis, Ind., and on a F and M Carbon, Hydrogen and Nitrogen 
Analyzer Model 185, University of Kansas.37 Mass spectra were ob
tained by The Analytical Instrument Division of Varian on a M-66 
mass spectrometer. Solvents were removed by evaporation in vacuo 
by using a Calab Model C rotary evaporator normally at room tem
perature.

3-Methoxy-5-hydroxy-7-phenyl-2,6-heptadienoic acid Lac
tone (Kavain, 1). Kavain was synthesized by a modification of the 
Reformatsky reaction36 (using Zn-Cu couple instead of Zn). Thus,
13.2 g (0.1 mol) of cinnamaldehyde and 44.4 g (0.2 mol) of ethyl 4- 
bromo-3-methoxycrotonate (26) were condensed in the presence of
19.6 g (~0.3 mol) of Zn-Cu couple (95% Zn) to give 18.5 g (80% yield) 
of colorless needles (THF), mp 146-147.5 °C (lit.31 mp 145-146 
°C).

3-Methoxy-5-hydroxy-7-phenyl-2-heptenoic acid Lactone 
(Dihydrokavain, 2). Synthesis was carried out as for 1 using 13 g (0.1 
mol) of hydrocinnamaldehyde. The product was isolated by column 
chromatography (silica gel 0.05-0.2 mm, Et20-petroleum ether, bp
55-65 °C) to give 11.6 g (50% yield) of 2, recrystallized from CC14 as 
colorless needles: mp 69-71 °C (lit.31 65-69 °C); NMR (CC14) 5 7.15 
(s, 5, aromatic), 5.05 (s, 1, -C H = ), 4.5-4.0 (complex, 1, methine H),
3.66 (s, 3, -OCH:i), and 2.9-1.65 (complex, 6, methylene H).

p-(N,A7-Dimethyl-AT-methoxymethylammonium)cinnamal- 
dehyde Chloride. p-N.N-Dimethylaminocinnamaldehyde (17.5 g, 
0.1 mol) and chloromethyl methyl ether (37.5 ml, 40.5 g, 0.5 mol) were 
mixed under an atmosphere of N2 and allowed to stand at room 
temperature for 48 h. The precipitated solid was collected by filtra
tion, washed several times with CsHe, and dried at 80 °C to give 24.7



Synthesis of Kavain, Dihydrokavain, and Analogues J. Org. Chem., Vol. 41, No. 26,1976 4071

Table I. Structure of Kava Type Lactones and Acids

R A 5' 6 A 7>8 N a m e

1 P h e n y l R e d u c e d K a v a in "
2 P h e n y l R e d u c e d R e d u c e d 7 , 8 - D ih y d r o  k a v a in "
3 4 - M e t h o x y p h e n y l Y a n g o n in "
4 P h e n y l 5 ,6 -D e h y d r o k a v a in "
5 P h e n y l R e d u c e d 7 ,8 - D i h y d r o - 5 ,6 - d e h y d r o k a v a i n "
6 4 - iV , jV -D im e t h y la m in o p h e n y l R e d u c e d
7 4 -N, A l -D im e th y  la m in o p h e n y l R e d u c e d
8 3 ,4 ,5 - T r i m e t h o x y p h e n y l R e d u c e d
9 2 -T h ie n y l R e d u c e d

10 4 -A ,A 7- D im e t h y la m in o p h e n y l
11 3 ,4 ,5 - T r i m e t h o x y p h e n y l
12 2 - T h ie n y l
13 4 - jV ,  A -D i m e t h y l a m i n o p h e n y l R e d u c e d R e d u c e d
14 3 ,4 ,5 - T r i m e t h o x y p h e n y l R e d u c e d R e d u c e d
15 2 - P y r id y l
16 3 -P y r id y l
17 4 -P y r id y l
18 S t y r y l
19 P h e n y le t h y l

R '— - C H = C H — C H = C H - — C = C H — CO O H

O C H 3

R ' A 4’ 5 A 7- 8 N a m e

2 0  P h e n y l
2 1  4 - M e t h o x y p h e n y l
2 2  3 ,4 ,5 - T r i m e t h o x y p h e n y l
2 3  P h e n y l
2 4  4-N, A -D i m e t h y l a m i n o p h e n y l
2 5  3 ,4 ,5 - T r i m e t h o x y p h e n y l

"  K n o w n  c o m p o u n d s .

R e d u c e d
R e d u c e d
R e d u c e d

R e d u c e d
R e d u c e d
R e d u c e d

K a v a ic  a c i d "  

T e t r a h y d r o k a v a ic  a c id

g  (97%  y ie ld ) o f  a b row n ish  p o w d e r  w h ich  w as used  w ith o u t fu rth er  
p u r ifica tio n . T h e  p ro d u c t  a b so rb s  m o istu re  very  q u ick ly  u p o n  e x p o 
sure.

3-Methoxy-5-hydroxy-7-(4-iY,7V-dimethylaminophenyl)- 
2,6-heptadienoic Acid Lactone (6 ). C o m p o u n d  6  w as sy n th es ized  
b y  a fu rther m o d ifica tio n  o f  the R e form a tsk y  reaction : Z n -C u  cou p le  
(4 .0  g, 0 .06  m o l) w as su sp en d ed  in th io p h e n e -fr e e  C eH 6 (150 m l) and  
a b o u t  30 m l o f  CgH e was d is tille d  th rou g h  th e  D ea n -S ta rk  tra p . A  
crystal o f  iod in e  w as a d d ed  fo llow ed  b y  6  m l o f  a m ied  so lu tion  o f  the 
a b o v e  d e scr ib e d  q u a tern a ry  c o m p o u n d  (4 .6  g, 0 .018 m o l) in M e 2S O  
(20 m l) and  28 (13 .2  g, 0.06 m o l) in C^He (2 0  m l). T h e  green ish  brow n  
reaction  m ixture was heated un der reflux w ith stirring for  1 0  m in  after 
w h ich  th e  rem a in d er  o f  th e  a ld e h y d e -e s te r  m ix tu re  w as a d d e d  
d rop w ise  in 1 h m ain ta in in g  a gen tle  reflux . A fte r  th e  a d d itio n  was 
ov er  th e  rea ction  m ix tu re  w as stirred  u n d er re flu x  fo r  4 h an d  then  
for  an oth er 2.5 h at room  tem p eratu re . A  saturated  so lu tion  o f  N H 4CI 
(75 m l) was a d d e d  and  th e stirring  con tin u ed  fo r  20 m in. T h e  organ ic 
layer w as sep a ra ted  a n d  co m b in e d  w ith  fou r  1 0 0 -m l CeH g e x tra c ts '18 
o f  th e  H 20  layer an d  th e  co m b in e d  (A; He so lu tio n  w as w ash ed  w ith  
H 2O  fou r  t im es an d  d rie d  (M g S O p . T h e  so lven t w as re m o v e d  u n d er 
red u ced  pressure  an d  th e  res id u e  was tak en  in 50 m l o f  CeHr, an d  d i 
lu ted  w ith  E t20  (1 50  m l). T h e  y e llo w  p re c ip ita te  w h ich  fo rm e d  (300 
m g) was rem oved  b y  filtration  and  the filtrate was con cen trated  under 
reduced  pressure. O n  coolin g  in an ice ba th  the  residue d eposited  light 
co lo re d  crysta ls. T h e  p ro d u c t  w as recrysta llized  fro m  C eH s as pa le  
yellow  needles: 1.2 g  (26.5%  y ie ld ) as h yd robrom id e , m p  172-172.5  °C ; 
vco (K B r) 1705 cm -1 ; N M R  (D C C R ) 6 7 .7 8 -6 .65  (com p lex , 6 , arom atic 
and - C H = C H - ) ,  5.26 (s, 1, - C H = ) ,  5 .2 -4 .9  (com p lex , 1 , m eth in e  H ),
3.78 (s, 3, -O C H 3), 3.0 (s, 6 , N C H 3), and 2 .9 5 -2 .5  (com plex , 2 , - C H 2- ) :  
m ass sp ectru m  m/e (rel in tensity ) p arent peak  273 17), base p eak  133 
(100). A nal. (C i6H i 9N 0 3-H B r) C , H , N . H : ca lcd , 5 .65; fo u n d , 5 .10.

n-Butylamine-IV-cinnamalydine. T h e  S c h iff  base w as p rep ared  
by  a p ro ce d u re  s im ilar to  th a t  o f  R o b e r ts o n .39 A  m ix tu re  o f  n -b u ty l- 
a m in e  (8 .05  g, 0.11 m o l) a n d  c in n a m a ld e h y d e  (13 .2  g, 0.1 m o l) in 
th iop h en e -free  (50  m l) w as h ea ted  u n der reflux  (1  h ). T h e  H 20  
(2  m l) w h ich  fo rm e d  d u r in g  th e  re a ctio n  w as re m o v e d  b y  u s in g  a 
D ea n -S ta rk  trap . T h e  so lv e n t an d  th e  excess  a m in e  w ere  re m o v e d

u n d er v a cu u m . T h e  residu e, 20 .6 g (89%  y ie ld ) , w as used  w ith ou t 
fu rth er  p u r ifica tion .

Modified Reformatsky Condensation of n-Butylamine-iV- 
cinnamalydine with 26. T h e  p ro ce d u re  fo r  th e  syn th esis  o f  kavain  
d escrib ed  earlier w as fo llow ed . T h e  a b ove  d escrib ed  S c h if f  base  (11.2 
g, 0 .05  m o l) an d  26 (22 .2  g, 0.1 m o l) w ere  co n d e n se d  in th e  p resen ce  
o f  Z n -C u  c o u p le  (10  g, 0 .15  m o l) to  g ive  lig h t  c o lo re d  crysta ls , 2 .2  g 
(22%  y ie ld ) , o f  1, m p  1 4 5 -1 4 7  °C  (T H F ).

3-Methoxy-7-phenyl-2,4,6-heptatrienoic Acid (Kavaic Acid, 
20). D eh ydrok avain  (4, 340 m g) was d issolved  in w arm  M e O H  (50 m l) 
co n ta in in g  1 g c f  K O H . N a B H 4 (340  m g) w as a d d e d  an d  th e  m ixtu re  
w as h ea ted  u n d er  re flu x  fo r  4 h. A fte r  c o o lin g , th e  m ixtu re  was a c id 
ified  (20%  H O A c) and  the p recip ita te  w as co lle cted  by  filtra tion . T h e  
p re c ip ita te  w as w ash ed  w ith  H 20  an d  E t20  an d  recry sta llized  from  
h o t  a ce to n e  to  g ive  co lor less  neeles o f  20 (40%  y ie ld ): m p  1 8 0 -1 8 2  °C  
(lit. 184,27 1 7 8 -1 78.5 ° C 40); vco (K B r) 1675 c m “ 1; N M R  (C D 3C O C D 3) 
5 7 .1 5 -6 .25  (com plex , 9, arom atic  and  - C H = C H - ) ,  4.62 (s, 1, - C H = ) ,  
an d  3 .18  (s, 3, -O C H 3).

3-Methoxy-7-(4-methoxyphenyl)-2,4,6-heptatrienoic Acid
(21). Y a n g o n in  (3) w as co n v e r te d  to  th e  a c id  21 b y  th e  m e th o d  used  
fo r  20: ligh t ye llow  crysta ls  (C H C I3 , 60%  y ie ld ) ; m p  1 6 4 -1 6 5  °C ; vco 
(K B r ) 1659 cm -1 ; N M R  (C D 3C O C D 3 ) 5 7 .3 -6 .4  (co m p le x , 8 , a rom atic  
an d  - C H = C H C H = C H - ) ,  4 .8  (s, 1, - C H = ) ,  3 .4  a n d  3.35  (s, 6 , 
-O C H .i) . A nal. (C i 5H 160 4), C , H . C: ca lcd , 69 .22 ; fo u n d , 68.72.

3-Methoxy-7-(3,4,5-trimethoxyphenyl)-2,4,6-heptatrienoic 
Acid (22). T h e  a c id  was ob ta in e d  from  p y ro n e  11 b y  the p ro ce d u re  
d e scrib e d  fo r  20: y e llo w  n eed les  from  C H C I3 (64%  y ie ld ) ; m p  
1 7 4 .5 -1 7 5 .5  °C ; vC0 (K B r ) 1670 c m " 1; N M R  (D C C I3) 6 7 .9 -6 .8  
(c o m p le x , 4 , - C H = C H C H = C H - ) ,  6 .75  (s, 2, a ro m a tic ), 5.22 (s, 1, 
- C H = ) ,  3.97 (s, 9, a ro m a tic  -O C H 3), a n d  3 .8  (s , - O C H 3); m ass s p e c 
tru m  m/e (re l in ten s ity ) p a ren t p eak  320 (0 .5 ), base  p eak  181 (100). 
A nal. (C 17H 2o0 3), C , H .

General Procedure for the Catalytic Hydrogenation of Py- 
rones. T h e  co m p o u n d  w as d isso lv ed  in th e  a p p ro p r ia te  so lv e n t and 
ex p o se d  to  H 2 in a m icro h y d ro g e n a to r  a t  ro o m  tem p era tu re  in the 
p resen ce  o f  pal a d iu m  on  ch a rcoa l (T a b le  II ). A fte r  a certa in  tim e  
p eriod  th e  ca ta lyst w as re m o v e d  b y  filtra tio n  an d  th e  filtra te  was
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concentrated in vacuo. The residue was recrystallized. The reaction 
conditions, yields, and physical properties of the products are given 
in Table II. The spectroscopic properties are listed below.

3-Methoxy-5-hydroxy-7-phenyl-2,4-heptadienoic Acid Lac
tone (5): rco (KBr) 1730 cm- 1 ; NMR (CC14) 6 7.17 (s, 5, aromatic) 5.58 
(d, 1 , J = 2 Hz, -C H = ), 5.28 (d, 1, J = 2 Hz, -C H = ), 3.75 (s, 3, 
-OCH.d, and 2.83 (sym m, 4, -CH 2CH2-).

3-Methoxy-5-hydroxy-7-(4-iV,lV-dimethylaminophenyl)- 
2,4-heptadienoic Acid Lactone (7): ^co (KBr) 1730 cm- 1 ; NMR 
(CCI4) 6 6.78 (doublet of d, 4, J = 8.5 Hz, aromatic), 5.57 (d, 1, J = 2 
Hz, -C H = ), 5.27 (d, 1, J = 2 Hz, -C H =), 3.73 (s, 3, -0C H :i), 2.89 (s, 
6 , -NCH.i), and 2.72 (sym m, 4, -CH 2CH2-).

3-Methoxy-5-hydroxy-7-(3,4,5-trimethoxyphenyl)-2,4-hep- 
tadienoic Acid Lactone (8 ): „co (KBr) 1705 cm- 1 ; NMR (DCCD 
5 6.78 (s, 2, aromatic), 6.08 (d, 1, J = 2  Hz, -C H = ), 5.75 (d, 1 , J = 2 
Hz, -C H = ), 4.06 and 4.00 (s, 12, -OCH3), and 3.00 (sym m, 4, 
-CH 2CH2-).

3-Methoxy-5-hydroxy-7-(2-thienyl)-2,4-heptadienoic Acid 
Lactone (9): „co (KBr) 1720 cm- 1 ; NMR (CCI4) 5 7.45-6.67 (complex, 
3, aromatic), 5.68 (d, l ,J = 2 Hz, -C H =), 5.34 (d, l ,J  = 2 Hz, -CH =), 
3.76 (s, 3, -OCH3), and 3.0 (sym m, 4, -CH 2CH2-).

3-Methoxy-5-hydroxy-(4-A,iV-dimethylaminophenyl)-2-
heptenoic Acid Lactone (13): „co (KBr) 1710 cm- 1 ; uv Amax 
(CH3OH) 246 nm (log c 5.26), 301 (4.26); NMR (CC14) & 6.79 (doublet 
of d, 4, J  = 9 Hz, aromatic), 4.25 (broad, 1, methine H), 3.69 (s, 3, 
-OCH3), 2 .8 6  (s, 6 , -NCH;i), and 2.95-1.75 (complex, 4, -CH 2- 
CH,-).

3-Methoxy-5-hydroxy-7-(3,4,5-trimethoxyphenyl)-2-hep- 
tenoic Acid Lactone (14): „co (KBr) 1695 cm- 1 ; NMR (CC14) b 6.35 
(s, 2, aromatic), 5.02 (s, 1, -C H =), 4.25 (broad, 1, methine H), 3.77 
and 3.69 (s, 12, -0C H 3), and 2.9-1.65 (complex, 6 , -CH 2-).

3-Methoxy-5-hydroxy-2-hexenoic Acid Lactone (28): „co (KBr) 
1700 cm"1; NMR (CC14) S 5.05 (s, 1, -C H = ), 4.47 (sym m, 1 , -CH<), 
3.74 (s, 3, -OCH3 ), 2.48-2.22 (m, 2, -CH 2-), and 1.4 (d, 3, J = 6  Hz, 
-CH 3 ).

3-Methoxy-7-phenyl-2-heptenoic Acid (23): „co (KBr) 1690 and 
1655 c m '1; NMR (CC14) b 11.93 (broad s, 1, -C00H ), 7.1 (s, 5, aro
matic), 4.95 (s, 1 , -C H =), 3.65 (s, 3, -0C H 3), 3.00-2.33 and 1.95-1.35 
(broad complex, 8  and 2 , -CH2-).

3-Methoxy-7-(4-)V,A1-dimethylaminophenyl)-2-heptenoic 
Acid (24): „co (KBr) 1665 cm“ 1; NMR (CC14) b 10.86 (broad s, 1, 
-C00H ), 6.74 (doublet of d, 4, J = 7 Hz, aromatic), 4.93 (s, 1, -CH =), 
3.63 (s, 3, -OCH3), 2.85 (s, 6 , -NCH3), 3.0-2.28 and 1.75-1.25 (broad 
complex, 8 , -CH ^).

3-Methoxy-7-(3,4,5-trimethoxyphenyl)-2-heptenoic Acid (25):
„CO (KBr) 1690 cm"1; NMR (CC14) b 11.66 (broad s, 1, -C00H ), 6.28 
(s, 2, aromatic), 4.99 (s, 1, -C H =), 3.78 (s, 9, aromatic -OCH3), 3.68 
(s, 3, -OCH3), 3.00-2.32 (complex, 4, -CH 2CH2-), and 1.7-1.4  (com
plex, 4, -CH 2CH2-).

3-Methoxy-5-hydroxy-7-(3,4,5-trimethoxyphenyl)-2,4,6- 
heptatrienoic Acid Lactone (11). A solution of 3,4,5-trimethoxy- 
benzaldehyde (19.6 g, 0.1 mol) and 4-methoxy-6-methyl-2-pyrone (27, 
16.8 g, 0.12 mol) in absolute MeOH (40 ml) was added dropwise with 
stirring to a suspension of magnesium methoxide (prepared from 7.5 
g of Mg turnings) in MeOH (100 ml) in 45 min, maintaining a gentle 
reflux and an atmosphere of N2. After the addition was complete, the 
reaction mixture was stirred under gentle reflux for 6  h. The solvent 
was removed under reduced pressure at 40 °C and the residue was 
treated with dilute HOAc (45 g of glacial HOAc diluted to 225 ml) and 
extracted with CH2C12 (500 ml). The CH2C12 extract was washed with 
H20  (80 ml), dried (Na2S 0 4), and filtered. The filtrate was evaporated 
under reduced pressure and the residue was triturated with Et20  (150 
ml) and filtered. The yellow, crystalline solid was washed with Et20  
followed by a small amount of MeOH, and then dried in vacuo at 80 
°C: 19.1 g (60% yield), recrystallized from MeOH, shiny yellow plates; 
mp 196.5-197.5 °C; uv Amax 345 nm (log«4.38), 362 (4.36), 224 (4.29); 
„Co (KBr) 1710  cm- 1 ; NMR (DCCI3) b 7.02 (doublet of d, 2, J  = 15.5 
Hz, -CH==CH-), 6 .8  (s, 2, aromatic), 6.02 (d, 1, J  = 2 Hz, -C H =), 5.50 
(d, 1, J = 2 Hz, -C H = ), 3.93 (s, 9, aromatic -OCH3), and 3.85 (s, 3, 
-OCH3); mass spectrum m / e  318, parent peak. Anal. (CnHigOe), C, 
H.

3-Methoxy-5-hydroxy-7-(4-methoxy phenyl)-2,4,6 -hep tatri- 
enoic Acid Lactone (Yangonin) (3). This compound was synthe
sized by the procedure described for 11 . Anisaldehyde (6 .8  g, 0.05 mol), 
27 (8.5 g, 0.06 mol), and magnesium methoxide (from 1.2 g of Mg) gave 
5.3 g (41.5%) of the product, recrystallized from MeOH as yellow 
needle clusters, mp 156-157 °C (lit.36 155-157 °C).

3-Methoxy-5-hydroxy-7-phenyl-2,4,6-heptatrienoic Acid 
Lactone (5,6-Dehydrokavain) (4). The procedure for the synthesis 
of pyrone 11  was followed using benzaldehyde (6.2 g, 0.06 mol), 27



(10.2 g, 0.07 mol), and magnesium methoxide (from 2.5 g of Mg). The 
product, 6.1 g (44% yield), was recrystallized from MeOH as colorless, 
fine needles, mp 134-136 °C (lit.36 yellow needles, mp 139-141 °C). 
Anal. (C14H12O3), C, H.

3-Methoxy-5-hydroxy-7-(4-lV,]V-dimethylaininophenyl)- 
2,4,6-heptatrienoic Acid Lactone (10). This compound was syn
thesized by a modified procedure of that described for the synthesis 
of the pyrone 11. A solution of p-N,N-dimethylaminobenzaldehyde 
(36 g, 0.24 mol) and 27 (40.8 g, 0.29 mol) in absolute MeOH (200 ml) 
was added dropwise with stirring to a suspension of magnesium 
methoxide (prepared from 10 g of Mg) in MeOH (200 ml) in 2 h, while 
maintaining a gentle reflux under an atmosphere of N2. The reddish 
brown reaction mixture was stirred under reflux for an additional 15 
h, after which period it was cooled and treated with 15% HOAc (60 
g of glacial HOAc diluted to 400 ml) and extracted exhaustively with 
C6H6 (ten portions of 150 ml each). The CBHB extract was washed with 
H20, dried (Na2SC>4), and filtered. The solvent was removed under 
reduced pressure at 40 °C and the residue triturated with Et20. The 
solid was filtered, washed with MeOH and Et20, and then dried in 
vacuo, 26.5 g (40% yield). The product was recrystallized (MeOH) to 
give silky yellow, shiny plates: mp 201-202 °C; uv (CH3OH) Amax 408 
nm (log c 5.58), 245 (5.21), 232 (5.2); rco (KBr) 1705 cm "1; NMR 
(DCCl.i) 5 7.62-6.25 (groups of multiplets, 6, aromatic and 
-C H =C H -), 5.86 (d, 1, J  = 2 Hz, -C H = ), 5.45 (d, 1, J = 2 Hz, 
-C H = ), 3.82 (s, 3, -OCH:i), and 3.01 (s, 6, -NCH;l). Anal. (C1BH17N 03), 
C, H, N. C: calcd, 70.85; found, 70.38.

3-Methoxy-5-hydroxy-7-(2-pyridyl)-2,4,6-heptatrienoic Acid 
Lactone (15). The procedure for the synthesis of the pyrone 11 was 
followed using 2-pyridinecarboxaldehyde (5.4 g, 0.05 mol), 27 (8.5 g, 
0.06 mol), and magnesium methoxide (from 2.8 g of Mg). The crude 
product, 1.5 g (13.1% yield), was obtained as a brown powder, t’co  
(KBr) 1705 cm” 1. The modified procedure as described for the syn
thesis of the pyrone 10 did not give the product.

3-Methoxy-5-hydroxy-7-(3-pyridyl)-2,4,6-heptatrienoic Acid 
Lactone (16). The procedure for the synthesis of the pyrone 11 was 
followed using 3-pyridinecarboxaldehyde (6.5 g, 0.06 mol). 27 (10.1 
g, 0.07 mol), and magnesium methoxide (from 2.5 g of Mg). The 
product, 1.4 g (10% yield), was recrystallized (MeOH) to give pale 
yellow needles: mp 180.5-182 °C; ¡»co (KBr) 1735 cm“ 1; NMR (DCCI3) 
<5 8.8-6.58 (complex, 6, aromatic and -CH =CH ), 6.09 (d, 1, J  = 2 Hz, 
-C H = ), 5.59 (d, 1, J  = 2 Hz, -C H = ), and 3.89 (s, 3, -OCH ¡). Anal. 
(Ci3Hn NO:!),C ,H , N.

3-Methoxy-5-hydroxy-7-(4-pyridyl)-2,4,6-heptatrienoic Acid 
Lactone (17). The procedure for the synthesis of the pyrone 11 was 
followed, using 4-pyridinecarboxaldehyde (5.4 g, 0.05 mol), 27 (8.5 
g, 0.06 mol), and magnesium methoxide (from 2.8 g of Mg). The crude 
product, 2.0 g (17.5% yield), was obtained as a pinkish brown pow
der.

The modified procedure as described for the synthesis of the pyrone 
10 gave the product in 5% yield, recrystallized from Me0 H-Et20: light 
brown needles; mp 146-150 °C dec; rco (KBr) 1735 cm“ 1"; NMR 
(DCCI3) <5 8.88 and 7.58 (pair of d, 4, J  = 6 Hz, aromatic), 7.3 (doublet 
of d, 2, J = 16.5 Hz, -C H =C H -), 6.22 (d, 1, J  = 2 Hz, -C H = ), 5.59 
(d, 1, J = 2 Hz, -C H = ), and 3.87 (s, 3, -OCH3). Anal. (C^HnNOj) 
C, H, N.

3-Methoxy-5-hydroxy-7-(2-thienyl)-4,6-heptatrienoic Acid 
Lactone (12). The procedure for the synthesis of the pyrone 10 was 
followed, using 2-thiophenecarboxaldehyde (6.7 g, C.06 mol), 27 (10.1 
g, 0.07 mol), and magnesium methoxide (from 2.5 g of Mg). The 
product, 6.0 g (42.8% yield), was recrystallized (MeOH) to give yellow 
crystals mp 176.5-177.5 °C; vco (KBr) 1735 cm” 1; NMR (DCC13) 6
7.8-6.28 (complex, 5, aromatic and -C H =C H -), 5.94 (d, 1, J = 2 Hz, 
-C H = ), 5.52 (d, 1, J = 2 Hz, -C H = ), and 3.83 (s, 3, -OCH.,). Anal. 
(C12H10O,3S) C, H.

3-Methoxy-5-hydroxy-9-phenyl-2,4,6,8-nanotetraenoic Acid 
Lactone (18). The procedure for the synthesis of the pyrone 11 was 
followed, using 6.6 g (0.05 mol) of cinnamaldehyde, 8.4 g (0.06 mol) 
of 27, and magnesium methoxide (from 2.5 g of Mg). The product, 2.0 
g (15.7% yield), was recrystallized (MeOH) to give bright yellow plates: 
mp 188.5-190 °C; vCo  (KBr) 1730 cm“ 1; NMR (DCCI3) 6 7.02-6.02 
(complex, 9, aromatic and -CH =CH C H =CH -), 5.86 (d, 1, J  = 2 Hz, 
-C H = ), 5.46 (d, 1, J = 2 Hz, -C H = ), and 3.8 (s, 3, -OCH3). Anal. 
(C15H44O3) C, H. C: calcd, 75.59; found, 75.14.

3-Methoxy-5-hydroxy-9-phenyl-2,4,6-nanotrienoic Acid 
Lactone (19). The procedure for the synthssis of the pyrone 11 was 
followed using hydrocinnamaldehyde (6.7 g, 0.05 mol), 27 (8.4 g, 0.06 
mol), and magnesium methoxide (from 2.5 g of Mg). The crude 
product obtained was a syrupy liquid. The modified procedure as that 
employed for the synthesis of the pyrone 10 also gave the same 
product, i>co (neat) 1730 cm” 1.
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Appendix

The following new compounds were synthesized as inter
mediates, by-products, or model compounds (for details see 
ref 1 ). 3,4,5-Trimethoxycinnamaldehyde, mp 106-108.5 °C 
(Et2 0 -petroleum ether). Anal. Calcd for C12H 14O4: C, 64.85; 
H, 6.35. Found: C, 64.99; H, 6.38. Methyl 5-keto-7-phenyl- 
heptanoate, bp 144-146 °C (0.95 mm). Anal. Calcd for 
Ci4H 180 3: C, 71.77; H, 7.74. Found: C, 71.54; H, 7.68. 2,6- 
Diketo-4-(2-phenylethyl)heptane-l,3,5,7-tetracarboxylic acid 
tetramethyl ester, mp 184-185 °C (EtOAc). Anal. Calcd for 
C23H28O10: C, 59.48; H, 6.08. Found: C, 59.12; H, 6.10. 2,6- 
Diketo-4-styrylheptane-l,3,5,7-tetracarboxylic acid tetra
methyl ester, mp 180.5-181.5 °C (EtOAc). Anal. Calcd for 
C23H26O10: C, 59.74; H, 5.67. Found: C, 59.86; H, 5.72.

Registry No.—2, 587-63-3; 3, 500-62-9; 4,1952-41-6; 5, 3155-51-9; 
6, 60427-90-9; 15, 60427-94-3; 16, 15317-59-6; 17, 15317-60-9; 18, 
60427-92-1:19,60427-95-4; 20,501-73-5; 21,60427-93-2; 26,1116-51-4; 
Ci6Hi9N03-CH2Cl2; 60427-91-0; cinnamaldehyde, 104-55-2; hydro
cinnamaldehyde, 104-53-0; p-(N,./V-dimethyl-A1-methoxy- 
methylammonium)cinnamaldehyde chloride, 60427-96-5; butyl- 
amine-N-cinnamalydine, 15286-55-2; 3,4,5-trimethoxybenzaldehyde,
86-81-7; anisaldéhyde, 123-11-5; benzaldehyde, 100-52-7; p-N,N- 
dimethylaminobenzaldehyde, 100-10-7; 2-pyridinecarboxaldehyde, 
1121-60-4; 3-pyridinecarboxaldehyde, 500-22-1; 4-pyridinecarbox
aldehyde, 872-35-5; 2-thiophenecarboxaldehyde, 98-03-3; 3,4,5-tri- 
methoxycinnamaldehyde, 34346-90-2; methyl 5-keto-7-phenylhep- 
tanoate, 60427-97-6; 2,6-diketo-4-(2-phenylethyl)heptane-l,3,5,7- 
tetracarboxylic acid tetramethyl ester, 60427-98-7; 2,6-diketo-4- 
styrylheptane-l,3,5,7-tetracarboxylic acid tetramethyl ester, 
60427-99-8.

References and Notes

(1) Taken in part from the dissertation presented by Z. H Israili, Sept 1968, 
to the Graduate School of the University of Kansas in partial fulfillment of 
the requirements for the Doctor of Philosophy Degree. Available from 
University Microfilms, Ann Arbor, Mich., Order No. 69-12,680 [Diss. Abstr. 
Int. B, 30, 531-582(1969)].

(2) Also known as kava-kava, ava-ava, kavae, karae, keu, kawaka, yangona, 
hoi, and wati.

(3) E. F. Steinmetz, "Piper methysticum (kava), Famous Drug Plant of the South 
Sea Islands” , Elsevier, Amsterdam, 1960.

(4) E. F. Steinmetz, O. J. Crude Drug Res., 1, 72 (1961).
(5) R. Haensel, Pac. ScL, 22, 293 (1968).
(6) W. Borsche and B. K. Blount, Chem. Ber., 66B, 803 (1933).
(7) O. R. Gottlieb and W. B. Mors, J. Org. Chem., 24, 1614 (1959).
(8) M. W. Klohs F. Keller, R. E. Williams, M. I. Tockes, and G. E. Cronhelm, 

J. Med. Pharm. Chem., 1, 95 (1959).
(9) W. B. Mors, M. T. Magalhaes, and O. R. Gottlieb In “ Progress in the 

Chemistry of Organic Natural Products” , Vol. 20, L  Zechmelster, Ed., 
Springer-Verlag, West Berlin, 1962.

(10) R. Haensel and L. Klaproth, Arch. Pharm. ( Weinheim, Ger.), 299, 503 
(1966).

(11) A. G. van Veen, Ned. Tijdschr. Geneeskd., 78, 1941 (1938).
(12) R. Haensel arid H. U. Beiersdorff, Naturwissenschaften, 45, 573 (1958).
(13) R. Haensel and H. U. Belersdorff, Arzneim.-Forsch., 9, 581 (1959).
(14) D. H. Canham, Ph.D. Thesis, “ A Reinvestigation of Some Constituents of 

Piper Methysticum", University of Wisconsin, 1959.
(15) F. Keller and M. W. Klohs, Lloydia, 26, 1 (1963).
(16) H. J. Meyer, U.S/ Public Health Serv. Publ., No. 1645, 133 (1967).
(17) J. P. Buckley, A. R. Furgiuele and M. J. O'Hara, U.S. Public Health Serv. 

Publ., No. 1645, 141 (1967).
(18) H. J. Meyer, A. Oberdorf, and E. Seifen, Arch. Exp. Pathol. Pharmakol., 238, 

124(1960).
(19) H. J. Meyer, Arch. Int. Pharmacodyn. Ther., 138, 505 (1962).
(20) H. J. Meyer, Arch. Int. Pharmacodyn. Ther., 150, 118 (1964).
(21) H. J. Meyer and J. Meyerburg, Arch. Int. Pharmacodyn. Ther., 148, 97 

(1964).
(22) H. J. Meyer and H. U. May, Klin. Wochenschr., 42, 407 (1964).
(23) H. J. Meyer, Arch. Int. Pharmacodyn. Ther., 154, 449 (1965).
(24) F. von Brugqenmann and H. J. Meyer, Arzneim.-Forsch., 13, 407 

(1963).
(25) R. Haensel, D Weiss, and B. Schmidt, Planta Med., 14, 1 (1966).
(26) H. J. Meyer, Klin. Wochenschr., 43, 469 (1965).
(27) E. M. E. Fowler and H. B. Henbest, J. Chem. Soc., 3642 (1950).
(28) D. Kostermans, Nature (London), 166,788(1950).
(29) D. Kostermans, Reel. Trav. Chim. Pays-Bas, 70, 79 (1951).
(30) C. Plantadosi and V. G. Skulason, J. Pharm. Sei., 53, 902 (1964).
(31) K. Vlswanathan and S. Swamlnathan, Proc. Indian Acad. Sei., Sect. A, 52, 

63 (1960).
(32) W. Borsche, C. K. Bodensteln, and M. Lewinsohn, Chem. Ber., 62B, 2515

(1929).



4074 J. Org. Chem., Vol. 41, No. 26,1976 Fuertes, García-López, Garcia-Muñoz, and Stud

(33) J. B. Bu'lock and H. G. Smith, J. Chem. Soc., 502 (1960).
(34) Y. Kimura, M. Takido, K. Nakano, and M. Takishita, Yakugaku Zasshi, 86, 

1184 (1966); Chem. Abstr., 67, 21775e (1967).
(35) R. Haensel, H. Sauer, and H. Rimpler, Arch. Pharm. ( Weinheim, Ger.), 229, 

507 (1966).
(36) J. A. Nieuwland and S. F. Daly, J. Am. Chem. Soc., 53, 1842 (1931).
(37) Where analyses are Indicated only by symbols of the elements, analytical 

results obtained for these elements were within ±0 .4%  of the theoretical

values.
(38) If CH2CI2 was used for extraction, the product was obtained as yellow 

needles with a molecule of CH2CI2 of crystallization, mp 169-172 °C. Anal. 
(C,6 H 1 9 N03-CH2 CI2) C, H, N.

(39) D. N. Robertson, J. Org. Chem., 25, 47 (1960).
(40) E. E. Smlssman and A. N. Voldeng, J. Org. Chem., 29, 3161 (1964).
(41) R. Haensel, H. Rimpler, and L. Langhammer, Z. Anal. Chem., 218, 346 

(1966).

Synthesis of C-Glycosyl Thiazoles

M ercedes Fuertes,* Teresa García-López, Guillermo G arcía-M uñoz,! and M anfred Stud

Instituto de Química Médica, Juan de la Cierva, 3, Madrid-6, Spain 

Received May 11,1976

Condensation of 2,3,5-tri-0-benzoyl-/9-D-ribofuranosylthiocarboxamide (1) with a-chloroketo compounds yield
ed the corresponding 2-C-glycosyl thiazole nucleosides (4a and 7) as the major products along with the 2-(thiazol-
2-yl)-5-benzoyloxymethylfuran derivatives (5a and 8). Reaction of 1 with ethyl bromopyruvate gave as the only re
sulting compound the 2-C-glycosyl thiazole nucleoside 12. A similar series of reactions was carried out with 5-ben- 
zoyloxymethylfuran-2-thiocarboxamide (2) and a-halo ketones. Finally, treatment of methyl 6-deoxy-6-diazo-2,3- 
0-isopropylidene-d-D-n'6o-hexofurariosid-5-ulose (24) with thiourea afforded the 4-C-glycosyl thiazole 26.

O f the several synthetic procedures described in the liter
ature for obtaining thiazole derivatives, the reaction o f 
thioamides and related com pounds with a-halocarbonyl de
rivatives has been the most extensively used .1 By application 
o f  this method, some acyclic sugar 2- and 4-thiazolyl nucleo
side analogues have been prepared starting from  suitable al- 
donic acid thioamides2 or a-haloketoses ,3 respectively. M ore 
recently Tronchet et al.4 have described the synthesis o f  4- 
C-glycosyl thiazoles by reacting thiourea or thioacetamide 
with an a-halocarbonyl sugar derivative, namely 6 -S -ben- 
zy l-6 -ch lo ro -l,2 -0 -is cp ro p y lid e n e -3 -0 -m e th y l-a -D -± y /o -
6-th:ohexofuranos-5-ulose.

In a recent preliminary com m unication5 we have reported 
on the synthesis o f  a 2 -C-glycosyl thiazole nucleoside and also 
the synthesis o f several acyclic sugar 4-thiazolyl nucleoside 
analogues. Now we wish to give a full account o f  this and re
lated work.

The starting material in our synthesis o f  2-glycosyl thiazole 
nucleosides, the hitherto unknown 2,3,5-tri-0-benzoyl-/f- 
D-ribofuranosylthiocarboxamide5’6 (1), was obtained in 20% 
yield as an amorphous solid by reaction o f 2,3,5-tri-O-ben- 
zoyl-d-D-ribofuranosyl cyanide7 with hydrogen sulfide. It 
should be noted that the furan derivative 2  resulting from the 
elimination o f two benzoyloxy groups was also separated from 
the reaction. Similar base-catalyzed eliminations o f  these 
protecting groups have been already reported .8

The assignment o f  the anomeric configuration o f  1 was 
made on the basis o f the known configuration o f the nitrile 
used as starting material, since the doublet corresponding to 
the anomeric proton o f 1 (r  4.92) showed a coupling constant 
larger than 1 Hz ( J \ >2 =  5 Hz). This assignment was further 
supported by the consistent application o f Imbach’s criterion9 

on the 2,,3 '-0-isopropylidene-(8-D-ribofuranosyl nucleoside 
14, obtained from 1 as described below.

Reaction o f the thiocarboxam ide 1 with chloroacetone in 
ethanol afforded a mixture o f  2-(2,3,5-tri-0-benzoyl-|8-D- 
ribcfuranosyl)-4-m ethylthiazole (4a) in 32% yield and the 
furan derivative 5a in 15% yield. Debenzoylation o f  these 
products with methanolic ammonia gave the deblocked

t The present paper is dedicated to the memory of Professor Garcia- 
Munoz.

Scheme I
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com pounds 4b and 5b, respectively (Schem e I). Similarly, 
reaction o f the furan thiocarboxam ide 2  with chloroacetone 
gave a 35% yield o f 5a identical with the com pound obtained 
in the foregoing reaction.

The thiocarboxam ide 1 reacted sm oothly with ethyl ox- 
alochloroacetate to give a mixture o f  the blocked C-nucleoside 
7 and the elimination product 8 which were isolated by pre
parative layer chromatography in yields o f  31 and 27%, re
spectively. Com pound 8  was also obtained from the reaction 
o f furan thiocarboxam ide 2  with ethyl oxalochloroacetate 
(Scheme II).

Treatment o f  compounds 7 and 8 with methanol saturated 
with ammonia gave the corresponding deblocked dicarbox
amides in low yields. In the case o f  com pound 7, T L C  o f the 
crude reaction showed a com plex mixture o f  products. Sepa
ration by preparative thick layer chromatography gave the 
expected deblocked 0  anomer 9 in 25% yield. JH N M R  spectra 
o f  other minor bands showed the presence o f  the a  anomer 
along with traces o f  com pound 10. It should be noted that no 
anomerization was detected in the debenzoylation reactions 
o f the other 2-C-glycosyl thiazole nucleosides described in this 
paper.

In a similar fashion the thiocarboxam ide 1, when treated 
with ethyl bromopyruvate at reflux in ethanol solution, gave 
the protected C-glycosyl nucleoside 1 2  in 55% yield as a syrup. 
Although a furan derivative was expected, no com pound o f 
this type was found. Treatm ent o f  12 with m ethanolic am-
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Scheme II
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monia afforded 2-(|8-D-ribofuranosyl)thiazole-4-carboxamide
(13) as a crystalline product in 81% yield. This latter com
pound was then converted to the 2',3'-0-isopropylidene de
rivative 14. Its NMR spectrum showed the protons of the 
isopropylidene methyl groups as two singlets at r 8.50 and
8.68, respectively. This difference of 0.18 ppm has been shown 
to be consistent only with the /Î configuration9 (Scheme
III).

Scheme III

J7 18

As before, the use of the thiocarboxamide 2 in the synthesis 
of nucleoside-related compounds having a furyl moiety was 
evaluated. Reaction of 2 with ethyl bromopyruvate in re
fluxing ethanol gave, besides the expected compound 15 in 
30% yield, another compound in 27% yield that was identified 
as 2-(4-carboethoxythiazol-2-yl)-5-ethoxymethylfuran (16). 
The NMR spectrum of 16 indicated clearly the absence of 
benzoyl protons and the presence of signals corresponding to 
an ethoxy group, in addition to the signals of the carboethoxy 
thiazole substituent. Further evidence for the structure as
signment for 16 stems from its conversion to the carboxamide 
18, the NMR spectrum of which retains the characteristic 
pattern for the ethoxymethyl moiety. The formation of 16 can 
be explained taking account of the stability of the carbonium 
ion resulting from the cleavage of the C -0  linkage of the 
benzoyloxy group due to the acidic media originated in the 
reaction. Attack of the carbonium ion by ethanol affords 16. 
Chemical evidence for this assumption was supported by the 
formation of 16 from 15, when this last compound was treated 
with ethanol-hydrogen bromide at reflux temperature. At
tempts to find compounds similar to 16 in the reaction of 2 
with chloroacetone or ethyl oxalochloroacetate were unsuc
cessful.

In order to avoid the formation of furan derivatives by loss 
of the benzoyl groups in the condensation of 1 with a-halo 
ketones, we synthesized the glycosyl thiocarboxamide 22 
having an isopropylidene protecting group. The glycosyl ni
trile 19 was debenzoylated at room temperature with 
methanolic ammonia to give the deblocked derivative 20, 
which was treated with ethyl orthoformate and acetone in the 
presence of hydrochloric acid to yield 2,3-0-isopropylidene- 
d-D-ribofuranosyl cyanide (21). Treatment of this product 
with hydrogen sulfide in ethanol containing triethylamine 
afforded 22 (Scheme IV).

Scheme IV
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Reaction of thiocarboxamide 22 with ethyl oxalochloro
acetate was then examined. As we expected, only one thiazole 
derivative was formed in a process involving the concomitant 
removal of the protecting isopropylidene group, due to the 
acidity of the reaction medium. Subsequent ammonolysis of 
the diester 23 gave the crystalline dicarboxamide derivative 
9 identical with the compound obtained from 7.

It should be pointed out that compounds 7, 9, and 23 pro
vide a series of valuable intermediates for synthesis, via cy- 
clization, of new purinelike nucleosides.

Finally, since it has been reported that the reaction of a -  
diazo ketones with thioamides gives thiazole derivatives,10 we 
then extended our studies to the synthesis of the 4-glycosyl 
thiazole derivative 26 by reaction in refluxing ethanol of the 
diazoketose 24u with thiourea (Scheme V). An analytically

Scheme V

26

pure sample of 26 was obtained via its picrate derivative, since 
all the attempts we made to obtain it from the repeatedly 
chromatographed reaction product were unsuccessful. The 
synthesis of compound 26 failed when the reaction was per
formed starting from the corresponding a-haloketose, prob
ably due to the known instability of this compound.11

Experimental Section

Melting points were determined on a Kofler apparatus and are 
uncorrected. Proton nuclear magnetic resonance spectra were re
corded at 100 MHz on a Varian XL-100 spectrometer using Me4Si as 
internal standard. Optical rotations were measured with a Perkin- 
Elmer 141 polarimeter. Uv absorption spectra were taken with a 
Perkin-Elmer 350 spectrophotometer. Analytical thin layer chro
matography was performed on glass plates coated with a 0.25 mm 
layer of silica gel GF254 (Merck), and preparative layer chromatog
raphy on 20 X  20 cm glass plates coated with a 2-mm layer of silica gel 
PF254 (Merck). The compounds were detected with a uv light (254 nm)
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or by spraying the plates with 30% sulfuric acid in ethanol and heating 
at ca. 110 °C.

2,3,5-Tri- O-benzoyl-d-D-ribofuranosylthiocarboxamide (1) 
and 5-Benzoyloxymethylfuran-2-thiocarboxamide (2). A mixture 
of 2,3,5-tri-O-benzoyI-d-D-ribofuranosyl cyanide7 (19,1.41 g, 3 mmol), 
triethylamine (3.5 ml), and ethanol (60 ml) was stirred at room tem
perature for 2 h, while hydrogen sulfide was bubbled into the solution. 
The solvent was removed and the residue was chromatographed on 
plates using 20:1 benzene-ether as developing system. The two faster 
moving bands did not contain sulfur and were not further investi
gated. The third faster moving band yielded 0.19 g of a solid product 
that after crystallization from ethyl acetate-petroleum ether gave 0.11 
g (14%) of compound 2 with mp 130-131 °C; NMR (CDCI3) r 3.45 (d, 
H-3, J3 4 = 4 Hz), 4.71 (s, -CHoOBz).

Anal. Calcd for C,;,Hh N 03S: C, 59.77; H, 4.21; N, 5.36; S, 12.26. 
Found: C, 59.85; H, 4.27; N, 5.06; S, 12.19.

The slowest moving band gave 0.46 g of product that was rechro
matographed on preparative plates (1:9 ethyl acetate-chloroform) 
to provide 0.30 g (20%) of 1 as a yellow foam: [a ]25D + 2 °  ( c  1, chlo
roform); NMR (CDCI3) t 4.02 (t, H-2, J 2! ~  J 23 = 5 Hz), 4.32 (m, 
H-3), 4.92 (d, H-l, J 1 2 = 5 Hz), 5.30 (m, H-4, 2 H-5).

Anal. Calcd for C27H23NO7S: C, 64.15; H, 4.58; N, 2.77; S, 6.32. 
Found: C, 63.95; H, 4.75; N, 2.73; S, 6.59.

2-(2,3,5-Tri-0-benzoyl-/3-D-ribofuranosyl)-4-methylthiazole 
(4a) and 2-(4-Methylthiazol-2-yl)-5-benzoyloxymethylfuran 
(5a). A solution of 2,3,5-tri-O-benzoyl-d-D-ribofuranosylthiocar- 
boxamide (1, 2.02 g, 4 mmol) and freshly distilled chloroacetone (3, 
0.74 g, 8 mmol) in ethanol (15 ml) was heated under reflux for 7 h. The 
solvent was evaporated, the residue was dissolved in ethyl acetate, 
and the solution was washed with 5% aqueous sodium bicarbonate 
and with water and dried over sodium sulfate. After evaporation of 
the solvent the residue was purified by preparative TLC using 1:4 
ethyl acetate-petroleum ether. The slowest moving band afforded 
0.65 g (30%) of 4a as a homogeneous syrup: [a ]25D —32° (c 1, chloro
form); NMR (CDCI3) r 3.16 (H-5 thiazole ring), 4.36 (d, H -l', J v.i' = 
5 Hz), 7.57 (CH3).

Anal. Calcd for C30H25NO7S: C, 66.29; H, 4.63; N. 2.57; S, 5.88. 
Found: C, 66.06; H, 4.62; N, 2.48; S, 6.08.

The third band from the origin gave 0.18 g (15%) of 5a with mp
72-73 °C (from ethyl acetate-petroleum ether); NMR (CDCI3) t 3.20 
(H-5 thiazole ring), 3.09 (d, H-3 furan ring, J 3>4 = 4 Hz), 3.43 (d, H-4 
furar. ring, J 43 = 4Hz), 4.67 (s, CH2OBz), 8.54 (CH3).

Anal. Calcd for C16HI3N 03S: C, 64.20; H, 4.37; N, 4.68; S, 10.69. 
Found: C, 64.22; H, 4.44; N, 4.67; S, 10.80.

2-(4-Methylthiazol-2-yl)-5-benzoyloxymethylfuran (5a). A 
solution of the thiocarboxamide 2 (1.3 g, 5 mmol) and chloroacetone 
(3,0.93 g, 10 mmol) in ethanol (25 ml) was refluxed for 7 h. The solvent 
was evaporated and the residue was purified by preparative TLC 
using 1:5 ethyl acetate-petroleum ether. The slowest moving band 
afforded 0.53 g (35%) of 5a with physical properties identical with 
those previously reported for that compound.

2-(/3-D-Ribofuranosyl)-4-methylthiazole (4b). A solution of 4a 
(0.42 g, 0.73 mmol) in methanol saturated with ammonia at 0 °C (30 
ml) was allowed to stand at room temperature for 48 h. The solvent 
was evaporated and the residue was purified by preparative TLC (9:1 
chloroform-methanol) to give 0.14 g (80%) of 4b: mp 122-124 °C (from 
ethyl acetate-petroleum ether); [a ]2SD —24° (c 0.5, ethanol); uv Amax 
(ethanol) 250 nm (e 6700); NMR (Me2S0-d6-D20) r 2.85 (H-5 thiazole 
ring), 5.12 (d, H -l', J r2. = 5 Hz), 7.68 (CH3).

Anal. Calcd for C9H13NO4S: C, 46.75; H, 5.66; N, 6.05; S, 13.84. 
Found: C, 46.79; H, 5.56; N, 5.90; S, 14.01.

2-(4-Methylthiazol-2-yl)-5-hydroxymethylfuran (5b). A so
lution of 5a (0.30 g, 1 mmol) in saturated methanolic ammonia was 
kept at room temperature for 20 h. The solvent was evaporated and 
the residue purified by preparative TLC using 1:1 ethyl acetate- 
petroleum ether. Elution of the major band afforded 0.09 g (46%) of 
a solid which was recrystallized from ethyl acetate-petroleum ether 
to give pure 5b with mp 151 153 °C; uv Amax (ethanol) 219 nm (r 8600), 
318 (16 420); NMR (MesSO-cG-DzO) r 2.79 (H-5 thiazole ring), 3.07 
(d, H-3 furan ring, J3 4 = 4 Hz), 3.55 (d, H-4 furan ring, J 4 3 = 4 Hz),
5.55 (s, CHjOH), 7.63 (CH3).

Anal. Calcd for C9H9N 02S: C, 55.38; H, 4.64; N, 7.17; S, 16.40. 
Found: C, 55.14; H, 4.70; N, 7.32; S, 16.54.

2-(2,3,5-Tri-0-benzoyl-/3-D-ribofuranosyl)-4,5-dicarboeth- 
oxythiazole (7) and 2-(4,5-Dicarboethoxythiazol-2-yl)-5-ben- 
zoyloxymethylfuran (8). A solution of 1 (1.01 g, 2 mmol) and ethyl 
oxalochloroacetate12 (6, 0.89 g, 4 mmol) in ethanol (15 ml) was heated 
under reflux for 6 h. The solvent was removed and the residue was 
chromatographed by preparative TLC using 1:4 ethyl acetate-pe
troleum ether as developing system. The slowest moving band yielded

0.65 g of a syrup which was rechromatographed (1:4 ethyl acetate- 
petroleum ether) to give 0.42 g (31%) of 7 as a homogeneous syrup:
[a]26D —57° (c 0.5, chloroform); NMR (CDC13) r 4.01-4.24 (m, H-2' 
and H-3'), 4.39 (d, H -l', J V2' = 5 Hz).

Anal. Calcd for CssHsiNOnS: C, 62.40; H, 4.63; N, 2.07; S, 4.74. 
Found: C, 62.12; H, 4.69; N, 2.12; S, 5.02.

The next moving band gave 0.23 g (27%) of 8 with mp 82-83 °C 
(from ethyl acetate-petroleum ether); NMR (CDCI3) r 2.87 (d, H-3 
furan ring, J 34 = 4 Hz), 3.39 (d, H-4 furan ring, J 4,3 = 4 Hz), 4.66 (s, 
CH,OBz), 5.56 and 5.66 (2 q, 2CH2CH3), 8.60 and 8.65 (2t, 
2CH,CH3).

Anal. Calcd for C2iHI9N 07S: C, 58.73; H, 4.46; N, 3.26; S, 7.45. 
Found: C, 58.50; H, 4.34; N, 3.14; S, 7.73.

2-(4,5-Dicarboethoxythiazol-2-yl)-5-benzoyloxymethylfuran
(8). Reaction of 2 (1.05 g, 4 mmol) with ethyl oxalochloroacetate (6,
1.78 g, 8 mmol) in refluxing ethanol (25 ml) for 7 h afforded after three 
successive preparative TLC (1,1:5 ethyl acetate-petroleum ether; II 
and III, 1:2 ethyl acetate-petroleum ether) 0.47 g (27%) of 8 identical 
with that above described.

2-(/3-D-Ribofuranosyl)thiazole-4,5-dicarboxamide (9).
Treatment of 7 (0.30 g, 0.44 mmol) with methanolic ammonia (25 ml) 
for 20 h gave a complex mixture of compounds. The residue obtained 
after evaporation of the solvent was purified by two consecutive 
preparative TLC (the first using 9:1 chloroform-methanol and the 
second 7:3 chloroform-methanol). Crystallization from ethanol of the 
solid obtained gave 0.03 g (25%) of 9: mp 212-214 °C; [a]25D —33° (c 
0.5, water); uv Amax (ethanol) 220 nm (e 14 100), 269 (8420); NMR 
(Me^SO-dfi-D^O) r 5.12 (d, H -l', Jy  2- = 5 Hz).

Anal. Calcd for C10H13N3O6S: C, 39.60; H, 4.32; N, 13.85; S, 11.54. 
Found: C, 39.36; H, 4.55; N, 13.58; S, 11.20.

2-(4,5-Dicarboxamidothiazol-2-yl)-5-hydroxymethylfuran
(10). A solution of 8 (0.43 g, 1 mmol) in methanolic ammonia (25 ml) 
was allowed to stand at room temperature for 20 h. The white solid 
precipitated was filtered off and after treatment with active charcoal 
was recrystallized from methanol to give 0.06 g (21%) of 10: mp 
260-261 °C dec; uv Amax (ethanol) 239 nm (« 15 370), 337 (16 990); 
NMR (Me2S0-</6-D20) r 2.80 (d, H-3 furan ring, J 3i4 = 4 Hz), 3.48 
(d, H-4 furan ring, 1/43 = 4 Hz), 5.53 (s, CH2OH).

Anal. Calcd for C10H9N3O4S: C, 44.94; H, 3.39; N, 15.72. Found: C, 
44.84; H, 3.49; N, 15.54.

2-(2,3,5-Tri-0-benzoyl-/5-D-ribofuranosyl)-4-carboethoxy-
thiazole (12). A mixture of 1 (2.02 g, 4 mmol) and ethyl bromopyru- 
vate (11,1.56 g, 8 mmol) in ethanol (15 ml) was refluxed for 5 h. The 
solvent was evaporated and the residue purified by preparative TLC 
using 1:9 ethyl acetate-chloroform. The product obtained from the 
major band was rechromatographed in a mixture of 1:2 ethyl ace
tate-petroleum ether to give 1.33 g (55%) of 12 as a homogeneous 
syrup: [a]25D —45.5° (c 1, chloroform); NMR (CDC13) r 1.94 (s, H-5 
thiazole ring), 4.31 (d, H -l', Jy  2- = 5 Hz), 5.66 (q, CH2CH3), 8.67 (t, 
CH2CH3).

Anal. Calcd for C32H27NO9S: C, 63.88; H, 4.52; N, 2.32; S, 5.32. 
Found: C, 63.58; H, 4.26; N, 2.14; S, 5.61.

2-(/3-D-Ribofuranosyl)thiazole-4-carboxamide (13). Treatment 
of 12 (1 g, 0.17 mmol) with methanolic ammonia (50 ml) at room 
temperature for 48 h and evaporation of the solvent afforded a 
product which was purified by preparative TLC using 7:3 chloro
form-methanol. Elution of the major band gave 0.35 g (81%) of 13: 
mp 145-146 °C (from ethanol-ethyl acetate); [o]25D -9 °  (c 0.5, eth
anol); uv Amax (ethanol) 215 nm («9450), 237 (7625); NMR (Me2SO- 
d6-D 20 ) r 1.82 (s, H-5 thiazole ring), 5.04 (d, H -l', Jy  2- = 5 Hz).

Anal. Calcd for C9H ,2N20 5S: C, 41.54; H, 4.64; N, 10.76; S, 12.30. 
Found: C, 41.93; H, 4.67; N, 10.86; S, 12.10.

2-(2,3-0-Isopropylidene-/3-D-ribofuranosyl)thiazole-4-car- 
boxamide (14). To a solution of 13 (0.20 g, 0.76 mmol), ethyl ortho
formate (0.12 g, 0.80 mmol), and dry acetone (4 ml) was added a 1 M 
solution of hydrogen chloride in ether (0.1 ml). The mixture was 
stirred at room temperature until the solid was completely dissolved 
(24 h). The solution was neutralized with concentrated ammonium 
hydroxide and evaporated to dryness. The residue was dissolved in 
a small amount of water and the solution extracted several times with 
ethyl acetate. The organic phase was dried over sodium sulfate and 
evaporated, leaving a residue which was purified by TLC using 1:2 
ethyl acetate-petroleum ether. The solid obtained from the major 
band was recrystallized from ethyl acetate-petroleum ether to give 
0.15 g (64%) of 14: mp 119-120 °C; [a]2SD -32° (c 0.5, water); uv Amax 
(ethanol) 215 nm (c 7830), 237 (7390); NMR (Me2S0-d6-D20 ) r 1.82 
(s, H-5 thiazole ring), 4.86 (d, H-l', J y y  = 4 Hz), 5.00 (dd, H-2', J 2',r 
= 6, Joy.v = 4 Hz), 5.28 (dd, H-3', J3-,2- = 6, Jy,y = 3 Hz), 8.50 and 8.68 
(2 CH3 isopropylidene group).

Anal. Calcd for C]2H,6N20 5S: C, 47.99; H, 5.37; N, 9.33; S, 10.65.
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Found: C, 47.94; H, 5.40; N, 9.46; S, 10.62.
2-(4-Carboethoxythiazol-2-yl)-5-benzoyloxymethylfuran (15) 

and 2-(4-Carboethoxythiazol-2-yl)-5-ethoxymethylfuran (16).
A solution of 2 (1.05 g, 4 mmol) and ethyl bromopyruvate (11,1.56 g, 
8 mmol) in ethanol (15 ml) was refluxed for 5 h. After evaporation of 
the solvent the residue was purified by preparative TLC using 1:9 
ethyl acetate-chloroform. The solid obtained from the slowest moving 
band was then rechromatographed in 1:2 ethyl acetate-petroleum 
ether. Elution of the major band afforded a solid material which was 
recrystallized from ethyl acetate-petroleum ether to give 0.30 g (27%) 
of 16: mp 69-71 °C; NMR (CDC13) r 1.94 (s, H-5 thiazole ring), 2.91 
(d, H-3 furan ring, J 34 = 4 Hz), 3.57 (d, H-4 furan ring, J 43 = 4 Hz),
5.53 (s, OCH,), 5.59 and 6.44 (2 q, 2 CH,CH,), 8.60 and 8.78 (2 t, 2 
CH2CH3).

Anal. Calcd for C^H^NChS: C, 55.51; H, 5.33; N, 4.98; S, 11.38. 
Found: C, 55.68; H, 5.30; N, 5.09; S, 11.25.

The next moving band from the initial chromatography yielded a 
compound which was further purified by preparative TLC using 1:2 
ethyl acetate-petroleum ether. The crystalline solid obtained, 15 (0.44 
g, 30%), had mp 99-101 °C (from ethyl acetate-petroleum ether); 
NMR (CDCI3) t 1.94 (s, H-5 thiazole ring), 2.91 (d, H-3 furan ring, J 3|4 
= 4 Hz), 3.42 (d, H-4 furan ring, J 4 3 = 4 Hz), 4.68 (s, OCH2), 5.60 (q, 
CH2CH;,), 8.61 (t, CH2CH3).

Anal. Calcd for C18Hi5N 05S: C, 60.50; H, 4.23; N, 3.92; S, 8.95. 
Found: C, 60.72; H, 4.29; N, 4.12; S, 9.14.

2-(4-Carboxamidothiazol-2-yl)-5-hydroxymethylfuran (17). 
Compound 15 (0.18 g, 0.5 mmol) was treated with a saturated solution 
of ammonia in methanol for 24 h. Evaporation c f the solvent left 
a residue which was crystallized from ethanol to give 0.09 g (80%) of 
17: mp 196-198 °C; uv Amax (ethanol) 231 nm (e 15 410), 315 (18 100); 
NMR (MeoSO-dfi-DcO) z 1.79 (s, H-5 thiazole ring), 2.87 (d, H-3 furan 
ring, J 34 = 4 Hz), 3.45 (d, H-4 furan ring, J 4 ! = 4 Hz). 5.49 (s, 
OCH,).'

Anal. Calcd for C9H«N20cS: C, 48.21; H, 3.59; N, 12.49; S, 14.26. 
Found: C, 48.41; H, 3.67; N, 12.40; S, 14.11.

2-(4-Carboxamidothiazol-2-yl)-5-ethoxymethylfuran (18). 
Treatment of 16 (0.14 g, 0.5 mmol) according to the procedure de
scribed for 17 afforded 0.07 g (58%) of 18 after crystallization from 
ethanol: mp 154-156 °C; uv Amax (ethanol) 231 nm (t 15 140), 313 
(18 100); NMR (Me2SO-de-D,0 ) r 1.78 (s, H-5 thiazole ring), 2.88 (d, 
H-3 furan ring, J 3i4 = 4 Hz), 3.36 (d, H-4 furan ring. J 43 = 4 Hz), 5.53 
(s, OCH2), 6.50 (q, CH,CH:i), 8.86 (t, CH2CH3).

Anal. Calcd for C „H 12N20 3S:C, 52.37; H.4.79; N, 11.10; S, 12.70. 
Found: C, 52.42; H, 4.54; N, 10.97; S, 12.98.

2.3- 0-Isopropylidene-;8-D-ribofuranosyl Cyanide (21). 
Treatment of 19 (4.71 g, 10 mmol) with methanolic ammonia at room 
temperature for 20 h yielded 20 which was used in the next step 
without further purification. Isopropylidination of 20 was carried out 
according to the procedure described for 14. Column chromatography 
of the crude reaction product (~3.7 g) on silica gel (80 g) using 1:2 ethyl 
acetate-petroleum ether as eluent afforded a solid material which was 
crystallized from ethyl acetate-petroleum ether to give 0.64 g (32% 
total vield) of 21: mp 63-65 °C; [a]25!) —35° (c 0.7, cnloroform); NMR 
(Me2S0-d6-D 20) x 4.96 (dd, H-2, J 2.i = 2, J 2,3 = 6 Hz), 5.10 (d, H-l, 
J ,,2 = 2 Hz), 5.22 (dd, H-3, Jvl = 6, j 3,4 = 1 Hz), 5.87 (m, H-4), 6.52 
(m, 2 H-5), 8.60 and 8.74 (2CH3, isopropylidene group).

Anal. Calcd for C9H1:!N 04: C, 54.27; H. 6.53; N, 7.08. Found: C, 
54.41; H, 6.78; N, 6.98.

2.3- 0-Isopropylidene-/3-D-ribofuranosylthiocarboxamide
(22). Hydrogen sulfide was bubbled into a solution of 21 (0.60 g, 3 
mmol) in ethanol (30 ml) containing triethylamine (0.10 g, 1 mmol) 
for 2 h. The solvent was evaporated and the residue was purified by 
preparative TLC using 1:1 ethyl acetate-petroleum ether. Elution 
of the uv absorbing band (254 nm) afforded 0.60 g (86%) of 22 as a 
yellow syrup that crystallized on standing: mp 96-97 °C (from ethyl 
acetate-petroleum ether); [a]2r,D -17° (c 1, chloroform); NMR 
(Me,SO-de-D,0) r 5.21 (dd, H-2, J 2.i = 4,-J2.3 = 6 Hz), 5.43 (dd, H-3, 
JV2 = 6 , 4 = 4 Hz), 5.50 (d, H-l, J, , = 4 Hz), 5.93 (m, H-4), 8.54 and
8.72 (2 CH:) isopropylidene group).

Anal. Calcd for CgHisNCLS: C, 46.34; H, 6.48; N, 6.00. Found: C, 
46.65; H, 6.49; N, 5.93.

2-(d-D -Ribofuranosyl)-4 ,5-dicarboethoxythiazole (23). A
solution of the thioamide 22 (0.47 g, 2 mmol) and ethyl oxalochlo-

roacetate (6, 0.89 g, 4 mmol) in ethanol (15 ml) was refluxed for 6 h. 
The solvent was removed and the residue purified by preparative TLC 
using a mixture of 9:1 chloroform-methanol. Elution of the major 
band afforded a material which was further chromatographed using 
ethyl acetate, to give 0.23 g (32%) of 23 as a homogeneous syrup: [a]25D 
—29° (c 0.5, chloroform); uv Amox (ethanol) 213 nm (« 13 890), 263 
(13 890); NMR (Me2S0-d6-D 20) r 5.06 (d, H -l', J r ,- = 5 Hz), 5.67 
and 5.76 (2 q, 2 CH2CH3), 8.70 and 8.73 (2 t, 2 CH2CH3).

Anal. Calcd for CuHiaNOsS: C, 46.53; H, 5.26; N, 3.87. Found: C, 
46.37; H, 5.60; N, 3.57.

2-(/3-D-Ribofuranosyl)thiazole-4,5-dicarboxamide (9).
Treatment of 23 (0.17 g, 0.47 mmol) with methanolic ammonia for 20 
h gave after recrystallization from ethanol 0.08 g (56%) of 9 identical 
in all respects with 9 prepared from 7.

Methyl 2,3-0-Isopropylidene-4-(2-aminothiazol-4-yl)-|8-D- 
ribo-tetrafuranoside (26). A mixture of methyl 6-deoxy-6-diazo-
2,3-0-isopropylidene-/3-D-ri6o-hexofuranosid-5-uloseH (24, 0.80 g,
3.30 mmol) anc thiourea (25, 0.76 g, 10 mmol) in ethanol (20 ml) was 
refluxed for 20 h, and then the solvent was evaporated. The residue 
was dissolved in chloroform and the unreacted thiourea removed by 
filtration. The filtrate was concentrated almost to dryness and the 
remaining residue was applied on preparative TLC plates which were 
developed with a mixture of 4:1 ethyl acetate-chloroform. Elution of 
the fastest moving band afforded 0.03 g of the starting diazo derivative 
24. The next band gave 0.28 g (32%) of 26 as a yellow syrup which was 
treated with a saturated ethanolic solution of picric acid. The picrate 
obtained was recrystallized from ethanol to yield 0.31 g of pure ma
terial with mp 167 °C.

Anal. Calcd for CitH jsNsOhS: C, 40.71; H, 3.79; N, 13.97. Found: 
C, 40.89; H. 3.57; N, 13.62.

The free nucleoside 26 was obtained by passing the picrate through 
a short column of neutral alumina using ethyl acetate as eluent. This 
procedure afforded 0.14 g (16% total yield) of 26 as an analytically pure 
syrup: [a ]2SD -31 ° (c 0.6, chloroform); NMR (CDCI3) x 3.65 (d, H-5 
thiazole ring, JhA- ~  1 Hz), 4.93 (t, H-4', J 4-3> ~  J 4-6 = 1 Hz), 4.94 (s, 
H -l'), 5.04 (dd, H-3', J 3',2- = 6, J;V,4- = 1 Hz), 5.41 (d, H-2', JT,3' = 6 
Hz), 6.65 (s, OCH3), 8.50 and 8.70 (2 CH3 isopropylidene group).

Anal. Calcd for C ilH,6N20 4S: C, 48.52; H, 5.92: N, 10.29. Found: 
C, 48.45; H. 6.08; N, 9.95.

Registry No.— 1, 57944-10-2; 2, 57944-12-4; 3, 78-95-5; 4a, 
57944-11-3: 4b, 60084-02-8; 5a, 60084-03-9; 5b, 60084-04-0; 6, 
34034-87-2; 7,60084-05-1; 8,60084-06-2; 9,60084-07-3; 10,60084-08-4; 
11, 70-23-5; 12, 60084-09-5; 13, 60084-10-8; 14, 60084-11-9; 15, 
60084-12-0; 16, 60084-13-1; 17, 60084-14-2; 18, 60084-15-3; 19, 
23316-67-8; 20, 26882-26-8; 21, 60084-16-4; 22, 60084-17-5; 23, 
60084-18-6; 24, 54622-96-7; 25, 62-56-6; 26, 60084-19-7; 26 picrate, 
60084-20-0.
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A new furanoeremophilane has been isolated and a derivative of it analyzed by x-ray crystallography. The two 
compounds are 10(3-hydroxy-6d-isobutyrylfuranoeremophilane (II) and 6/1,10/I-dihydroxyfuranoeremophilane
(III). Both have been shown to be hepatotoxins, LDr,oIP 400 and 113 mg/kg, respectively. Physical data are included 
in the publication with particular emphasis on NMR spectra correlation with x-ray structure. Compound III crys
tallized in a space group P2i2]2i with cell dimensions a = 21.322 (7) A, b = 7.593 (2) A, c = 8.387 (1) A, with Z = 4. 
Counter data were refined by full-matrix least squares to a residual of 4.7%.

Recently Bohlm ann2 reported that plants belonging to 
the genus E uryops, Senecio, and Othonna  (Senecioneae tribe) 
contain a variety o f furanoeremophilane compounds. Further, 
N a g a n o ,T a d a ,4 Ishii/’ and M oriyam ar’ have previously iso
lated a number o f furanoeremophilanes from Ligularia, a 
member o f the same tribe. In 1974, we reported7 that another 
member o f the Senecioneae tribe, T etra d ym ia  glabrata, 
contained the furanoeremophilenic com pound, I, which was 
subsequently shown to be one o f the hepatotoxic substances 
responsible for the death o f sheep feeding on the plant.

W e now wish to report the isolation and characterization 
o f a second hepatotoxic furanoeremophilenic com pound, II, 
from the same plant. Com pound III which is formed from the

OH

i  C H - Ï  
CH3 3r

c h 3

I R=H "Tetradymol"
II ROOC-CHMe-

III R=0H "aTetradymodiol1
reductive cleavage o f II is also reported. Its hepatotoxicity is 
greater than that o f  II and approximately equivalent to that 
o f  com pound I. Included in this report is the x-ray structure 
analysis o f compound III along with a discussion o f the N M R 
spectra.

Results

Isolation. New growth and flower buds were picked in June 
and kept chilled until extraction with hexane. From 13.6 kg 
o f wet plant which was ground and extracted in hexane, 6 g 
(0.04%) o f white, crystalline material (com pound II) was won 
via chromatography and sublimation. Since the toxin was 
lethal to both sheep and mice, the latter was used to monitor 
for toxin during the isolation steps. Similar hepatocellular 
damage resulted from ingestion o f  the toxins by both types 
o f animals.

Furanoeremophilanes reported earlier have been generally 
found in the roots o f  the plant while the compounds reported 
in this paper and earlier work7 were isolated from the new 
growth.

Except for the following data, a detailed discussion o f tox 
icity will be published elsewhere.

Compd LDS0or!‘l LDS0,P

I 275 94
II 375 400
III 113

Characterization of Compounds II and III. Com pound 
II, which was positive to the Ehrlich test, exists as a white 
solid, mp 100-100.5 °C , M + at m /e  320, has an [a ]26D —55.85 
±  0.35 (EtOH), and analyzed correctly for C i9H 2804. Its ir, uv, 
N M R, and M S spectra (cf. Experimental Section) indicated 
a tertiary hydroxyl, an ester, a gem -dim ethyl group, a 3- 
methvl substituted furan and both a secondary and a tertiary 
methyl group. Lithium aluminum hydride reduction o f II gave 
diol III and isobutyl alcohol in 77% yield. This diol was ana
lyzed by x-ray crystallography (Figure 1) and isobutyl alcohol 
was identified by G C /M S analysis. Esterification o f diol III 
with isobutyric anhydride produced ester II in 33% yield which 
was identical with the original ester in all physical and phys
iological properties. Tada4 reported the physical properties 
o f  diol III as melting at 122 °C  dec and [a ]D  +50°. In our 
laboratory it melted at 144-145 °C  and [« ]d +26.98 ±  0.15°.8 
Several attempts at reproducing T ada ’s reported rotation 
values have failed and always resulted in a value near 26°. 
Despite this difference in data, the structure shown in Figure 
1 is identical with the one described by Tada. In addition all 
our spectral data agreed with T ada’s results.

Discussion

Discussion of X-Ray Analysis. Results o f  the single 
crystal x-ray analysis o f  6 /?,1 0 /?-dihydroxyfuranoerem ophi- 
lane are shown as an ORTEP drawing in Figure 1. Bond dis
tances, bond angles, and torsion angles are given in Tables I, 
II, and III, respectively.

It is readily apparent from Figure 1 that diol III has the 
necessary cis relationships at positions C-4, C-5, and C-10 to 
place it in the eremophilane class.

Discussion of NMR Spectra. T he nuclear magnetic res
onance spectra for furanoeremophilane com pounds having 
the three rings in an “ anthranoid”  arrangement7 are charac
terized by a spectrum having distinctive resonances for furan 
methyl group near 1.9 ppm  (d), a tertiary methyl group near
1 . 1  (s), and a secondary methyl group having virtual coupling 
and thus appearing as a filled-in doublet near 0.70. Also a se
ries o f peaks appear between 2.0 and 4.0 which are the protons 
at positions C -6  and C-9. In our first paper7 dealing with these 
compounds, we identified these peaks for com pound I as two 
overlapping AB quartets with the upfield quartet resonances 
due to protons at C - 6  having the smaller coupling constant ~9 
Hz. The downfield quartet resonances due to protons at C-9 
have a larger coupling constant =16 -17  H z .9

Factors contributing to the different environments for the 
«  and d protons for positions 6  and 9 include (a) a fairly planar 
central ring, (b) rigidity o f  the central ring, and (c) the 0  hy
droxyl group at C - 1 0 . These ideas are further verified by the 
N M R  spectra reported for com pounds II and III (Table IV). 
Since these two com pounds have an oxygen functionality at
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Table I. Bond Distances in Angstroms with Standard 
Deviations in Parentheses

C (l)-C (2) 1.528 (7) C(8)-C(9) 1.465 (5)
c ( i ) - c d o ) 1.524 (6 ) C (8 )—0(1) 1.370 (4)
C (l)-H (la ) 0.86 (3) C(9)-C(10) 1.569 (5)
c d ) -H ( id ) 1.04 (3) C (9)-H (9a) 1.06 (3)
C(2)-C(3) 1.523 (7) C(9)-H(9d) 0.97 (3)
C(2)-H(2or) 1.05 (4) C (1 0 )-O (2 ) 1.454 (5)
C(2)-H(2/3) 0.96 (4) C ( l l ) -C ( 1 2 ) 1.350 (6 )
C(3)-C(4) 1.529 (6 ) C (ll)-C (1 3 ) 1.468 (6 )
C(3)-H(3cr) 0.96 (4) C(12)—0(1 ) 1.376 (5)
C(3)-H(3/3) 1.04 (3) C (1 2 ) -H ( 1 2 ) 1.02 (3)
C(4)-C(5) 1.567 (5) C(13)-H(13a) 1.05 (4)
C(4)-C(14) 1.523 (6 ) C(13)-H(13b) 1.33 (4)
C(4)-H (4) 1.09 (3) C(13)-H(13c) 0.77 (4)
C(5)-C(6) 1.560 (5) C(14)-H(14a) 1.03 (4)
C(5)-C(10) 1.556 (5) C(14)-H(14b) 1.02 (4)
C(5)-C(15) 1.543 (5) C(14)-H(14c) 0.94 (4)
C(6)-C(7) 1.495 (5) C(15)-H(15a) 1.00 (3)
C(6 )—0(3) 1.458 (4) C(15)-H(15b) 0.91 (4)
C(6 )-H (6 ) 0.98 (3) C(15)-H(15c) 0.95 (3)
C(7)-C(8) 1.331 (5) 0 (2 )-H (0 -2 ) 0.87 (3)
C (7 )-C (ll) 1.439 (5) 0 (3 )-H (0 -3 ) 0.82 (3)

position C-6 , there is only one AB quartet in the spectrum 
resulting from the a  and d protons at C-9. In these examples 
the coupling constant is between 15 and 22 Hz. However, in 
the absence o f  an oxygen function at C-10, such a simplistic 
analysis fails.2
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Figure 1. O R T E P  drawing of tetradymodiol. Thermal ellipsoids have 
been scaled to include 50% probability; hydrogen atoms have been 
assigned an isotropic temperature factor of 1.0 for clarity.

Experimental Section
Infrared spectra were obtained using either a Beckman IR-4 or a 

Beckman IR-20 Nuclear magnetic resonance spectra were obtained 
on A-60, T-60, or HA-100 Varian spectrometers. Ultraviolet spectra 
were obtained on a Cary Model 14 and the mass spectra were collected 
from a Varian MAT CH-5 interfaced with a Varian Aerograph series 
1700 gas-liquid chromatograph. Optical rotations were determined 
using a Bendix automatic polarimeter Model 1169.

Table II. Bond Angles in Degrees with Standard Deviations in Parentheses

C (2)-C (l)-C (10) 112.1 (4) C (9 )-C (8 )-0  1) 120.4 (3)
C (2 )-C (l)-H (la ) 1 1 2  (2 ) C(8)-C(9)-C<10) 111.0 (3)
C (2)-C (l)-H (l/3 ) 108 (2 ) C (8)-C (9)-H ;9a) 108 (2 )
C ( io )-C d )-H d a ) 108 (2 ) C (8)-C (9)-H  [9ß) 119 (2)
C (10)-C (l)-H (l/3 ) 1 1 1 (2 ) C (10)-C(9)-H (9a) 117 (2)
H d a )-C d )-H (l(S ) 104 (3) C(10)-C(9)-H (9d) 1 0 2  (2 )
C (l)-C (2)-C (3 ) 112.1 (4) H (9a)-C(9)-H (9d) 100 (3)
C (l)-C (2)-H (2a ) 117 (2) C (l)-C (10 )-C (5) 112.0 (3)
C(l)-C(2)-H (2/S) 109 (2) C (l)-C (10 )-C (9) 109.4 (3)
C (3)-C(2)-H (2a) 98 (2) C (l)-C (10)-O (2) 106.6 (3)
C(3)-C(2)-H (2d) 113 (2) C(5)-C(10)-C(9) 112.9 (3)
H(2a)-C(2)-H(2/3) 107 (3) C(5)-C(10)-C)(2) 110.0 (3)
C(2)-C(3)-C (4) 113.7 (4) C(9)-C(10)-O(2) 105.7 (3)
C(2)-C (3)-H (3a) 114 (2) C (7 )-C (ll)-C (12 ) 104.6 (3)
C(2)-C(3)-H (3d) 117 (2) C (7)-C (l 1)-C(13) 128.5 (4)
C(4)-C (3)-H (3a) 1 0 1  (2 ) C (12 )-C (ll)-C (13 ) 127.0 (4)
C(4)-C(3)-H(3/3) 1 1 1 (2 ) C (ll)-C (1 2 )-0 (1 ) 111.9 (4)
H (3a)-C(3)-H (3d) 99 (3) C (ll)-C (12 )-H (12 ) 129 (2)
C (3)-C(4)-C (5) 111.1 13) 0(1)-C (12)-H (12) 119 (2)
C(3)-C(4)-C(14) 109.1 (3) C (ll)-C (13 )-H (13a) 115 (2)
C (3)-C(4)-H (4) 105 (21 C (ll)-C (13 )-H (13b) 126 (2 )
C(5)-C(4)-C(14) 113.5(3) C (ll)-C (13 )-H (13c) 116 (3)
C(5)-C (4)-H (4) 113 (2) H (13a)-C(13:-H(13b) 105 (3)
C(14)-C(4)-H (4) 105 (2) H(13a)-C(13 -H (13c) 103 (3)
C(4)-C(5)-C (6) 110.5(3) H (13b)-C(13i-H (13c) 87 (3)
C(4)-C(5)-C(10) 108.0 ( 3) C(4)-C(14)-H(14a) 1 2 0  (2 )
C(4)-C(5)-C(15) 110.1 (3) C(4)-C(14)-H (14b) 1 1 2  (2 )
C(6)-C(5)-C(10) 110.3 (3) C(4)-C(14)-H (14c) 113 (2)
C(6)-C(5)-C(15) 107.4 (3) H(14a)-C(14 -H (14b) 100 (3)
C(10)-C(5)-C(15) 110.6 (3) H(14a)-C(14 -H (14c) 102 (3)
C (5)-C(6)-C (7) 111.9 (3) H (14b)-C(14i-H (14c) 109 (3)
C (5 )-C (6)-0 (3) 110.7 (3) C(5)-C(15)-H(15a) 113(2)
C (5)-C(6)-H (6) 105 (2) C(5)-C(15)-H (15b) 113 (2)
C (7 )-C (6)-0 (3 ) 105.4 (3) C(5)-C(15)-H (15c) 113 (2)
C (7)-C(6)-H (6) 116 (2 ) H(15a)-C(15 —H( 15b) 96 (3)
0(3 )-C (6)-H (6) 108 (2 ) H(15a)-C(15 -H (15c) 104 (3)
C(6)-C(7)-C(8) 121.0 (3) H (15b)-C(15l-H (15c) 116 (3)
C (6 )-C (7 )-C (ll) 131.2 ( 3) C (8 )-0 (1 )-C tl2 ) 105.0 (3)
C (8 )-C (7 )-C (ll) 107.5 (3) C(10)-O(2)-H (O-2) 1 1 2 (2 )
C (7)-C(8)-C (9) 128.6 (3) C (6 )-0 (3 )-H :0 -3 ) 114 (2)
C (7 )-C (8 )-0 (l) 111.0(3)
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Table III. Torsion Angles in Degrees

C (l)-C (2)-C (3 )-C (4) -50 .7
C(2)-C (3)-C (4)-C (5) 54.2
C(3)-C(4)-C (5)-C(10) -56 .3
C (4 )-C (5)-C (10)-C (l) 58.2
C (5)-C (10)-C (l)-C (2) -56 .5
C (10)-C (l)-C (2)-C (3 ) 51.2
C(5)-C (6)-C (7)-C (8) 25.4
C(6)-C (7)-C (8)-C (9) -7 .2
C(7)-C(8)-C (9)-C(10) 12.1
C(8)-C(9)-C (10)-C (5) -35 .9
C(9)-C(10)-C(5)-C (6) 55.0
C(10)-C(5)-C(6)-C (7) -48 .4
C (7 )-C (ll)-C (1 2 )-0 (1 ) -0 .9
C (ll)-C (1 2 )-0 (1 )-C (8 ) 0.5
C (1 2 )-0 (l)-C (8 )-C (7 ) 0.0
0(1 )-C (8)-C (7)-C (11) - 0.6
C (8 )-C (7 )-C (ll)-C (12 ) 0.8
C(3)-C (4)-C (5)-C (6) -177.1
C(4)-C (5)-C (6)-C (7) 70.9
C (8)-C (9)-C (10)-C (l) -161.3
C (9)-C (10)-C (l)-C (2) 69.4
C(4)-C(5)-C (10)-C (9) -65 .8
C (l)-C (10 )-C (5)-C (6 ) 179.0
C (5 )-C (6 )-C (7 )-C (ll) -160.8
C (6 )-C (7 )-C (ll)-C (12 ) -173.5
O (2)-C(10)-C(6)-O(3) 4.4

Isolation of II. Fourteen kilograms of frozen plant, which had been 
harvested approximately 20 miles south of Park Valley, Utah, was 
ground and extracted with 5 gal of hexane in a stainless steel cone. 
This procedure was carried out in a cold room at 5 °C to minimize 
decomposition. Solvent of the liquid extract was removed under 
vacuum and the semisolid material chromatographed on silica el re
sulting in only a crude separation of toxic constituents from other 
components.

The silica gel column of 4 ft X 4 in. was packed with 1500 g, charged 
with 75 g of crude extract and eluted with the solvent series hexane, 
diethyl ether, and methanol. Toxic compounds were eluted between 
22% and 55% diethyl ether-hexane fractions.

Further purification was achieved using a 100-g alumina column 
which had been slurried and poured with a solvent containing 3% 
methanol in diethyl ether. Once settled, it was back eluted to hexane 
and charged with 1 g of crude material from the silica gel column. In 
the elution series hexane, diethyl ether, and methanol, compound II 
was eluted between 25% and 50% ether in hexane. At the end of the 
50% ether fraction, another compound which as yet is unidentified 
is also found. Compound I and the above unknown are found in the 
100% ether fraction.

Thin Layer Chromatography Results. Using prepoured 
Baker-flex silica gel IB plates and solvent systems indicated, the 
following Rf values were obtained.

Compd Rf

I“ 0.28 6
II 0.53h
III 0.50“

“ Sulfuric dichromate. Ehrlich’s reagent, and vanillin-sulfuric 
acid sprays were used for development. h Solvent system hex
ane-diethyl ether (1:1). c Solvent system hexane-diethyl ether- 
methanol (50:100:4).

Physical Data for 6/3-Isobutyryl-10/3-hydroxyfuranoeremo- 
philane (II). The white crystals won from the wet plant by extraction, 
chromatography on silica gel and alumina, and sublimation melted 
at 100-100.5 °C, [a ]Me0HD -56.11 ±  0.35°, Amax 2150 A (log t 3.80). 
Anal. Calcd for CI9H ,80 4: C, 71.22; H, 8.81. Found: C, 71.15; H, 8.61. 
Ir (CCI4) 3590 and 1740 cm-1; mass spectrum m/e 320,232,124 (base 
peak), and 71. LD-,ornlce oral was 350-400 mg/kg.

Preparation of B/3,10|S-Dihydroxyfuranoeremophilane (III). 
A. Saponification of II. A solution of 100 ml of hexane, 1.32 g of II,
6.3 g of KOH, and 25 ml of H20  was refluxed (60 °C) for 8 h. Separa
tion and cooling the hexane portion gave crystals of diol III in 42% 
yield. These white crystals melted at 142-143 °C; [«]-r,D +26.98 ±

C (12 )-0 (l)-C (8 )-C (9 ) -178.4
O (l)-C (8)-C (9)-C (10) -169.8
C (6 )-C (7 )-C (8 )-0 (l) 174.5
C (9 )-C (8 )-C (7 )-C (ll) 177.7
C (1 3 )-C (ll)-C (7 )-C (6 ) 6.9
C (1 3 )-C (ll)-C (7 )-C (8 ) -178.8
C (1 3 )-C (ll)-C (1 2 )-0 (1 ) 178.8
C(14)-C (4)-C (5)-C (6) 59.6
C(14)-C(4)-C(5)-C (10) -179.7
C(14)-C (4)-C (3)-C (2) -179.9
C(15)-C (5)-C (6)-C (7) -169.0
C(15)-C(5)-C(10)-C(9) 173.7
C (15)-C (5)-C (10)-C (l) -62.3
C(15)-C (5)-C (4)-C (3) 64.5
O (2)-C (10)-C (l)-C (2) -176.8
O(2)-C(10)-C(5)~C(4) 176.5
O (2)-C (10)-C (5)-C (6) -62 .7
O (2)-C (10)-C(9)-C(8) 84.4
0 (3 )-C (6 )-C (7 )-C (ll) 78.9
0 (3 )-C (6)-C (7)-C (8 ) -94 .9
O (3)-C (6)-C(5)-C(10) 68.7
0(3 )-C (6)-C (5)-C (4 ) -171.9
C(14)-C(4)-C(5)-C (15) -58 .9
C(15)-C(5)-C(10)-O(2) 56.0
C (15)-C (5)-C (6)-0 (3) -51 .9
C (14)-C (4 )-C (6)-0 (3) -114.4

Table IV. NMR Data“

I (CDCI3) II (CDCI3) III (C6D6)

C-4 Me 0.80 d d (7) b 0.95 d d (7) 1.04 d (6)
C-5 0.95 s 1.05 s 1.08 s
C -l l  Me 1.88 d (1) 1.85 d ( l ) 1.90 d (1)
C-6 H 2.2

2.4 q (9)c
3.2 s 4.37 d (6)

C-9H 2.1 2.75 2.35
3.0 q (17)c 3.06 q (17)c 2.84 q (17.8)

C-12H 
i -Bu Me

¡-B u H

7.04 s 6.98 s 
1.07 (7) 
1.3 (7) 
2.45 m (7)

6.97 s

“ All data are reported in parts per million. 6 Coupling constant 
in hertz. c Major peaks of quartet. d Actually an A3B splitting 
pattern.

0.15° (EtOH); uv Amax 2160 A (log e 3.79). Anal. Calcd for CisH-^Oa: 
C, 71.87; H, 8.86. Found: C, 71.7; H, 8.8. Ir (KBr) 3350 (broad), 1650, 
and 1570 cm-1; mass spectrum m/e 250, 231, and 124 (base peak).

The isobutyric acid garnered from the acidified water layer of the 
saponification by hexane extraction was proved identical with a 
known sample by mass spectrometry.

B. LiAlIL Reduction of II. Using 3 mmol of LiAlH ( and 0.96 g of 
II in a standard reduction gave 0.580 g of diol III (77% yield) which 
was identical with III prepared by saponification. The isobutyl alcohol 
of the reaction was identified by GC-MS.

Preparation of II. A mixture of 250 mg of diol III, 7 ml of iso- 
butyric anhydride, and 10 ml of anhydrous pyridine was placed in a 
stoppered flask at room temperature for 24 h. Extraction of the 
mixture with hexane which was subsequently washed with dilute HC1, 
dilute NaaCOn, and cold FLO, dried, and evaporated gave a 33% yield 
of II after sublimation. Synthetic II was identical with original II ac
cording to its NMR, ir, uv, MS, mixture melting point, and elemental 
analysis.

Crystallographic Data Collection and Structure Analysis.
Preliminary x-ray photographs of a crystal of diol III indicated the 
orthorhombic space group P 2]2i2i with systematic absences of hOO, 
h ^  2n; OkO, k ^  2n; and 00/, / ^  2n. Unit cell dimensions, refined 
by least squares from 16 independent 20 values obtained with a G.E. 
XRD-490 diffractometer, are given in Table V. The crystal used was 
rnounted along the b axisjmd bounded by {0*1-0!, (1*0*0), (4-0-1), (8-0-1), 
(2-0-1), (2-0-1), and (2-0-1); its approximate dimensions were 0.21 X 
1.44 X 0.39 mm measured parallel to the a, b, and c axes, respectively. 
Ni filtered Cu K « radiation and a scintillation counter detector were
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T able V. Crystal Data for  C 15H22O3

a = 21.322 (7) a = 0 = y  = 90°
b = 7.593 (2) 
c = 8.387 (1)
Space group P2i2i2[ Z =  4
Pc = 1.217 gem - 3 pmeas = 1.203 g cm“ :i

m(Cu Ka) = 6.76 cm“ 1

employed to collect intensity data out to a 26 of 120° using automatic
6-26 step scans. Of a total 1204 reflections scanned, 1053 were con
sidered observed by the criteria /  > 3a(I) and were included in 
structure refinement. Lorentz and polarization factors were applied 
in the normal manner,10 and the data were corrected for absorption 
by the method of Tompa.11 Weights were calculated by the method 
of Stout and Jensen:12 w(F) = {(K/4Lp I){a2{I) + (0.03/)'-)]— 1. 
Scattering factors used were as follows: for nonhydrogen atoms from 
Cromer and Mann;1:! and for hydrogen from Stewart, Davidson, and 
Simpson.14

The structure was solved by direct methods using the program 
MULTAN.10 Positions of all nonhydrogen atoms were refined, first 
isotropically, then anisotropicaliy, by full-matrix least squares min
imizing ZwAF2, and all hydrogen atoms were located from a subse
quent difference Fourier map. Further refinement of positional pa
rameters for all atoms and anisotropic temperature factors for the 
nonhydrogen atoms resulted in a final R factor of 4.7% (R = 2| |F„| 
-  |FC| |/2 |F„|). The R factor for all data, including unobserved re
flections, was 5.7%; the weighted Rw (R„ = [2icAF2]1/2/[S;cF„2]P2) 
was 5.9%: and the largest shift divided by the standard deviation was 
0.27 at the end of refinement. A &{R) normal probability plot10 was 
calculated and was essentially linear with a slope of 2.11 and an in
tercept of 0.14. A final difference Fourier showed no peaks greater 
than ± 0.2 eA-3. Absolute configuration could not be determined from 
the data.
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Coupling of 2,5-dimethylene-2,5-dihydrofuran with the p-xylylene derivative (16b) prepared from 10-bromo- 
methyl-13-methyl[8]paracyclophane (8b) yielded the benzene-furan “ hybrid” [2.2]paracyclophane (18b) whose 
furan moiety was converted to a tetramethylene chain affording [8][8]paracyclophane (3b). The same sequence of 
reactions applied to 12-bromomethyl-15-methyl[10]paracyclophane (8a) furnished [8][10]paracyclophane (3a). 
The uv and NMR spectra of these [n][n]- and [m][n]paracyclophanes reveal their unusually twisted benzene 
rings.

Preparations o f  the optically active triple- and quadru
ple-layered [2 .2 ]paracyclophanes 1 and 2 with known absolute 
configurations have been reported from our laboratory;2 these 
com pounds have D 2 symmetry and are gyrochiral.3 While 
substitution o f both the outer benzene nuclei o f  1  with equiv
alent polymethylene chains leads to 3b with D 2 symmetry, 
substitution with different polymethylene chains gives 3a with 
C> symmetry. Although the names o f [n ][n ]-an d  [m ][n]- 
paracyclophanes were proposed by Sm ith4 for these types o f 
com pounds, none o f them have yet been prepared. By analy
sis5 o f the uv spectra o f [rcjparacyclophanes 4 with short para

Chart I

a m=8 n=10
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bridges, Allinger has suggested that the benzene nuclei exist 
in a highly strained boat form (C 2v symmetry). [m][n]Para- 
cyclophanes (3) with short polymethylene bridges are ac
cordingly expected to possess benzene nuclei with twist-boat 
conform ations (Do symmetry, m  =  n; Co symmetry, m  ^  n). 
This contribution is concerned with the syntheses o f  [8 ] [8 ] - 
and [8][10]paracyclophanes (3b, 3a).

Results and Discussion

Our general approach (see Scheme III) to [8 ] [8 ]- and
[8 ][1 0 ]paracyclophanes, 3b and 3a, involved coupling o f the 
para-bridged p-xylylene derivatives 16a and 16b with 2,5- 
dim ethylene-2,5-dihydrofuran6 to furnish respectively the 
benzene-furan “ hybrid”  [2 .2 ]paracyclophanes 18a and 18b 
whose furan moieties were transformed to give octamethylene 
bridges.

Preparations of 10-Bromomethyl-13-methyl[8]para- 
cyclophane (8b) and 12-Bromomethyl-15-methyl[10]- 
paracyclophane (8a). Schemes I and II summarize the

S ch e m e  I
OH 0

_b n= 8

a X=Y= H
j i  X=H, Y=C0(CH2 >3C02Me 
C X=H. Y=(CH2 )AC02H 
7  X=H, Y = (CH2 k,C02Me 
T  X=C0(CH2 )3 C02 Me, Y=(CH2 )AC02Me 
7 X=Y = (CH2 )/,C02H 
g X=Y=(CH2 )AC02Me

S ch e m e  I I

]2  o n = IO  13 a n = 10 14 a. n *  10
£  n =  8  ^  £ n =  8  ^  n  = 8

synthetic sequences to 10-bromom ethyl-13-methyl[8]para- 
cyclophane (8b) and 12-bromom ethyl-15-methyl[10]para- 
cyclophane (8a), the precursors o f p-xylylenes 16b and 16a.

Friedel-Crafts acylation o f p-xylene (5a) with y-carbo- 
methoxybutyryl chloride followed by the W olff-K ishner 
reduction led to formation o f the acid 5c, which was then 
converted to the methyl ester 5d. After the second y-carbo- 
m ethoxybutyl group was introduced to the methyl ester 5d, 
the resulting keto ester 5e was converted to the dimethyl ester 
5g by the W olff-K ishner reduction followed by esterification. 
The dimethyl ester 5g was submitted to acyloin condensation 
under high-dilution conditions to give the para-bridged acy
loin 6 (64% yield) which afforded 12,15-dimethyl[10]paracy- 
clophane (7) after Clemmensen reduction. Bromination o f  7 
in carbon tetrachloride at room temperature gave a 45% yield 
o f  the bromide 8a.

The preparation o f the bromide 8b was first attem pted by 
bromination o f 10,13-dimethyl[8]paracyclophane (lib) whose 
synthesis was carried out by Cram’s m ethod6 applied on du- 
ryltrimethylammonium brom ide 9 .7 “ H ybrid”  coupling be

tween 2,5-dimethylene-3,5-dihydrofuran and the p-xylylene 
derivative prepared from the quaternary ammonium salt 9 
gave a 2 1 % yield o f  the benzene-furan “ hybrid”  [2 .2 ]- 
paracyclophane 10. Although the desired 10,13-dimethyl[8]- 
paracyclophane (lib) was accessible in a 70% yield from  the 
“ hybrid”  [2 .2 ]paracyclophane 10, via the diketone 11a, no 
clean-cut monobromination product was obtained on the d i
rect bromination o f lib . W e divert attention from  this fruit
less approach to the second one which starts from [8 ]paracy- 
clophane (12b).6 Heating o f [8 ]paracyclophane (12b) with 
paraformaldehyde in 47% hydrobrom ic acid-acetic acid so 
lution8 led to formation o f the brom om ethyl product 13b, 
which was treated with lithium aluminum hydride to afford 
1 0 -methyl[8 ]paracyclophane (14b) in 55% yield based on 12b. 
The second bromom ethylation o f the 1 0 -methyl derivative 
14b gave the desired bromomethyl com pound 8b (74% yield). 
Conversion o f 8b with lithium aluminum hydride to 10,13- 
dim ethyl[8 ]paracyclophane (lib) confirm ed the para rela
tionship o f the newly introduced brom om ethyl group to  the 
original methyl group. The sequence o f steps designed to lead 
from 1 2 b to 8b was applied to [1 0 ]paracyclophane(1 2 a )9 a f
fording 12-bromomethyl-15-methyl[10]paracyclophane (8a) 
in 55% yield based on 12a.

[8][8]Paracyclophane (3b). An equim olecular mixture 
o f  5-m ethylfurfuryltrimethylammonium iodide and the 
quaternary ammonium bromide 15c obtained from  the [8 ] 
para-bridged bromide 8b was treated with silver oxide to 
furnish a mixture o f  the two H ofm ann’s bases which was py- 
rolyzed by refluxing in toluene. Chromatography o f the cou 
pling product yielded (in the order o f  elution) ( 1 ) the doubly 
|8 ]para-bridged [2.2]paracyclophane10 (19b) (3%), (2) the 
benzene-furan “ hybrid”  [2.2]paracyclophane (18b) (8%), (3)
[2.2]furanophane12 (17) (12%). Since the furan-benzene 
“ hybrid”  [2 .2 ]paracyclophane (18b) was found to be unstable, 
it was hydrolyzed with 1 0 % sulfuric acid in acetic acid without 
further purification to afford the diketone 20c. Treatm ent 
with ethanedithiol-boron trifluoride converted the diketone 
20c into the bisthioketal 20d which was refluxed in ethyl ac
etate solution with Raney nickel to yield [8 ][8 ]paracyclophane 
(3b) (in 63% yield from the diketone 20c).

S ch e m e  I I I

8 a n = 10 
b n= 8 Ch^NtMe^X

15 a n=10, X=Br 
b_n=10, X=OH 
c_ n -  8 , X=Br 
d n= 8 , X=OH

l
16 a n=10 

"b n= 8

2 0  5  n=10, X=0
Jb n=10. X = SCH2 CH2 S 
c. n= 8  . X=0 
d n= 8 , X=SCH2 CH2S
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Table I. Ultraviolet Absorption Data in Isooctane

Compd ^maxj nm (log e)

3a 240 (3.81) 280 (2.51) 289sh (2.41)
3b 255 (3.80) 291sh (2.54)
lib 234 (3.85) 283 (2.56) 288,h (2.53)
19a 233 (4.23) 241 (4.19) 295sh (2.57) 318,h (2.20)
19b 236 (4.17) 251 (4.12) 306,h (2.68)

4,7,12,15-Tetramethyl- 226 (4.26) 250sh (3.57) 308sh (2.10)
[2 .2 ]paracyclophane

[8][10]Paracyclophane (3a). Coupling o f the [10]para- 
bridged xylylene derivative 16a with 2,5-dimethylene-2,5- 
dihydrofuran led to a mixture o f  reaction products which was 
submitted to chromatography to yield (in the order o f  elution)
(1) the doubly [10]para-bridged [2.2jparacyclophane (19a) 
( 1 2 %), (2 ) the benzene-furan “ hybrid”  [2 .2 ]paracyclophane 
(18a) (11%), (3) [2.2]furanophane (17) (8%). Hydrolysis fo l
lowed by bisthioketalization and desulfurization with Raney 
nickel converted the benzene-furan “ hybrid”  coupling 
product 18a into [8][10]paracyclophane 3a in 49% yield from 
18a.

Uv Spectra. The uv spectra o f  [8 ][8 ]- and [8][10]paracy- 
clophanes are reproduced in Figure 1 and summarized in

octane.

Table I. Allinger analyzed5 the uv spectra o f [«[paracyclo- 
phanes (4) to indicate that the benzene ring o f  [8 ]paracyclo- 
phane (4, n =  8 ) is puckered, the carbon atoms o f the benzene 
ring bearing the methylene bridge being bent out o f the plane 
o f the other four carbon atoms, the angle o f  distortion 
amounting to about 20°. Should this distortion apply to
[8 ] [8 ]paracyclophane (3b), the benzene ring must be deformed 
to a twist-boat conformation (D 2 symmetry) which is revealed 
in its rather unusual uv absorption. Com pared with the uv 
spectrum o f the open chain model compound l i b ,  the maxima 
tend to move toward longer wavelengths and lower intensities. 
The similar trends with lesser degree are also evident in the 
uv spectrum o f [8][10]paracyclophane (3a). Figure 2 records 
the uv spectra o f the doubly para-bridged [2 .2 ]paracyclo- 
phanes 19a and 19b as well as 4,7,12,15-tetramethyl[2.2[- 
paracyclophane .7 Here also the [8 ] para-bridged com pounds

Figure 2. Uv spectra of 19a (---------- ), 19b (-------), and 4,7,12,15-
tetramethyl[2 .2 ]paracyclophane (— ) in isooctane.

exhibit marked bathochrom ic shifts with lowering intensi
ties.

NMR Spectra. Table II summarizes the NMR data o f the 
doubly para-bridged [2.2]paracyclophanes (19) and those o f
[8 ]- and [lOjparacyclophanes as reference com pounds. A l
though general feature o f  the spectrum o f  [8 ][8 ]paracyclo- 
phane are close to that o f  [8 ]paracyclophane, the high-field 
band due to the heavily shielded four methylene protons o f
[8 ] [8 ] paracyclophane appears to move toward slightly higher 
field.

Chemical Topology. It is pertinent to note here some 
considerations important to  chem ical topology inherent to 
these [n][n]- and [m ] [n|paracye 1 ophanes. Inspection o f the 
molecular models o f  [8 ] [8 ]- and [8 ] [lOjparacyclophanes reveals 
that their polymethylene bridges should be on the opposite 
sides o f  the central benzene ring, and this is supported by the 
observation that they were unable to form  a molecular com 
plex with tetracyanoethylene. However, when the poly
methylene chains becom e long enough, we can expect to have 
anti (D 2 symmetry) 2 1  and syn (C 2 symmetry) 2 2  geometrical 
isomers for [n][n[paracyclophane, and one anti (C / symmetry) 
23 and two syn forms (C i symmetry) 24, 25 for [m][n]para- 
cyclophane depending upon which chain comes nearer to the 
benzene ring (Chart II).

Experimental Section

Melting points and boiling points are uncorrected. Infrared spectral 
data were obtained from a Hitachi EPI-S2 spectrophotometer. Nu
clear magnetic resonance spectra were obtained from a JNM-MH-100 
spectrometer. Ultraviolet spectra were recorded on a Hitachi EPS-3T
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Table II. 100-MHz 'H NMR Data in CC14 (r)

C om pd
Arom atic
protons

Benzylic
protons

3a 3.26 (2 H) 6.77-7.23 (4 H) 
7.87-7.91 (4 H)

3b 3.22 (2 H) 6.70-7.11 (4 H) 
7.37-7.85 (4 H)

7 3.23 (2 H) 7.02-7.29 (2 H) 
7.46-7.87 ( 2  H)

lib 3.27 (2 H) 6.86-7.15 (2 H) 
7.48-8.04 (2 H)

19a 3.95 (4 H) 6 .61- 6.83 (4 H) 
6.93-7.48 ( 8  H)
7 .62- 7.94 (4 H)

19b 3.85 (4 H) 6.55-6.90 (4 H) 
6.90-7.29 ( 8  H) 
7.76-8.10 (4 H)

M ethyl M ethylene
protons protons

7.76 ( 6  H)

8.09-8.74 ( 8  H) 
8.74-9.14 ( 8  H)
9 .14- 9.84 (10 H) 
9.84-10.42 (2 H) 
8.18-9.04 (14 H)
9 .15- 9.75 ( 6  H) 
9.83-10.52 (4 H) 
8.40-8.64 (4 H)

7.75 ( 6  H)

8.79-9.12 (4 H) 
9.18-9.72 ( 8  H) 
8.20-9.00 ( 6  H)
9.10-9.65 (4 H) 
10.02-10.44 (2 H ) 
8.48-8.84 ( 8  H) 
8.95-9.27 ( 8  H )
9 .35- 9.92 (16 H)
8 .35- 9.29 (12 H)
9 .3 5 - 10.10 ( 8  H) 
10.22-10.94 (4 H )

Chart II
(nj [n] P aracyc lopane

anti (D2) syn(c2)
21 22

[m][n] P aracyclopane

a n t i (C2) s y n H C i)  s y n 2 (C t)  

23 24 25

spectrometer. Mass spectral data were measured on a Hitachi RMS-4 
spectrometer. Elemental analyses were determined by Yanagimoto 
CHN-Corder type II.

Methyl 7-(2,5-Dimethylbenzoyl)butyrate (5b). A mixture of 
p-xylene (5a, 54 g, 0.51 mol), y-carbomethoxybutyryl chloride (83 g,
0.51 mol), and s-tetrachloroethane (300 ml) was cooled to —10 °C. 
Anhydrous aluminum chloride (200 g, 1.5 mol) was added to the 
stirred mixture in six portions during 2  h, and the reaction mixture 
was stirred for 3 h at 0 °C. The resulting dark solution was poured over 
ice, and the separted organic phase was washed with 2 N hydrochloric 
acid, water, 3% sodium bicarbonate solution, and again water, and 
then cried. After evaporation of the solvent, the residual oil was dis
tilled to give 5b (87 g, 73%), bp 177-179 °C (4 mm), n IHD 1.5201.

Methyl S-(2,5-DimethylphenyI) valerate (5d). A mixture of 5b 
(76  g, 0.327 mol), 80%  hydrazine hydrate (100 g, 1.6 mol), potassium 
hydroxide (106 g, 1.9 mol), and triethylene glycol (300 ml) was heated 
at 140 °C, and then water and excess hydrazine hydrate was allowed 
to distill until the temperature reached 200 °C. The reaction mixture 
was heated for 10 h at 2 0 0 -2 1 0  °C, and cooled, and then diluted with 
water (500 ml). The aqueous solution was neutralized with concen
trated hydrochloric acid and the resulting precipitate was extracted 
with chloroform. The chloroform solution was washed with water, 
dried, and then evaporated. The crude acid (5c) was esterified by 
heating for 3 h in methanol (300 ml) containing concentrated sulfuric 
acid (15  g), and the reaction mixture was poured into cold water and 
then extracted with ether. The ether solution was washed with water, 
5% sodium bicarbonate solution, and again with water, and then dried. 
After removal of the solvent, distillation of the residue gave 5d (63 g, 
87 .6% ), bp 1 4 8 -1 4 9  °C (6 mm), ra17D 1.5043.

Methyl y-4-(w-Carbom ethoxybutyl)-2,5-dim ethylben- 
zoylbutyrate (5e). Friedel-Crafts acylation of 5d was carried out by 
the same method described for the preparation o f 5b, utilizing 5d (63 
g, 0.286 mol), y-carbomethoxybutyryl chloride (49 g, 0.3 m ol),s-tet-

rachloroethane ( 2 2 0  ml), and anhydrous aluminum chloride ( 1 2 2  g, 
0.9 mol). The reaction mixture was worked up to give 5e (77 g, 77.3%), 
bp 191-193 °C (0.01 mm). Recrystallization of this material from 
methanol-water gave mp 53-54 °C.

Anal. Calcd for C2 0 H 2 8 O5 : C, 68.94; H, 8.10. Found: C, 69.01; H,
8.06.

l,4-Bis(u>-carbomethoxybutyl)-2,5-dimethylbenzene (5g). 
W olff-Kishner reduction of 5e was carried out by the same method 
described for the preparation of 5d, utilizing 5e (77 g, 0.221 mol), 80% 
hydrazine hydrate (69 g, 1.11 mol), potassium hydroxide (83 g, 1.5 
mol), and triethylene glycol (350 ml). The crude acid 5f was esterified 
in the usual manner to give 5g (6.5 g, 8 8 %), bp 183-185 °C (0.01 mm). 
Recrystallization of this ester from methanol-water gave mp 29-30 
°C.

Anal. Calcd for C2 0 H 3 0 O4 : C, 71.82; H, 9.04. Found: C, 71.77; H,
9.10.

Saponification of 5g with methanolic potassium hydroxide afforded 
the acid 5f, and recrystallization of this from methanol gave mp 
148-149 °C.

Anal. Calcd for C ,8 H 2s 0 4: C, 70.56; H, 8.55. Found: C, 70.51; H,
8.56.

12,15-Dimethyl[ 10]paracyclophane (7). Preparation of the hy
drocarbon 7 was carried out ccording to the usual sequence involving 
acyloin condensation and Clemmensen reduction . 13

A. Acyloin Condensation of the Diester 5g. To a suspension of 
sodium (3.2 g, 0.144 mol) in dry xylene (400 ml) was added during 36 
h a solution o f 5g (12 g, 0.036 mol) in dry xylene (300 ml). After an 
additional 1  h of heating and stirring, the reaction mixture was cooled 
to 0 °C, and acetic acid (10 ml) was slowly added. The polymer and 
sodium acetate were removed, and the resulting filtrate was concen
trated under vacuum. Distillation of the residual oil gave the acyloin 
fi (6.3 g, 64%), bp 152-153 °C (0.1 mm), n 27D  1.5412.

B. Clemmensen Reduction o f the Acyloin 6 . Amalgamated zinc 
was prepared by swirling zinc ( 6 6  g) with a solution o f mercuric 
chloride (1.9 g) in water (200 ml) which contained concentrated hy
drochloric acid (1.4 ml). A solution of 6  (6.3 g, 0.023 mol) in toluene 
(50 ml) was added to the amalgamated zinc with 200 ml each of con
centrated hdyrochloric acid and acetic acid. The mixture was heated 
to reflux for 48 h, during which four 30-ml portions of concentrated 
hydrochloric acid were added. The reaction mixture was cooled and 
diluted with water, and then extracted with ether. The ether solution 
was washed with water, 5% sodium bicarbonate solution, and again 
with water, and then dried. After evaporation of the solvent, the re
sidual solid was recrystallized from methanol to give 7 (3.7 g, 67%): 
mp 42-43 °C; ir (KBr) 2970, 2880, 2830,1495,1452,1443,1338,1285, 
1088,1027,910,894,835,781,711,703 c m '1; uv (isooctane) Amax 262.5,
272.5, 281.7 nm (log e 2.48, 2.75, 2.78); NM R (CC14) r 3.23 (s, 2  H),
7.02-7.29 (m, 2 H), 7.46-7.87 (m, 2 H), 7.76 (s, 6  H), 8.40-8.64 (m, 4 
H), 8.79-9.12 (m, 4 H), 9.18-9.72 (m, 8  H); MS m/e 244 (M +).

Anal. Calcd for C|8 H 9 8: C, 88.45; H, 11.55. Found: C, 88.51; H,
11.49.

Benzene-Furan Hybrid [2.2]Paracyclophane (10). A solution 
of duryltrimethylammonium bromide (9 , 7  60 g, 0.19 mol) in distilled
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water (1.5 1.) was passed through a column containing Amberlite 
IRA-400 (30-100 mesh, 200 g) which had been converted to the OH 
form by passing 2 N sodium hydroxide solution (3 1.). The elute was 
combined with the quaternary ammonium hydroxide prepared from
5-methylfurfurylammonium iodide6  (53 g, 0.19 mol) following the 
procedure described above, and the solution was concentrated to 500 
ml under vacuum. The concentrate was heated with toluene (1 1.) 
containing phenothiazine ( 1  g), and water was removed by azeotropic 
distillation. After refluxing with stirring for 5 h, the solution was al
lowed to cool, and insoluble polymers were removed. Concentration 
to 2 0 0  ml under vacuum again gave some polymers which were filtered 
off. The filtrate was chromatographed on neutral alumina and eluted 
with hexane. The elution afforded the following sequence o f com 
pounds: the hybrid [2.2]paracyclophane 10 (9 g, 21%), 4,7,12,15-tet- 
ramethyl[2.2]paracyclophane7 (4.5 g, 11%), and [2.2]furanophane12 

(4.3 g, 10%). After recrystallization from hexane, the hybrid [2.2] 
paracyclophane 10 melted at 65-66 °C; ir (KBr) 2970, 2920,' 2860, 
1600,1536,1490,1446,1425,1393,1365,1318,1210,1162,1131,1008, 
943,892,773,721,707 cm -'; NM R (CC14) r 3.63 (s, 2 H), 4.50 (s, 2 H), 
6.77-7.12 (m, 2 H), 7.25-7.65 (m, 6  H), 7.90 (s, 6  H).

Anal. Calcd for CmHisO: C, 84.91; H. 8.02. Found: C, 85.07; H, 
7.96.

3,6-Diketo-10,13-dimethyl[8]paracyclophane (11a). A mixture 
of 10 (8 . 8  g, 0.0388 mol), acetic acid (11 ml), water ( 6  ml), and 10% 
sulfuric acid (3 ml) was refluxed for 10 h. The solution was poured into 
water (300 ml) and extracted with chloroform. The organic solution 
was washed with water, 5% sodium bicarbonate solution, and again 
with water, and then dried. Removal o f the solvent yielded 9.4 g of 
yellow solid which on recrystallization from benzene-hexane gave 11a 
(8.1 g, 85%): mp 189-190 °C; ir (KBr) 2997, 2925, 2880, 1697, 1500, 
1458, 1404,1352,1288,1151,1104,1083, 895 c m '1; N M R (CDC13) t 
3.24 (s, 2 H), 6.70-7.85 (m, 8  H), 7.70 (s, 6  H), 8.16-8.78 (m, 4 H).

Anal. Calcd for C ibH 2 o0 2: C, 78.65; H, 8.25. Found: C, 78.68; H,
8.15.

10,13-Dimethyl[8]paracyclophane ( lib ) . A mixture o f 11a ( 8  

g, 0.0328 mol), 100% hydrazine hydrate (5 g, 0.1 mol), potassium hy
droxide (7 g, 0.125 mol), and diethylene glycol (40 ml) was refluxed 
for 10 h. The reaction mixture was cooled and poured into water, and 
the product was extracted with ether. After evaporation of the solvent, 
the residual oil was distilled to give l ib  (5.8 g, 82%): bp 132-134 °c 
(4 m m ) ; n ls D 1.5406; ir (film) 2980,2930,2860,1498,1458,1446,1372, 
882, 803, 721, 687 c m '1; NM R (CC14) r 3.27 (s, 2  H), 6.86-7.15 (m, 2 
H), 7.48-8.04 (m, 2 H), 7.7.5 (s, 6  H), 8.20-9.00 (m, 6  H), 9.10-9.65 (m, 
4 H), 10.02-10.44 (m, 2 H); MS m/e 216 <M+).

Anal. Calcd for Cir,H24: C, 88.82, H, 11.18. Found: C, 8 8 .8 6 ; H,
10.92.

12-Bromomethyl[10]paracyclophane (13a). A mixture o f 12a 
(28 g, 0.13 mol), paraformaldehyde (7.8 g, 0.26 mol of formaldehyde), 
acetic acid (60 ml), 85% phosphoric acid (20 ml), and 47% hydrobromic 
acid (20 ml) was refluxed with stirring for 40 min. The cooled mixture 
was poured into cold water and extracted with ether. The ethereal 
solution was washed with water, 5% sodium bicarbonate solution, 
again with water, and then dried. The solvent was evaporated and 
distillation of the residue gave 13a (22.8 g, 81.4%): bp 154-156 °C (1.0 
mm); n 24D 1.5747; NM R (CC14) r 2.82-3.11 (m, 3 H), 5.52 (q, J  = 10.5, 
24 Hz, 2 H), 6.68-7.80 (m, 4 H), 7.95-9.98 (m, 16 H).

10-Bromomethyl[8]paracyclophane (13b). The bromométhy
lation of 12b was carried out by the same method described for the 
preparation of 13a, utilizing 12b (9 g, 0.048 mol), paraformaldehyde 
(4.3 g, 0.144 mol of formaldehyde), acetic acid (32 ml), 85% phosphoric 
acid (10 ml), and 47% hydrobromic acid. The reaction mixture was 
worked up to give 13b (8 . 8  g, 65%): bp 148-150 °C (0.6 mm); n 24D
I. 5781; NM R (CC14) r 2.84-3.12 (m, 3 H), 6.12 (q, J = 14, 22 Hz, 2 H),
6.82-8.02 (m, 4 H), 8.14-10.35 (m, 12 H).

12-Methyl[10]paracyclophane (14a). A solution o f 13a (2 0  g, 
0.064 mol) in dry tetrahydrofuran (80  ml) was added dropwise to a 
suspension o f lithium aluminum hydride (5 g, 0.18 mol) in dry tetra
hydrofuran (180 ml). The mixture was refluxed with stirring for 6 h, 
and excess reducing reagent was decomposed by addition of ethyl 
acetate. After acidifying the mixture with dilute hydrochloric acid, 
thé organic phase was extracted with ether. The ether solution was 
washed with water, 5%  sodium bicarbonate solution, and again with 
water. After evaporation o f the solvent, the residual oil was distilled 
to give 14a (12  g, 81% ): bp 1 5 2 -1 5 4  °C (4  mm); ra18D 1.5336; MS m/e 
230 (M+); NM R (CC14) r  3 .1 6 -3 .2 2  (m, 3 H), 6 .8 2 -7 .8 8  (m, 4 H), 7.76 
(s, 3 H), 8 .2 4 -9 .7 2  (m, 16 H).

Anal. Calcd for C i7 H26: C, 88.62; H, 11.38. Found: C, 8 8 .6 6 ; H,
II . 40.

10-Methyl[8]paracyclophane (14b). The reduction o f 13b was
carried out by the same method describee for the preparation of 14a,

utilizing 13b ( 8  g, 0.028 mol) and lithium aluminum hydride (2 g, 0.053 
mol). Distillation of the product gave 14b (4.8 g, 85%): bp 124-126 °C 
(4 mm); rc27D 1.5352; MS m/e 202 (M+); N M R (CC14) r 3.12-3.18 (m,
3 H), 6.77-7.93 (m, 4 H), 7.68 (s, 3 H), 8.27-10.45 (m, 12 H).

Anal. Calcd for Cir,H22: C, 89.04; H, 10.96. Found: C, 89.02; H,
10.93.

12-Bromomethyl-15-methyl[10]paracyclophane (8a). A. A 
mixture of 14a (10 g, 0.043 ml), paraformaldehyde (2.1 g, 0.07 mol of 
formaldehyde), acetic acid (15 ml), 85% phosphoric acid ( 6  ml), and 
47% hydrobromic acid (15 ml) was refluxed with stirring for 1 h. After 
the same treatment described for the preparation of 13a, distillation 
o f the product gave 8a (11.7 g, 84%): bp 142-144 °C (1.0 mm); r i19D 
1.5776; N M R (CC14) r  3.14 (s, 1 H), 3.45 (s, 1 H), 5.62 (q, J  = 10, 24 
Hz, 2 H), 7.8 (s, 3 H), 6.9-8.0 (m, 4 H), 8.1-9.7 (m, 16 H); MS m/e 323 
(M+).

Anal. Calcd for CisH 2 7 Br: C, 6 6 .8 6 ; H, 8.42; Br, 24.72. Found: C, 
66.77; H, 8.36; Br, 24.82.

B. A solution o f bromine (3 g, 0.018 mol) in carbon tetrachloride 
(20 ml) was added during 4 h to a stirring solution of 7 (3.7 g, 0.015 
mol) in carbon tetrachloride (20 ml) at room temperature. After an 
additional 5 h c f  stirring, the reaction mixture was poured into cold 
water and extracted with ether. The ether solution was washed with 
water, 5% sodium bicarbonate solution, again with water, and then 
dried. After evaporation of the solvent, the product was distilled to 
give 8 a (2.1 g, 45%).

10-Brom om ethyl-13-m ethyl[8]paracyclophane (8b). The
bromomethylation o f 14b was carried out by the same method de
scribed for the preparation of 8a, utilizing 14b (8.5 g, 0.042 mol), pa
raformaldehyde (1.64 g, 0.054 mol o f formaldehyde), acetic acid (14 
ml), 85% phosphoric acid (5.5 ml), and 47% hydrobromic acid (14 ml). 
Distillation of the product gave 8b (9.2 g, 74%); bp 146-148 °C (2 mm); 
rc24D  1.5778; NM R (CC14) r 3.25 (s, 1 H), 3.44 (s, 1 H), 6.13 (q, J = 14, 
23 Hz, 2 H), 6.8-7.2 (m, 2 H), 7.4-7.9 (m, 2 H), 7.71 (s, 3 H), 8.2-9.7 
(m, 10 H), 10.0-10.3 (m, 2 H); MS m/e 295 (M+).

Anal. Calcd for Ci6 H 2 3 Br: C, 65.08; H, 7.85; Br, 27.07. Found: C, 
64.96; H, 7.76; Br, 27.18.

12-Dimethyiaminomethyl-15-methyl[10]paracyelophane 
Methanobromide (15a). A solution of 8a (11.5 g, 0.035 mol) in ether 
(100 ml) was treated with excess anhydrous trimethylamine. The 
resulting salt was collected by filtration, washed with ether, and dried 
to afford 15a (12.3 g, 92%). An analytical sample was recrystallized 
from ethanol, mp 224-226 °C.

Anal. Calcd for C 2 ]H.%NBr: C, 65.95; H, 9.49; N, 3.66; Br, 20.90. 
Found: C, 65.95; H, 9.48; Br, 20.97.

10-DimethyIaminomethyl-13-methyl[8]paracyclophane 
Methanobromide (15c). A solution of 8b (9 g, 0.031 mol) in ether (100 
ml) was treated with excess anhydrous trimethylamine. The resulting 
salt was removed by filtration, washed with ether, and dried to afford 
15c (10.1 g, 95%). An analytical sample was recrystallized from eth
anol, mp 198-200 °C dec.

Anal. Calcd for C i9 H 3 2 NBr: C, 64.39; H, 9.10; N, 3.95; Br, 22.55.. 
Found: C, 64.48; H, 9.15; N, 3.91; Br, 22.42.

Benzene-Furan Hybrid [2 .2 ]Paracyclophane (18a) and 
Doubly Bridged [2.2]ParacycIophane (19a). A mixture o f 15a (8.0 
g, 0.021 mol) and 5-methylfurfuryltrimethylammonium iodide (6.0 
g, 0.021 mol) was dissolved in water (300 ml) and converted to the 
hydroxide 15b with freshly prepared silver oxide. The resulting 
aqueous solution was mixed with toluene (300 ml) and phenothiazine 
(0.1 g), and heated with stirring. After removal o f water by azeotropic 
distillation, the reaction mixture was refluxed for 5 h and allowed to 
cool. The insoluble polymer was removed and the filtrate was con
centrated under vacuum. The concentrate was extracted with hot 
hexane, and the hexane-soluble portion was chromatographed on 
neutral alumina in a cold room. Elution o f the column with hexane 
afforded 19a (0.9 g, 12%), which, when recrystallized from ethanol, 
gave mp 240-241 °C; ir (KBr) 2960, 2880, 2830,1597,1482,1452,1440, 
1427, 8 8 6 , 722, 708 cm-1 ; MS m/e (rel intensity) 484 (18), 241 (53), 
227 (56), 159 (57), 145 (100), 132 (87), 119 (56), 105 (27).

Anal. Calcd for C3 6 H52: C, 89.19; H, 10.81. Found: C, 89.10; H,
10.80.

Further elution with hexane-benzene (9:1) furnished 18a (1.23 g, 
11%), which when recrystallized from ethanol gave mp 74-75°; ir 
(KBr) 2960, 2880, 2835,1596,1536, 1482,1455,1437,1422,1211,1174, 
1162,1130,1008, 946, 892, 773, 723, 707, 670 cm “ 1; NM R (CC14) r 3.6 
(s, 2 H), 4.52 (s, 2 H), 6.6-7.9 (m, 12 H), 8.4-9.9 (m, 16 H); MS m/e 336 
(M +).

Anal. Calcd for C2 4 H 3 2 0 : C, 85.66; H, 9.59. Found: C, 85.27; H,
9.69.

Elution with hexane-benzene (5:1) gave [2.2]furanophane (17,12 
0.32 g, 8 %), mp 180-181 °C.



4086 J. Org. Chem., Vol. 41, No. 26,1976 Nakazaki, Yamamoto, and Tanaka

Benzene-Furan Hybrid [2.2]Paracyclophane (18b) and 
Doubly Bridged [2.2]Paracyclophane (19b). A solution (300 ml) 
o f the mixed quaternary ammonium hydroxides derived from a 
mixture of 15c (12 g, 0.0034 mol) and 5-methylfurfuryltrimeth- 
ylammonium iodide (9.5 g, 0.0034 mol) in the usual manner was mixed 
with toluene (400 ml) and phenothiazine (0.5 g), and then pyrolyzed. 
Insoluble polymers were removed from the reaction mixture and the 
filtrate was chromatographed on neutral alumina. Elution with hex
ane provided 19b (0.32 g, 3%), which, when recrystallized from etha
nol, gave mp 229-231 °C; ir (KBr) 2960, 2875, 2820,1587,1478,1440, 
1428,1045,1003, 882, 805, 710, 687 c m '1; MS m/e (rel intensity) 428
(70), 214 (100), 199 (80), 171 (37), 159 (37), 145 (50), 132 (83), 119
(43).

Anal. Calcd for C:t2 H4i: C, 89.65; H, 10.35. Found: C, 89.49; H,
10.39.

Further elution with hexane-benzene (9:1) produced 18b (0.91 g, 
8 %). Because of instability o f 18b, the oily product could not be pu
rified further: MS m/e 308 (M +).

Elution with hexane-benzene (5:1) gave 17 (0.75 g, 12%).
3.6- Diketo[8][10]paracyclophane (20a). A mixture of 18a (0.5 

g, 1.5 mmol), water (0.5 ml), acetic acid (10 ml), and 10% sulfuric acid 
(0.3 ml) was heated at 65 °C with stirring for 1 h. The reaction mixture 
was poured into water (50 ml) and extracted with dichloromethane. 
The organic layer was washed with water, 5% sodium bicarbonate 
solution, and again with water, and then dried. After removal of the 
solvent, the residue was chromatographed on neutral alumina. Elution 
with dichloromethane afforded 20a (0.47 g, 89%), which when re
crystallized from hexane gave mp 161-162 °C; ir (KBr) 2970, 2890, 
2830,1700,1593,1488,1452,1435,1408,1318,1287,1170,1145,1000, 
1077, 999, 770, 744, 732, 705 c m -1; N M R (CC14) r 3.33 (s, 2 H), 
6.65-7.95 (m, 12 H), 8.15-8.60 (m, 8  H), 8.80-9.10 (m, 4 H), 9.15-9.70 
(m, 8  H); MS m/e 354 (M+).

Anal. Calcd for C 24H:i40 2: C, 81.31; H , 9.65. Found: C, 81.27; H ,
9.70.

3.6- Diketo[8][8]paracyclophane (20c). Hydrolysis o f 18b was
carried out by the method described for the preparation of 20a, util
izing 18b (0.4 g, 1.3 mmol), water (0.4 ml), acetic acid (10 ml), and 10% 
sulfuric acid (0.3 ml). The resulting product was chromatographed 
on neutral alumina. Elution with dichloromethane produced 20c (0.24 
g, 57%), which, when recrystallized from hexane, gave mp 156-157 °C; 
ir (KBr) 2970, 2890, 2840. 1700, 1595, 1484, 1454, 1431, 1408, 1317, 
1287,1168,1143,1098, 1075, 898, 734, 720, 687 c m '1; NM R (CC14) r
3.21 (s, 2 H), 6.82-7.93 (m, 12 H), 8.16-9.13 (m, 10 H), 9.17-9.65 (m, 
4 H), 9.90-10.32 (m, 2 H); MS m/e 326 (M+).

Anal. Calcd for QgHsoflg: C, 80.93; H, 9.26. Found: C, 80.62; H,
9.18.

Bisethanedithioketal 20b. A solution of 20a (0.35 g, 1.0 mmol) in 
glacial acetic acid ( 2 0  ml) was mixed with a solution o f ethanedithiol 
(0.2 g, 20 mmol) in glacial acetic acid ( 6  ml) which contained 47% 
boron trifluoride etherate (2 ml). After standing for 2 days at room 
temperature, the reaction mixture was poured into water ( 1 0 0  ml). 
The product was extracted with chloroform and washed with water 
and then dried. Removal of the solvent yielded the white solid product 
which on crystallization from ethanol gave 20b (0.34 g, 87%), mp 
153-154 °C.

Anal. Calcd for CatH*>i»: C, 82.97; H, 10.40. Found: C, 83.01; H,
10.36.

[8 ][10]P aracyclophane (3a). To a solution of 20b (0.25 g, 0.6 
mmol) in ethyl acetate (10 ml) was added W-5 Raney nickel ( 2  g), and 
the mixture was refluxed for 1.5 h. After being cooled and filtered, the 
resulting solution was concentrated under vacuum. The residual oil 
was chromatographed on neutral alumina. Elution with hexane af
forded a colorless oil, which was distilled to give 3a (0.13 g, 65%): bp 
179-181 °C (2.0 mm); n24D 1.5472; ir (film) 2960, 2880, 2860, 2675,

1602,1485,1451,1436,1336,1207,1056,1005,883,833,730,705,687 
c m -';  MS m/e (rel intensity) 326 (100), 241 (28), 227 (38), 145 (30), 
131 (30), 119 (26), 105 (24).

Anal. Calcd for C2 4 H:)8: C, 88.27; H, 11.73. Found: C, 88.29; H, 
11.74.

[8][8]Paracyclophane (3b). A solution of 20c (0.15 g, 0.5 mmol) 
in glacial acetic acid ( 1 0  ml) was mixed with a solution of ethanedithiol 
(0.2 g, 20 mmol) in glacial acetic acid (5 ml). After 47% boron trifluo
ride etherate ( 2  ml) was added, the mixture was kept in a tightly sealed 
bottle and allowed to stand for 2 days at room temperature. Then the 
mixture was poured into water (100 ml). The product was extracted 
with chloroform, washed with 3% sodium bicarbonate solution and 
water, and then dried. After evaporation of the solvent, the crude 
thioketal 20d was directly desulfurized as follows. To a solution of the 
crude thioketal 20d (0.16 g) in ethyl acetate (10 ml) was added W-5 
Raney nickel ( 1  g). The mixture was refluxed for 1  h, cooled, and fil
tered. After concentration o f the filtrate, the oily product was 
subjected to alumina column chromatgraphy. Elution with hexane 
gave 3b (0.09 g, 63%), which, when recrystallized from ethanol, gave 
mp 60-61 °C; ir (KBr) 2970, 2900, 2840, 2670,1598,1483,1452,1437, 
1337,1203,1050,1007,876,836,726, 715,707,686 c m '1; MS m/e (rel 
intensity) 298 (100), 199 (35), 185 (48), 145 (36), 131 (35), 119 (34), 105
(27).

Anal. Calcd for C2 2 H 3 4 : C, 88.52; H, 11.48. Found: C, 88.46; H,
11.48.

Registry No.— 3a, 34106-24-6; 3b, 32543-09-2; 5a, 106-42-3; 5b, 
60438-86-0; 5c, 30098-17-0; 5d, 60438-87-1; 5e, 60438-88-2; 5f, 
60438-89-3; 5g, 60438-90-6; 6 , 60438-91-7; 7, 32543-11-6; 8a, 32543- 
10-5; 8b, 32543-03-6; 9 ,27742-95-6; 10, 33357-05-0; 1 la, 60438-92-8; 
lib , 60438-93-9; 12a, 5649-96-7; 12b, 4685-74-9; 13a, 26878-19-3; 13b, 
60438-94-0; 14a, 60438-95-1; 14b, 60438-96-2; 15a, 32543-12-7; 15b, 
60438-97-3; 15c, 32691-02-4; 17, 5088-46-0; 18a, 32540-67-3; 18b, 
32543-04-7; 19a, 32585-31-2; 19b, 32543-05-8; 20a, 60438-98-4; 20b, 
60438-99-5; 20c, 32543-07-0; 20d, 32543-08-1; y-carbomethoxybutyryl 
chloride, 1501-26-4; hydrobromic acid, 24959-67-9; 5-methylfuryl- 
trimethylammonium iodide, 1197-60-0.

R e fe re n ce s  and N otes

(1 ) P re s e n te d  a t  th e  2 4 th  A n n u a l M e e t in g  o f  th e  C h e m ic a l S o c ie ty  o f  J a p a n , 
O s a k a , A p r i l  1 9 7 1 , P re p r in t ,  V o l.  I l l,  p  1 2 9 3 . M . N a k a z a k i,  K . Y a m a m o to ,  
a n d  S . T a n a k a , Tetrahedron  L e tt., 3 4 1  (1 9 7 1 ).

(2 )  M . N a k a z a k i,  K . Y a m a m o to ,  a n d  S . T a n a k a , J. C hem . S oc., C hem . C om 
m un., 4 3 3  (1 9 7 2 ) .

(3 )  M . N a k a z a k i,  " S y n th e s e s  a n d  S te re o c h e m is t r y  o f  T w is te d  O rg a n ic  C o m 
p o u n d s ” , In v ite d  L e c tu re  a t 3 0 th  N a t io n a l M e e t in g  o f  th e  C h e m ic a l S o c ie ty  
o f  J a p a n , O s a k a , A p r i l  1 9 7 4 .

(4 ) D . H . S m ith ,  "B r id g e d  A ro m a t ic  C o m p o u n d s ” , A c a d e m ic  P re s s , N e w  Y o rk , 
N .Y . 1 9 6 4 , p  13 .

(5 ) N . L . A ll in g e r ,  L . A . F re ib e rg , R . B . H e rm a n n , a n d  M . A . M ille r , J. A m . Chem. 
S oc., 8 5 , 1 1 7 1  (1 9 6 3 ).

(6 ) D . J . C ra m , C . S . M o n tg o m e ry , a nd  G. R . K n o x , J. A m . Chem. Soc., 8 8 , 5 1 5  
(1 9 6 6 ).

(7 ) D . T . L o n g o n e  a n d  C . L . W a rre n , J. A m . C hem . S oc., 8 4 , 1 5 0 7  (1 9 6 2 ) ;  D . 
T. L o n g o n e  a n d  F. P. B o e t t c h e r ,  ibid, 85, 3 4 3 6  (1 9 6 3 ).

(8 ) A . T. B lo m q u is t  a n d  B . H . S m ith ,  J. A m . C hem . S oc., 8 2 , 2 0 7 3  ( 1 9 6 0 ) ;  A . 
T. B lo m q u is t ,  R . E. S ta h l,  Y . C . M e in w a ld , a n d  B . H . S m ith ,  J. Org. C hem ., 
2 6 , 1 6 8 7 ( 1 9 6 1 ) .

(9 )  D . J . C ra m  a n d  H . U. D a e n ik e r ,  J. A m . C hem . Soc., 7 6 , 2 7 4 3  (1 9 5 4 ).
(1 0 )  S te re o c h e m ic a l c o n s id e r a t io n  s u g g e s ts  th e  c h ir a l  t r a n s  c o n f ig u r a t io n  (D2 

s y m m e try )  to  th is  d o u b ly  [ 8 ]p a ra -b r id g e d  [2 .2 ]p a ra c y c io p h a n e  (19b), w h ic h  
w a s  s u p p o r te d  b y  c o m p a r is o n  o f  r a c e m ic  19b w ith  th e  o p t ic a l ly  a c t iv e  
19b11 r e c e n t ly  p re p a re d  f r o m  th e  o p t ic a l ly  a c t iv e  15c.

( 1 1 )  K . Y a m a m o to  a n d  M . N a k a z a k i,  C hem . Lett., 1 0 5 1  (1 9 7 4 ) .
( 1 2 ) H . E . W e ib e rg ,  F . S . F a w c e t t ,  W. E. M o c h e l,  a n d  C . W. T h e o b a ld , J. A m . 

C hem . Soc., 8 2 , 1 4 2 8  (1 9 6 0 ) .
(1 3 )  D . J . C ra m , N. L . A ll in g e r ,  a n d  H. S te in b e rg , J. A m . C hem . S oc., 76, 6 1 3 2  

(1 9 5 4 ).



Perhydrophenanthrene Syntheses J. Org. Chem., Voi 41, No. 26,1976 4087

Synthetic Organic Electrochemistry. Application to 
Perhydrophenanthrene Syntheses

Leon M andell,* Richard F. Daley , 1 and R. A. Day, Jr.

Department of Chemistry, Emory University, Atlanta, Georgia 30322 

Received June 21. 1976

Compound 2 was synthesized and subjected to controlled potential reduction. The product was shown to be 3a 
indicating the process to be both regio- and stereospecific.

The electrochemical reduction o f a,/3-unsaturated ke
tones has been well studied .2 It has been shown that the pro
cess can be carried out in a way to produce /3-d coupling 
products as the primary product though the precise m echa
nism o f the dimerization is still in question. It is apparent that

O
I I II

0  — C — CH— C —
I I II I

— C = C — C---------------- > — C— CH— C—
+2H* I I II

0

normal /3-d mode o f coupling (leading to 3), or “ head to tail” 
coupling (leading to 4), or “ head to head”  coupling (leading 
to 5) would be realized .6 Further, the stereochemistry o f  the 
coupling products at the nonepimerizable centers (those 
asymmetric centers not adjacent to carbonyl groups) must also 
be established. The dienedione 2 is an ideal substrate to an
swer these questions for the structures o f  the products should 
be easily established by nuclear magnetic resonance spec
troscopy using the methyls as “ tagging”  substituents.

The synthesis o f  com pound 2  is given in Scheme I. Hage-

S chem e I

this process could have interesting applications to synthetic 
organic chemistry as it represents the form ation o f a carbon 
to carbon bond between two electron-deficient centers. We 
wished to establish the potential utility o f  this reaction for 
perhydrophenanthrene syntheses by applying it to com 
pounds o f type 1 .

1

Tw o questions arise in considering the applicability o f 
electrochemical predictions o f  this type; namely, the regios- 
pecificity and stereospecificity o f  the process. Consider, for 
example, the reduction o f  com pound 2. Three cyclization 
products are possible, 3, 4, and 5, depending on whether the

5

1 1

mann’s ester, 6 , was alkylated with ethyl chloroacetate to yield 
7, which could be sm oothly hydrolyzed and decarboxylated 
with barium hydroxide to 8 . Electrolysis o f 8 as its carboxylate 
anion in methanol (the usual K olbe oxidative dim erization7 

conditions) afforded 1 0 , apparently by oxidation o f the in
termediate radical to carbonium ion 1 1  and thence solvation 
by methanol to the ether 10. In one oxidation attempt, where 
only 20% of the acid was present as its sodium salt, lactone 9 
was isolated rather than the usual K olbe product. This 
transformation required the presence o f  an electrode, ap
parently to function as a Lewis acid. T he conversion o f  8  to 9 
also occurred by treatment o f  8 with sulfuric acid in acetic 
acid. Structural assignment to 9 was made on the basis o f  ’ H 
N M R, I:,C N M R, ir, uv, and mass spectral analysis. The de
sired dimerization o f 8 to 2  could be realized, albeit in poor 
yield ( 1 1 %), by doing the reaction in dim ethylform am ide so 
lution.

The conditions for the controlled potential reduction of 2 
were determined from the polarography o f 2  in acetonitrile- 
water (20% water). A 90% material recovery was obtained from 
the electrolysis. The reduced material was separated by 
chromatography into two fractions which proved to be the 
coupled product 3 (80%) and starting material (20%). The 
structure o f S was clearly indicated by its N M R  spectrum 
which exhibited uncoupled angular methyl protons at 0.93 
ppm  and no methyls on olefinic carbons.
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It is possible to assign stereochemistry to 3 by considering 
the two possible dispositions o f the angular methyls, namely, 
either trans or cis. I f  they are trans, then the product would 
have the stereochemistry shown in 3a since during the cou-

3a

pling process the more stable configuration may obtain at the 
epimerizable centers adjacent to the carbonyl groups. In this 
configuration, the ring system is in the m ost stable trans- 
anti-trans arrangement.

If the two angular methyls are cis, the configuration o f the 
product would be as shown in 3b. T he cis (rather than trans)

B /C  ring fusion would be expected since this allows ring B to 
exist in a chair conform ation .3 In 3a the angular methyls are 
in chem ically shift equivalent positions and in axial confor
mations. In 3b, the angular methyl at the trans ring fusion is 
axial while the angular methyl at the cis ring fusion is equa- 
torially disposed to the B ring. One would therefore expect two 
N M R resonances for the angular methyl groups o f 3b whereas 
3a should show only one angular methyl resonance. The N M R 
spectra o f the coupling product in C H C I3 , pyridine, and at —40 
°C  in chloroform  shows only one angular methyl resonance 
and hence the product may be assigned structure 3a.

This assignment was further confirm ed by the 13C N M R  
spectrum, which had only eight peaks. The symm etry o f 3a 
is in accord with eight chemical shift nonequivalent carbons, 
whereas one would have expected 3b to have more than eight 
resonances.

These results indicate that this route to the perhydrophe- 
nanthrene ring system is attended by both regio- and stereo
specificity.

Experimental Section
All solvents are distilled. Where specified as dry, they were distilled 

from calcium hydride and stored over molecular sieves. Reagents were 
used without further purification, except for Hagemann’s ester, which 
was distilled. Analyses were performed by Atlantic Microlab, Inc., 
Atlanta, Ga.

Infrared spectra were recorded on either a Perkin-Elmer Model 257 
or Model 467 spectrometer. Ultraviolet spectra were determined on 
a Cary Model 14. Nuclear magnetic resonance spectra (60 MHz) were 
obtained on a Varian Model T-60 or EM-360, while 100-MHz spectra 
were obtained on a JEOL MH-100 spectrometer. Carbon-13 magnetic 
resonance spectra were run on a Varian CFT-20 spectrometer. Mass 
spectra were obtained on a Varian M - 6 6  spectrometer. The reductive 
coupling reaction was done using a Princeton Applied Research Model 
170 electrochemistry system.

Synthesis of Diester 7. Sodium metal (3.5 g, 0.15 mol) was added 
to 150 ml of anhydrous ethanol. The resulting solution was cooled to 
0 °C. Then 27 g (0.15 mol) of Hagemann’s ester, 6 , was added dropwise 
to the solution. After stirring for 30 min under a N 2 atmosphere, the 
reaction mixture was warmed to 40 °C and 18.2 g (0.16 mol) o f a-

chloroethyl acetate was added dropwise. The temperature was raised 
to 60 °C and the reaction mixture was stirred further for 2.5 h. The 
ethanol was evaporated under reduced pressure and the residue was 
taken up in water. This was extracted with 3 X 150 ml of ether. After 
workup the residue was distilled at 132-133 °C (0.27 mm). This gave
24.8 g (62%) of diester 7.

Anal. Calcd for C 1 4H 2 0 O.s: C, 62.67; H, 7.51. Found: C, 62.59; H,
7.54.

Hydrolysis of the Diester 7. To a solution of 5 g of NaOH in 25 
ml of water was added 5 g of diester 7. Enough ethanol was added 
(about 15 ml) to bring the ester into solution. This solution was stirred 
at 50-60 °C for 1.5 h and then poured into about 50 ml of water. The 
reaction mixture was acidified with 40% H 2 SO4  and extracte with 3 
X 50 ml o f methyl ethyl ketone (M EK), and the extract washed with 
saturated NaCl. Evaporation of the solvent afforded a solid which was 
crystallized from MEK. This gave 1.95 g (49%) of diacid, mp 148-148.5 
°C with gas evolution.

Anal. Calcd for C h>H1 20 5: C, 56.60; H, 5.70. Found: C, 56.83; H,
5.78.

3-M ethyl-2-cyelohexen-l-one-2-acetic Acid (8 ). Procedure 
A. Into the distilling flask of a Kugelrohr apparatus was placed 9.42 
g (0.045 mol) o f the above solid diacid. This was heated under a vac
uum with the temperature slowly increased to 175 °C when a semisolid 
material began to distill. This distillation began with much foaming. 
The temperature was maintained at 175 °C until distillation stopped;
7.4 g of distillate was obtained. Recrystallization from a 3:1 mixture 
of benzene and petroleum ether (bp 30-60 °C) yielded 4.5 g (61%) of 
crystalline 8 , mp 113-114 °C.

Procedure B. To a mixture of 263 g (0.72 mol) o f Ba(OH ) 2  deca- 
hydrate, 750 ml of water, and 250 ml of ethanol was added 89 g (0.30 
mol) o f diester 7. The reaction mixture was refluxed for 24 h, cooled, 
and cautiously acidified with 10% HC1. Enough acid was added to 
dissolve all the precipitate from the reaction. The resultant solution 
was extracted with 3 X 150 ml o f MEK. The combined extracts were 
washed with saturated NaCl solution. Evaporation of the solvent left 
a solid residue which was recrystallized from a benzene and petroleum 
ether mixture to afford 35.5 g (64%) of acid 8 , mp 113-114 °C.

Anal. Calcd for GgHuCb: C, 64.27; H, 7.19. Found: C, 64.16; H,
7.22.

Kolbe Electrolysis7 o f 8 . To 75 ml of dry methanol was added 2 . 1  

g (0.012 mol) o f keto acid 8  and 25 ml of 0.1 M sodium methoxide in 
methanol. This solution was placed into a 200-ml three-neck round- 
bottom flask equipped with a magnetic stirring bar, condenser in the 
center neck, and a pair of 1 -cm 2 platinum sheet electrodes about 2  in. 
apart. Fifty-five volts at 0.5 A was applied to the solution. The solution 
was stirred until the pH reached about 8  to pH paper or about 2 h. The 
methanol was distilled and the residue extracted with benzene. The 
benzene was removed under vacuum and the resultant oil distilled 
at 100-102 °C (0.35 mm). The solid distillate was recrystallized from 
petroleum ether to give 1.35 g (72%) of white needles: mp 63-63.5 °C; 
infrared 1739 cm -1 ; 'H  NMR 6.03 ppm broad, 1 H; 5.72 ppm, s, 1 H;
4.93 ppm, 8 -line multiplet, 1 H, J v;c -  12, J v¡c = 7 Hz, J aiiviic = 2 Hz;
2.47 ppm, m, 4 H; 1.96 ppm, s, 3 H. The decoupled l:,C NMR: 173.5,
166.8,135.3,127.8,108.9,79.8,29.3, 24.9,17.9 ppm. The 1:,C N M R in 
which carbon-hydrogen coupling was allowed showed the resonances 
at 173.5, 166.8, and 127.8 ppm as singlets, the resonances at 135.3,
108.9, and 79.8 ppm as doublets, the resonances at 29.3 and 24.9 ppm 
as triplets, and the resonance at 17.9 ppm as quartet. Mass spectrum: 
parent ion and base peak m/e 150. Ultraviolet \max 261 nm (c 2.64 X 
104). These spectra are consistent with the unsaturated lactone 9.

Anal. Calcd for C9 H I0 O2: C, 71.98; H, 6.71. Found: C, 71.88,71.85; 
H, 6.70, 6.69.

Synthesis of Lactone 9. To 15 ml o f a 1 M solution of H2S0 4 in 
acetic acid was added 250 mg of the keto acid 8 . This solution was 
stirred at room temperature for 6  h. The solution was then poured into 
100 ml of 5% NaCl solution and extracted with MEK. The solvent was 
removed and the residue distilled to give 190 mg (85%) o f lactone
9.

Kolbe Electrolysis7 o f the Salt o f 8 . To 75 ml of dry methanol 
were added 2.0 g (0.0118 mol) o f the acid 8  and 5.9 ml o f 2 M sodium 
methoxide in methanol. This solution was placed in the cell described 
above. Fifty-five volts at 1.5 A was applied to the reaction mixture for 
2  h. The workup was as described above. Distillation of the resultant 
product at 85.8 °C (0.28 mm) gave 1.55 g o f a colorless oil: infrared 
1652,1637 cm-1; !H NM R 4.18 ppm, s, 2 H; 3.32 ppm, s, 3 H; 2.40 ppm, 
m, 6  H; 2.08 ppm, s, 3 H. Mass spectrum: parent ion m/e 154, base 
peak m/e 139. These spectra are consistent with the methyl ether
10 .

Electrolysis of 8  in Dimethylformamide.5 To 70 ml of dry DMF
were added 2.52 g (0.015 mol) o f keto acid 8  and 0.25 g (0.0022 mol)
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of triethylamine. The solution was placed in the cell described above 
and electrolyzed at 0 °C and 105-170 V with the current maintained 
at 0.25 A for 9 h. The reaction mixture was poured into 350 ml of 
saturated NaCl solution and extracted with 4 X 100 ml of ether. The 
solvent was removed and the resultant oil distilled at 120-130 °C (0.15 
mm) to produce a solid distillate. Chromatography on neutral alumina 
with a 1:1 mixture of ether to petroleum ether gave 210 mg of a white, 
crystalline solid: mp 121-121.5 °C; infrared 1655 cm-1; mass spectrum 
parent ion m/e 246; ultraviolet Xmax 241 nm (e 2.14 X 104). These data 
are consistent with the structure o f compound 2. The yield was 
11.4%.

Anal. Calcd for C l,;H2.,Oi: C, 78.01; H, 9.00. Found: C, 77.92; H,
9.04.

Reductive Coupling of 2. To 50 ml of acetonitrile were added 200 
mg (0.81 mmol) of 2, a solution of 5 g of tetraethylammonium chloride 
in 50 ml of acetonitrile, and 13 ml of distilled water. The solution was 
placed in the electrolysis cell and degassed by bubbling nitrogen 
through the stirred solution for 45 min. The half-wave reduction po
tential was determined by polarography to be at —1.7 V (vs. SCE). The 
preparative reaction was run at —1.80 V (vs. SCE) for 7 h. The ace
tonitrile was distilled and the residue taken up in 200 ml o f 5% NaCl 
solution and extracted with 3 X 50 ml of ether. The ether was dried 
and removed under vacuum and the oily residue was placed on a 
neutral alumina column and eluted with 15% ether in petroleum ether. 
This yielded 130 mg of a slightly yellowish, crystalline solid: mp 
180-181 °C; infrared 1707 cm “ 1; >H NM R 0.93 ppm, s, in CHCl:i; 0.97 
ppm, s, in C-,H-,N. The NM R spectrum in CHCl.j at -4 0  °C was es
sentially unchanged. The l:,C NM R in CDCln exhibited eight reso
nances at 213.0, 52.3, 44.7, 41.0, 31.2, 22.1, 19.6, and 15.5 ppm. Mass

spectrum: parent ion m/e 248. These data identified the product as 
3a. The yield was 81% taking into account recovered starting materia! 
(see below).

Anal. Calcd fcr C„-.H.4C) : C, 77.37; H, 9.74. Found: C, 77.95; H,
9.03.

Elution o f the alumina with 50% ether-petroleum ether afforded 
40 mg of the starting diketone 2.

Registry No.—2, 60410-71-1; 3a, 60410-72-2; 6, 487-51-4; 7, 
20653-49-0; 7 diacid, 60410-73-3; 8, 60410-74-4; 9, 60410-75-5; 10, 
60410-76-6; ethyl chloroacetate, 105-39-5.
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The stereoselective reduction of several disubstituted acetylenes to the corresponding cis olefins has been ef
fected by an organocopper reagent prepared from Cui and 2 equiv of a primary Grignard reagent. A mechanistic 
pathway is proposed which involves the generation o f a copper hydride species and subsequent cis addition of this 
intermediate to the acetylene function. Evidence for a vinylcopper intermediate of type 13 was obtained by trap
ping experiments with D20  and allyl bromide. Phenyl-substituted acetylenes also undergo competitive addition 
of the alkylcopper reagent wnen THF is employed as the solvent (but not in ether solution). On the other hand, 3- 
phenyl-2-propyn-l-ol (11) shows only a regioselective trans addition of alkylcopper reagents leading to allylic alco
hols of type 10.

Organocopper reagents are known to add to terminal2 and 
certain functionalized acetylenes2 in synthetically useful re
actions usually with high regio- and stereoselectivity. In 
connection with a study o f related intramolecular analogues,4 

we have found that organocopper reagents also react with 
simple disubstituted acetylenes under some conditions. The 
predominant reaction in this case is reduction o f the acetylene 
to the corresponding cis olefin, a highly stereoselective 
transformation o f  some synthetic potential. In several in
stances, addition o f the organometallic species also takes place 
in the same fashion as with terminal acetylenes .2

Results
The organocopper reagent obtained by mixing n-BuM gBr 

and Cul in a 2:1 ratio at —35 °C  in T H F  solution undergoes 
obvious decom position upon warming to room temperature. 
The inclusion o f 1 -phenylpropyne ( la )  in a fivefold excess o f  
this reagent during the warming process resulted in 98% 
conversion o f la to a 68:30 mixture o f (Z)-phenylpropene (2a) 
and (F )-2-m ethyl-l-phenyl-l-hexene (3a) after hydrolysis at 
the end o f a 1-h reaction period. Under these conditions the 
cis reduction product 2a was form ed with a minimum o f 99%

R C = C R '
1

[R"Cu]^

stereoselectivity, although allowing the reaction mixture to 
stand for 24 h before hydrolysis resulted in contam ination o f 
the 2a with 6% o f 4a, its E  isomer. Quenching a similar reac
tion with D20  gave 2a with the incorporation o f 41% deute
rium, exclusively‘at C -l as determined by N M R  analysis. The 
addition product 3a incorporated 8 6 % deuterium in this ex
periment.

The structure o f 3a was established by comparison with an 
authentic sample obtained from the W ittig reaction5 o f  the 
ylide derived from benzyltriphenylphosphonium chloride with 
2-hexanone. The isomeric olefins produced in this fashion 
were separated by GLC and examined by 13C N M R  in order 
to secure stereochemical assignments. Thus, E  isomer 3a 
displays its allylic methyl at higher field (17.5 ppm) than that 
o f the Z  isomer 5 (23.8 ppm ), whereas the allylic methylene 
carbon appears at higher field for 5 (32.0 ppm) than it does for 
3a (40.2 ppm ). These assignments are based on the expecta-
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Table I. Reactions of Acetylenes with Organocopper 
Reagents

Con-

1

Acetylen
R

e
R' R"M gX

Time,
h

ver
sion, %

Products, % 
2 3

a Ph CH;i n-Bu“ 1 98 6 8 30
n-Bu 0.75 1 0 0 10 0
i-Pr 48 35 35
i-Bu 15 0
Et 1 99 99

b Ph Ph n-Bu° 5 1 0 0 30 70
Et 4 65 65

c ra-Cr.H,, CH;( n-Bu 6 80 80
d i-Bu i-Bu n-Bu 0

"TH F solvent.

tion that the group cis to the phenyl substituent will have its 
carbon shifted to higher field owing to steric interactions .6

The addition reaction leading to 3a has not heretofore been 
observed for disubstituted acetylenes o f  a nonfunctionalized 
type except for the intramolecular examples recently reported 
by us.4 Interestingly, this product predominates during the 
initial phases o f the reaction as observed by GLC monitoring 
o f the course o f  the reaction. However, attempts to find ex
perimental conditions under which the addition process 
predominates at high conversions o f  acetylene have thus far 
proven unsuccessful, since decomposition o f the reagent (and 
the resulting reduction o f la to 2a) occurs at the minimum 
temperatures needed for the formation o f  3a.

In an effort to develop a more efficient reducing system, 
several other Grignard reagents were utilized; in these ex
periments diethyl ether was used as the solvent. The orga
nocopper reagent derived from f-BuM gBr decomposed more 
readily as anticipated, but no reduction o f la was observed. 
The reagent prepared from ¡-PrM gBr gave reduction o f la to 
2a without com peting addition, but conversions were low. 
However, utilization o f EtM gBr in the general procedure re
sulted in essentially com plete conversion to 2a. These ex
periments and related ones described below suggested that 
T H F  might be promoting the addition reaction, and, indeed, 
an experiment using r--BuM gBr in d ieth yl eth er  also gave 
clean reduction o f la to 2a without the form ation o f appre
ciable amounts o f  3a. The reaction product from  a similar 
experiment was treated with allyl bromide in the presence o f 
H M PA prior to hydrolysis, whereupon 40% o f  the alkylated 
product 6 was obtained in addition to 2a (57%). Com pound

?1l j i -Bu 

''"C H ,
4 5 6

6 is assigned the Z  configuration on the basis o f  the proton 
chemical shift o f the allylic methyl which is found at high field 
(1.56 ppm ) relative to the corresponding methyl (1.70 ppm ) 
in the known E  isomer. 7 The shielding effect o f the as-phenyl 
substituent in 6 accounts for this upfield shift .8 An attempt 
to alkylate the intermediate organometallic species with CH :!I 
was not successful. Interestingly, the lithium cuprate derived 
from n ‘ BuLi did not react with la in T H F -pentane even on 
prolonged treatment.

Other acetylenes behave in an analogous fashion. Thus, 
diphenylacetylene (lb) was converted stereoselectively to 
cis -stilbene (2b) by the n-BuM gBr-derived reagent in TH F, 
although the addition com pound 3b9 was the major product 
under these conditions. Only reduction to 2b was observed in 
an experiment using EtM gBr in ether, albeit with a lower 
conversion o f lb. 2-Octyne (lc) gave an 80% conversion ex
clusively to (Z)-2-octene (2c) with n-BuM gBr in ether. Highly

H ^ ^ R '

hindered di-ierf-butylacetylene (Id) was not reactive under 
similar conditions.

Propargyl alcohols also react with organocopper reagents. 
Thus, the reagent prepared from  EtM gBr prom oted an e ffi
cient conversion o f 2-heptyn-l-ol (7) to (Z )-2 -hepten -l-o l (8 ) 
(58%) and a mixture o f  several volatile hydrocarbons (which 
was not further characterized except to note an allene band 
at 1960 cm - 1  in the ir). On the other hand, 3-phenyl-2-pro- 
pyn -l-o l (9) gave the trans addition product 10a in high yield

re-BuC = C C H 2OH 
7

PhC=CCH 2OH — ► 
9

CH,OH

8

a, R =  n-Bu
b, R =  Et

10

n-BuC=CCH 2CH2OH
11

CH2CH,OH

12

upon treatment with the n -butyl reagent in T H F  solution. 
The same product has recently been reported from the reac
tion o f  n-BuLi to 9.10 The identity o f  the two products was 
demonstrated by direct comparison. A  similar addition 
leading to 10b was obtained upon reacting 9 with the 
EtMgBr-derived reagent in ether solution. The stereochemical 
assignment for 10b follows from the great similarity in the 
relevant N M R  signals o f both the proton and 13C spectra o f  
10a and 10b. The high regioselectivity in these clean addition 
reactions is noteworthy, as is the trans nature o f the addition 
process.

Finally, homopropargyl alcohol 11 was partially converted 
to the cis olefinic alcohol 1 2  by an excess o f the n-butyl reagent 
in ether. The stereochemistry was assigned on the basis o f  the 
magnitude o f the coupling constant (J  = 10 Hz) between the 
olefinic protons in the N M R  spectrum o f 12.11

Discussion

The reductions o f  the type 1 —»■ 2 appear to  offer some 
promise for the highly stereoselective reduction o f simple 
disubstituted acetylenes to cis olefins. The reaction seems to 
be generally applicable, although the large excess o f  reagent 
required for high conversions may be undesirable in some 
synthetic applications. The com peting addition reaction (1 
-*• 3) can generally be suppressed by choosing appropriate 
experimental conditions, notably the use o f  ether as a sol
vent.

The reduction process probably involves the in situ gener
ation of a copper hydride species of undefined structure which 
adds to the acetylene function in a cis manner. The resulting 
vinylcopper intermediate 13 is then transformed into the

R ^ ___^ R

R ' ' '  ^ C u  
14

observed product 2. The decomposition o f alkylcopper species 
to olefin and copper hydride is a well-precedented process12 

and attention has recently been focused on the im portance 
o f  copper hydride reactions in side processes attending orga- 
nocuprate conversions. 13 T he cis mode o f the copper hydride 
addition is analogous to the usual stereochemistry for alkyl
copper additions to acetylenes.2,3 A number o f copper hydride 
reagents have been reported during the course o f  this 
study , 14 ,15  and in a couple o f  instances, these reagents were
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shown to reduce acetylene functions . 15 Such reductions are 
predominantly cis, but the reported stereoselectivities are 
significantly lower than those observed in the present work, 
where trans isomers were not usually detected. Concrete ev
idence for an intermediate vinylcopper species is provided by 
the trapping experiments on la with D 20  and allyl bromide. 
These experiments also reveal a regioselectivity for la which 
adds copper hydride in such a manner as to  preferentially 
place the copper at the phenyl-substituted carbon. However, 
the inefficiencies o f  the trapping experiments with la  indicate 
that substantial conversion o f 13 to olefinic product occurs 
prior to hydrolysis. This is attributed to the reaction o f 13 with 
additional copper hydride resulting in substitution o f the v i
nylic copper by hydrogen. Such substitutions are documented 
for a range o f organocopper compounds, and have been shown 
to proceed with retention o f configuration at an olefinic cen 
ter . 16 Unfortunately this process limits the potential o f  in
termediate 13 insofar as further synthetic transformations are 
concerned.

The addition reaction leading to products o f  type 3 is fa 
vored by conjugating phenyl substituents and by the use o f 
T H F  as a solvent. The D 20  quenching experiment with la  
supports the notion that this product is form ed by the regio- 
and stereoselective addition o f  the organocopper reagent to 
yield an intermediate o f  type 14. This more hindered vinyl- 
copper derivative is less susceptible than 13 to further reaction 
with copper hydride as indicated by the higher incorporation 
o f  deuterium in 3a relative to 2a.

The results with the acetylenic alcohols present an inter
esting contrast. The alkyl-substituted com pounds 7 and 11 
undergo reduction in a clean cis fashion much like the un
functionalized alkynes, although the propargyl com pound is 
more reactive and suffers com peting side reactions. On the 
other hand, the phenyl-substituted propargyl alcohol 9 not 
only shows a high propensity for regioselective addition o f the 
alkylcopper reagent, but involvement o f the hydroxyl function 
results in overall trans addition. W hile this stereochemistry 
contrasts with that o f the addition reactions o f simple alkynes, 
it is nonetheless characteristic o f  the additions o f  n -butyl- 
lithium 10 and certain Grignard reagents17 to propargyl alco
hols. Finally, a recent publication reports similar additions 
o f  a range o f Grignard reagents to variously substituted pro
pargyl alcohols in the presence o f catalytic amounts o f  Cul. 18 

M oreover, these catalyzed additions result in organomag- 
nesium intermediates which can be trapped in high yield, a 
feature o f  obvious advantage in synthetic work.

Experimental Section

General. Nuclear magnetic resonance (NMR) spectra were re
corded on CCI4 solutions relative to internal Me4Si using Varian 
EM-360 and HR-220 spectrometers for proton measurements and 
a Varian XL-100 for 13C determinations. Infrared (ir) spectra were 
obtained on liquid films with Perkin-Elmer Model 137 Infracord and 
Unicam SP 1000 instruments. Mass spectra were recorded at 70 eV 
on a Varian-MAT CH-7 spectrometer. Gas chromatography (GLC) 
was performed on Aerograph 600C, 600D. 1200, and A700 instruments 
using an analytical column of 20% Carbowax 20M on Chromosorb W 
and a preparative column of 20% PDEAS on Chromosorb W.

Reaction of 1-Phenylpropyne (la) with Organocopper Re
agents. A. To a suspension of 2.3 g (12 mmol) of anhydrous Cul in 12 
ml of dry THF under a N2 atmosphere at —35 °C was added dropwise
27.5 ml (24 mmol) of a 0.87 M solution of n-BuMgBr in THF. To the 
light yellow suspension thus obtained was added 464 mg (4 mmol) of 
la and the reaction mixture was allowed to warm to room tempera
ture. Above 15 °C the suspension turned brown and then black. The 
course of the reaction was monitored by removing aliquots periodi
cally, hydrolyzing with aqueous NH4C1, washing with water, and 
analyzing by GLC. After 15 min of warming (temperature >15 °C) 
a 54:21:26 mixture of la:2a:3a was observed; after 30 min the mixture 
was 9:64:27 and after 45 min it was 2:68:30. However, no reaction had 
occurred at 0 °C, prior to visible decomposition of the reagent. Less 
than 1% of 4a was present in the above mixtures as demonstrated by

GLC comparison with an authentic sample. Upon standing for 24 h 
the amount of 3a had decreased substantially relative to the 1- 
phenylpropene which contained 6% of 4a at this point. The reaction 
was worked up as described for the aliquots and the products were 
isolated by GLC and characterized spectroscopically. Compound 4a 
was identified on the basis of its GLC retention time only. (£)-2- 
Methyl-l-phenyl-l-hexene (3a) showed ir 1650 and 908 cm-1; NMR 
(220 MHz) a 7.2-6.9 (m, 5), 6.13 (s, 1), 2.11 (t, 2, J  = 7 Hz), 1.79 (s, S).
1.5-1.2 (m, 4), and 0.92 (t, 3, J  = 7 Hz); 13C NMR b 137.8,128.3,127.4,
125.3, 124.9, 40 1, 30.0, 22.2, 17.5, and 13.9; mass spectrum m /e (rel 
intensity) 175 (7), 174 (55), 145 (10), 132 (22), 131 (100), 129 (13), 118
(14), 117 (24), 116 (13), 115 (21), 91 (42), and 77 (5); exact mass 174.140 
(calcd for CmHis, 174.1409). This material was identical in all respects 
with the synthetic sample described below. Isomer 5 was not observed 
by GLC.

B. An identical reaction was hydrolyzed with D20  after 1 h. The 
products were isolated by GLC and analyzed for deuterium incor
poration by NMR integration. In this fashion 41% deuterium label 
exclusively at C-l was found for 2a and 86% was present in the 3a.

C. A similar reaction was performed by adding 0.23 g (2 mmol) of 
la to the reagent prepared from 1.9 g ( 1 0  mmol) of Cul in 15 ml of 
ether and 23.8 ml (20 mmol) of a 0.84 M solution of n-BuMgBr in 
ether at -4 0  °C. Proceeding as described above resulted in the dis
appearance of la with concomitant formation of 2 a which was com
plete after 45 min as determined by GLC. No appreciable amounts 
of products with longer retention times were observed.

D. A similar reaction was performed on 0.46 g (4 mmol) of la using 
the reagent prepared from 2.3 g ( 12  mmol) of Cul and 26 ml (24 mmol) 
of 0.92 M n-BuMgBr in ether. After the starting material had disap
peared a solution of 6 g of allyl bromide in 5 ml of hexamethylphos- 
phorous triamide was added. After 4 h at room temperature the re
action was worked up in the usual fashion. GLC analysis of the 
product showed 2a, 3a, and 6 in the proportions 57:3:40. (Z)-4-Phe- 
nyl-l,4-hexaditne (6 ) showed ir 1648, 995,960, and 910 cm-1; NMR 
f> 7.2 (s, 5), 6.2-5.3 (m, 2), 5.2-4.7 (m, 2), 3.05 (d, 2, J  =  6 Hz), and 1.56 
(d, 3, J  = 7 Hz); mass spectrum m /e (rel intensity) 158 (56), 143 (50), 
129 (100), 128 (48), 117 (42), 115 (75), 91 (43), and 77 (20); exact mass 
158.109 (calcd for Ci2H I4, 158.1096).

E. To a suspension of 2.3 g (12 mmol) of Cul in 12 ml of ether at —30 
°C was added 28 ml (24 mmol) of 0.86 M EtMgBr in ether. The re
sulting yellow-green suspension turned black upon warming to rocm 
temperature. At a temperature of about 10 °C, 0.46 g (4 mmol) of la 
was added to this warming mixture. After 1 h essentially complete 
conversion to 2a had occurred. Neither 4a nor longer retention time 
products were visible by GLC in significant amounts.

F. To the reagent prepared from 3.8 g (20 mmol) of Cul and 50 ml 
(40 mmol) of a 0.8 M solution of ¡-PrMgBr in ether was added 0.46 
g (4 mmol) of la. After reaction for 48 h GLC analysis showed a 65:35 
mixture of la and 2a. No products with longer GLC retention times 
were detected.

G. To a solution of 53 ml (24 mmol) of 0.45 M i-BuMgBr in ether 
was added in portions 2.3 g ( 1 2  mmol) of Cul at —20 °C under a ni
trogen atmosphere. After stirring for 10 min 0.46 g (4 mmol) of la was 
added and the mixture was allowed to warm to room temperature. 
Analysis by GLC after 15 h showed only unreacted la.

H. To a suspension of 4 g (21 mmol) of Cul in 40 ml of THF at —30 
°C was added 30 ml (40 mmol) of a 1.3 M solution of n-BuLi in pen
tane. After 30 min 0.47 g (4 mmol) of la was added, and the reaction 
mixture was allowed to warm to room temperature and then heated 
to reflux. Analysis of an aliquot showed only starting material after 
17 h.

(E)-and (Z)-2-M ethyl-2-phenyl-l-hexene (3a and 5). A sus
pension of 56% NaH in mineral oil (3.3 g, 77 mmol) was washed several 
times with dry pentane to remove the mineral oil, 115 ml of Me2SO 
was added, and the mixture was heated to 80 °C for 45 min under a 
N2 atmosphere. The resulting solution was cooled and 30 g (77 mmol) 
of benzyltriphenylphosphonium chloride was added, followed after 
10 min by 7.7 g (77 mmol) of 2-hexanone. After 12 h at 60 °C the 
mixture was cooled and poured into ice-water, pentane was added, 
and the solid precipitate was removed by filtration and washed with 
pentane. The filtrate was separated, washed with water, dried 
(MgS04), and concentrated. Unreacted 2-hexanone was removed from 
the resulting product by distillation and the residual oil containing 
a 6:4 mixture of (E )- and (Z)-2-methyl-l-phenyl-l-hexene was sep
arated by GLC. The Z isomer 5 showed ir 1650 cm“ 1; NMR (220 MHz) 
h 7.2-6.9 (m, 5), 6.13 (s, 1), 2.15 (t, 2, J  = 7 Hz), 1.82 (s, 3), 1.5-1.2 (m,
4), and 0.87 (t, 3, J  = 7 Hz); 1:,C NMR b 138.2,137.9,128.1,127.4,125.5,
125.3,31.9,30.0,23.8, 22.5, and 13.8; mass spectrum m/e (rel intensity) 
175 (7), 174 (59), 145 (11), 132 (21), 131 (100), 129 (13), 118 (14), 117
(29), 116 (13), 115 (20), 91 (37), and 77 (5); exact mass 174.140 (calcd 
for CkiH jh, 174.1409).
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Reaction of Diphenylacetylene (lb). A. To the reagent prepared 
as described above from 2.85 g (15 mmol) of Cul and 35 ml of 0.87 M 
n-BuMgBr in THF was added 0.53 g (3 mmol) of lb. Warming and 
workup as usual gave after 5 h at room temperature a 30:70 mixture 
of n.s'-stilbene and (Z)-l,2-diphenyi-l-hexene (3b):9 NMR b 7.3-6.9 
(m. 5). 6.4 (s, 1), 2.5 (t, 2 , J =  7 Hz), 1.7-1.1 (m, 4), and 0.94 (t, 3, J =  
1 Hz). No evidence for frarcs-stilbene or the E isomer of 3b was found 
by GLC or spectral examination.

B. Performing a similar reaction on 0.53 g (3 mmol) of lb with the 
reagent prepared from 1.72 g (9 mmol) of C-uI and 2 1  ml (18 mmol) 
of a 0.86 M solution of EtMgBr in ether gave upon the usual workup 
after 4 h a 35:65 mixture of lb  and 2b. No significant products of 
longer retention times were observed by GLC.

Reaction of 2-Octyne (lc). A reaction of 0.44 g (4 mmol) of lc  with 
the reagent prepared from 3.8 g (20 mmol) of Cul and 43.5 ml (40 
mmol) of 0.92 M n-BuMgBr in ether gave a 20:80 mixture of lc  and 
2c. No trans isomer 4c was observable by GLC. (Z)-2-Octene (2d) 
showed ir 3030,1665, and 690 cm“ 1; NMR b 5.8-5.1 (m, 2), 2.2-1.8 (m, 
2), 1.6 (d, 3, J = 6 Hz), 1.4—1.1 (m, 6 ), and 0.89 (t, 3, J = 6 Hz).

Reaction of Di-tert-butylacetylene (Id). Treating 1 equiv of Id 
with the reagent prepared from 7.5 equiv of Cul and 15 equiv of n- 
BuMgBr in ether in the usual manner for 2 days gave only unchanged 
starting material.

Reaction of 2-H eptyn-l-ol (7). Reaction of 0.448 g (4 mmol) of 
7 with the reagent prepared from 2.3 g (12 mmol) of Cul and 27.5 ml 
(24 mmol) of 0.86 M EtMgBr in ether in the usual manner for 4 h re
sulted in a mixture of 8 (58% yield by GLC) and several volatile 
products which distilled with the ether. These were not further 
characterized except to note a band at 1960 cm“ 1 in the ir indicating 
the presence of an allene. (Z)-2-Hepten-l-ol (8 ) showed ir 3400, 3030, 
1650, and 1010 cm“ 1; NMR 5 5.8-5.S (m, 2), 4.1 (d, 2, J  = 6 Hz), 2.3-1.9 
(m, 2 ), 1.6-1.1 (m, 4), and 0.9 (t, 3,J  = 6 Hz) .19 The E  isomer was not 
present to the limit of detection by NMR.

Reaction of 3-Phenyl-2-propyn-l-ol (9). The usual reaction of 
0.53 g of 9 with the reagent prepared from 5 equiv of Cul and 10  equiv 
of n-BuMgBr in THF for 5 h resulted in essentially complete con
version to (£)-2-(n-butyl)-3-phenvl-2-propen-l-ol (10a) :111 ir 3400, 
3030,1650,1030,910, 745, and 700 cm“ 1; NMR (CfiDr„ 220 MHz) b 7.23 
(d, 2), 7.13 (t, 2) 7.07 (t, 1), 5.55 (s, 1), 4.03 (s, 2), 2.52 (s, 1), 2.25 (t, 2, 
J = 7 Hz), 1.36 (quint, 2, J  = 7 Hz), 1.16 (sext, 2, J  = 7 Hz), and 0.77 
(t, 3, J  = 7 Hz); ,:,C NMR a 142.2,137.6,128.4,127.8,126.1,125.2,66.4,
30.4, 28.3, 22.8, and 13.9; mass spectrum m /e (rel intensity) 190 (20), 
148 (25), 133 (98), 130 (20), 129 (49), 128 (20), 117 (52), l i 6 (14), 115 
(60), 105 (39), 92 (31), 91 (100), and 77 (22). There was no spectro
scopic evidence for the presence of the Z isomer.

A similar reaction of 0.53 g of 9 with the reagent prepared from 3 
equiv of Cul and 6 equiv of EtMgBr in ether for 4 h gave complete 
conversion to a product which was 96% (£)-2-ethyl-3-phenyl-2-pro- 
pen-l-ol (l()b): ir 3400,3030.1660,1020, 910, 745, and 700 cm“ 1; NMR 
b 7.2 (s, 5), 6.46 (s, 1), 4.15 (s, 2), 3.2 (s, 1), 2.25 (q, 2, J = 7 Hz), and 1.10 
(t, 3, J = 7 Hz); l:,C NMR 143.2,137.3,128.3,127.9,126.2,124.5,66.0,
21.6, and 12.9.1,s There was no spectroscopic evidence for the presence 
of the Z isomer.

Reaction of 3-Oetyn-l-ol (11). A reaction of 0.50 g of 11 with the 
reagent from 5 equiv of Cul and 10 equiv of n-BuMgBr in ether was

processed after 24 h to give a 65:35 mixture of 11 and (Z)-3-octen-l-ol
(12): ir 3400, 3030, 1655, and 1045 cm“ 1; NMR (220 MHz) b 5.43 (d 
of t, 1, J  = 10,6.5 Hz), 5.26 (d of t, 1, J =  10,6.5 Hz), 3.49 (t, 2, J = 6.5 
Hz), 2.23 (q, 2, J  =  6.5 Hz), 2.03 (m, 2), 1.4 (s, 1), 1.32 (m, 4), and 0.89 
(t, 3, J =  6 Hz).20 There was no evidence for the presence of the E 
isomer in the ir or NMR.

Registry No.— la, 673-32-5; lb, 501-65-5; lc, 15232-76-5; 2d, 
7433-78-5; 3a, 60428-21-9; 3b, 5041-40-7; 5,60428-22-0; 6 , 60428-23-1; 
7, 20739-58-6; 8, 55454-22-3; 9, 1504-58-1; 10a, 60428-24-2; 10b, 
56407-97-7; 11, 14916-80-4; 12, 20125-84-2; benzyltriphenylphos- 
phonium chloride. 1100-88-5; pentane, 109-66-0; R"Cu (R" = Bu), 
34948-25-9; R"Cu (R" = i'-Pr), 55883-86-8; R"Cu (R" = i-Bu), 
56583-96-1; R"Cu (R" = Et), 18365-11-2.
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As is typical for the addition of amines to carbonyl compounds, the reaction of 2-thiophenecarboxaldehyde, pyr- 
role-2 -carboxaldehyde, and Ar-methylpyrrole-2 -carboxaldehyde with phenylhydrazine exhibits rate-determining 
formation of carbinolamine under acidic conditions and rate-determining dehydration of the carbinolamine inter
mediate under neutral and basic conditions. The addition of phenylhydrazine to form carbinolamines from these 
substrates is subject to general acid catalysis by carboxylic acids; the Bronsted exponent is 0.35 for addition to 2- 
thiophenecarboxaldehyde and A-methylpyrrole-2 -carboxaldehyde, and 0.90 for addition to pyrrole-2 -carboxal- 
dehyde. Logarithms of rate constants for catalysis of the attack of phenylhydrazine on furfural, 2-thiophenecarbox- 
aldehyde, pyrrole-2 -carboxaldehyde, and iV-methylpyrrole-2 -carboxaldehyde by the hydrated proton, carboxylic 
acids, and water are linearly related to values of pKa for the corresponding acids: log k =  y  log K a + C. Values of y  
increase with increasing pK e of catalyst. The dehydration of the carbinolamines derived from the addition of phen
ylhydrazine to the aromatic heterocyclic aldehydes exhibits both acid-catalyzed and pH-independent reactions.

The addition o f amines to carbonyl com pounds usually 
proceeds with one or more changes in rate-determining step 
which are reflected in breaks in pH -rate profiles .2-3 Under 
slightly acidic conditions, formation o f  the carbinolamine 
intermediate is slow, reflecting either rate-determining attack 
o f the nucleophile or rate-determining protonation o f  the 
zwitterionic addition product .4-5 Under neutral or basic con 
ditions, dehydration o f the carbinolamine becom es the slow 
step:

k, (H,0) OH H
\  MH+) !

U = 0  +  R— NH2 ■- — C— N— R
/  <h20) IT

*_,<H+) ft

k,,

’> ^ C = N — R +  HO (1 )

There exist a number o f quantitative relationships between 
structure and reactivity. M ost o f  these correlations are con 
cerned with the effect o f  substituents on the reactivity o f  a 
functional group linked to an aromatic ring. One o f  the oldest 
is the Hammett equation ,6 which correlates the nature o f  polar 
substituents in meta/para-substituted benzene derivatives 
with both equilibrium and rate constants for their reactions. 
Subsequent to the formulation o f the Ham m ett equation, a 
very large am ount o f  experimental inform ation concerning 
the effects o f  polar substituents on reaction rates and equ i
libria has been correlated with the appropriate substituent 
constants in the benzene series.7 -1 0  Corresponding treatment 
o f  substituent effects in heterocyclic aromatic systems is 
limited, although some progress has been m ade .8-10“ 13

In work reported herein a previous study o f furfural phen
ylhydrazone form ation 13 has been elaborated to include a 
series o f aromatic five-membered heterocyclic aldehydes, viz., 
2 -thiophenecarboxaldehyde, pyrrole-2 -carboxaldehyde, and 
N-methylpyrrole-2 -carboxaldehyde, to attempt to understand 
the relationship between structure and reactivity in this se
ries.

Experimental Section
Materials. All reagents employed were obtained commercially and, 

with the exception of reagent grade inorganic salts, were either re
distilled or recrystallized before used. Solutions of phenylhydrazine 
were prepared just prior to use. Solutions of carboxylic acids in 20% 
aqueous ethanol were prepared just prior to use to avoid esterifica
tion.

Kinetic measurements were carried out spectrophotometrically 
at 25 °C with the aid of a Zeiss PMQ II spectrophotometer equipped

with a thermostated cell holder. The reaction of 2-thiophenecar
boxaldehyde and phenylhydrazine was followed by observing the 
appearance of the product at 354 nm (pyrrole-2-carboxaldehyde and 
jV-methylpyrrole-2-carboxaldehyde at 340 nm) with an initial con
centration of aldehydes of 5.0 X 10- 5  M. In all cases a sufficient excess 
of nucleophilic reagent was employed so that pseudo-first-order rate 
behavior was observed. First-order rate constants were evaluated from 
plots of log (OD„ -  OD,) against time in the usual manner.

It was difficult to determine spectrophotometrically the equilibrium 
constants for the formation of the carbinolamines from the aldehydes 
and phenylhydrazine owing to the strong interference absorption of 
the latter substance. Similar difficulties have been noted in attempts 
to determine equilibrium constants for the formation of other phen- 
ylhydrazones. 14-15 Sander and Jencks16 have determined the values 
of the equilibrium constants for the addition of hydroxylamine (ptfa 
= 5.97) and semicarbazide (pK a =  3.65) to furfural; these are re
spectively 5.2 and 1.1 M-1. On the basis of these values, it is estimated 
that the equilibrium constants for the addition of phenylhydrazine 
(pK„ =  5.2) to furfural is close to 3 M- ! . Since 2-thiophenecarboxal- 
dehvde, pyrrole-2 -carboxaldehyde, and TV-methylpyrrole-2 -carbcx- 
aldehyde are less reactive than furfural toward phenylhydrazine it 
is possible to use relatively high concentrations of phenylhydrazine 
under neutral and basic conditions without accumulation of appre
ciable carbinolamine. In addition, with each of the aromatic hetero
cyclic aldehydes studied, the reaction is first order in phenylhydrazine 
over the concentration 5.0 X 10- 3  to 5.0 X 10- 2  M at pH 7. Conse
quently, all kinetic studies above pH 7 (in which dehydration is rate 
determining) have been made employing phenylhydrazine concen
trations lower than 5.0 X 10~ 2 M. Second-order rate constants could 
therefore be determined directly by dividing first-order rateconstants 
by the concentration of phenylhydrazine free base.

In the pH region in which phenylhydrazine attack is principally rate 
determining, rate constants have been corrected for the influence of 
the rate of carbinolamine dehydration as described by Sayer and 
Jencks. 17 Catalytic (third-order) rate constants were evaluated from 
the slopes of plots of second-order rate constants against the con
centration of catalyst. All kinetic experiments were carried out at 25.0 
±  0.1 °C in 20% aqueous ethanol at an ionic strength of 0.50, main
tained with KC1, with 2.0 X 10-4  M EDTA. Values of apparent pH 
were recorded with a Radiometer Model PHM 4d meter equipped 
with a glass electrode. Calculation of the concentration of phen
ylhydrazine free base and undissociated carboxylic acids were made 
employing the Henderson-Hasselbalch equation and values of pK a 
determined in this work.

pA'a Determinations. The pKa of A' methylpyrrole-2 -carboxylic 
acid (pKa =  4.64 ±  0.01) was measured at 25.0 ±  0.1 °C in water at an 
ionic strength of 0 .0 1 by careful partial neutralization of nine samples 
of the acid with known amounts of standard potassium hydroxide 
solution, to obtain different buffer solutions. The pH values of these 
solutions were measured with a Methron Herisau Compensator E 388 
equipped with a combined glass electrode. The pK a was obtained from 
the Henderson-Hasselbalch equation (Table I, supplementary ma
terial), and the thermodynamic value was calculated.

The values of pK a of acetic acid (4.741 ±  0.017), /J-hromopropionic 
acid (4.103 ±  0.008), formic acid (3.625 ±  0.014), chloroacetic acid 
(2.881 ±  0.020), and cyanoacetic acid (2.462 ±  0.004) (Table II, sup-
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Table IV. Catalytic Constants for Several Acids for Attack of Phenylhydrazine on Aromatic Heterocyclic Aldehydes in
20% Ethanol at 25 °C and Ionic Strength 0.50 "

Catalyst p K a Furfural'’

H iO+ -1 .7 4 3.3 X  105
CNCH-CO-H 2.46 2.6 X 104
C1CH ;CO>H 2.88 1.6 X 104
H C 04I 3.63 8.3 X 103
BrCH >CH )CO)H 4.10 9.2 X 10:i
CH-jCCLH 4.74 4.8 X 103
H.O 15.74 3.3

Catalytic constants have the units M 2 min h Reference

Figure 1. Logarithms of second-order rate constants for phenylhy- 
drazone formation from 2 -thiophenecarboxaldehyde (I), pyrrole-2 - 
carboxaldehyde (II), and ,V-methylpyrrole-2-carboxaldehyde (III) 
in 20% aqueous ethanol at 25 °C and ionic strength 0.50 plotted as a 
function of pH. All points refer to zero buffer concentration. The lines 
are theoretical (see text).

plementary material), and phenylhydrazinium ion (5.302 ±  0.028) 
(Table III, supplementary material) were measured at 25.0 ±0.1 °C 
in 20% aqueous ethanol and ionic strength 0.50, maintained with KC1, 
by careful partial neutralization of four samples of the acids with 
known amounts of standard potassium hydroxyde solution, to obtain 
different solutions. The pH values of these solutions were measured 
with a Methron Herisau Compensator E 148, equipped with a com
bined glass electrode. The glass electrode was initially calibrated with 
a blank solution of the same ionic strength containing 0.0100 M hy
drochloric acid, whose pH was taken as 2.00. Under such conditions 
the measured values of pH refer to hydronium ion concentration, 
rather than hydronium ion activities. The pKa’s were obtained from 
the Henderson -Hasselbaleh equation. The results were excellent, 
except for those for cyanoacetic acid, with acid concentration higher 
than 0.100 M.

R esults

In Figure 1 second-order rate constants for the reaction o f 
phenylhydrazine with 2 -thiophenecarboxaldehyde (I), pyr- 
role-2-carboxaldehyde (II), and /V-m ethylpyrrole-2-carbox- 
aldehyde (III) in 20% aqueous ethanol at 25 °C  and ionic 
strength 0.50 are plotted as a function o f pH. Where necessary,

Thiophene-
carboxal-

dehyde

Pyrrole-2-
carboxal-

dehyde

N-Methyl-
p yrro le -2 -

carboxaldehyde

2.5 X 105 1.4 X 10 s 1.3 X 10s
1.2 X 104 1.8 X 103 6.5 X  102
7.1 X 103 9.0 X 102 3.7 X 102
3.2 X 103 1.7 X 102 2.1 X 102
3.3 X 103 7.3 X 10' 2.2 X 102
1.7 X 103 1.3 X 101 1.0 X 102
1.1 1.0 X 10“ 1 6.0 X I O -2

Table V. Rate Constants for the Acid-Catalyzed and 
pH-Independent Reactions for Aromatic Heterocyclic 

Aldehyde Phenylhydrazone Formation under Conditions 
of Rate-Determining Dehydration at 25 °C

kn, kfi,
Aldehyde M _ 2 min - 1  min - 1

Furfural" 5.0 X  107 2.0 X  10 1
2-Thiophenecarboxaldehyde 1.8 X  10' 1.0 X  10~*
Pyrrole-2-carboxaldehyde 3.5 X  106 6.0 X  10~ 2
IV-Methylpyrrole-2-carbox- 3.0 X  106 5.5 X  10- 2

aldehyde

" Reference 13.

the second-order rate constants were extrapolated to zero 
buffer concentration. The lines in this figure are theoretical 
ones based on the following rate law derived from eq 1 .

_  fe'Jfei(H-jO) +  fevan+l +  k 4cih ife](H'>0) +  &90H+]
Rate = -------------------------------------------------------------------------------

fe-i(H oO ) +  k —‘>oyi+ +  +  k 4ayi+

X  (> C = 0 ) (R N H 2) (2 )

The values o f the rate constants were taken from Tables IV 
and V and it was assumed that the equilibrium constant for 
the addition o f phenylhydrazine to the aromatic heterocyclic 
aldehydes, K a(i, is 1.0 M ~ ’ .

The general shape o f the curves is familiar and reflects 
(going from basic to acid conditions) uncatalyzed and acid- 
catalyzed dehydration o f the carbinolamine intermediate as 
rate-determining step, and water-catalyzed and acid-catalyzed 
attack o f the nucleophile (or trapping o f the zwitterionic in
termediate4-5), as rate determining .2-3 -12 ' 14

In the region o f rate-determining formation o f carbi
nolamine, second-order rate constants are sensitive functions 
o f  the nature and concentration o f the carboxylic acid-car- 
boxylate buffers employed to maintain constant pH. Studies 
o f  the buffer catalysis demonstrated that, as usual, it is o f the 
general acid type2-3 (Table VI, supplementary material). 
Catalytic constants for various carboxylic acids were evaluated 
in the usual way: These constants are collected in Table IV.

Catalytic constants for the carboxylic acids are well corre
lated by the Bronsted catalysis law. Least-squares treatment 
o f  the data yield the following values for a: 2 -thiophenecar
boxaldehyde, 0.35; pyrrole-2-carboxaldehyde, 0.90; and N -  
m ethylpyrrole-2-carboxaldehyde, 0.35 (Figure 2 ).

In Figure 3, values o f  the logarithms o f the catalytic con 
stants for the hydrated proton and water for the attack o f 
phenylhydrazine on furfural, 2 -thiophenecarboxaldehyde, 
pyrrole-2-carboxaldehyde, and Af-m ethylpyrrole-2-carbox- 
aldehyde, and values o f  the logarithms o f the catalytic con 
stants for cyanoacetic acid catalysis and acetic acid catalysis 
for the attack o f phenylhydrazine on furfural, 2 -thiophene-
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Figure 2 . Logarithms of the catalytic constants for several acids for 
the attack of phenylhvdrazine on 2 -thiophenecarboxaldehyde (I), 
pyrrole-2-carboxaldehyde (II), and A-methylpyrrole-2-carboxal- 
dehyde (III) in 20% aqueous ethanol at 25 °C and ionic strength 0.50 
plotted against the pK a values of the catalytic-constants listed in 
Table IV.

carboxaldehyde, and N -methylpyrrcle-2-carboxaldehyde are 
plotted against the pKa values of the corresponding acids 
(2-furoic acid, 3.12;18 2-thiophenecarboxylic acid, 3.47;19 
pyrrole-2-carboxylic acid, 4.41;20 and AT-methylpyrrole-2- 
carboxylic acid, 4.64, this work). Data for all the compounds 
fall on good straight lines. The straight lines of Figure 3 can 
conveniently be expressed by the equation log k = y  log K a 
+  C, in which the two variables are log k and log K a, the slope 
of the line is y ,  and the intercept is C. The significance of y  is 
that it measures the sensitivity of the reaction to the nature 
of the aromatic heterocyclic ring system.

Dehydration of the intermediate carbinolamine is the 
rate-determining step above pH 7. The dehydration reaction 
for all the aromatic heterocyclic aldehydes studied is sus
ceptible to specific acid catalysis and to a pH-independent 
reaction (Figure 1). The appropriate rate constants are col
lected in Table V.

Discussion
A. The Bronsted Catalysis Law. Correlation of catalytic 

constants with pK a values of carboxylic acids for meta/para- 
substituted benzaldehyde phenylhydrazone formation and 
for 5-substituted 2-furfural phenylhydrazone formation13 in 
Bronsted plots by least-squares analysis yields values for a 
of 0.35 ±  0.01; significantly smaller values characterize a 
number of related reactions.17 In this work, correlations of the 
catalytic constants of carboxylic acids for 2-thiophenecar
boxaldehyde and iV-methylpyrrole-2-carboxaldehyde phen
ylhydrazone formation in Bronsted plots by least-squares 
analysis yields values for a  of 0.35. In contrast, general acid 
catalysis for pyrrole-2-carboxaldehyde phenylhydrazone 
formation yields a value for a  of 0.90. As the /V-methylpyr- 
tole-2-carboxaldehyde exhibits the usual behavior, but the 
pyrrole-2-carboxaldehyde does not, it is reasonable to assume

Figure 3. Logarithms of catalytic constants for the hydrated proton 
and water for the attack of phenylhydrazine on furfural (0 ), 2 -thio
phenecarboxaldehyde (I), pyrrole-2-carboxaldehyde (II), and N - 
methylpyrrole-2 -carboxaldehyde, and logarithms of catalytic con
stants for cyanoacetic acid and acetic acid for the attack of phen
ylhydrazine on furfural (0), thiophene-carboxaldehyde (I), and N - 
methylpyrrole-2-carboxaldehyde (III) plotted against the pK d values 
of 2 -furoic acid, 2-thiophenecarboxylic acid, pyrrole-2 -carboxylic acid, 
and A,-methylpyrrole-2-carboxylic acid. Data have been taken from 
Table IV.

that the hydrogen linked to heterocyclic nitrogen plays a role 
in this unique behavior.

One possible explanation is that the carboxylic acid cata
lysts for this reaction function as bifunctional catalysts for the 
attack reaction in the way shown below:

I :
H H
I I

T

R'

In this formulation, the carbonyl oxygen acts as a general base 
catalyst by withdrawing a proton from the substrate in the 
transition state. At the same time, the hydroxyl component



acts as a general acid catalyst by partially protonating the 
carbonyl oxygen atom of the substrate. Since polar substitu
ents in the carboxylic acid will affect the proton-donating 
powers of the hydroxyl function and the proton-withdrawing 
powers of the carbonyl oxygen atom in opposite fashions, it 
would be anticipated that the catalytic constants would be 
independent of the nature of such substituents. In other 
words, a  should be smaller than 0.35. This is in contrast with 
the observed value of oe (0.90) and rules out this explana
tion.

The possibility of rate-determining proton transfer from 
the carboxylic acid to the zwitterionic addition compound4'5 
is also inconsistent with the data since such reactions are ex
pected to be diffusion controlled or nearly so and, hence, have 
rate constants independent of the acidity of the catalyst. In 
addition, unusual mechanisms for phenylhydrazone formation 
from pyrrole-2 -carboxaldehyde seem unlikely since the re
activity of this compound is consistent with that expected on 
the basis of its relatives (see below).

We are left without a satisfactory explanation for the un
usually large value of a  for this reaction. It evidently depends 
on having the proton on the heterocyclic nitrogen atom and 
may or may not depend on the bifunctional character of the 
carboxylic acid. Further studies will be required to settle this 
point.

B. Free Energy Relationships. In this work we have found 
a linear free energy relationship between the reactivity of 
derivatives of aromatic heterocyclic rings, viz., furan, thio
phene, and pyrrole, and the acidity of the corresponding 
acids.

The sensitivity of the attack reaction of phenylhydrazine 
on the aromatic heterocyclic aldehydes is highest when the 
reaction is water catalyzed (y = 1 .2 ), intermediate when the 
reaction is catalyzed by carboxylic acids (7  = 1 .0), and smallest 
when the reaction is catalyzed by the hydronium ion (7  = 
0.27). The variation of the 7  values with the acidity of the 
general acid catalyst together with the considerations con
cerning variation in transition state structures as function of 
reactivity is in accord with the considerations of Hammond,21 
Leffler,22 and Swain and Thornton.22
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Stereochemistry of Photochemical Cycloadditions: Addition of 
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Photochemical cycloaddition of ethylene and 1 gave only 2, a result consistent with the Wiesner model for pho
toaddition of olefins to cyclohexenones.

The photochemical cycloaddition of olefins to enones is 
a synthetically useful reaction. Wiesner2 has rationalized the 
stereochemistry of such additions to cyclohexenones in terms 
of an excited enone in which the /S carbon becomes nearly 
tetrahedral with an electron-rich orbital in a pseudoaxial 
orientation. This model is consistent with a large number of 
cycloadditions to cyclohexenones of the cholestenone type.

We report here the first test of the Wiesner model in a A9-l- 
octalone.

The enone l3 underwent photochemical cycloaddition with 
ethylene in methylene chloride solution at —60 °C to give 
exclusively 2 in 82% yield. The structure of 2 was established 
by single-crystal x-ray diffraction analysis of the p-bromo- 
benzoate 3b.
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0  0

b, R =  p-BrC6H4CO

According to the W iesner model, four excited forms o f 1 
may be considered: 4 ,5 , 6 , and 7. In two o f these, 4 and 7, ring 
C is held in the boat conformation and these are presumed to 
be considerably less important than 5 or 6 . Cycloaddition with 
6 must occur from the a face, which is severely hindered by 
rings A and B. N o obstacles im pede cycloaddition with the 
remaining species, 5. Thus, the form ation o f 2 as the sole 
product o f  cycloaddition o f  ethylene and 1  is adequately ra
tionalized in terms o f the Wiesner m odel and intermediate 
5.

Reduction o f 2 with lithium tri-ieri-butoxyalum inum  hy
dride gave only 3a. Conversion o f this alcohol into its p -b ro - 
mobenzoate 3b gave a crystalline derivative suitable for x-ray 
analysis.

When 2 was heated with p-toluenesulfonic acid in boiling 
benzene for 2 h, a new cyclopentanone 8 was isolated in 64% 
yield. The structure o f 8  follows from spectral data and ample 
precedent.4

6

E xperim en ta l S e c tio n 3

Cycloaddition of Ethylene and 1. An irradiation apparatus 
equipped with a Hanovia 450-Watt Type L mercury vapor lamp and 
a Pyrex probe coaled by circulating ethanol maintained at ca. —60 °C 
by a dry ice-isopropyl alcohol bath was charged with a solution of 7.25 
g of 1 in 130 ml of methylene chloride. The apparatus was cooled in 
a dry ice-isopropyl alcohol bath and ethylene was bubbled through 
the solution during irradiation. After 1 h of irradiation all the starting 
material had reacted. The solvent was removed and the resulting solid 
was recrystallized from methanol to yield 5.03 g o f 2, mp 131.5-133 
°C. The mother liquors yielded another 1.49 g of 2 (total 82.1% yield), 
ir (C H .C y  169C cm “ 1.

Anai. Calcd for C». »*;(>*: C, 81.25; H, 8.44. Found: C, 80.94; H, 
8.08.

Reduction of 2. T o a solution of 1.20 g (5.83 mmol) o f lithium tri- 
feri-butoxyaluminum hydride in 6 ml of dry tetrahydrofuran was
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T able I

A. Crystal Parameters

Formula CzsHmOsBr (495.
Crystal size, mm 0.2 X 0.2 X 0.3
Cell dimensions a = 11.874 (2 ) A

b = 7.520 (1) Â 
c = 27.095 (5) Â 
6 =  101.08(1)°
V = 2374.3 (7) Â:i

Space group P  2 ,/c
Molecules/unit cell 4
Density observed, g/cm 3 1.35
Density calculated, g/cm 3 1.386
Linear absorption 28.1

coefficient (p), cm 1

B. Refinement Parameters

Number of reflections 2443
Nonzero reflections 2038
R index 0.061

(R =  2| |F„| -  |Ec||/S|E„|)
Weighted R 0 .0 1 0

(.R ' = w(F„2 -  Fc2)2/Sa.F04)
Final shifts <0.3(7

added a solution of 600 mg (1.94 mmol) of 2 in 6 ml of dry tetrahy- 
drofuran. The resulting mixture was stirred at 0 °C for 75 min. After 
the usual workup alcohol 3a was isolated as a white solid (570 mg, 
94.5%, mp 153-159 °C). Recrystallization from methanol gave ma
terial of mp 158.5-160 °C; ir (CHvCL) 3630, 3500 cm-1. Alcohol 3a 
was converted into the p-bromobenzoate 3b by treatment with p- 
bromobenzoyl chloride in dioxane-pyridine. The crystalline product 
obtained after usual workup was recrystallized twice from benzene- 
hexane: mp 175.5-177 °C; ir (CFLCL) 1710,1615 cm-1. This material 
was used for x-ray diffraction analysis.

Anal. Calcd for C ;KIItiCCBr: C, 67.87; H, 6.31; Br, 16.14. Found: C, 
67.63; H, 6.21; Br, 16.32.

Acid-Catalyzed Isomerization o f 2. A solution of 500 mg (1.64 
mmol) of 2 and 1.5 g of p-toluenesulfonic acid monohydrate in 125 
ml of benzene was refluxed for 2 h. The resulting mixture was washed 
with aqueous NaHCOn and water, and dried (MgSOp. Removal of 
solvent gave 540 mg of a dark oil. A solution of this oil in methanol was 
stirred with activated charcoal, filtered and concentrated to yield 320 
mg (64%) of crystalline 8 , mp 119-120 °C. Two additional recrystal
lizations from methanol gave an analytical sample: mp 1 2 0 - 1 2 1  °C; 
ir(CH,CL) 1735, 1615 cm-1.

Anal. Calcd for C mH jjCB: C, 81.25; H, 8.44. Found: C, 81.07; H,
8.26.

X-Ray Analysis o f 3b. The crystal structure of this compound was 
concluded in a routine manner. Suitable crystals were grown from a 
mixture of benzene and hexane. The crystals were surveyed and a 1 -A 
intensity data set (maximum sin 0/X =  0.5) was obtained on a Syntex 
Pi diffractometer using copper radiation (X = 1.5418 A) at room 
temperature. The crystal density was measured by the flotation 
technique in aqueous KI Final unit cell dimensions were obtained 
using 15 high angle reflections (20 > 40°). The diffractometer was 
equipped with a graphite incident beam monochromator mounted 
in the perpendicular mode. During data collection a 0-20 scan tech-

Cargill, Bryson, Krueger, K em pf, M cKenzie, and Bordner

nique was employed, the scan rate was 2 °/min in 20, the scan range 
was 1.0° above K o2 and 1.0° below K «i, and the background was 
counted for half the scan time on each side of the peak. A single check 
reflection was monitored every 30 reflections and indicated no crystal 
damage since it was reproducible within counting statistics.

The diffractometer output was processed using subprograms of the 
i ' K Y M  crystallographic computer system.6 The processing included 
corrections for background, Lorentz, and polarization effects. The 
polarization effect due to the graphite monochromator was included 
in these corrections.7 No corrections were made for absorption. The 
data processing also included calculation of the F'2 value and its 
standard deviation for each reflection. The standard deviations were 
assigned on the basis of the equation

<r2(/) = S + a 2( B t +  B2) +  (dS)2

where S  is the scan count, B\ and B ■> are the background counts, d is 
an empirical constant equal to 0 .0 2 , and a  is the scan time to total 
background time ratio. All intensities with values less than three times 
the standard deviation were set equal to zero with zero weight. The 
data set was placed on an approximately absolute scale by means of 
Wilson statistics. Crystal parameters are summarized in Table I.

Determination o f Structure and Refinement. A trial structure 
for 3b was obtained by conventional Patterson and Fourier tech
niques. This trial structure refined routinely to an acceptable R index 
(see Table I). The latter stages of the refinement procedure included 
a full matrix least-squares treatment of all nonhydrogen coordinates 
in one matrix, and anisotropic temperature factors and scale factor 
in a second matrix. Methylene and methine hydrogen positions were 
calculated; all other hydrogen positions were located by difference 
Fourier techniques. While hydrogen parameters were added to the 
structure factor calculation in the latter stage of refinement, t hey were 
not refined. The quantity minimized by the least-squares procedure 
was £w(F„2 — Fc2)2, where oj = l /a 2(F„2). A final difference Fourier 
revealed no missing or misplaced electron density. A stereoplot of 3b 
is given in Figure 1. Atomic parameters and bond distances and angles 
appear in Tables II and III.8
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The solvolysis of phenyl triflate (3), phenyl nonaflate (4), o-methylphenyl nonaflate (5), o-cyclopropylphenyl no- 
naflate (6 ), o-methoxyphenyl triflate (7), 2,6-dimethoxyphenyl triflate (8 ), 2,6-diisopropylphenyl triflate (9), 3,5- 
dimethoxyphenyl triflate (10), 3,5-dicyclopropylphenyl triflate (11), 3,5-di(2-methylcyclopropyl)phenyl triflate 
(12), 2,4,6-tricyclopropylphenyl triflate (13), and 2,4,6-triisopropylphenyl tr flate (14) were examined in great de
tail under a wide variety of conditions. In highly polar nonnucleophilic solvents no reaction was observed and the 
unreacted triflates were recovered quantitatively. In the presence of nucleophiles or nucleophilic solvents the sole 
products observed were the corresponding phenols. Careful labeling and product studies showed that these phenols 
arose by nucleophilic attack on sulfur and S -0  bond cleavage. We have not been able to find any evidence for aryl 
cation intermediates.

Contrary to earlier assumptions, the solvolyses o f  a num 
ber o f  vinyl substrates have been shown to proceed by rate- 
limiting heterolyses o f their vinyl C -X  bonds (eq 1 ), especially

R \  X R3 +
C = C ^  — * ^ C = C — R, + X“

r ;  r , r /
l

X = Cl, Br, OSO,F, OSOjCF., OSfhC.F,

(1 )

when cation stabilizing substituents are present or a fluoro- 
sulfonate leaving group is em ployed .2 Rather than being 
elusive, vinyl cations 1 are now com m onplace in organic 
chemistry.

O f the numerous species related2 to vinyl cations one o f the 
most interesting is the phenyl (aryl) cation, 2. Despite con 

siderable research, the existence o f  aryl cations as reactive 
intermediates long eluded firm proo f .3 In the gas phase the 
phenyl cation is a high-energy species with A H {°  (298 °C) = 
270 ±  4 kcal/m ol,4a which means that it is 11 kcal/m ol less 
stable than the ethyl cation4b (Table I). Nevertheless, aryl 
cations have been postulated as intermediates in the thermal 
and photochem ical decom position o f aryl diazonium salts.5 

However, dediazonization reactions can follow  several path- 
ways5a fi involving possible biradical species ,7 aryne inter
mediates,8 or one-step bimolecular mechanisms;9 the eluci
dation o f precise reaction mechanisms and the exact nature 
o f  reactive intermediate(s) is com plicated.

Recently, Swain and co-workers6 have shown that, in the 
absence o f  strong bases, reducing agents, or light, displace
ments on C(;H,r,N2+ in solution proceed by rate-determining 
formation o f a singlet phenyl cation. Independent observa
tions by Zollinger and co-workers10 on the reaction o f m olec
ular nitrogen under pressure with a phenyl cation adds sup

port to the existence o f  such species as reaction interm edi
ates.

In order to study the possible solvolytic generation o f aryl 
cations we investigated the preparation and reactions o f  a 
large number o f aryl triflates and nonaflates.

Results and Discussion

The singlet phenyl cation, 2, has a nominally vacant sp2 

orbital orthogonal to the ir electrons o f the benzene ring. V a
cant orbitals o f  cations generally prefer to possess maximum 
p character. This would require aryl cations, in analogy to 
vinyl cations , 11 to have a linear geometry about the electron- 
deficient carbon. This electron-deficient carbon in a phenyl 
cation, however, due to symmetry, must be constrained to an 
unfavorable nonlinear geom etry.121’ T a ft 13 suggested that a 
triplet ion radical might be the structure o f  the aryl cation on 
the basis o f aryldiazonium ion decomposition studies. In such 
a triplet ion radical, a ir electron from  the benzene ring has 
entered the vacant sp2 orbital formerly occupied by the C -N  
bonding electrons. Hence, one unpaired electron is in the ir 
system, delocalized as shown in 2a-d (for the 'B j state). An 
alternative triplet state (3A 2) is also possible, for which the 
resonance forms 2a-d do not provide a description o f the ir

© © © ©

( 0 = 0 " 0 - 0
2a 2b 2c 2d

charge distribution; ab initio calculations12 indicate this state 
to lie slightly higher in energy that the 3Bj one. Either o f  the 
triplet states can be strongly stabilized by resonance with 
ir-donating substituents.12c

Theoretical calculations using the extended H uckel, 14 

IN D O ,6'15 C N D O /S ,12d and most recently ab initio12h,c levels 
predict the singlet phenyl cation to be the ground state with 
substantial delocalization o f the positive charge throughout 
the molecule. The energy differences between the 'A ] singlet 
and the 3B| and 3A 2 triplet states have been variously calcu
lated to be 20-150 kcal/mol in favor o f  the singlet state for the 
phenyl cation ,6 12 but the energy separation strongly depends 
on substituents. 12 ’15 Gleiter, Hoffmann, and Stohrer fou nd 14
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Table I Relative Phenyl Cation Stabilization Energies Table II. Solvolysis o f  Phenyl Sulfonates 3 and 4

Phenyl cation

Species
A H f°, 25 °C, 

gas phase
stabilization

energies

à
270

c 2h 3+ 266 +3
c 2h t 219 - 1 1
c h 3ct= c h , 237 - 1 8
c h 3+c h c h 3 192 -3 3

+
RH + i f^ i  *■ ff""')) + R*

Substrate Rxn conditions Product(s)

3 H20 , 150 °C, 14 days No reaction 
3 recovered

3 CF 3COOH, CF 3C 0 2Na No reaction
150 °C, 21 days 3 recovered

3 CH3COOH, CH3CO,Na, No reaction
150 °C, 21 days 3 recovered

3 CH3OH, Et3N, 150 °C, 
2 1  days

1 0 0 % phenol

3 50% EtOH, Et3N, 150 
°C, 21 days

1 0 0 % phenol

3 CF3CH2OH, Et3N, 150 
°C, 21 days

1 0 0 % phenol

that electron-donating substituents in the meta position 
(relative to the carbon bearing the empty sp2 orbital) should 
stabilize the singlet electronic state by “ through-bond”  sta
bilization , 14 although more recent calculations predict para 
substitution to be even more favorable . 12 Possible credence 
is lent to the “ through-bond” hypothesis by further theoretical 
calculations which show that the C -N  bond order is decreased 
in substituted phenyldiazonium ions by ?r-donor groups in the 
meta position and increased (or unchanged) by meta electron 
acceptors, in accord with thermal decom position rates and 
quantum yields o f  substituted phenyldiazonium salts. 15  

Possible experimental evidence for the “ through-bond”  sta
bilization o f aryl cations by meta ir-donor substituents has 
been provided by Derocque et al. 16 by mass spectral studies. 
Am ong a large number o f  aryl triflates investigated, 3,5- 
d i(«-m ethylcyclopropyl)phenyl triflate ( 1 2 ) showed the 
largest percentage o f direct formation o f the corresponding 
aryl cation under electron im pact , 16 although the exact 
structural assignments o f  such species are never secure in the 
gas phase.

Guided by these theoretical considerations , 17 we prepared 
the following aryl triflates and nonaflates, 3 -14, and investi-

OTf ONf ONf ONf OTf

3 98% CF 3CH2OH, Et3N, 
150 °C, 21 days

1 0 0 % phenol

3 50% CF 3CH2OH, Et3N, 
150 °C, 21 days

1 0 0 % phenol

3 H20 , NaOH, 150 °C, 
1 2  hours

1 0 0 % phenol

4 CF3COOH, CF3C 0 2Na, No reaction
150 °C, 21 days 4 recovered

4 50% EtOH, Et3N, 150 
°C, 21 days

1 0 0 % phenol

selected for possible classical inductive stabilization o f aryl 
cations via electron-donating ortho substituents, and meta 
isomers 1 0 - 1 2  were selected to test the “ through-bond”  sta
bilization hypothesis o f  Gleiter and H offm an . 14 '17 C yclopro
pane substituents were selected for their efficacious stabili
zation o f cations by “ through-space”  nonclassical overlap o f 
orbitals18 and their demonstrated ability to stabilize vinyl 
cations. 19 In addition aryl sulfonates 9 and 14 were chosen for 
possible relief o f  ground state steric crowding upon solvolysis 
and hence possible enhanced solvolytic reactivity.

The results o f  the solvolytic investigations are reported in 
Tables II-V . In buffered media at relatively high tem pera
tures, arylsulfonate esters may undergo reaction via three 
possible mechanisms, illustrated in Scheme I for the parent

OTf =  OSO,CF;i 
ONf =  0 S 0 2C4F 9

gated their solvolytic behavior under a wide variety o f  con 
ditions.

Com pounds 3 and 4 were chosen as possible progenitors o f 
the unsubstituted parent phenyl cation, compounds 5 - 9  were

Scheme I. Mechanisms o f  Reaction o f  Arylsulfonate Esters

phenyl system. Reaction A involves aryl-oxygen cleavage, 
formation o f the aryl cation, and subsequent capture by so l
vent. Path B involves abstraction o f  a proton by a base (sol
vent or buffer), loss o f  triflate anion, and benzyne formation. 
This pathway would require the formation o f a mixture o f 
meta- and ortho-substituted products from an ortho-substi
tuted arylsulfonate as well as the incorporation o f  deuterium 
into the ring in the presence o f deuterated solvent. Mechanism 
C involves sulfur-oxygen cleavage via nucleophilic attack on 
sulfur resulting in the formation o f phenol, rather than a
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Table III. Solvolysis of Ortho-Substituted Arylsulfonates
Substrate Rxn conditions Product(s)

5 CHjCOOH, CH 3C 0 2Na, 150 °C, 21 days No reaction, 5 recovered
5 50% EtOH, Et3N, 150 °C, 21 days o-CH 3C6H4OH (100% )
6 CH 3OH, EtjN. 150 °C, 21 days o-C 3HsC6H4OH (50% ), 6  (50% )
6 50% EtOH, Et3N, 150 °C, 21 days o-C 3HsC6H4OH (100% )
7 CH 3OH, 2,6-lutidine, 125 °C, 5 days o-C H 3OC6H4OH (2% ), 7 (98% )
7 97% C F 3CH-OH, 2,6-lutidine, 125 °C, 20 days o-CH 3OC6H4OH (7% ), 7 (93% )
7 60% EtOH, NaOAc, 180 °C, 39 h o-CH 3OC6H4OH (83% ), 7 (17% )
8 60% EtOH, NaOAc, 180 °C, 27 h 2,6-(CH 30 ) 2C6H30H  (72% ), 8 (10% )
9 CH 3OH, NaOCHj, 150 °C, 5 h 2,6-(!-Pr)2C6H3OH (100% )
9 80% EtOH, 150 °C, 10 days No reaction, 9 recovered
9 50% EtOH, 150 °C, 10 days No reaction, 9 recovered
9 H20 , 150 °C, 10 days No reaction, 9 recovered
9 CHjCOOH, 150 °C, 10 days No reaction, 9 recovered
9 50% EtOH, NaOH, 150 °C, 5 h 2,6-(i-Pr)2C6H3OH (100% )

Table IV. Solvolysis o f  Meta-Substituted Arylsulfonates

Substrate Rxn conditions Product(s)

1 0 CH3OH, l , 8 -bis(Af,A'-dimethyl)naphthalene, 180 °C, 20 days 3,5-(CH 30 ) 2C6H3OH (100% )
1 0 C F 3CH 2OH, l , 8 -bis(V,V-dimethyl)naphthalene, 125 °C, 5 days 3,5-D i-C H ,0-C 6H3OH (38% ) +

3,5-Di-CH 30 -C 6H3OCH 2CF3 (62%
1 1 EtOH—H2180 , Et3N, 150 °C, 21 days 3,5 -D icyclopropyl C6H3OH (10 0% )
1 2 EtOH—H2‘ sO, Et3N, 150 °C, 21 days 60% phenol, 40% 12

Table V. Solvolysis o f  2,4,6-Trisubstituted Arylsulfonates

Substrate Rxn conditions Product(s)

13 EtOH—H 21 sO, EtjN, 150 °C, 21 days 2,4,6-(c-C 3H5)3C6H2OH (15% ), 13 (85% )
14 50% EtOH, EtjN, 150 °C, 21 days 2,4,6-(i-Pr)3C6H2OH (< 10% ), 14 (> 90% )

phenyl ether, when alcoholic solvents are employed. Such 
nucleophilic attack upon sulfur, and the attendant S - 0  bond 
cleavage in the presence o f  bases, is a well-known phenom e
non .20

Examination o f the data in Table II reveals that the phenyl 
fluorosulfonate esters 3 and 4 do not lead to phenyl cation. 
Indeed they are totally inert even under extreme solvolytic 
conditions (2-3 weeks at 150-180 °C in polar, nonnucleophilic 
solvents). On the other hand, in nucleophilic solvents21 in the 
presence o f  amine buffers, quantitative phenol formation 
occurs. Solvolysis o f  3 in Et0 D -D 2 0  under similar conditions 
also yielded phenol as the sole product Mass spectral analysis 
o f  this phenol gave no indication ( < 1 %) o f deuterium incor
poration into the ring. This rules out the possibility o f benzyne 
formation (path B) in this reaction. These results strongly 
implicate nucleophilic attack on sulfur and sulfur-oxygen 
bond cleavage20 as depicted in mechanism C in Scheme I.

Results in Table III reveal either no reaction or, under 
forcing conditions, sole form ation o f substituted phenols as 
products. In the case o f  ortho-substituted arylsulfonates only 
ortho-substituted phenols were observed with no detectable 
amount o f meta isomers. In particular 5 gave only o-cresol in 
50% EtOH as determined by GC analysis. Similarly, solvolysis 
o f  6 in 50% EtOH gave only o-cyclopropylphenol. This sol
volysis product was methylated with diazomethane, and the 
methyl ether so obtained was found to be identical in all re
spects with an authentic sample prepared from  pure o -cy 
clopropylphenol. Again, both a mechanism involving a ben
zyne or an aryl cation as possible intermediates are ruled 
out.

Solvolyses o f 11,12, and 13 were conducted in E tO H -H A T ) 
in order to check for 18 0  incorporation in the phenolic prod
ucts; however, careful mass spectral analysis revealed none, 
hence providing direct evidence for path C and S - 0  cleavage 
rather than aryl-oxygen cleavage. The form ation o f the tri- 
fluoroethyl ether in the reaction o f 1 0  in CFuCH^OH might, 
at first glance, indicate the intermediacy o f an aryl cation.

However, control experiments dem onstrated that the ether 
was formed subsequently from phenol and CF^CH^OH. This 
is further substantiated by the reaction o f 18 0  (aryl-oxygen) 
labeled 1 0  in CF 2C H 2OH. The 3,5-dim ethoxyphenyl trifluo- 
roethyl ether thus formed had retained all o f the l80  originally 
in the starting triflate. This rules out an aryl cation interme
diate.

Finally, as the data in Table V as well as the results o f 
substrate 9 ind.cate, even bulky substituents do not assist the 
solvolytic formation o f aryl cations. The small yields o f phenol 
formed in the reaction o f 14 indicate that nucleophilic attack 
on sulfur and the subsequent S - 0  cleavage is sterically hin
dered.

Sum m ary. It is evident from the foregoing results and 
discussion that although aryl cations may be intermediates 
in the reactions o f certain aryldiazonium ions or may be o b 
served in the gas phase4-16 they certainly do not form in the 
solvolyses o f arylsulfonate esters even when “ super”  sulfonate 
leaving groups are em ployed . 1 Instead o f reaction via aryl 
cations, aryl triflates prefer to react via nucleophilic attack 
on sulfur and S - 0  cleavage. These experimental results fur
ther confirm the high energy and unstable nature o f aryl 
cations.4-12 Moreover, because o f the orthogonal arrangement 
o f  the vacant orbital at C, and the filled i: orbitals o f  the ring, 
substituents are not very effective in providing significant 
stabilization of singlet aryl cations . 12

E xperim en ta l S ection

General. All boiling points and melting points are uncorrected. 
NMR, ir, and mass spectra were recorded on standard instruments 
as were GC determinations using the following columns: A, 3 ft X 0.25 
in. 20% Carbowax 20M on Chromosorb W; B, 5 ft X 0.25 in. 3% SE-30 
on Chromosorb W; C, 3 ft X 0.125 in. 5% FFAP on Chromosorb W; D, 
3 ft X 0.125 in. 10% Carbowax 20M on Chromosorb W; E, 5 ft X 0.125 
in. 5% FFAP on Chromosorb W; F, 5 ft  X 0.125 in. 5% SE-30 on 
Chromosorb W; G, 9 ft X 0.25 in. 15% silicon oil DC 200 on Chromo
sorb P.

Reagents. Trifluoromethanesulfonic acid (triflic acid) was pur-
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Table VI. Physical and Spectral Properties o f  Arylsulfonate Esters'1

Com pd Bp, °C (m m ) Ir« NMR*.«

3 6 7 -6 8  (15) 1 4 3 0 ,1 2 5 5 , 1220, 1140 7 .0 -7 .3  (m, 5 H)
6 1 4 0 -1 4 5  (15 ) 1440, 1250, 1210, 1155 0 .5 -1 .3  (m, 4 H) 1 .9 -2 .4  (m, 1 H)

7 .0 -7 .4 5  (m, 4 H)
7 1435, 1245, 1210, 1145 3.9 (3 H), 6 .9 -7 .5  (m, 4 H)
8 1430, 1250, 1215, 1145 3.8 (s, 6  H), 6 .4 -7 .3  (m, 3 H)
9 1 1 0 -1 1 5  (1 2 -1 5 ) 1 3 8 5 ,1 2 0 5 , 1130 1.12 (d, 12 H, J =  5.9 Hz)

3.25 (septet, 2 H), 7.08 (s, 3 H)
1 0 1430, 1250, 1215, 1150 3.8 (s, 6  H), 6.4 (m, 3 H)
13 127 (0 .05 ) 0 .4 5 -1 .1 5  (m, 12 H), 1.79 (m, 1 H)

2.08 (m, 2 H), 6.47 (s, 2 H)
14 62 ( 0 .0 0 1 ) 1.24 (d, 12 H), 1.26 (d, 6  H)

2.90 (septet, 1 H), 3.33 (septet, 2 H)
7.02 (s, 2 H)

“ Satisfactory elemental C and H analyses were obtained for all new com pounds. * Neat film. c Parts per million downfield
TMS, 0.0.

chased from the 3M Co. and converted to its anhydride with P2Or„— 
Nonafluorobutanesulfonyl fluoride was kindly supplied by Farben- 
fabriken Bayer. Proton Sponge, l,8-bis(dimethylamino)naphthalene, 
and 2,6-lutidine were purchased from Aldrich Chemical Co. Oxy
gen-18 enriched H20  containing 1.75 atom % 180  was purchased from 
BioRad and the one containing 25 atom % 180  from Firma Roth, West 
Germany, and diluted to 12.5 atom % 180. o-Methoxyphenol, 2,6- 
dimethoxyphenol, 3,5-dirr.ethoxyphenol, and 2,6-diisopropylphenol 
were purchased from Aldrich Chemical Co. o-Cyclopropylphenol was 
kindly provided by Dr. P. Cagniant, University of Metz, France;
3,5-dicyclopropylphenol, 2,4,6-tricyclopropylphenol, 2,4,6-triiso- 
propylphenol, and 3,5-(2-methylcyclopropyl)phenol were prepared 
according to Effenberger et al.23

Aryl triflates were prepared by a procedure similar to the prepa
ration of alkyl tosyiates24 by addition of an equivalent amount of triflic 
anhydride to a pyridine phenol mixture of 0 °C. In most instances 
pyridine triflate precipitated from the reaction mixture during a 24-h 
period while the mixture was kept in a refrigerator. The reaction 
mixture was poured into ether and washed several times with water, 
the ether solution was dried over MgS04, and the solvent evaporated. 
The crude aryl triflates were purified first by column chromatography 
on silica gel and then by preparative GC.

Aryl nonaflates were prepared similarly, as previously reported,2f> 
using triethylamine as the base. Physical and spectral properties of 
previously unknown aryl triflates and nonaflates are reported in Table 
VI; for 4 and 5 see ref 18 and for 11 and 12 see ref 23.

Solvolysis and Product Identification. Solvolyses of sulfonate 
esters 3-14 were carried out on a 10-mmol scale or less under the 
conditions given in Tables II-V in thick-walled glass ampules. 
Analysis was by means of either direct injection into the GC and use 
of authentic samples or by workup as follows. Most of the solvent was 
removed by aspirator and the residue dissolved in ether. The ether 
layer was washed with 5% NaOH (4 X 20 ml) and the phenol regen
erated by acidification with ice-cold dilute HC1 and extracted with 
ether, and identified with the aid of authentic samples. The NaOH- 
insoluble portion was separately worked up by washing the ether layer, 
from which the phenol was extracted, with ether, drying over Na-iSCL, 
and removing the solvent. In all instances no or only negligible 
amounts of residue was ooserved.

The 3,5-dimethoxyphenyl trifluoroethvl ether from the reaction 
of 10  in CFaCH^OH was identified by spectral means as follows; mass 
spectrum m /e 236 (M+); ir (CC14) 1250,1160 cm-1; NMR (CC14) 6 3.75 
(6 H, OCH:t), 4.3 (2 H, q, OCH2CF:1), 6.1 (m, 3 H).

Anal. Calcd: C, 50.84; H, 4.70. Found: C, 50.69; H, 4.75.
Preparation of 3,5-Bi-CH iOCfiH:i1KOH. Three grams (0.02 mol) 

of 3,5-dimethoxyaniline was mixed with 11 ml of 6 N sulfuric acid. The 
slurry was cooled to 0 °C in an ice-salt bath and stirred. Then 4 ml 
of 5 N sodium nitrite solution was added dropwise at a rate which kept 
the temperature of the reaction mixture between 0 and 5 °C. After 
addition was completed, the mixture was stirred at 0 °C for 20 min 
and filtered through glass filter. The filtrate was kept in ice-salt bath 
for 15 min. When forming the diazonium salt, 4 ml of concentrated 
sulfuic acid was added to 10 0  ml of l80-enriched water. The solution 
was divided equally into two flasks and heated to boiling. The liquid 
from diazotization was added to the refluxing acidified 180 -enriched 
water at such a rate that the mixture boiled very vigorously. After 
addition was completed, the reaction mixture was refluxed for 5 min 
and cooled to room temperature. The two portions of the reaction 
mixture were combined and extracted with ether. The ethereal so

lution was then dried (MgS04) and evaporated. The crude product 
was purified by silica gel column chromatography to give 350 mg of 
phenol. Mass spectrometric analysis indicated an 180  content for 
phenol of 1.55 atom %. The 180  content of the ether generated by 
solvolysis of the labeled triflate in CFiOHDH was analyzed by 
GC/mass spectrum. The results from two demonstrations indicate 
an l80  content for the product ether of 1.6 ± 0.3 atom % 180.
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Cacalol and caealone are two apparently related sesqui
terpenes which have been isolated from the roots o f  Cacalia 
d eco m p o sita .1-2 T he present structures are la  and 2a, 
respectively, which have evolved through a series o f  revi
sions. 2-4

We have synthesized the ketone l b ,5 which is an aromatic 
tautomer o f the previously proposed structure o f  caealone 2 a .4 

The physical properties o f  com pound lb  were different from 
those reported for the natural caealone, 1 ’2 as can be perceived 
from  the data in Table I.

W e describe here the chemical and spectroscopical data

la, R =  2H 
h  R =  0

O

2a, R =  H
b, R =  Ac

OH

4

3a, R =  H
b, R =  Ac

5
d, R =  Me

6 7

which demand alteration o f the presently accepted structure 
o f  caealone, and which strongly support structure 3a in 
stead.

W e found that natural cacalol (/¡-m ethyl) 2 suffers lead 
tetraacetate oxidation in benzene at room  temperature, to 
produce cacalcne acetate (mp 168-169 °C ) 2 in good yield. 
Oxidation o f substituted phenols by lead tetraacetate to o - or 
p-qu in ol acetates6 serves as precedent for this type o f con 
version. This fact necessarily eliminates structure 2a for ca
ealone. M ild alkaline hydrolysis o f  caealone acetate 
(K H C O s-H gO -M eO H ) affords caealone identical with that 
obtained from the natural source, and its epimer at C-4.

Dehydration o f caealone using a variety o f  dehydration 
agents has been ineffective or has produced polym eric prod
ucts. Hydrogenation o f  caealone acetate (5% P d/C , AcOEt) 
or pyrolysis through a heated tube7 at 480 °C  yielded cacalol 
la . Caealone hydrogenation (10% P d /C  in M eOH ) has af
forded dihydrocacalol 4. 1 On the basis o f  these data and 
spectroscopic studies (see below) the structure 3a- (4-hy- 
droxy-5,6,7,8-tetrahydro-3,4,5-trim ethylnaphtho[2,3-b]fu- 
ran -9(4 //)-one) has been assigned to natural caealone.

Am ong the three alternative structures (3b, 5, and 6 ) for 
caealone acetate, which are conceivable as products o f  oxi
dation o f cacalol la , 5 was eliminated according to the fo l
lowing considerations.

Caealone acetate affords a D iels-A lder adduct 7 when 
reacted with dimethyl acetylenedicarboxylate in boiling xy
lene. The adduct structure was established from  its N M R  
spectrum, exhibiting a single peak at 5 5.96 for the proton at 
C-2 instead o f the vinylic proton o f caealone acetate at 7.3 
ppm. There also appear two singlets (3 H each) at 3.71 and
3.85 ppm corresponding to nonequivalent methyl ester groups. 
T he fact that caealone acetate forms a methyl ether 3d 
(HClaq-M eO H ; provides additional evidence for structure 3b 
and further eliminates structure 5, since the latter one has a 
ketal function. W hile these evidences do not distinguish be
tween structures 3b and 6 , structure 3b has been selected on 
the basis o f (1) 'H  N M R  and shift reagent experiments, (2) 
1 :iC N M R , (3) mass spectrometry.

1. *H N M R . The N M R  data are shown in Table II. The 
comparison o f the proton spectrum o f 3a and 3b with syn
thetic lb  is self-explanatory. The main differences between 
lb  and 3a consist in the absorption o f  the methyl in the 4 p o 
sition, the OH chemical shift (there is H  bonding at 13.35 ppm 
in lb ) , the two other methyl signals, and the very small 
chemical shift difference observed for H - 6  and H-7 protons
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Ketone lb n Cacalone6

Table I. Comparisons of the Properties of the Ketones

Mp, °C 
Ir, cm~* 
NMR, 5

FeCl:;

115
J W  (CHCl;i) 3500-2700 and 1650
1.27 (d, J  = 7 Hz, 3 H),
ca. 2.0 (m, 2 H), 2.40 (d, J = 1 Hz, 3 H),
2.53 (s, 3 H), ca. 2.75 (m, 2 H), 3.42 
(m, 1 H), 7.55 (q, J  = 1 Hz, 1 H), and 
14.2 ppm (s, 1 H, interchangeable with D2OT 
Positive reaction (green)

140-143
i/ma,  (CHCls) 3550 and 1660 
1.26 (d, J  = 7 Hz, 3 H),
1.66 (s, 3 H), ca. 1.80 (m, 5 H), 
2.21 (d, J  = 1 Hz, 3 H), ca. 2.40 
(m, 2 H), 3.15 (m, 1 H), and 7.29 
ppm (q, J  = 1 Hz, 1 H )t,|d 
Negative

a Reference 5. 6 References 1 and 2. « Taken in CDC13 using Me4Si as internal reference. d From an authentic sample kindly provided
by Dr. J. Romo.

Table II. A Nuclear Magnetic Resonance Comparison of Compounds 3a, 3b, and lb a

Compd H-2 H-5 H -6  H-7 H -8 CH;,-3 CH;r4 CHg-5 OH CH3CO

3a 6.95 q 
( 1 )

3.16 m 1.59 m 2.50 m 2.08 d 
(1 )

1.53 s 1 . 1 2  d
(7)

2.85 br

3b6 6.85 q
(D .

2.53 m 1.65 m 2.61 m 1.72 d
(1 )

1.38 s 1.05 d
(7)

1.67 s

ò 0 .1 2 6.95 2.65 2 .0 0 3.14 1.81 1.55 1.15 1.76
ò 0 .2 2 7.20 2.82 2.40 3.58 1.95 1.69 1.25 1.85
<5 0.36 
lb

7.37 
7.00 q 

(1.3)

2.96 
2.95 m

2.70
1.47 m, 2.41 m

4.10 2 .0 1  
1.92 d 

(1.3)

1.91 
2.14 s

1.35 
0.92 d 

(7)
13.00 s

1.94

0 Spectra were determined on a Varian HA-100 spectrometer in CaDg solutions using Me4Si as internal standard. Values are given 
in <5 units. Multiplicity of signals are designated as follows: s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; br, broad. Numbers 
in parentheses denote coupling constant in hertz. 6 <5 0.12,0.22, and 0.36, after addition of 0.12,0.22, and 0.36 mol o f Eu(fod)3, respec
tively.

Table III. UC Chemical Shifts for lb, 3a, and 3ba

Carbon lb 3a 3b

2 145.8 140.5 (d) 139.3 (d)
3 112.1 120.2 (s) 118.5 (s)
3a 140.0 145.3 (s) 145.9 (s)
4 117.4 72.3 (s) 77.4 (s)
4a 135.2 144.3 (s) 144.5 (s)
5 28.8 28.0 (d) 28.4 (d)
6 28.9 21.6 (t) 21.6 (t)
7 33.0 16.0 (t) 16.2 (t)
8 200.5 30.3 (t) 30.5 (t)
8a 117.9 130.7 (s) 132.7 (s)
9 142.0 175.0 (s) 174.8 (s)
9a 148.7 161.6 (s) 158.2 (s)

CH.,-3 11.1 8.8 (q) 8.6 (q)
CH3-4 13.8 27.2 (q) 28.0 (q)
CH3 -5 19.1 21.4 (q) 2 0 .8  (q)

O C O C H 3 168.6 (s), 20.7 (q)
a Varian XL-100 in CDCl;j solutions, using M e4Si as internal 

standard; letters in parentheses denote multiplicity in off-reso
nance experiments.

in 3a. The shift reagents experiments on the acetate 3b have 
shown that the H -8  signal has a much bigger shift (0.42 slope) 
and the other protons H-2 (0.10 slope) and CH3-4 (0.14 slope) 
have the induced shift in a normal range. I f  cacalone acetate 
had structure 2b, the acetate and the H-7 protons would be 
shifted more than observed as the favorite coordination site 
would be on the carbonyl at C-9. In addition, small homoallylic 
coupling (0.6 Hz) has oeen observed between protons 5 and 
8 .

The conformation of the cyclohexene part o f 3a is half chair 
and the relative position o f CH ;!-4 and CH 3 - 5  is cis. The ab
solute configuration o f the C-5 asymmetric center o f  cacalone 
was established previously2 as /?■ T he orientation o f the C-4 
methyl group in 3a was determined on the basis o f  the pyri

dine-induced solvent shifts8 that were observed when the 
N M R  spectrum o f  this com pound and o f its epimer in ch lo 
roform solution were compared with spectra determined in 
pyridine solution. Product 3a does not show appreciable sol
vent effect on the signal corresponding to the C-5 methyl (A 
=  t>CDCi:) — IdsDsN = +0.04), while its epimer exhibits sub
stantial deshielding (A = —0.15) for this methyl signal. On the 
other hand, the proton signal at C-5 in 3a shows considerable 
deshielding (A = —0.20), but in its epimer the shift o f  the 
proton is not so large (A = —0.10).

2. 13C NMR. The identification o f all carbon signals o f 
compounds lb, 3a, and 3b has been done with the help o f the 
off-resonance experiments (Table III). T he ensemble o f  sig
nals for lb and 3a,b confirms our proposition o f structures for 
both furan9 and the unsaturated ketone10 parts o f the m ole
cule.

The comparison o f spectra on these series has shown that 
the only possible structure for natural cacalone is in fact 3a. 
The spectra exhibit some particularities. The signal at 72 ppm 
corresponding to C-4 o f the alcohol is shifted to 77 ppm  after 
acetylation (A5 = 5 ppm ). The furan C-2 carbon is shifted by 
5 ppm in lb  compared to 3a. T he carbonyl C -8  signal o f  lb  is 
around 200 ppm ; however, for the 3 series the carbonyl C-9 
absorption is in the 175-ppm range.

The prediction o f the methyl chemical shift o f  the C H 3-4 
and CH 3-5 trying a number o f gauche and nonbonded inter
action calculations , 11 using benzoquinones12 or unsaturated 
ketones m odels , 18 confirms again our propositions. In spite 
o f a zig-zag configuration o f the oxygen lone pair to C-4, this 
methyl absorption is at 28 ppm only, because the lone pairs 
are oriented anti and eclipsed at the same tim e . 14

3. Mass Spectrometry. The interpretation o f the mass 
spectrum o f natural cacalone and its acetate, done by R om o 
et al. ,4 was based on the assumption o f the existence o f  a M + 
+  2 ion. The supposed M + +  2 ion is in reality the M + ion. 
Incidentally, o-benzoquinone type o f structures lead to M + 
+  2  ions but, according to Djerassi, “ caution must be exercised
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Table IV. Mass Spectral Data of lb and 3a"

lb
244 (94%, M+)
230 (36%)
229 (100%)
215 (28%)
201 (37%)
187 (21%)
173 (10%)
128 (7%)

" Spectra were determined c 
7H spectrometer, 70 eV, 150 °

3a

246 (6 6%, M+)
231 (32%)
228 (42%)
213 (48%)
200 (56%)
191 (100%)
185 (25%)
91 (3C%)

a Hitachi Perkin-Elmer RMU-

in the interpretation o f such spectra in order to avoid m is
leading conclusions” . 15

The comparison o f  the mass spectra o f 1 b and 3a is done in 
Table IV. For the major fragmentation pathways (leading to 
100% ions with the loss o f C H 3  or C 4H 7 unit, respectively) the 
metastable ions have been observed. T he corresponding ac
etates show a similar fragmentation pattern and loss o f  acetic 
acid has replaced dehydration.

E xp erim en ta l S ection

Melting points were taken on a Culatti capillary melting point 
apparatus and are uncorrected. The preparative TLC plates were 
Merck silica F-254. In order to follow the progress of the reactions or 
the purity of the compounds, Merck F-254 thin layer plates (250 Mm), 
cut into small slides (5 by 2.5 cm), were used. Infrared spectra were 
taken on 521 or 567 Perkin-Elmer spectrophotometers. 'H NMR 
spectra were obtained on Varian A-60A or HA-100 spectrometers in 
different solvents as indicated, with tetramethylsilane as internal 
reference, and are expressed as <5 values, with the following abbre
viations: s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; br, 
broad. In double resonance experiments, a Hewlett-Packard audio 
oscillator Model 200 AB was used. The lanthanide shift reagent 
Eu(fod)n source was Bio-Rad Laboratories, Richmond, Calif. Carbon 
magnetic resonance data were obtained at 25.2 MHz with a Varian 
XL-100 spectrometer using tetramethylsilane as internal reference; 
m /e determinations were made on a Hitachi Perkin-Elmer RMU 7H 
mass spectrometer.

Oxidation of Cacalol la. To a solution of 2.3 g (10 mmol) of cacalol 
la in 30 ml of benzene was added 3.22 g (7.2 mmol) of lead tetraace
tate. The solution was stirred at 25 °C for 12 h. The lead acetate 
formed was filtered on Celite and washed with benzene. Excess of 
reagent was reduced by the addition of 2 ml of ethylene glycol and 
then 50 ml of water was added. The organic layer was washed with 
water and dried. Evaporation of the solvent gave an oily residue. The 
crude product was crystallized from acetone-hexane to afford 2 .1  g 
(73%) of cacalone acetate 3b: mp 168-169 °C; uv (95% EtOH) 211,256, 
and 316 nm (e 6100,9900, and 7200); ir (CHC1;)) 1740 and 1660 cm“ 1; 
NMR (CDCI3) <5 1.29 (d, 3 H, J  = 7 Hz, C-5 Me), ca. 1.65 (m, 4 H, C-6  
and C-7 protons), 1.68 (s, 3 H, C-4 Me), 2.05 (d, 3 H, J  = 1 Hz, C-3 
Me), 2.08 (s, 3 H, OAc), ca. 2.45 (m, 3 H, C-5 and C-8  protons), and 7.30 
ppm (q. 1 H, -J =  1 Hz, C-2 proton); MS m /e 288 (M+, 9%), 246 (10096), 
228 (12%), 213 (21%), 191 (72%), 185 (10%>, 43 (20%).

Alkaline Hydrolysis of Cacalone Acetate. A solution of 350 mg 
(3.5 mmol) of KHCCL in 5 ml of water and 20 ml of methanol was 
added to a solution of 1 g (3.47 mmol) of cacalone acetate 3b in 50 ml 
of methanol. The resulting solution was heated to reflux for 20 h. After 
the methanol was evaporated, water was added and the mixture was 
extracted with ethyl acetate. The organic layer was washed with water, 
dried, and concentrated to give 700 mg (82%) of the oily mixture 3c, 
epimeric at C-4 (ca. 1:1 by NMR). This mixture was chromatographed 
on eight preparative chromatoplates using benzene-ethyl acetate 
(98:2) as developing solvent. The plates were developed eight times. 
The more polar isomer was identical with the natural cacalone 3a: mp 
140-143 °C:uv (95% EtOH) 212, 250, and 320 nm; NMR (Cr,D5N) 6
1.22 (d, 3 H ,J  = 7 Hz, C-5 Me), ca. 1.60 (m, 4 H, C-6  and C-7 protons),
1.75 (s, 3 H, C-4 Me), 2.28 (d, 3 H, J  = 1 Hz, C-3 Me), ca. 2.55 (m, 2 H, 
C-8  protons), ca. 3.35 (m, 1 H, C-5 proton), and 7.50 ppm (q, 1 H, J 
= 1 Hz, C-2 proton). For other spectroscopic data see Tables I-IV.

The less polar isomer shows spectroscopic constants identical with 
those of its epimer except the methyl signals at C-5 and at C-4 and 
the proton signal at C-5 in its NMR spectrum: mp 120-121 °C; NMR

(CDCR) b 1.29 (d, 3 H, J =  7 Hz, C-5 Me), 1.63 (s, 3 H, C-4 Me), ca. 1.80 
(m, 5 H, C-6  and C-7 protons and OH), 2.21 (d, 3 H, J = 1 Hz, C-3 Me), 
ca. 2.40 (m, 2 H, C-8  protons), 2.90 (m, 1  H, C-5 proton), and 7.29 ppm 
(q, 1 H, J  = 1 Hz, C-2 proton); NMR (CjDsN) b 1.44 (d, 3 H, J = 7 Hz, 
C-5 Me), ca. 1.65 (m, 4 H, C-6  and C-7 protons), 1.70 (s, 3 H, C-4 Me),
2.26 (d, 3 H, J  = 1  Hz, C-3 Me), ca. 2.60 (m, 2 H, C -8  protons), ca. 3.00 
(m, 1 H, C-5 proton), and 7.53 ppm (q, 1 H, J =  1 Hz. C-2 proton).

Hydrogenation of Cacalone Acetate. A solution of 115 mg (0.4 
mmol) of cacalone acetate 3b in 25 ml of ethyl acetate was hydroge
nated over 25 mg of 5% Pd/C at 25 °C for 1 2  h. The product was pu
rified by chromatography in two preparative chromatoplates giving 
100 mg (97%) of an oil. Crystallization of the product from acetone- 
hexane afforded cacalol la as colorless crystals, mp 90-91 °C (lit. 1 
92-94 °C). For spectroscopic constants see ref 1, 2 , and 5.

Pyrolysis of Cacalone Acetate. A solution of 144 mg (0.5 mmol) 
of cacalone acetate in 20 ml of toluene was injected through a pyrolysis 
tube' heated at 480 °C. The hot emerging gases were condensed in 
a trap cooled by dry ice. Evaporation of the toluene and recrystalli
zation of the residue (acetone-hexane) gave 110 mg (95%) of cacalol 
la . 1’25

Hydrogenation of Cacalone. A solution of 170 mg (0.74 mmol) 
of cacalone 3a in 40 ml of methanol was hydrogenated over 75 mg of 
10% Pd/C at 25 °C until hydrogen absorption ceased. After filtration 
of the catalyst, the filtrate was concentrated and the product purified 
by TLC using benzene-ethyl acetate (95:5) as developing solvent. 
Elution with acetone yielded 75 mg (45%) of dihydrocacalol 41 as a 
yellow oil which did not crystallize.

Formation of Adduct 7. A solution containing 300 mg (1.04 mmol) 
of cacalone acetate 3b, 1.1 g (10 mmol) of dimethyl acetylenedicar- 
boxylate, and 30 ml of xylene was heated at reflux for 12 h. Excess of 
reagent was evaporated under vacuum and the residue was chroma
tographed on six preparative chromatoplates using benzene-ethyl 
acetate (90:10) as developing solvent. The acetone eluates gave 180 
mg (40%) of the adduct 7 as an oil: uv (95% EtOH) 218 and 330 nm (t 
1 1  500 and 4650); ir (CHCL) 1740 (b, OAc and methyl esters) and 1675 
cm" 1 («,f¡-unsaturated ketone); NMR (CDCL) b 1.12 (d, 3 H, J = 7 
Hz, C-5 Me), ca. 1.71 (m, 4 H, C -6  and C-7 protons), 1.80 (s, 3 H, C-4 
Me), 2.06 (s, 6 H, C-3 Me and OAc), ca. 2.40 (m, 2 H, C-8  protons), ca. 
2.85 (m, 1 H, C-E proton), 3.71 and 3.85 (s, 3 H each, nonequivalent 
methyl ester groups), and 5.96 ppm (s, 1  H, C-2  proton).

Methanolysis of Cacalone Acetate. A solution of 70 mg (0.24 
mmol) of cacalone acetate 3b in a mixture of 20 ml of methanol and 
1 ml of 10% hydrochloric acid was heated at reflux for 30 min. The 
methanol was evaporated, water was added, and the product was 
extracted with ethyl acetate. The organic layer was washed with water, 
dried, and concentrated. The crude product was purified by TLC, 
obtaining 50 mg (87%) of the oily mixture 3d (ca. 1:1 by NMR): ir 
(CHCL) 1660 cm "1; NMR (CDCL) b 1.26 and 1.29 (d, 3 H, J  = 7 Hz, 
C-5 Me), 1.65 (s, 3 H, C-4 Me), ca. 1.70 (m, 4 H, C-6  and C-7 protons), 
2.19 (d, 3 H, J = 1 Hz, C-3 Me), ca. 2.55 (m, 3 H, C-5 and C-8  protons), 
2.90 and 2.93 (s, S H, OMe), and 7.40 ppm (q, 1 H, J = 1 Hz, C-2 pro
ton).
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While there are many examples o f  formation o f anti-Bredt 
olefins1 by Hofmann elimination2 or dehydrohalogenation3 

o f the corresponding bridgehead substituted com pounds or 
by dehalogenation4 o f  1 ,2 -dihalo com pounds, form ation by 
elimination o f com pounds substituted adjacent to the 
bridgehead carbon is less com m on .5 Recently, we reported 
that B /C -c is -6 -m eth oxy -1 2 -m eth y l-1,3,4,9,10,lO a-hexa- 
hydro-2//-10,4a-methanoiminoethano-9|8-phenanthrol (1), 
when treated with HC1, gave an olefinic com pound 2  in vio

lation o f Bredt’s rule .6 This interesting result, which may be 
not only a new example o f  form ation o f anti-Bredt olefin but 
the first instance o f  the formation o f  anti-Bredt olefin under 
acidic condition, prom pted us to  examine reaction o f  the 
closely related 2,3,4,5,6,7-hexahydro-l,6-methano-l W-4-benz- 
azonin-7/?-oI7 derivatives 3a-d with HC1 which might be ex
pected to give similar results.

W hen l,4,12a-trim ethyl-10-m ethoxy-2,3,4,5,6,7-hexahy- 
dro-l,6-m ethano-lH -4-benzazonin -7d-ol (3d)8 was refluxed 
with 1  N HC1 for 1.5 h, anti-Bredt olefin 4d was afforded in 
high yield. The structure o f  4d was confirm ed from its N M R 
and mass spectra. In the N M R  spectrum 4d exhibited an 
olefinic proton signal at t> 6.16 (singlet). The mass spectrum 
showed a M + peak at m fe  257.1778 (C 1 7 H 23NO). Treatm ent 
o f  4-m ethyl- (3a),9 1,4-dimethyl- (3b), and 1,4-dimethyl- 
10-m ethoxy-2,3,4,5,6,7-hexahydro-l,6-m ethano-l//-4-ben- 
zazonin-7/3-ol (3c)8 with 1  N  HC1 gave the corresponding 
olefins 4a-c, 70-hydroxy4 5a-c, and 7/¡-hydroxy com pounds 
3a-c (product ratios are summarized in Table I), respectively. 
Each o f the products was isolated by column chromatography 
and identified by N M R  and/or mass spectrometry. The olefins 
4a-c exhibited, in the NM R, olefinic proton signals as singlets 
at 5 6.24 for 4a, 6.25 for 4b, and 6.27 for 4c, respectively. The 
mass spectra showed M + at m /e  199.1370 (C 14H 17 N) for 4a, 
213.1525 (C15Hi9N) for 4b, and 243.1631 (Ci6H2iNO) for 4c,

3a, 3b, 3c, 3d

a, Rj =  R2 =  R3 =  H
b, R, =  R3 =  H; R, =M e
c, R, =  OMe; R2 =  Me; R3 — H
d, R, = OMe; R2 =  R3 =  Me

respectively. The 7o’-hydroxy isomers 5a-c and the 7/¡-h y
droxy isomers 3a-c were easily distinguishable by N M R  
spectrometry, since the coupling constants o f  the C-7 proton 
with the C -6  proton o f the former should be smaller than those 
o f the latter (5a, 2.2 Hz at 5 4.26, vs. 3a, 4.0 Hz at 5 4.88; 5b, 2.8 
Hz at 6 4.28, vs. 3b, 5.5 Hz at 5 4.87; 5c, 3.5 Hz at 5 4.26, vs. 3c,
5.0 Hz at <5 4.83).

Reaction o f 7a-hydroxy com pound 5a with 1  N HC1 for 1.5 
h gave a mixture o f  3a, 4a, and 5a. Similarly, 5b gave 3b, 4b, 
and 5b. Olefin 4a, when refluxed with 1  N HC1, gave a mixture 
o f 3a, 4a, and 5a. Similarly, 4b gave 3b, 4b, and 5b. Under 
these conditions 4d, however, was recovered unchanged.

W hen the reaction o f com pound 3c with HC1 was carried 
out in methanol a mixture o f  4c, 7/¡-m ethoxy 3'c, and 7a -

5"c 3"c
methoxy derivative 5'c was afforded in the ratio 1:3:3 (by 
GLC). The structures o f 3'c and 5'c were established by the 
N M R  spectra and elemental analysis. W e observed further 
that reaction o f 3c in 1 N DC1 gave a mixture o f  olefin 4c, 6 - 
deuterio-7/3-hydroxy 3"c, and 6-deuterio-7o-hydroxy deriv
ative 5"c in the ratio 1:2:4 (by N M R ). T he incorporation o f 
deuterium at the C - 6  position was confirm ed by the change 
o f C-7 proton signals o f  3c and 5c from doublet to singlet.

These experimental results made it evident that anti-Bredt 
olefins 4 are easily formed from the corresponding 7-hydroxy- 
(or m ethoxy-) 2 ,3 ,4 ,5 ,6 ,7 -h exah ydro-l,6 -m eth an o-lH -4 - 
benzazonine derivatives 3 and 5 by treatment with acid, and 
that 7-hydroxy (or methoxy) derivatives 3 and 5 are form ed, 
under these conditions, not by a simple substitution o f the
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Scheme I

corresponding isomers but by hydration (or addition of 
methanol) of the anti-Bredt olefins. Thus, it may be suggested 
that these three compounds, 3, 4, and 5, are in equilibrium as 
shown in Scheme I. In the case of 4d, attack of hydronium ion 
at C-6 (the first step of the hydration) is greatly hindered by 
12«.methyl, so that no C-7 hydroxy compound is formed.

For comparison, l,3-dimethyl-9-met.hoxy-l,2,3,4,5,6-hex- 
ahydro-l,5-methano-3-benzazocin-6/3-ol (6) was refluxed with

1 N HC1. From the reaction mixture no olefinic compound was 
detected but only 6/3-hydroxy 6 and 6 « -hydroxy derivative 7 
(ratio 1:4) were obtained. The reaction of 6 in 1 N DC1 gave 
no C-5 deuterio compound, which suggested that no anti- 
Bredt olefin is formed, even as an intermediate, from com
pound 6 (or 7) under these conditions. The failure of 6 to form 
the corresponding olefin may be caused by the great strain to 
form an eight-membered trans cyclic olefin.

Experimental Section
General Comments. The following compounds were prepared by 

known procedure: 3a,9 3c, and 3d.8
The melting points were determined on a micro melting point ap

paratus (Yanagimoto) and are uncorrected. The NMR (CDCI3, &, 
Me4Si as internal standard) were recorded, at 60 MHz, on a JEOL 
PMX-60 spectrometer or at 100 MHz on £ JEOL PS-100 spectrom
eter. Ir spectra were taken on a Hitachi 215 grating infrared spec
trometer. Mass spectra were recorded on a JEOL -JMS-01SG mass 
spectrometer. GLC analyses were performed on a Shimadzu GC-4B 
PTF flame-ionization chromatograph using an internal standard 
method (4a, 4b, and 4c previously isolated were used as standard). 
The column contained SE-30 (20% on Shimalite, 1 m X 3 mm), and 
the column temperature was 250 °C. Nitrogen was used as carrier.

Preparation o f 3b. A solution of ClCCLEt (43.2 g) in benzene (200 
ml) was added to a refluxing solution of 4-methyI-4-(2-dimethylam- 
inoethyl)-3,4-dihydronaphthalen-l(2/i)-one10 (60 g) in benzene (800 
ml) over 45 min. The mixture was refluxed for 2 h. The cooled mixture 
was washed with 5% HC1 and H20  and dried (MgS04). After evapo
ration of the benzene, the residue (pale yellow syrup, 61 g) was re
fluxed with 12 M HC1 (900 ml) for 18 h. Evaporation of the solvent 
gave 37 g of a crystalline mass, which was recrystallized from MeOH 
to give a pure sample of 4-methyl-4-(2-methylaminoethyl)-3,4- 
dihydronaphthalen-l(2 //)-one hydrochloride, mp 206-208 °C. Anal. 
Calcd for Ci4H i9NO-HC1: C, 66.25; H, 7.95; N, 5.52. Found: C, 66.23; 
H, 8.11; N, 5.68.

The above amino ketone HC1 (35 g) was dissolved in MeOH (780 
ml) and Formalin (74 ml). The mixture was kept at 40 °C for 3 days.

Table I. Products and Ratios in Reaction of 2,3,4,5,6,7- 
Hexahydro- 1,6-methano-1 ff-4-benzazonine Derivatives

Product ratio“

Registry no. Compd 1 N HCl, h 3 4 5

60384-67-0 3a 1.5 2.5 1 2.5
60384-68-1 3b 1.5 2.5 1 2.5
59122-63-3 3c 1.5 2 .0 1 2 .6
59122-62-2 3d 1.5 0 1 0
60363-75-9 4a 3.5 0.63 1 0.63
60363-76-0 4b 3.0 2.5 1 2.5
60363-77-1 4d 2 .0 0 1 0
60384-69-2 5a 3.5 1.7 1 1.7
60384-70-2 5b 3.0 2.5 1 2.5
“ Obtained by gas chromatography.

After evaporation to dryness, the residue was dissolved in H20, 
washed with benzene, basified with 10% NaOH, extracted with Et20, 
and dried (K2C0 3 ). The residue (16.3 g) from the ethereal solution 
was dissolved in MeOH and added to a solution of picric acid (16 g) 
in MeOH to give 21.5 g of l,4-dimethyl-2,3,4,5-tetrahydro-l,6- 
methano-l/i-4-benzazonin-7(6//)-one picrate, mp 188-195 °C. From 
the pricrate 9.7 g of the free base was obtained: bp 140-150 °C (1 
mmHg); ir (neap 1675 cm” 1 (C = 0 ). Hydrochloride: mp 174-180 °C 
(from MeOH); NMR (CD:,OD) (5 1.60 (3 H, s, C-l Me), 2.95 (3 H, s, 
N-Me), 7.30-7.90 (3 H, m, C-9,10,11 H), 8.04 (1 H, double d, J =  7.5, 
J' =  1.5 Hz, C-8  H). Anal. Calcd for C15H 19NO-HCl: C, 67.79; H, 7.58; 
N, 5.27. Found: C, 67.90; H, 7.50; N, 5.48.

To a solution of the free base of the above ketone (8.7 g) in MeOH 
(200 ml) was added NaBH4 (5 g) over 30 min under ice cooling. After 
stirring for 3 h at room temperature, the mixture was acidified with 
AcOH, evaporated to dryness, dissolved in H20, made alkaline with 
20% NaOH, extracted with CHCI3, and dried (K2CO;j). Evaporation 
of the solvent gave 8 g of crude 3b as a solid mass, which was recrys
tallized from Et»0 to give 5.5 g of pure sample: mp 102-105 °C; ir 
(Nujol) 3300 cm' 1 (OH); NMR 5 1.27 (3 H, s, C-l Me), 2.23 (3 H, s, 
N-Me), 2.70 (1 H, s, exchangeable with D20, OH), 4.87 (1 H, d, J =
5.5 Hz, C-7 H), 7.10-7.25 (3 H, m, C -9 .10,11 H), 7.45-7.75 ( 1  H, m, 
C-8  H). Anal. Calcd for C 15H2iNO: C, 77.88; H, 9.15; N, 6.05. Found: 
C, 78.03; H, 8 .8 6 ; N, 5.86.

Preparation o f 6 . To a stirred mixture of l,3-dimethyl-9-me- 
thoxy-l,2,3,4,5,6-hexahydro-l,5-methano-3-benzazocineu (1.6 g) and 
Na2Cr20 7  (3.1 g) in 100 ml of 1  N H2S0 4 was added 10 N H2S0 4 (215 
ml) with ice cooling during 2 h. After stirring for 15 h at room tem
perature, the mixture was cooled (ice bath), basified with 12 M 
NH4OH, extracted with Et20, and dried (K9CO3). Evaporation of the 
ether gave 1 g of l,3-dimethyl-9-methoxy-l,2,3,4-tetrahydro-l,5- 
methano-3-benzazocin-6(5H)-one as a viscous syrup: ir (neat) 1690 
cm” 1 (C = 0 ); NMR 5 1.36 (3 H, s, C-l Me), 2.05 (3 H, s, N-Me), 3.82 
(3 H, s, O-Me), 6.75 (1 H, double d, J  = 9.0, J' = 2.0 Hz, C-8  H), 6.77 
(1 H, d, J  = 2.0 Hz, C-10 H), 7.96 (1 H, d, J =  9.0 Hz, C-7 H), 1.50-3.27 
(7 H, m). Picrate: mp 140-144° (from MeOH). Anal. Calcd for 
C15H 19N0 2-C6HjN3 0 7: C, 53.17; H, 4.67; N, 11.81. Found: C 53.07; 
H, 4.65; N, 11.61.

A mixture of the ketone (1.0 g) and LiAlH4 (1.0 g) in dioxane (40 
ml) was refluxed for 6.5 h. After cooling, the mixture was treated with 
aqueous Rochelle salt solution, extracted with CHCI3, and dried 
(K2CO;i). Evaporation of the solvent gave 1.0 g of crude 6 . Distillation 
under reduced pressure gave pure sample as a colorless oil: bp 145-165 
°C (5 mmHg) (bath temperature); ir (neat) 3420 cm - 1  (OH); NMR 
5 1.23 (3 H, s, C-l Me), 2.01 (3 H, 3, N-Me), 3.73 (3 H, s, O-Me), 2.75 
(1 H, broad d, exchangeable with D20 , OH), 4.79 [1 H, broad t, 
changed to doublet (J =  7.0 Hz) by treatment with D jO, C -6  H], 6.65 
(1 H, d, J  = 2.5 Hz, C-10 H), 6.66 (1 H, double d, J  = 9.0, J' = 2.5 Hz. 
C-8  H), 7.38 (1 H, d, J =  9.0 Hz, C-7 H). Picrate: mp 217-219 °C (from 
MeOH). Anal. Calcd for Ci.TLiiNOz-CgHsNuO,: C, 52.94; H, 5.08; N,
11.76. Found: C, 52.60; H, 5.07; N, 11.69.

Reaction o f 3a, 3b, 3c, 3d, 4a, 4b, 4d, 5a, 5b, and 6 with 1 N HC1. 
As an example, wc will describe the reaction of 3c with 1 N HC1. All 
other reactions were done following a similar procedure and we will 
report the experimental and spectroscopic data related to the com
pounds which were not already published.

I. Reaction o f 3c. A solution of 3c (800 mg) in 1 N HC1 (50 ml) was 
refluxed for 1.5 h. After cooling, the mixture was basified with 10% 
NaOH, extracted with CHCI3, and dried (Na2S 04). Evaporation of
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the solvent gave 500 mg of 3c + 4c + 5c as a yellow, viscous syrup, 
which was chromatographed on silica gel (Wakogel C-200). Elution 
with CHCl3-MeOH-12 M NH4OH (150:10:1) gave pure samples of 
3c (150 mg), 4c (80 mg), and 5c (200 mg).

3c: NMR b 1.28 (3 H, s, C-l Me), 2.35 (3 H, s, N-Me), 3.83 (3 H, s, 
O-Me), 4.83 (1 H, d, J  = 5.C Hz, C-7 H), 6.78 (1 H, d, J =  3.0 Hz, C -ll 
H), 6.8 8  (1 H, double d, J  = 8.0, J' =  3.0 Hz, C-9 H), 7.60 (1 H, d, J =  
8.0 Hz, C-8  H), 1.55-3.25 (10 H, m).

4c: bp 110-120 °C (0.01 mmHg) (bath temperature); ir (neat) 1670 
cm- i  (C=C); NMR b 1.36 (3 H, s, C-l Me), 2.36 (3 H, s, N-Me), 3.16 
and 3.28 (2 H, AB, J AB =  10.0 Hz, C-5 H2), 3.84 (3 H, s, O-Me), 6.27 
( 1  H, s, C-7 H), 6.73 (1 H, double d, J  =  8.5, J' = 2.5 Hz, C-9 H), 6.88  
(1 H, d,-J =  2.5 Hz, C -ll H), 7.17 (1 H, d, J =  8.5 Hz, C-8  H), 1.45-2.70 
(6 H, m); mass spectrum m /e 243.1631 (M+, calcd for Ci6H2iNO, 
243.1632).

5c: mp 73-75 °C (from hexane); ir (Nujol) 3350 cm- 1  (broad, OH); 
NMR b 1.31 (3 H, s, C-l Me), 2.21 (3 H, s, N-Me), 2.63 (1 H, s, ex
changeable with D20, OH), 3.82 (3 H, s, O-Me), 4.26 (1 H, d, J  =  3.5 
Hz, C-7 H), 6.76 (1 H, double d, J  = 8.0, J' =  2.5 Hz, C-9 H), 6.82 (1 
H, d, J =  2.5 Hz, C -ll H), 7.24 (1 H, d, J =  8.0 Hz, C-8  H), 1.45-3.20 
(9 H, m). Anal. Calcd for Ci6H23N 02: C, 73.53; H, 8.87; N, 5.36. Found: 
C, 73.26; H, 8 .8 8 ; N, 5.30.

II. Reaction of 3a. 3a gave an 80% yield of 3a + 4a + 5a. 4a: bp
105-110 °C (0.02 mmHg) (bath temperature); ir (neat) 1680 cm“ 1 
(C=C); NMR b 2.36 (3 H, s, N-Me), 2.95 and 3.61 (2 H, AB, JAB = 10.0 
Hz, C-5 H2), 6.24 (1 H, s, C-7 H), 1.17-2.95 (7 H, m), 7.13 (4 H, m, ar
omatic H); mass spectrum m /e 199.1370 (M+, calcd for C14H 17N, 
199.1361).

5a: mp 108-109 °C (from hexane); ir (Nujol) 3270 cm" 1 (OH); NMR 
6 2.20 (3 H, s, N-Me), 2.47 (1 H, s, exchangeable with D20, OH), 4.26 
(1 H, d, J  = 2.2 Hz, C-7 H), 1.50-3.25 (10 H, m), 7.18 (4 H, m, aromatic 
H). Anal. Calcd for C 14H 19NO: C, 77.37; H, 8.81; N, 6.45. Found: C, 
77.03; H, 8.64; N, 6.50.

III. Reaction of 3b. 3b gave a 70% yield of 3b + 4b + 5b. 4b: bp
110-115 °C (0.02 mmHg) (bath temperature); ir (neat) 1680 cm" 1 
(C=C); NMR b 1.37 (3 H, s, C-l Me), 2.34 (3 H, s, N-Me), 3.13 and 3.50 
(2 H, AB, J AB = 10.0 Hz, C-5 H2), 4.25 (1 H, s, C-7 H), 7.17 (4 H, m, 
aromatic H), 1.20-2.70 (6 H, m); mass spectrum m /e 213.1525 (M+, 
calcd for Ci5H i9N, 213.1517).

5b: mp 103-104 °C (from hexane); ir (Nujol) 3250 cm" 1 (OH); NMR 
b 1.34 (3 H, s, C-l Me), 2.22 (3 H, s, N-Me), 4.28 (1 H, d, J  = 2.8 Hz, 
C-7 H), 7.27 (4 H, m, aromatic H), 1.20-3.30 (10 H, m). Anal. Calcd 
for C15H91NO: C, 77.88; H, 9.15; N, 6.06. Found: C, 77.68; H, 9.03; N,
6.28.

IV. Reaction of 3d. 3d gave a 75% yield of 4d. 4d: bp 120-130 °C 
(0.01 mmHg) (bath temperature); ir (neat) 1670 cm“ 1 (C=C); NMR 
b 0.79 (3 H, d, J  = 7.0 Hz, C-12 Me), 1.31 (3 H, s, C-l Me), 2.37 (3 H, 
s, N-Me), 3.05 and 3.45 (2 H, AB, J AB = 10.0 Hz, C-5 H2), 3.80 (3 H, 
s, O-Me,), 6.16 (1 H, s, C-7 H), 6.63 (1 H, double d, J  = 8.0, J ' = 2.5 
Hz, C-9 H), 6.78 (1 H, d, J  = 2.5 Hz, C -ll H), 7.06 (1 H, d, J  = 8.0 Hz, 
C -8  H), 1.50-2.73 (5 H, m); mass spectrum m /e 257.1778 (M +, calcd 
forC i7H23NO, 257.1780).

V. Reaction of 4a. Reflux of 4a with 1 N HC1 for 3.5 h gave a 90% 
yield of 3a + 4a + 5a.

VI. Reaction of 4b. Reflux of 4b with 1 N HC1 for 3 h gave an 85% 
yield of 3b + 4b + 5b.

VII. Reaction of 4d. Reflux of 4d with 1 N HC1 for 3 h gave a 95% 
yield of recovery of 4d.

VIII. Reaction of 5a. Reflux of 5a for 3.5 h gave an 85% yield of 
3a + 4a + 5a.

IX. Reaction of 5b. Reflux of 5b with 1 N HC1 for 3 h gave a 90% 
yield of 3b + 4b + 5b.

X. Reaction of 6. Reflux of 6 (211 mg) with 1 N HC1 (20 ml) for 1 
h gave a mixture of 6 and 7 (185 mg). The mixture was chromato
graphed on a silica gel column. Elution with CHCl3-MeOH (150:10) 
gave pure samples of 6 and 7. Compound 6 was identified by com
parison of ir spectrum with that of the authentic sample.

7: colorless, viscous oil; ir (neat) 3340 cm" 1 (OH); NMR b 1.27 (3 
H, s, C-l Me), 2.00 (3 H, s, N-Me), 3.75 (3 H, s, O-Me), 4.47 (1 H, s, C-6  
H), 6.67 (1 H, double d, J  = 9.0, J ' = 2.5 Hz, C -8  H), 6.70 (1 H, d, J  =
2.5 Hz, C-10 H), 7.15 (1 H, d, J  = 9.0 Hz, C-7 H). Picrate: mp 197-203 
°C (from MeOH). Anal. Calcd for C,sH21N 0 2-C6H3N30 7: C, 52.94; 
H, 5.08; N, 11.76. Found: C, 53.14; H, 5.06; N, 11.57.

Reaction of 3c with HC1 in MeOH. A solution of 3c (500 mg) and 
12 M HC1 (1 ml) in MeOH (10 ml) was refluxed for 2 h, the solvent, 
evaporated, diluted with H20, basified with 10% NaOH, and extracted 
with CHC13. After drying (Na2S04), the solvent was evaporated to 
give 300 mg of 3'c + 4c + 5'c (3:1:3). The mixture was chromato
graphed on silica gel (Wakogel C-200). Elution with CHCl3-MeOH - 1 2  
M NH4OH (150:10:1) gave pure samples of 3'c (110 mg), 4c (30 mg,

identified by comparison of ir spectrum with that of the authentic 
sample) and 5'c (100 mg).

3'c: bp 150-160 °C (1.5 mmHg) (bath temperature); NMR b 1.22 
(3 H, s, C-l Me), 2.24 (3 H, s, N-Me), 3.48 (3 H, s, C-7 O-Me), 3.76 (3 
H, s, C-10 O-Me), 4.28 (1 H, d, J  = 4.0 Hz, C-7 H), 6.69 (1 H, double 
d, J  = 8.0, J ' = 2.8 Hz, C-9 H), 6.62 (1 H, d, J  = 2.8 Hz, C-l 1 H), 7.43 
(1 H, d, J  = 8.0 Hz, C -8  H), 1.56-2.88 (9 H, m). Anal. Calcd for 
C17H2r,N02: C, 74.14; H, 9.15; N, 5.09. Found: C, 73.88; H, 8.91; N,
4.70.

5'c: bp 150-160 °C (1.5 mmHg) (bath temperature); NMR 1.28 (3 
H, s, C-l Me), 2.22 (3 H, s, N-Me), 3.33 (3 H, s, C-7 O-Me), 3.76 (3 H, 
s, C-10 O-Me), 3.68 (1 H, d, J  = 2.5 Hz, C-7 H), 6.64 (1 H, double d, 
J  = 8.0, J' =  2.5 Hz, C-9 H), 6.72 ( 1  H, d, J  = 2.5 Hz, C -ll H), 7.07 (1 
H, d, J =  8.0 Hz, C-8  H). Anal. Calcd for Ci7H25N 02: C, 74.14; H, 9.15; 
N, 5.09. Found: C, 74.29; H, 9.15; N, 5.09.

Reaction of 3c with 1 N DC1. A solution of 3c (101 mg) in 1 N DC1 
(6 ml) was refluxed for 1 h. Afte'r cooling, the mixture was basified with 
10% NaOH, extracted with CHCI3, and dried (K2C 03). Evaporation 
of the solvent gave 99 mg of a yellow oil. The NMR showed that it was 
a mixture of olefin 4c, 6 -deuterio-7p-hydroxy 3"c, and 6 -deuterio- 
7«-hydroxy compound 5"c in the ratio 1:2:4 [C-7 proton signal of 4c, 
b 6.20 (singlet); C-7 proton signal of 3"c, b 4.78 (singlet); C-7 proton 
signal of 5"c, b 4.25 (singlet)].

Reaction of 6 with 1 N DC1. Reflux of 6 (90 mg) in 1 N DC1 (6 ml) 
gave a mixture of 6 and 7 (70 mg). The NMR showed that substitution 
of C-5 hydrogen of 6 and 7 with deuterium did not occur at all.

Registry No.—3'c, 60363-78-2; 3"c, 60363-79-3; 4c, 60363-80-6; 
5c, 60409-21-4; 5'c, 60409-20-3; 5"c, 60384-71-6; 6, 60363-81-7; 7, 
60384-72-7; 7 picrate, 60409-18-9; 4-methyl-4-(2-dimethylami- 
noethyl)-3,4-dihydronaphthalen-l(2H)-one, 60363-82-8; 4-methyl-
4-(2-methylaminoethyl)-3,4-dihydronaphhalen-l(2H)-one HC1, 
54782-00-2; l,4-dimethyl-2,3,4,5-tetrahydro-l,6-methano-l/i-4- 
benzazonin-7(6//)-one picrate, 60384-73-8; l,4-dimethyl-2,3,4,5- 
tetrahydro-l,6-methano-l//-4-benzazonin-7(6/i)-one, 54782-07-9;
l,4-dimethyl-2,3,4,5-tetrahydro-l,6-methano-l//-4-benzazonin- 
7(6H)-one HC1, 60384-74-9; l,3-dimethyl-9-methoxy-l,2,3,4,5,6- 
hexahydro-l,5-methano-3-benzazocine, 37639-69-3; 1,3-dimethyl- 
9-methoxy-l,2,3,4-tetrahydro-l,5-methano-3-benzazocin-6(5//)-one, 
60363-83-9.
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In the course o f some other research on vitamin A and its 
derivatives, we became interested in the preparation o f  the
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Figure 1. Stereodrawing of 1 showing one of the two conformers which are present in the crystal. Atoms C(3)B, C(4)B, C(16)B, and C(17)B are 
the half-weight carbon atoms of the “ B” conformer. The thermal ellipsoids scaled to the 50% probability level and the hydrogen atoms are 
shown as spheres of an arbitrary size.

(E ) -  and (Z )-2 (5 //)furan ones, 1 and 2, respectively, related 
to retinoic acid.1

16 19

1

2 3
During the progress o f this work, reports o f  the x-ray crystal 

structure determinations o f  2 and its 9-cis isomer 3 ap
peared.2’3 Although these papers stated that these compounds 
resulted from the reaction o f tra n s-d-ionylideneacetaldehyde
(4) and 3-methylbut-2-enolide (5a), no synthetic details could

^ - A  < Y
o - %

4 5 6

R
a H 

b Br
c +PPh3Br~

be found in the chemical literature. This paper reports the 
synthesis and spectral characterization including 13C N M R  
o f  1 and 2, and the x-ray structure analysis o f 1, which was not 
previously reported.

The synthetic approach was analogous to the synthesis o f 
freelingyne,4’5 which utilized a Wittig reagent prepared from 
the isomeric butenolide 6.6

The lactone 5a and brom olactone 5b were prepared as 
previously described.7 T he brom olactone 5b was reacted im 
mediately with triphenylphosphine to give the phosphonium 
bromide 5c. W ittig reaction o f  5c and a ll-tra n s-d-ionyli- 
dineacetaldehyde8 (4) in dim ethylform am ide with sodium 
hydride as base afforded a mixture o f  1 and 2. Chrom ato
graphic purification and crystallization afforded a less polar, 
higher melting com pound. After being stored at —20 °C  for 
3 days, the mother liquors afforded a crystalline fraction 
consisting o f two crystal forms which could be separated 
manually. One corresponded to the less polar compound; the 
second could be further purified by recrystallization from cold 
(—20 °C ) pentane to give a more polar, lower melting isomer. 
Although the isomers displayed slightly different spectral 
properties, the unambiguous assignment o f  structure on this 
basis was not possible. Thus the structure o f  the crystalline 
less polar isomer 1 was determined by single-crystal x-ray 
diffraction analysis. The conform ation o f the molecule is

Table I. Crystal Data fo r  1 and 2°
2

1
Data from 

ref 2
Measured 

crystal data

Space group P2i/a P i P i
a 15.218 (2) Â 6.87 (1) 6.870 (2)
b 10.347 (3) Â 7.51 (1) 7.528 (6)
c 11.934 (2) Â 18.67 (1) 18.835 (8)
a 81.04 (12) 80.37 (5)
0 108.60 (1)° 83.77 (12) 83.51 (3)
7 68.96 (12) 69.05 (7)
z 4 2 2

Scaled
M (Cu Ka)

1.115 g cm-3 
5.5 cm-1

1.12

0 The formula and formula weight for 1 and 2 are C20H 26O2 and
298.43.

shown in Figure 1. The C (6 )-C (l) -C (7 )-C (8 )  torsion angle is 
—53° (see Figure 1 for the atom labeling scheme).

The crystal data are given in Table I. T he intensity data 
were measured on a Hilger-Watts diffractometer. The size of 
the crystal used for data collection was approximately 0.25 X 
0.40 X 0.75 mm. N o absorption correction was made. O f the 
3621 accessible reflections with 6 < 76°, 3014 had intensities 
which were significantly greater than background. The 
structure was solved by a multiple solution procedure9 and 
was refined by full-matrix least squares.

During the preliminary refinement it became apparent that 
the crystals were disordered. The disorder arises from a 1:1 
mixture o f  the two possible puckered conform ations o f  the 
cyclohexene ring. T o  account for the disorder the atoms C(3), 
C(4), C(16), and C(17) were each replaced by two atoms o f half 
weight, corresponding to the two conform ations o f  the cy 
clohexene ring.

The preliminary refinement was continued with anisotropic 
temperature factors for all atoms. A difference Fourier cal
culated at the end o f this refinement had peaks at reasonable 
positions for all o f  the ordered hydrogens. The positions o f  all 
hydrogen atoms were calculated. Tw o sets o f  half-weighted 
hydrogen atoms were used for the carbons involved in the 
disorder and also for C(5). In the final refinem ent the hydro
gen atoms were included in the structure factor calculations 
but their parameters were not refined. T he final difference 
Fourier has no peaks or holes greater than ±0 .2  e A -3 . The 
final discrepancy index is R =  0.057 for the 3014 observed 
reflections.

The crystal data for the more polar isomer 2 were measured 
and compared with the previously published values (Table
I). The unit cell given by Thackeray and Gafner2 is related to 
the cell given in Table I by the transformation (0,0,1/ 
0 ,-1 ,0 /1 ,0 ,0 ). Intensity data were measured for the isomer 2. 
There were 1560 observed reflections with 6 <57°. Three cy
cles o f  full-matrix least squares, starting with the published 
atomic parameters, resulted in a discrepancy index o f R =  
0.119 for the 1560 observed reflections (all atoms anisotropic,
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T able II. l3C N M R Spectral Data fo r  1 and 2C

Carbon atom Multiplicity“ ÒC 1 5c 2

15 s 168.5 168.8
13 s 152.4 153.7
1 2 s 149.1 149.4
9 s 143.0 141.9
1 s 137.4 137.3
8 d 136.9 136.8
2 s 130.3 130.8
7 d 130.1 130.1

1 0 d 121.7 122.4
14 d 118.1 115.1
1 1 d 113.0 107.5
5 t 39.5 39.6
6 s 34.2 34.2
3 t 33.0 33.2

17 ,18h q 28.9 28.9
16 q 21.7 21.7
4 t 19.1 19.2

20 q 15.7 * 1 2 .8  ^
19 q 12.3 C 1 1 .6 «

" Single frequency off-resonance multiplicity. b Two-carbon 
peak. ' See 1 for numbering of carbon atoms.

no hydrogens), thus conclusively confirming the structure o f
2 .

The 1:iC N M R  spectral data for com pounds 1 and 2 are 
given in Table II. The chemical shifts for these two compounds 
are very similar to those o f  a ll-tran s-retinoic acid and its 
isomers, 10 and the majority o f  peaks can be readily assigned. 
However, there are three carbon atoms— carbon atoms 10,11, 
and 1 2 — which differ significantly in chemical shift from those 
o f the retinoic acids and cannot be assigned by direct com 
parison. The unassigned carbon atoms due to C-10 and C - l l  
are found in the spectral region from ~107 to 123 ppm. In both 
1 and 2, the chemical shifts o f  C - l l  would be expected at 
higher field than those o f  C - 1 0 , since C - l l  is closer to the 
lactone ring. In addition, a larger chemical shift difference 
would also be expected for C - l l  than for C - 1 0  in going from 
1 to 2. The chemical shifts o f C-10 and C - l l  in a ll-tra n s-ret
inal occur at 129.4 and 132.4 ppm, respectively . 10 Thus, the 
peaks found for 1 and 2 at 113.0 and 107.5 ppm  were assigned 
to C - l l  (upfield shift o f ~21 ppm; A5 5.5 ppm ); the peaks at
121.7 and 122.4 ppm were assigned to C-10 (upfield shift o f 
~ 9  ppm; AS 0.7 ppm). Because it is directly bonded to oxygen, 
C-12 should exhibit a large downfield shift in both compounds 
when compared to the retinoic acids; the downfield shift 
should be approximately the same in both compounds. Thus, 
C-12 is assigned to the carbon atoms at 149.1 and 149.4 ppm  
for 1 and 2 , respectively.

Experimental Section
Melting points were determined on a Kofler micro hot stage and 

are corrected values. The lnC NMR spectra were recorded on 100 mg 
of each compound in deuteriochloroform solution on a Varian XL-100 
NMR spectrometer at 25.2 MHz in the Fourier transform mode. The 
spectra were obtained using a 5000-Hz sweep width and an 8K data 
table. Elemental and spectral analyses and x-ray structure determi
nations were carried out by the Physical Chemistry Department, 
Hoffmann-La Roche Inc.

(2,5-Dihydro-3-methyl-5-oxofuran-2-yl)triphenylphosphon- 
ium Bromide (5c). A mixture of 13.28 g (0.135 mol) of the butenolide 
5a,' 26.4 g (0.149 mol) of N-bromosuccinimide, and 200 ml of carbon 
tetrachloride was heated to the reflux with a light source for 2 h. The 
mixture was allowed to cool and was filtered; the filtrate was con
centrated in vacuo to give 23.3 g (0.131 mol) of crude 4-bromobu- 
tenolide 5b. Without further purification, this was combined with 38 
g (0.145 mol) of triphenylpnosphine and 250 ml of benzene and heated 
to the reflux for 5 h. The mixture was allowed to cool to room tem
perature overnight and then was filtered to give 41.4 g (0.094 mol) of 
phosphonium salt 5c. This material was used in the next step without 
further purification.

(E)-4-M ethyl-5-[5-(2,6,6-trim ethylcyclohexen-l-yl)-3-m e-
thyl-2 (£ j ,4 (fi)-pentadienylidene]-2 (5 fij-furanone (1). To a
cooled (5 °C) suspension of 17.2 g (78.2 mmol) of Cir, aldehyde 4,41.4 
g (94 mmol) of phosphonium salt 5c, and 150 ml of dry dimethyl- 
formamide, 2.26 g (94 mmol) of sodium hydride (56.6% in mineral oil) 
was added. After the addition was completed, the reaction mixture 
was stirred at room temperature for 2 h, then heated to 60 °C for 16 
h. The mixture was cooled and then poured into 500 ml of ice water. 
The aqueous layer was saturated with sodium chloride and extracted 
with three 250-ml portions of chloroform. The combined extract was 
washed twice with saturated sodium chloride solution and dried over 
sodium sulfate. Evaporation of the solvent gave 32.6 g of an oil, which 
was purified by chromatography on 900 g of silica gel packed in hex
ane. Elution with hexane containing 2% ether, and gradually in
creasing to 15% ether, gave 5.5 g of an isomeric mixture. This was 
purified by repeated recrystallization from pentane to give 2.4 g 
(1 0 .2%) of the less polar furanone 1 as yellow crystals: mp 129-137 DC; 
NMR (CC14) 5 1.04 (s, 6 H), 1.71 (s, 3 H), 2.01 (s, 3 H), 2.40 (s, 3 H), £.8 8  
(m, 1 H), 6.1 (d, J =  16 Hz, 1 H), 6.3 (d, J =  16 Hz, 1 H), 6.37 (d, J  =  
12 Hz, 1 H), and 6.60 (d, J =  12 Hz, 1 H); mass spectrum m /e 298 
(M+), 283, 265, and 255; uv Xmax (2-propanol) (e) 388 nm (39 130); ir 
(CHCI3) 1747, 1587, and 1574 cm-1. The material was found to be 
94.5% isomerically pure by liquid chromatographic analysis.

Anal. Calcd for C2oH2602: C, 80.50; H, 8.78. Found: C, 80.54; H, 
8.96.

(Z)-4-M ethyl-5-[5-(2,6,6-trimethylcyclohexen-l-yl)-3-me- 
thyl-2(J?),4(E)-pentadienylidene]-2(5Fi)-furanone (2). The 
mother liquors from the above pentane recrystallization were com
bined and stored at —20 °C for 3 days. The resulting crystals were 
filtered and the two crystal forms were separated manually. Repeated 
recrystallization of the lower melting, more polar substance from cold 
pentane gave 350 mg of 2 as yellow crystals: mp 90-95 °C; NMR (CCI4) 
5 1.02 (s, 6 H), 1.21 (s, 3 H), 1.99 (s, 3 H), 2.18 (s, 3 H), 5.81 (m, 1 H),
6.01 (d, J =  12 Hz, 1 H), 6.24 (s, 2 H), and 6.53 (d, J =  12 Hz, 1 H); 
mass spectrum m /e 298 (M+), 283, and 265; uv Xmax (2-propanol) (c) 
385 nm (26 820) and 242 (7900); ir (CHCI3) 1750 and 1575 cm“ 1.

Anal. Calcd for C2oH260 2: C 80.50; H, 8.78. Found: C, 80.60: H,
8.79.

Registry No.— 1, 60305-11-5; 2, 10035-29-7; 3, 55177-16-7; 4, 
3917-41-7; 5a, 6124-79-4; 5b, 60270-03-3; 5c, 60270-04-4; triphenyl- 
phosphine, 603-35-0.

Supplementary Material Available. Tables of positional and 
thermal parameters for the structure of 1 (3 pages). Ordering infor
mation is given on any current masthead page.
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Carbohydrate ortho esters have been used extensively 
during the last 1 0  years for synthesis o f 1 ,2 -trans glycosides. 1
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Table I. Yield and Product Composition for the Formation of Thio Ortho Esters (cf. Scheme I)

Registry
no.

Starting material“ Yield6 Product composition“
(configuration) (%) (exo/endo, %)

572-09-8 D -glu co 2 (79) 71/29
3068-32-4 D -galacto 3(72) 70/30
3068-31-3 D -xylo 4(77) 80/20
4753-07-5 D -“ la c to ” 5 (55) 100/0

21085-72-3 D -g lu cu ron orf 6(89) 56/44

“ Per-O-acetylated a-D-glycopyranosyl bromide. h Isolated product. 1 Determined from NM R integrals. d Methyl ester.

Table II. 13C NMR Chemical Shifts (ppm, Me4Si) for the Exo (2a) and Endo (2b) Gluco Thio Ortho Esters and the 0-
Thioglucoside (2c)

Compd Ci C2-6 CH.iCO CH:1CO Arom C CH3Ph c h ;!c s c h 3c s

Exo (2a) 97.32 73.21 20.78 170.52 139.11 21.26 26.46 117.93
69.80 169.55 135.62
68.26 169.14 129.70
66.88
62.98

128.24

Endo (2b) 97.87 75.53 20.63 170.63 139.45 21.28 28.34 118.25
72.20 169.74 136.36
70.66 169.50 129.70
67.98
62.21

127.35

Glucoside (2c) 85.79 75.73 20.61 170.44 138.70 21.18
74 02 170.03 133.76
69 88 169.14 129.62
68.18 127.50
62.09

T h io ortho esters (1), however, have not been reported al
though they should have potential in carbohydrate synthesis 
(glycoside synthesis, protective group, reduction to acetals, 
oxidation to sulfoxides and sulfones, S-alkylation, transfor
mation by heavy metal ions, etc.). I

I now wish to report the synthesis and characterization o f 
p-m ethylthiophenyl ortho esters2 o f  some representative 
m ono- and disaccharides (peracetvlated). The synthesis 
consists o f heating equimolar amounts o f  the appropriate 
acetobrom o sugar, p -m ethy lth iophen ol, and 2,4,6-tri- 
methylpyridine in nitromethane. Chromatography o f the 
reaction mixture gave the thio ortho esters in good yields to 
gether with small amounts o f  di-p-m ethyl phenyl disulfide 
and /3-thioglycoside (see Table I). The mechanism o f the re
action probably involves initial solvent attack3 on the aceto
bromo sugar followed by acetoxonium ion formation. This will 
then react with the thiol to give the thio ortho ester (see 
Scheme I).

A mixture o f exo and endo isomers was obtained using 
acetobromo monosaccharides but only the exo compound was 
form ed from  acetobrom o lactose. Probably the galactose 
residue hinders thiol attack at the endo side o f  the interme
diate acetoxonium ion.

In order to determine the structures o f  these com pounds, 
the gluco isomers (exo and endo thio ortho esters and the 11- 
thioglucoside) were isolated in pure (N M R ) form and inves
tigated by spectroscopic methods.

The 'H  N M R  spectra showed the following significant 
features: a low-field (ca. 5.7 ppm ) rough doublet with a split
ting o f ca. 5 Hz for the thio ortho ester anomeric protons.

Scheme I

exo endo

Further, C-m ethyl group singlets (1.82 and 1.63 ppm ) were 
found for the exo and endo thio ortho esters (absent for the 
/(-thioglucoside). This is in accordance with normal ortho 
esters.4

The 13C N M R  spectra o f  the thio ortho esters (see Table II) 
showed high-field signals for the C -methyl group carbons and 
low-field signals for the quaternary carbons o f the ortho ester 
group. These signals were absent with the ((-thioglucoside.

All the thio ortho esters reported here showed a low -in
tensity molecular ion peak in the mass spectrum. Other sig
nificant features were a strong M  — 123 peak for the acetcx- 
onium ion (cf. Scheme I) and base peak at 169 mass units.

Since sulfur is less basic than oxygen, one could expect thio 
ortho esters o f  the present type to be more acid stable than 
normal ortho esters. The latter are completely hydrolyzed by 
dilute sulfuric acid in acetone within ca. 30 min .3 W ith the thio 
ortho esters, approximately 50% hydrolysis occurred after 3 
h under the same conditions.
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The relative hydrolytic stability of this new type of com
pound and the possibility of utilizing the unique properties 
of sulfur for selective transformations suggest that thio ortho 
esters should be versatile intermediates in synthetic sugar 
chemistry.

Experimental Section

Melting points are uncorrected. Ir spectra were run as KBr tablets. 
*H and 13C NMR spectra were run in CDC13 (Me4Si) on JEOL 
PMX-60 and JEOL FX-60 spectrometers, respectively. Mass spectra 
were run on a Varian MAT 311 spectrometer.

General Procedure for Preparation of the Thio Ortho Esters. 
The appropriate acetobromo sugar (2.5 mmol) and p-methylthio- 
phenol (2.5 mmol, recrystallized from petroleum ether) were dissolved 
in dry nitromethane (3 ml) containing 2,4,6-trimethylpyridine (2.55 
mmol). The solution was stirred (magnet) under N2 at 50 °C for ~5 
h (compound 6,15 h). The reaction was followed by TLC (Si0 2 , ethyl 
acetate-light petroleum). 2,4,6-Trimethylpyridinium bromide was 
formed as a white precipitate. The reaction mixture was cooled and 
ether (10 ml) was added to complete the precipitation. Filtration and 
evaporation of the filtrate gave a colorless syrup which was chroma
tographed on silica (100 g, Merck Kieselgel 60,0.063-0.200 mm) with 
ethyl acetate-light petroleum as eluent (1 :2  for monosaccharide and 
1:1 for disaccharide thio ortho esters). This gave as the first fraction 
a few milligrams of di-p-methyl phenyl disulfide [ir 1490, 798 cm-1; 
NMR 5 7.34, 7.04 (rough AB q, 4 H each, J ab = 8.3 Hz, aromatic H),
2.27 ppm (s, 6 H, CH3Ph); mass spectrum m /e (rel intensity) 246 (M+, 
100, base peak), 123 (80). Anal. Calcd for C14H 14S2: mol wt, 246.0537. 
Found: mol wt, 246.0541] followed by a second fraction of pure exo 
thio ortho ester and a third fraction of exo plus endo thio ortho esters 
(for monosaccharides). Trace amounts of the thioglycosides could be 
isolated in some cases from a fourth fraction (verified for the gluco 
compound). The composition (exo/endo) was determined from NMR 
integrals of the CH3CS signals (see Table I). Yields are not opti
mized.

3.4.6- Tri-0-acetyl-l,2-0-p-methylthiophenoxyethylidene- 
a-D-glucopyranose (2 ). Yield 79% (exo plus endo isomer; see Table
I).

Exo Isomer (2a): syrup;6 [a]25578 + 78.9° (c 0.735, CHCI3); ir 1750, 
810 cm-1; NMR d 7.41, 7.15 (rough AB q, 2 H each, J a b  = 7.8 Hz, ar
omatic H), 5.77 (d, 1 H, 5.0 Hz splitting, OCHO), 3.76-5.35 (m, 6 H, 
OCH), 2.36 (s, 3 H, CH3Ph), 2.15, 2.08 (s, 9 H, CH3COO), 1.82 ppm 
(s, 3 H, CH3CS); 13C NMR, see Table II; mass spectrum m/e (rel in
tensity) 454 (M+, 0.3, C21H2SO9S), 331 (70), 271 (6 ), 229 (6 ), 211 (7), 
187 (6 ), 169 (100, base peak).

Anal. Calcd for C14H 19O9: mol wt, 331.1029. Found: mol wt, 
331.1029 ( M - C 7H7S).

Endo Isomer (2b). Rechromatography of the exo/endo mixture 
gave the pure endo compound (2b): syrup; [a]2Ss78 +107.9° (c 0.410, 
CHC13); ir 1755,810 cm-1; NMR b 7.56, 7.16 (rough AB q, 2 H each, 
J a b  = 8.1 Hz, aromatic H), 5.69 (d, 1 H, 5.6 Hz splitting, OCHO),
4.00-5.80 (m, 6 H, OCH), 2.37 (s, 3 H, CH3Ph), 2.09, 2.05 (s, 9 H, 
CH3COO), 1.63 (s, 3 H, CH3CS); 13C NMR, see Table II; mass spec
trum m /e (rel intensity) 454 (M+, 0.06, C21H26O9S), 331 (8 ), 271 (6 ), 
229 (3), 211 (8 ), 187 (6 ), 169 (100, base peak).

Anal. Calcd for C14H 19O9: mol wt, 331.1029. Found: mol wt, 
331.1028 (M -  C7H7S).

p-Methylphenyl 2,3,4,6-Tetra-0-acetyl-l-thio-/S-D-glu- 
copyranoside (2c): mp 116-117 °C; [a]24578 —19.8° (c 2.90, CHC13) 
[lit.6 mp 118 °C; [a]D -21° (c 2.0, CHC13)]; ir 1748,919,820,810 cm "1; 
NMR 5 7.38,7.12 (rough AB q, 2 H each, J a b  = 8.0 Hz, aromatic H),
3.51-5.43 (m, 7 H, OCH), 2.34 (s, 3 H, CH3Ph), 2.07 (s, 6 H, CH3COO),
2.00, 1.97 ppm (s, 3 H each, CH3COO); mass spectrum m /e (rel in
tensity) 454 (M+, 0.1, C21H26O9S), 331 (35), 271 (9), 229 (3), 211 (6 ), 
187 (3), 169 (100, base peak).

Anal. Calcd for CuH^Og: mol wt, 331.1029. Found: mol wt, 
331.1026 (M -  C7H7S).

3.4.6- Tri- O-acetyl-1,2-0-p-methylthiophenoxyethylidene- 
a-D-galactopyranose (3). Yield 72% (exo plus endo isomer; see Table 
I).

Exo Isomer: syrup; [a]25s78 +118.5° (c 0.287; CHC13); ir 1757,810

cm “ 1; NMR 5 7.41,7.13 (rough AB q, 2 H each, J ab = 8.0 Hz, aromatic
H) , 5.85 (d, 1 H, 5 Hz splitting, OCHO), 4.00-5.46 (m, 6 H, OCH), 2.35 
(s, 3 H, CH3Ph), 2.09,2.06,2.03 (s, 3 H each, CH3COO), 1.77 ppm (s, 
3 H, CH3CS); mass spectrum m /e (rel intensity) 454 (M+, 0.1, 
C21H26O9S), 331 (59), 271 (6 ), 229 (4), 211 (6 ), 187 (3), 169 (100, base

P Anal. Calcd for C14H 19O9: mol wt, 331.1029. Found: mol wt, 
331.1020 (M -  C7H7S).

Endo Isomer: NMR S 1.66 ppm (s, 3 H, CH3CS).
3,4-Di- O -acetyl-1,2- O-p-methylthiophenoxyethylidene-«- 

D-xylopyranose (4): yield 77% (exo plus endo isomer; see Table
I) .

Exo Isomer: syrup; [a]2657s +71.8° (c 0.490, CHCI3); ir 1749, 810 
cm-1; NMR <5 7.38,7.10 (rough AB q, 2 H each, J ab = 7.6 Hz, aromatic 
H), 5.58 (d, 1 H, 4.4 Hz splitting, OCHO), 3.37-5.32 (m, 5 H, OCH),
2.31 (s, 3 H, CH3Ph), 2.08, 2.00 (s, 3.H each, CH3COO), 1.77 ppm (s, 
3 H, CH3CS); mass spectrum m /e (rel intensity) 382 (M+, 0.1, 
C 18H220 7S), 259 (30), 246 (17) 217 (20), 199 (29), 170 (20), 157 (74), 
149 (55), 128 (76), 124 (40), 115 (75), 97 (100, base peak).

Anal. Calcd for CnHi50 7: mol wt, 259.0818. Found: mol wt, 
259.0809 (M -  C7H7S).

Endo Isomer: NMR S 1.59 ppm (s, 3 H, CH3CS).
3,6-Di-0-acetyl-4-0-(2,3,4,6-tetra-0-acetyl-|8-D-galactopy- 

ranosyl)-l,2-0-p-methylthiophenoxyethylidene-a-D-glucopy- 
ranose (5): yield 55% (pure exo isomer; see Table I). Recrystallization 
from ethanol gave an analytical sample: mp 142-143 °C; [o]25578 
+47.5° (c 1 .1 2 , CHCI3); ir 1752, 810 cm -1; NMR b 7.44, 7.20 (rough 
AB q, 2 H each, J ab  = 8.0 Hz, atomatic H), 5.73 (d, 1 H, 5.0 Hz split
ting, OCHOCS), 3.69-5.66 (m, 13 H, OCH), 2.37 (s, 3 H, CH3Ph), 2.17,
2.10, 2.06,1.96 (s, 18 H, CH3COO), 1.83 ppm (s, 3 H, CH3CS); mass 
spectrum m /e (rel intensity) 742 (M+, 0.05, C33H420i7S), 619 (7), 576
(4), 559 (8 ), 516 (2), 499 (1), 457 (3), 331 (80), 317 (6), 288 (21), 271 (10), 
229 (12), 211 (31), 169 (100, base peak).

Anal. Calcd for C96H35 0 i7: mol wt, 619.1873. Found: mol wt, 
619.1926 (M -  C7H7S). Calcd for C33H420 17S: C, 53.4; H, 5.7; S, 4.3. 
Found: C, 53.1; H, 5.9; S, 4.1.

Methyl 3,4-Di- O -acetyl-1 ,2 -0 -p-methylthiophenoxyethyli- 
dene-a-D-glucopyranuronate (6 ). Reaction time was 15 h; yield 
89% (exo plus endo isomer; see Table I).

Exo Isomer: syrup; [a]26578 + 55.7° (c 0.445; CHC13); ir 1752,827, 
810 cm“ 1; NMR b 7.37,7.11 (rough AB q, 2 H each, J ab  = 8.0 Hz, ar
omatic H), 5.84 (d, 1 H, 5.0 Hz splitting, OCHO), 4.16-5.36 (m, 4 H, 
OCH), 3.75 (s, 3 H, OCH3), 2.36 (s, 3 H, CH3Ph), 2.12,2.06 (s, 3 H each, 
CH3COO), 1.83 ppm (s, 3 H, CH3CS); mass spectrum m /e (rel in
tensity) 440 (M+, 0.1, C20H24O9S), 317 (7), 259 (24), 257 (11), 199 (24), 
197 (8), 157 (53), 155 (59), 97 (100, base peak).

Anal. Calcd for Ci3H i70 9 : mol wt, 317.0872. Found: mol wt, 
317.0893 (M -  C7H7S).

Endo Isomer: NMR b 1.61 ppm (s, 3 H, CH3CS).
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B a r d ,  R . R . M e ta  b r id g in g  r e a c t io n s  o f  
e le c t r o n -d e f ic ie n t  a r o m a t ic s . 3 . I s o m e r ic  
b r id g in g  o f  d i - ,  t r i - ,  a n d  t e t r a n it r o n a °  
p h th a le n e s  t o  2 -  a n d  3 -b e n z a z o c in e s .
2421

B a r d w e l l ,  C .  M .  O x id a t io n  o f  s e c o n d a r y  
a lc o h o ls  w ith  o z o n e . 889 

B a r g a r ,  T .  W . T r a n s fe r  o f  o x y g e n  t o  o r g a n 0 
ic  s u lfid e s  w ith  d im e th y l s u l fo x id e  c a t a °  
ly ze d  b y  h y d r o g e n  c h lo r id e .  P r e p a ra t io n  
o f  d is u lfo x id e s  (c o r r e c t io n ) .  4051  

B a r n e s ,  M .  W . O x im e  t o  n it ro  c o n v e r s io n . 
S u p e r io r  s y n th e s is  o f  s e c o n d a r y  n i t r o p a °  
ra ffin s . 733

B a r n e t t ,  C . J .  S te r e o c h e m is tr y  o f  B o c k °  
m u e h l 's  s y n th e s is  o f  m e th a d o n e . 7 1 0  

B a r r ,  P .  A .  Is o m e r iz a t io n  s tu d ie s . 4 . I s o m °  
e r iz a tio n  o f  a cy l h a lid e s  in  th e  p r e s e n c e  
o f  p a lla d iu m  c a ta ly s ts . 3452  

B a r s k y ,  L .  O r t h o - l it h ia t io n .  A  r e g io s p e c i f ic  
r o u te  t o  o r t h o -s u b s t i t u t e d  a ry l k e to n e s . 

3651B a r t h o l o m e w ,  D . G . P y r id o p y r im id in e s .
5. N -O x id a t io n s  a n d  re a r r a n g e m e n ts  in 
th e  p y r id o [2 ,3 -d ]p y r im id in e  se r ie s . 3027  

B a r t m a n ,  B .  T r a n s m is s io n  o f  s u b s t itu e n t  
e f fe c t s .  C o r r e la t io n  o f  m e th y l t o  h y d r o 0 
g e n  ra te  ra t io s  in  d iv e rs e  h e t e r o c y c lic  
sy s te m s  w ith  C N D O /2  p a ra m e te rs . 776  

B a r t o n ,  D . H . R . F o r m a t io n  o f  an  u n u su a l 
s te r o id a l  o x e ta n e  a n d  its  t r a n s fo rm a t io n  
p r o d u c ts .  3 94 0

B a t e s ,  R .  B . C ry s ta l a n d  m o le c u la r  s t r u c °  
tu re  o f  c e p h a lo ta x in e . 551 

B a t e s ,  R .  B . C ry s ta l s t r u c tu re  o f  l - ( o - c h l o °  
r o p h e n y l ) - l - ( p - c h l o r o p h e n y l ) -2,2- d i °  
c h lo ro e th a n e . 554

B a t e s ,  R .  B . R e a c t io n s  o f  d e lo c a liz e d  d i c a r °  
b a n io n s  w ith  d ih a lid e s . 1620 

B a t e s ,  R . B .  U v a re t in , a  n ew  a n t itu m o r  
a g e n t  fr o m  U v a ria  a c u m in a ta  ( A n n o n a °  
c e a e ) . 1852

B a t e s ,  R .  B .  A n t itu m o r  a g e n ts  fr o m  J a t r o °  
p h a  m a c r o rh iz a  (E u p h o r b ia c e a e ) .  II. 
I s o la tio n  a n d  c h a r a c te r iz a t io n  o f  j a t r o °  
p h a tr io n e . 1855

B a t e s ,  R .  B . S tr u c tu r e s  o f  n o r d it e r p e n e  
la c to n e s  f r o m  P o d o c a r p u s  s p e c ie s . 2 45 8  

B a t t i s t e ,  M .  A . N o v e l  p y r id a z in e  fo r m a t io n  
in  th e  b a s e -c a t a ly z e d  r e a c t io n  o f  t r a n s - °  
l ,2 ~ d ib e n z o y l -3 ,3 -d ip h e n y lc y c lo p r o p a n e  
w ith  h y d ra z in e . 1245

B a t t i s t e ,  M . A . A n  a b e r r a n t  re a r r a n g e m e n t  
in  th e  r e a c t io n  o f  l , 2 - d i b r o m o - 3 , 3 - d i °  
f lu o r o c y c lo p r o p e n e  w ith  a n th ra ce n e .
3333

B a t z o l d ,  F . H . S y n th e s is  o f  0,7- a c e t y le n i c
3 -  o x o  s te r o id s  o f  th e  5 ,1 0 - s e c o  series .
313

B a t z o l d ,  F . H . R e a c t io n s  o f  p e r h a lo a c e to n e s  
w ith  d ih y d r o p y r id in e s  a n d  o t h e r  e le c t r o n  
d o n o rs . 2976

B a u e r ,  D . P .  T r ic y c l i c  d im e rs  f r o m  c y c l i c  a 
d ik e to n e s . 3059

B a u e r ,  D . P .  A  n e w  ro u te  t o  a ce tv le n e s .
2 64 0

B a u m ,  G . C a rb e n ic  p r o c e s s e s  in  d e c o m p o s i °  
t io n  o f  s p ir o [ f lu o r e n e -9 ,3 '- in d a z o le ] .  
S im p le  r o u te  t o  th e  f lu o r a d e n e  sy s te m . 
2120

B a u m ,  J .  M e s o io n ic  c o m p o u n d s .  X X X V .  
C y c lo a d d it io n  r e a c t io n s  o f  th e  a n h y d r o - °
4 -  h y d r o x y th ia z o l iu m  h y d r o x id e  a n d  
a n h y d r o -5 -h y d r o x y o x a z o l iu m  h y d r o x id e  
sy s te m s  w ith  h e te r o c u m u le n e s . 813

B a u m ,  J .  M e s o io n ic  c o m p o u n d s .  X X X V I .  
R e a c t io n  o f  m e s o io n ic  s y s te m s  w ith  
d ip h e n y lc y c lo p r o p e n e  d e r iv a t iv e s . 8 1 8  

B a u m ,  J .  S . S y n th e s is  a n d  c y c lo a d d it io n  
r e a c t io n s  o f  a c e ty le n ic  im in iu m  c o m °  
p o u n d s . 183

B a u m ,  K . R e a c t io n s  o f  d ic h lo r in e  h e p t o x id e  
w ith  o le fin s . 1663

B a u m g a r t e n ,  H . E . R e a c t io n s  o f  a m in e s .
19. R e a c t io n s  o f  l ,3 - d i - t e r t - b u t y l a z i r i d i °  
n o n e  a n d  2 ~ b r o m o  N - t e r t -b u t y l - 3 ,3 -  d i °  
m e th y lb u ta n a m id e  w ith  s e le c t e d  o r g a °  
n o m e ta l lic  re a g e n ts . 3 79 8

B a u m g a r t e n ,  H . E . R e a c t io n s  o f  a m in e s .
20. S y n th e se s  o f  r a c e m ic  a n d  o p t ic a lly  
a c t iv e  a lk y lh y d r a z in e s  a n d  N - a c y l - N - a l °  
k y l -  a n d  N -a c y l -N -a r y lh y d r a z in e s .
3805



AUTHOR INDEX J. Org. Chem., Voi. 41, 1976 4115

B e a k ,  P . H e te r o p h il ic  a d d it io n s  t o  c a r b o =  
n y ls  a n d  t h io c a r b o n y ls .  S c o p e  a n d  s t e r =  
e o c h e m is t r y  ( c o r r e c t io n ) .  4051  

B e a k ,  P .  R e a c t io n  o f  2 ,3 - d ip h e n y l -5 ,6 - d i h =  
y d r o p y r a z in e  a n d  m a lo n o n itr i le  t o  g iv e
2 .6 -  d i a m in o -3 ,5 - d i c y a n o - 4 ,1 0 -d ip h e n y l—
1 .7 -  d ia z a tr ic y c lo [5 .2 .1 .0 4>10] d e c a - 2 ,5 - d i :=: 
e n e . A  n o v e l sy n th e s is  o f  a  s u b s t itu te d  
d ia z a d ih y d r o tr iq u in a c e n e . 3 38 9

B e a l ,  D . A .  A r o m a t ic  s u b s t itu t io n .
X X X V I I I .  C h lo r o m é t h y la t io n  o f  b e n z e n e  
a n d  a lk y lb e n z e n e s  w ith  b is ic h lo r o m e ^  
t h y l)  e th e r , 1 ,4 -b is  ( c h lo r o m e t h o x y  ) b u =  
ta n e , l - c h l o r o - 4 - c h l o r o m e t h o x y b u ta n e , 
a n d  f o r m a ld e h y d e  d e r iv a t iv e s . 1627 

B e a v e r s ,  W . A .  R e a c t io n s  o f  d e lo c a liz e d  
d ic a r b a n io n s  w ith  d ih a lid e s . 1620  

B e a v e r s ,  W . A . A n t i t u m o r  a g e n ts  fr o m  
J a tr o p h a  m a c r o rh iz a  (E u p h o r b ia c e a e ) .
I I . I s o la t io n  a n d  c h a r a c te r iz a t io n  o f  
ja t r o p h a t r io n e .  1 85 5

B e c h g a a r d ,  K . S tu d ie s  o f  m ix e d -v a le n c e  
d i fe r r o c e n y ls e le n id e  a n d  d i fe r r o c e n y ld is e =  
le n id e . 1849

B e c h g a a r d ,  K . M ix e d  v a le n c e  c a t io n s  
C h e m is tr y  o f  7 r -b r id g e d  a n a lo g u e s  o f  
b i fe r r o c e n e  a n d  b i fe r r o c e n y le n e .  2 70 0  

B e c k ,  J .  R .  S y n th e s is  o f  [ l ] b e n z o t h ie n o [ 3 ,=  
2 - d ] -u - t r ia z i n e  d e r iv a t iv e s . A  u n iq u e  
d ia z o n iu m  io n  c y c liz a t io n .  1733 

B e c k e r ,  H . D . P r e p a ra t io n  a n d  r e a c t io n s  
o f  2 ,6 - d i - t e r t - b u t y l - 4 ~ ( 9 - f lu o r e n y l id = : 
e n e ) - l ,4 -b e n z o q u i n o n e .  214 

B e c k e r ,  Y .  A  r e a c t io n  o f  a - p y r o n e  a n d  
n it r o s o b e n z e n e . 2 4 9 6  

B e c k l e y ,  R .  S . B r id g e d  p o ly c y c l i c  c o ir .^  
p o u n d s .  L X X X I I .  M u lt ip le  m e ch a n is m s  
f o r  o x y m e r c u r a t io n  o f  s o m e  d ib e n z o b ic y =  
c lo [2 .2 .2 ]o c t a t r ie n e s .  1912  

B e d n o w i t z ,  A .  L . P h e n y lc in n a m a lo n e s .  3. 
B a s ic  h y d r o ly s is  o f  p h e n y lc in n a m a lo n e .  
3 6 2 2  ̂

B e d o u k i a n ,  R . H . H y d r o b o r a t io n  o f  m o n o =  
te r p e n e  a lc o h o ls . 2 7 8  

B e l l ,  A .  A .  P e n ta k e t id e  m e t a b o l it e s  o f  
V e r t ic i l l iu m  d a h lia e . 3. Id e n t i f ic a t io n  
o f  ( - ) - 3 ,4 - d i h y d r o - 3 , 8 - d i h y d r o x y - l ( 2 H )  =  
n a p h t h a le n o n e [ ( - ) - v e r m e lo n e ]  as a  p r e ^  
c u r s o r  t o  m e la n in . 2 46 8  

B e l l e t t i n i ,  A .  G . T r a n s m is s io n  o f  s u b s t i^  
t u e n t  e f fe c t s  in  s p i r o [3 .4 ] o c t a n e -2 -e a r ~  
b o x y l i c  a c id  d e r iv a t iv e s . 2 38 7  

B e l l i n g e r ,  G . C . A .  R e a c t io n  o f  b e n z o t h ia ^  
z o le  a n d  s u b s t itu te d  b e n z o t h ia z o le s  w ith  
d im e th y l  a c e t y le n e d ic a r b o x y la te .  A  
n o v e l  h e t e r o c y c lic  r in g  tr a n s fo rm a t io n . 
1328

B e l t r a m e ,  P .  R e a c t io n  o f  s u b s t itu te d  b e n — 
z o d io x o le s  w ith  m é th y lm a g n é s iu m  io d id e  
u n d e r  h e te r o g e n e o u s  c o n d it io n s .  5 8 0  

B e n a t i ,  L .  R e a c t io n  o f  1 ,2 ,3 -b e n z o t h ia d ia -  
z o le  w ith  a r y lth io  r a d ica ls . 1331 

B e n a t i ,  L .  R e a c t iv ity  o f  c a r b o n  d is u lf id e  
w ith  a ry l r a d ica ls . 2 63 9  

B e n d i k s e n ,  B . R o b in s o n  a n n é la t io n  b y
r e a c t io n s  o f  2 -m e t h y l  1 ,3  d ik e t o n e s  w ith  a
0 - c h lo r o  k e to n e . 3 76 7  

B e n k e s e r ,  R .  A .  T h e  f ir s t  d o c u m e n t e d  
r e v e r s ib le  a d d it io n  o f  a l ly lm a g n e s iu m  
b r o m id e  t o  a  k e to n e . 3 21 2  

B e n n e t t ,  D . A .  P r e p a ra t iv e  m e t h o d s  fo r
0 - a c y l  v in y l  a n io n  e q u iv a le n ts  fro m  
e n o n e s  o r  a lly l su lfid e s . 2506  

B e n n e t t ,  D . J . E lu c id a t io n  o f  th e  c o n fo rm  
m a t io n a l e q u i l ib r iu m s  fo r  t h e  c i s - 8 - o x a — 
b i c y e lo [4 .3 .0 ]n o n -3 -e n e  se r ie s . 469  

B e r g ,  H . A .  J .  C a ta ly s is  o f  t h e  C o p e  re a r =  
r a n g e m e n t  b y  a lu m in a . 2 04 8  

B e r g ,  U . D é m é t h y la t io n s  o f  q u a te r n a ry  
p y r id in iu m  sa lts  b y  a  s o f t  n u c le o p h ile ,  
t r ip h e n y lp h o s p h in e .  E le c t r o n ic  a n d  
s t e r ic  a c c e le r a t io n s . 2621  

B e r g b r e i t e r ,  D . E . S y n th e s is  a n d  u t i liz a t io n  
o f  o r g a n o c o p p e r ( I )  a te  c o m p le x e s  fr o m  
G rig n a rd  re a g e n ts . 2 7 5 0  

B e r g b r e i t e r ,  D . E . S t e r e o c h e m is t r y  o f  
h y d r o b o r a t io n -o x id a t io n  o f  te rm in a l 
a lk e n e s . 3031

B e r g e r ,  M .  H . F r a g m e n t a t io n -r e c o m b in a =  
t io n  o f  m e t h o x y m e t h y l  e s te r  e n o la te s . A  
n o v e l  m e t h o d  fo r  p r e p a r a t io n  o f  h y d r a c r =  
y l ic  a n d  g ly c id ic  e s te rs . 5 8 5  

B e r g m a n ,  R .  G . T h e r m a l  d e c o m p o s i t io n  o f  
2 H -a z ir in e s .  F o r m a t io n  o f  p r o d u c ts  
r e s u lt in g  fr o m  c a r b o n - c a r b o n  b o n d  c le a v ^  
age . 831

B e r k o w i t z ,  P .  T .  6 - O x a  a n a lo g s  o f  p y r im i^  
d in e s  a n d  p y r im id in e  n u c le o s id e s .  S y n ^  
th e s is  o f  ô - a m i n o - O H - l ^ ^ - o x a d i a z i n - S 0  
( 2 H ) - o n e ,  2 - 0 - D - r ib o f u r a n o s y l - 6 H - 1 ,2 , =
4 -o x a d ia z in e -3 ,5 (2 H ,4 H ) -d io n e ,  a n d  
r e la te d  d e r iv a t iv e s . 3 12 8

B e r k o w i t z ,  W . F .  C y c lo a d d it io n  o f  a n  
e n a m in e  t o  a n  a c t iv a te d  c y c lo p r o p a n e  
(c o r r e c t io n ) .  4051

B e r k o w i t z ,  W . F .  C y c lo a d d it io n  o f  an  
e n a m in e  t o  a n  a c t iv a te d  c y c lo p r o p a n e .
10

B e r l i n ,  K .  D . S y n th e s is  o f  A 2’2- b i s ( l , 3 - b e n =  
z o d it h io l id in e )  d e r iv a t iv e s  a n d  c o m p le x  
sa lts  th e r e fr o m  w ith  7 ,7 ,8 ,8 - t e t r a c y a n o -  
q u in o d im e th a n e  (c o r r e c t io n ) .  4051  

B e r l i n ,  K .  D . S y n th e s is  o f  A 2>2- b i s (  1 ,3 - b e n =  
z o d it h io l id e n e )  d e r iv a t iv e s  a n d  c o m p le x  
sa lts  th e r e fr o m  w ith  7 ,7 ,8 ,8 - t e t r a c y a n o 0  
q u in o d im e th a n e . 145

B e r l i n ,  K . D . C a r b o n -p h o s p h o r u s  h e t e r o c y 0  
c le s . A  o n e - s t e p  s y n th e s is  o f  p h o s p h in — 
d o lin e s  a n d  p h o s p h in o lin e s .  C y c liz a t io n  
o f  d ip h e n y la lk e n y lp h o s p h in e  o x id e s  w ith  
p o ly p h o s p h o r ic  a c id . 1403  

B e r l i n ,  K .  D . S y n th e s is  o f  m o n o e s te r s  o f  
a r y l -  (o r  a lk y l - )  p h o s p h o n ic  a c id s  c f  
s e le c te d  a re n o ls . S t u d y  o f  th e  e f fe c t  o f  
d im e th y lfo r m a m id e  o n  th e  p r e p a r a t io n  
o f  2 -n a p h th y lp h e n y lp h o s p h o n ic  a c id  v ia  
p r o t o n  a n d  p h o s p h o r u s -3 1  n u c le a r  m a g =  
n e t ic  r e s o n a n c e  a n a ly s is . 1160 

B e r n a s c o n i ,  C .  F . In f lu e n c e  o f  th e  o - n i t r o  
g r o u p  o n  b a s e  ca ta ly s is  in  n u c le o p h i lic  
a r o m a t ic  s u b s t itu t io n . R e a c t io n s  in 
b e n z e n e  s o lu t io n s . 44 

B e r n d t ,  D . C . K in e t ic s  a n d  m e c h a n is m  o f  
a c id ic  a n d  a lk a lin e  h y d r o ly s is  o f  h in d e r e d  
N -m e t h y la r y lh y d r o x a m ic  a c id s . 3297  

B e r t h e t ,  D . S p ir o v e t iv a n e s  fr o m  fu lv e n e s . 
3 20 8

B e r t s c h ,  R .  J .  F o r m a t io n  o f  n itra te  este rs  
b y  th e  o x id a t io n  o f  a lk e n e s  a n d  c y c !o p r o =  
p a n e s  w ith  th a l liu m (I I I )  n itra te  in  p e n °  
ta n e . 2 78 2

B e s s o d e s ,  M . S tu d ie s  o n  th e  s o d iu m  b o r o h °  
y d r id e  r e d u c t io n  o f  u n s a tu ra te d  k e to  
n u c le o s id e s . N o v e l  r o u te  t o  d e o x y  m u °  
c le o s id e s .  3 82 7

B e t t o n i ,  G . R e a c t io n s  o f  n itro g e n  c o m 
p o u n d s  w ith  ru th e n iu m  te tro x id e .  2. 
O x id a t io n  o f  te r t ia r y  a m in e s  as a  c c n v e n °  
ie n t  a lte rn a t iv e  t o  v o n  B ra u n  d e g r a d a °  
t io n . 2780

B e v in s ,  C . L .  K in e t ic s  a n d  m e c h a n is m  o f  
th e  h y d r o ly s is  o f  2 ,2 ,2 - t r i f lu o r o -N - (3 —  
m e t h y l -2 - c y c lo h e x e n y l id e n e )e t h y la m in e .  
a ,0 -U n s a t u r a t e d  S c h i f f  b a se . 346 

B h a c c a ,  N . S . S te r e o c h e m is tr y  o f  d ip h e n y l0  
p h o s p h id e  d is p la c e m e n t  a t  s a tu ra te d  
c a r b o n . C o n fo r m a t io n  a n d  re la tiv e  r e a c °  
t iv ity  o f  m e n t h y l -  a n d  n e o m e n t h y ld ip h e 0  
n y lp h o s p h in e  h o m o g e n e o u s  h y d r o g e n a 0  
t io n  c o m p le x e s .  1545

B h a c c a ,  N . S .  P h o to g e n e r a t io n  a n d  r e a c °  
t io n s  o f  a c y c l ic  c a r b o n y l  y l id e s . 2 65 4  

B h a c c a ,  N . S . T h e  p h o t o c h e m is tr y  o f  a c y c l °  
i c  a c e ty le n ic  d i -n —m e th a n e  sy ste m s 
S y n th e se s  o f  s u b s t itu te d  is o m e r ic  a e e t y l=  
e n ic  c y c lo p r o p a n e s .  3931 

B h a c c a ,  N . S . C a r b o n -1 3  n u c le a r  m a g n e t ic  
r e s o n a n c e  s p e c tr a  o f  h y d r o x y  s te ro id s  
(c o r r e c t io n ) .  4051

B h a c c a ,  N . S . C a r b o n -1 3  n u c le a r  m a g n e t ic  
r e s o n a n c e  s p e c tr a  o f  h y d r o x y  s te ro id s .
71

B h a c c a ,  N . S . S te r e o c h e m is tr y  o f  r e a c t io n s  
o f  s i la c y c lo b u ta n e s . 1534  

B i e r e n b a u m ,  R .  S y n th e s is  a n d  ch e m is tr y  
o f  s o m e  p o ly c h lo r in a t e d  o x e ta n e s . 2 94 3  

B i l l u p s ,  W . E . T h e  g e n e r a t io n  a n d  tr a p p in g  
o f  m e t h y le n e c y c lo p r o p e n e . 3771  

B i n k l e y ,  R . W  A  n e w  p a th w a y  f o r  o x _ d a °  
t io n  o f  a lc o h o ls  t o  c a r b o n y l  c o m p o u n d s .

. 303.°
B i o n d i ,  P .  A . C o m p a ra t iv e  a c id ic  c le a v a g e  

o f  m e t h o x y b e n z y l -p r o t e c t e d  a m id e s  o f  
a m in o  a c id s . 703

B i r m in g h a m ,  M . K .  1 8 - H y d r o x y - l l - d e o x °  
y c o r t ic o s t e r o n e .  C h e m ic a l  sy n th e s is , 
s tru c tu re , a n d  c ir cu la r  d ic h r o is m . 2552  

B i s a g n i ,  E . S y n th e s is  o f  C -n u c le o s id e s .
13. s - T r ia z o l o [ 4 ,3 - a ] -  a n d  - [ l , 5 - a j p y r i =  
d in e  d e r iv a t iv e s . 3 12 4

B l a c k w e l l ,  J .  T .  C o n fig u r a t io n  a n d  co n fo rm  
m a t io n  o f  c i s -  a n d  t r a n s -3 ,5 -d im e t h y l=  
v a le r o la c to n e s  ( c o r r e c t io n ) .  4051  

B l a k e n e y ,  A . J .  T h e  g e n e r a t io n  a n d  t r a p 0  
p in g  o f  m e t h y le n e c y c lo p r o p e n e . 2>ln\ 

B l a n c h a r d ,  E . P .  H y d r o g e n  c y a n id e  c h e m °  
is try . 6. C y a n o g e n  c o n d e n s a t io n  w ith  
c y a n id e ,  C 7N 7- . 1889

B l a n d ,  J .  S . D ie ls -A ld e r  r e a c t io n s  in v o lv in g  
h e t e r o c y c lic  d ie n o p h ile s . S y n th e s is  o f  
s u b s t itu te d  h y d r o q u in a z o lin e s  a n d  1 ,3—  
d ia z a s p ir o [4 .5 ]d e c a d ie n e s .  2124  

B l a n k e s p o o r ,  R .  L . A n  e le c t r o n  s p in  r e s o °  
n a n ce  s tu d y  o f  th e  r a d ic a l  a n io n  o f  7 , 8 - — 
d im e t h y le n e -1 ,3 ,5 - c y c lo o c t a t r ie n e .  2071

B l i c k e n s t a f f ,  R .  T .  P o t e n t ia l  a n t ia n d r o °  
g e n ic  a n t itu m o r  s te r o id a l  la c to n e s . 1254 

B l o u n t ,  H . N . R e a c t io n s  o f  c a t io n  ra d ica ls  
o f  E E  [e le c t r o n  c a p tu r e ]  sy ste m s. I II . 
C h lo r in a t io n  o f  9 ,1 0 -d ip h e n y la n th r a c e n e  
516

B l o u n t ,  J .  F . A  s h o r t  sy n th e s is  o f  ( ± ) - i s o s — 
te g a n e . 3 77 2

B l o u n t ,  J .  F . Z w it t e r io n ic  2 ,4 - d io x o p y r r o l i °  
d in e s . 390

B l o u n t ,  J .  F .  Q u in a z o lin e s  a n d  1 ,4 -b e n z o — 
d ia z e p in e s . L X X I I .  S y n th e s is  o f  b e n °  
z o x a z in o n e s  fr o m  a n th r a n il ic  a c id s . R e v i °  
s io n  o f  s tru c tu re s  o r ig in a lly  d e s c r ib e d  as
1 ,4 -b e n z o d ia z e p in e s .  737  

B l o u n t ,  J .  F . H e te r o c y c l ic  s tu d ie s . 44. 
T h e rm a l  r e a rra n g e m e n t  o f  2 - a c y l - l , 2 —  
d ia z a b ic y c lo h e p te n o n e s .  3 15 6  

B l o u n t ,  J .  F .  S t r u c tu r e  a n d  r e a c t io n s  o f  an  
u n u su a l t h io n y l  c h lo r id e  o x id a t io n  p r o °  
d u c t .  9 -C h lo r o a c r id in iu m  2 - c h l o r o - l —  
( c h lo r o s u l f in y l ) -2 - o x o e t h y l id e .  3 40 6  

B l o u n t ,  J . F . S y n th e s is  o f  a -d e h y d r o b io t in  
3853

B l o u n t ,  J .  F . ( E ) -  a n d  ( Z ) - 4 - M e t h y l - 5 —  
[ 5 - ( 2 ,6 ,6 - t r i m e t h y l c y c l o h e x e n - l - y l ) - 3 —  
m e t h y l -2 - t r a n s ,  4 - t r a n s -p e n  t a d ie n y l id °  
e n e j -2 (5 H ) - fu r a n o n e .  S y n th e s is  a n d  
s p e c tr a l  p r o p e r t ie s .  4 10 8  

B o a t m a n ,  R .  J .  S o m e  n o v e l  r e a c t io n s  o f  
p y r r o le c a r b o x y lic  a c id  c h lo r id e s . 3 05 0  

B o b b i t t ,  J .  M . E le c t r o c h e m is t r y  o f  n a tu ra l 
p r o d u c t s .  V I . O x id a t iv e  d e c a r b o x y la t io n  
o f  s o m e  t e t r a h y d r o i s o q u in o l i n e - l - c a r b o x °  
y l ic  a c id s . 4 4 3

B o b b i t t ,  J .  M . E le c t r o c h e m is tr y  o f  n a tu ra l 
p r o d u c ts .  I V . E le c t r o c h e m ic a l  a n d  
c h e m ic a l  o x id a t iv e  d im e r iz a t io n  o f  1 ,2 - d i— 
m e t h y l -7 - h y d r o x y - 6 - m e t h o x y - l ,2 ,3 ,4 —  
te tr a h y d r o is o q u in o lin e .  845  

B o b e k ,  M .  A n  a lte rn a t iv e  sy n th e s is  o f  
a n o m e r ic  m e th y l 2 - d e o x y - 4 - t h i o - D - e r °  
y t h r o -p e n t o fu r a n o s id e s .  3831  

B o d a n s z k y ,  M . S id e  r e a c t io n s  in  p e p t id e  
sy n th e s is . I II . I n t e r m o le c u la r  a c y la t io n  
b y  a n  u n p r o t e c t e d  s id e  c h a in  c a r b o x y l  
g r o u p . 1269

B o d o r ,  N . O -A c y la t i o n  o f  a c id ic  e th y le n e  
c o m p o u n d s .  165

B o e k e lh e i d e ,  V .  F o r m a t io n  o f  t h io a c e ta ls  
f r o m  s u l fo x id e s  u n d e r  P u m m e r e r -t y p e  
c o n d it io n s .  2 77 0

B o e r r e s e n ,  S .  R e a c t io n  o f  p ic r y l  a z id e  
w ith  a ry lo x y a lle n e s . 678  

B o l e s t a ,  R .  E . T h e r m a l  re a rra n g e m e n ts  o f  
t r a n s - l - t r i m e t h y l s i l o x y - l - v i n y l c y c l o t r i=  
d e c - 3 - e n e .  1233

B o n d ,  F . T .  S y n th e s is  o f  h a lo g e n  s u b s t i t u t e  
e d  b i c y c lo [2 .1 .1 ]h e x a n -2 -o n e s .  1416 

B o n d ,  F .  T .  C h e m ic a l  t r a n s fo r m a t io n s  o f  
s u b s t itu te d  b ic y c lo  [2 .1 .1 ]  h e x a n -2 -o n e s .  
R in g  c o n t r a c t io n  s tu d ie s  a n d  s y n th e s is  
o f  t r ic y c lo [2 .2 .0 .0 2’6] h e x a n - 3 - o n e .  1421 

B o n n e r ,  W . A .  A s y m m e tr ic  a d s o r p t io n  o f  
D L -a la n in e  h y d r o c h lo r id e  b y  q u a rtz .
2 22 5

B o n s e r ,  S . M .  D ia z ir id in e s . 5 . R e a c t io n  o f  
s o m e  1 - a r o y l -  a n d  1 ,2 -d ia c y ld ia z ir id in e s
3 22 9

B o o n e ,  J .  R .  S t e r e o c h e m is t r y  o f  r e d u c t io n  
o f  k e to n e s  b y  s im p le  a n d  c o m p le x  m e ta l 
h y d r id e s  o f  t h e  m a in  g r o u p  e le m e n ts .
2890

B o r e h a r d t ,  J .  K . C a r b o n -1 3  n u c le a r  m a g e  
n e t i c  r e s o n a n c e  s p e c tr a l  p r o p e r t ie s  o f  
a lk e n y l id e n e c y c lo p r o p a n e s .  1061 

B o r e h a r d t ,  R .  T .  C o n v e n ie n t  p r e p a r a t io n  
o f  S -a d e n o s y lh o m o c y s t e in e  a n d  re la te d  
c o m p o u n d s .  565

B o r d n e r ,  J .  S t e r e o c h e m is t r y  o f  p h o t o c h e m e  
ica l  c y c lo a d d it io n s :  a d d it io n  o f  e th y le n e  
t o  a  A 9- l - o c t a I o n e .  4 09 6  

B o r d n e r ,  J .  T h e  s t r u c tu re  o f  t h e  o - 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  p r o d u c t .
4 0 2 6

B o r d w e l l ,  F .  G . C a rb o n  a c id s . 8 . T h e  
t r im e t h y la m m o n io  g r o u p  as a  m o d e l  fo r  
a sse ss in g  th e  p o la r  e f fe c t s  o f  e le c t r o n —  
w ith d r a w in g  g ro u p s . 1883  

B o r d w e l l ,  F . G . C a r b o n  a c id s . 9. T h e  
e f fe c t s  o f  d iv a le n t  s u lfu r  a n d  d iv a le n t  
o x y g e n  o n  ca r b a n io n  s ta b ilit ie s . 1885  

B o r d w e l l ,  F . G . C a r b o n  a c id s . 10. R e s o °  
n a n ce  sa tu ra t io n  o f  s u b s t itu e n t  e f fe c t s  
in  t h e  f lu o r e n e  ser ies . 2391  

B o r d w e l l ,  F .  G . N it r o g e n  a c id s . 1. C a r °  
b o x a m id e s  a n d  s u lfo n a m id e s .  2507  

B o r d w e l l ,  F .  G . C a r b o n  a c id s . 11. A c id  
s t r e n g th e n in g  a lk y l  e f fe c t s  a n d  q u e s t io n 0  
a b le  a p p lic a t io n s  o f  t h e  T a f t  e q u a tio n . 
2 78 6

B o r e l ,  A .  W . O r g a n o c o p p e r  ch e m is tr y . 
C o u p lin g  o f  ( E ) - 2 - i o d o - l - a l k e n y l  s u l °  
fo n e s  w ith  m o n o c o p p e r ( I )  r e a g e n ts . 401
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B o u c u g n a n i ,  A .  A . S t e r e o s p e c if ic  s y n th e s is  
o f  6 , c - 1 0 - d i m e t h y l ( r - 5 - C 1) s p ir o [ 4 .5 ]d e c - =
6- e n - 2- o n e  a n d  its  c o n v e r s io n  in t o  ( ± ) - -  
a -v e t is p ir e n e .  1539

B o u c u g n a n i ,  A .  A . A  c o n v e n ie n t  p h o t o ^  
c h e m ic a l  s y n th e s is  o f  a p r e c u r s o r  t o  t h e  
s p ir o v e t iv a n e s .  3 63 2  

B o u l e t t e ,  B .  M .  R e a c t io n  o f  s u lfu r  w ith
2 ,6 -d is u b s t i t u t e d  p h e n o ls . 1710  

B o u m a ,  W . J .  N - t e r t -b u t y ls u l f o n y l c a r b a =  
m a te s  f r o m  t e r t -b u t y ls u l f in y l  c h lo r id e  
a n d  N -h y d r o x y c a r b a m a t e s .  R e a c t io n  
m e c h a n is m  a n d  o b s e r v a t io n  o f  C I D N P  
[c h e m ic a l ly  in d u c e d  d y n a m ic  n u c le a r  
p o la r iz a t io n ] .  143

B o v e r ,  W . J .  N u c le o p h il i c  a d d it io n s  t o  
a ld e h y d e s  a n d  k e to n e s . 2 . R e a c t io n s  t o  
h e t e r o c y c l i c  a ld e h y d e s  w ith  h y d r o x id e  
io n s . 1 95 2

B o w e n ,  D . V .  L o s s  o f  w a te r  fr o m  k e to n e s  
in  is o b u t a n e  c h e m ic a l  i o n iz a t io n  m a ss  
s p e c t r o m e t r y .  136

B o w e n ,  M . P h o to c h e m ic a l  s tu d ie s  o n  a lk y l 
a m id e s . 1279

B o w e r s ,  L .  H a lo c y c lo p r o p a n e s .  419 
B o w l  u s ,  S . B .  N e w  sy n th e s is  o f  L - 2 - a m i=  

n o -3 - o x a ly la m in o p r o p io n i c  a c id , th e  
L a th y ru s  sa t iv u s  n e u r o to x in . 159 

B o y a j i a n ,  M . J .  A g a r id o x in , a  m u s h ro o m  
m e ta b o l ite .  I s o la t io n , s t r u c tu re , a n d  
s y n th e s is . 1603

B r a c e ,  N . O . E v id e n c e  fo r  fr e e -r a d ic a l  
r e d u c t iv e  d e h a lo g e n a t io n  in  r e a c t io n  o f  
z in c  a n d  a c id  w ith  l -p e r f l u o r o a lk y l -2- i o =  
d o a lk a n e s  a n d  w ith  l -p e r f l u o r o a lk y l -2- =  
io d o a lk e n e s . 766

B r a d l e y ,  J .  C . S h o r t  s y n th e s is  o f  c a m p t o ^  
th e c in . 699

B r a d s h a w ,  J .  S . M a c r o c y c l i c  p o ly e th e r  
s u l f id e  sy n th e se s . P r e p a ra t io n  o f  t h ia ^  
( c r o w n -6, - 7 ,  a n d  - 8)  c o m p o u n d s .  134 

B r a d y ,  W . T .  S o m e  r e a c t io n s  o f  c h lo r o t r ia l=  
k y l - l ,3 - c y c l o b u t a n e d io n e s .  2 03 6  

B r a d y ,  W . T .  H a lo g e n a te d  k e te n e s . 29. 
F u r th e r  s tu d ie s  o n  m ix e d  d im e r iz a t io n s . 
2 33 6

B r a n c h a u d ,  B . R o b in s o n  a n n e la t io n  b y  
r e a c t io n s  o f  2 -m e t h y l  1 ,3  d ik e to n e s  w ith  a 
0 - c h lo r o  k e to n e . 3 76 7  

B r a s s a r d ,  P .  R e a c t io n s  o f  k e te n e  a ce ta ls .
8. S im p le  sy n th e s e s  o f  th e  m e th y l e s 
t e r -e t h e r s  o f  th e  a n th r a q u in o n e s  e n d o =  
c r o c in ,  p t i lo m e t r ic  a c id , a n d  c la v o ru b in . 
3 01 8

B r a t i n ,  K . N u c le o p h il i c  a d d it io n s  t o  a ld e h =  
y d e s  a n d  k e to n e s . 2. R e a c t io n s  t o  h e t e r =  
o c y c l i c  a ld e h y d e s  w ith  h y d r o x id e  ion s . 
1952

B r a u l t ,  M .  K in e t ic s  a n d  m e c h a n is m  o f  th e  
h y d r o ly s is  o f  2 ,2 ,2 - t r i f l u o r o - N - ( 3 - m e =  
t h y l -2- c y c lo h e x e n y lid e n e )e t h y la m in e . 
a , /M jn s a t u r a t e d  S c h i f f  b a se . 346  

B r a u n ,  W . H . S y n th e s is  o f  5 H ,1 2 H - q u i n a -  
z o l in o  [3 ,2 —a] [3 ,1 ] b e n z o x a z in e -5 ,12~~ 
d io n e s .  2 72 8

B r e g o v e c ,  I . S e c o n d a r y  d e u te r iu m  is o to p e  
e f fe c t s  in  th e  s o lv o ly s is  o f  c i s -  a n d  
t r a n s -2- a c e t o x y e y c lo h e x y i  2,2,2- t r i f lu o i= 
r o e th a n e s u lfo n a te s . 7 8 5  

B r e i t h o l l e ,  E . G . F o r m a t io n  o f  s ty r y lg ly c in e  
a n d  d e r iv a t iv e s  f r o m  c y e lo p r o p y lo g s  o f  
p h e n y la la n in e  a n d  d ih y d r o x y p h e n y la la ^  
n in e . A u th e n t ic  s t y r y lg ly c in e . 1466 

B r e i t h o l l e ,  E . G . S y n th e s is  o f  s o m e  d e h y 
d r o p h e n y la la n in e  p e p t id e s .  1344 

B r e i t m a ie r ,  E . C a r b o n -1 3  n u c le a r  m a g n e t ic  
r e s o n a n c e  c h e m ic a l  s h ift s  o f  s u b s t itu te d  
p h e n a z in e s . 2 10 4

B r e n n a ,  O . C o m p a ra t iv e  a c id ic  c le a v a g e  o f  
m e t h o x y b e n z y l -p r o t e c t e d  a m id e s  o f  
a m in o  a c id s . 7 0 3

B r i c e ,  V .  T .  C a r b o n -c a r b o n  b o n d  fo r m a t io n  
v ia  o r g a n o m e ta l lic  e le c t r o c h e m is tr y .  719  

B r i e r s ,  J .  T r a p p in g  o f  th ia z ir id in im in e s  
w ith  im in e s  a n d  n itr ile s . 3 40 3  

B r i g h t ,  W . M . C ry s ta l s t r u c tu re  a n d  a b s o ^  
lu te  c o n f ig u r a t io n  o f  astrc -casin e  m e t h o =  
b r o m id e .  2 45 4

B r i n e ,  G . A .  S y n th e s is  o f  ( - l - a - a c e t y l m e ^  
t h a d o l  m e ta b o l ite s  a n d  r e la te d  c o m =  
p o u n d s .  3521

B r i n e ,  G . A .  C a r b o n -1 3  n u c le a r  m a g n e t ic  
r e s o n a n c e  s p e c tr a  o f  m o r p h in e  a lk a lo id s . 

,996
B r i n e ,  G . A . R in g  C  c o n fo r m a t io n  o f  6 /3 -=  

n a lt r e x o l  a n d  6a -n a l t r e x o l .  E v id e n c e  
fr o m  p r o t o n  a n d  c a r b o n -1 3  n u c le a r  m a g =  
n e t ic  r e s o n a n c e . 3 44 5

B r o d s k y ,  L .  L o s s  o f  w a te r  fr o m  k e to n e s  in  
is o b u ta n e  c h e m ic a l  io n iz a t io n  m a ss  s p e c =  
t r o m e tr y .  136

B r o n s t e i n ,  S . A  r e a c t io n  o f  a - p y r o n e  a n d  
n it ro s o b e n z e n e . 2496

B r o o m ,  A . D . P y r id o [2 ,3 -d ]p y r im id in e s .
I V . S y n th e t ic  s tu d ie s  le a d in g  t o  v a r io u s  
o x o p y r id o  [2 ,3 - d ]  p y r im id in e s . 1095 

B r o o m ,  A . D . P y r id o p y r im id in e s .  5 . N - =  
O x id a t io n s  a n d  re a rra n g e m e n ts  in  th e  
p y r id o [2 ,3 -d ]p y r im id in e  se r ie s . 3 02 7  

B r o w n ,  H . C . S y n th e s is  o f  u n s y m m e tr ica l  
c o n ju g a te d  d iy n e s  v ia  th e  r e a c t io n  o f  
lith iu m  d ia lk y n y ld ia lk y lb o ra te s  w ith  
io d in e .  1078

B r o w n ,  H . C . S e le c t iv e  r e d u c t io n s . X X I .  
9 -B o r a b ie y c lo [3 .3 .1 ]n o n a n e  in  te t r a h y ^  
d r o fu r a n  as a  n e w  s e le c t iv e  r e d u c in g  
a g e n t  in o r g a n ic  sy n th e s is . R e a c t io n  
w ith  s e le c te d  o r g a n ic  c o m p o u n d s  c o n t a in 
in g  re p r e s e n ta t iv e  fu n c t io n a l  g ro u p s .
1778

B r o w n ,  H . C . S tru c tu ra l  e f fe c ts  in  s o lv o ly t ic  
re a c t io n s . 16. T h e  e f fe c t  o f  c o n fo r m a t io n  
o f  th e  c y c lo p r o p y l ,  p h e n y l, a n d  is o p r o p y l  
s u b s t itu e n ts  on  th e ir  e le c t r o n ic  c o n t r ib u 0 
t io n s  t o  t h e  e le c t r o n -d e f ic ie n t  c e n te r .
1792

B r o w n ,  H . C . F a c i le  r e d u c t io n  o f  a lky l 
t o s y la te s  w ith  lith iu m  t r ie t h y lb o r o h y =  
d r id e . A n  a d v a n ta g e o u s  p r o c e d u r e  fo r  
th e  d e o x y g e n a t io n  o f  c y c l i c  a n d  a c y c l ic  
a lc o h o ls . 3 06 5

B r o w n ,  J .  N . T h e  x - r a y  c ry s ta l  a n d  m o le 
cu la r  s t r u c tu re  o f  an  u n u su a lly  s ta b le  
c y c l i c  o r g a n ic  p e r o x id e .  3 75 6  

B r o w n ,  K .  S .  J r .  S tr u c tu r e s  o f  n o r d i t e r p 3 
e n e  la c to n e s  f r o m  P o d o c a r p u s  s p e c ie s .
2458

B r o w n ,  R . A .  R e a c t io n  o f  2 , 3 - d ip h e n y l - 5 , -
6-d ih y d r o p y r a z in e  a n d  m a lo n o n itr i le  to  
g iv e  2 ,6 - d ia m in o - 3 ,5 -d ic v a n o - 4 ,1 0 - d i=  
p h e n y l-1 ,7 -d ia z a tr i c y c lo [5 .2 .1 .0 4>10] d e c a - =:
2 ,5 -d ie n e .  A  n o v e l  sy n th e s is  o f  a  s u b s t i^  
t u t e d  d ia z a d ih y d r o tr iq u in a c e n e . 3 38 9  

B r o w n ,  R . G . P h e n y lc in n a m a lo n e s . 3.
B a s ic  h y d r o ly s is  o f  p h e n y lc in n a m a lo n e . 
3622

B r o w n e ,  L . J . A  r e g io s p e c i f ic  s y n th e s is  o f  
fu n c t io n a liz e d  v in y lc y c lo p r o p a n e s  v ia  
c y c lo p r o p y l  cu p ra te s . 3629  

B r o x t o n ,  T .  J .  E lu c id a t io n  o f  t h e  r o le  o f  
s y n -  a n d  a n t i -a r y la z o  a lk y l e th e rs  in  th e  
d e d ia z o n ia t io n  o f  a r y ld ia z o n iu m  sa lts  in  
b a s ic  a lc o h o lic  s o lv e n ts . 2157  

B r u c k m a n n ,  E . M . T h e  s y n th e s is  o f  a 
t e t r a c y c l ic  a jm a lic in e  a n a lo g . 3 71 4  

B r u z i k ,  K .  P r o t i c  a c id  ca ta ly z e d  t h i o n o - =  
t h io lo  r e a rra n g e m e n ts  o f  p h o s p h o ru s  
e s te rs  (c o r r e c t io n ) .  4 05 1  

B r u z i k ,  K .  P r o t i c  a c id  c a ta ly z e d  t h i o n o - ^  
t h io lo  re a rra n g e m e n ts  o f  p h o s p h o ru s  
esters. 1291

B r y s o n ,  T .  A . B io lo g ic a l  p r o b e s .  3. M e t h =  
o d s  f o r  c a r b o n -4  a n d  c a r b o n -5  la b e lin g  
in  n ic o t in a m id e .  2 06 6  

B r y s o n ,  T .  A . S te r e o c h e m is tr y  o f  p h o t o ^  
c h e m ic a l  c y c io a d d it io n s :  a d d it io n  o f  
e th y le n e  t o  a  A9- l - o c t a l o n e .  4096  

B r z e c h f f a ,  L . C a r b o c y c l ic  p h e n y lh y d r a z in e s  
in  th e  F is c h e r  in d o le  sy n th e s is . 3 . S o m e  
r e a rra n g e m e n ts  w ith  l - p h e n y l - 5 - p y r a z o ^  
l id in o n e s . 3 77 5

B u c h a n ,  R . A z a in d o liz in e s . 3. F o r m y la t io n  
s tu d ie s  o n  6-a z a in d o l iz in e s .  351 

B u c k ,  H . M . R in g  e n la r g e m e n t  o f  g e m in a l 
d ib r o m o c y c lo p r o p a n e s  w ith  s ilv e r  t o s y ^  
la te . A p p r o a c h  t o  m e d iu m  s ize d  rin gs.
384

B u c k ,  H . M . B is h o m o a r o m a t ic  in te ra c t io n  
in  th e  d is r o ta to r v  r in g  o p e n in g  o f  c y c lo 
p r o p y l  c a r b e n o id s . 2 96 5  

B u d n i k ,  R . A .  E p o x id a t io n  o f  o le f in s  w ith  
m o le c u la r  o x y g e n  in  th e  p r e s e n c e  o f  
c o b a lt  c o m p le x e s .  1384  

B u e c h i ,  G . S h o r t  sy n th e s is  o f  c a m p t o t h e3 
c in . 699

B u e c h i ,  G . S p ir o v e t iv a n e s  fr o m  fu lv e n e s . 

3208
B u i ,  A .  M .  S tu d ie s  in  th e  in d o le  ser ies .

V I I .  C a r b o n -1 3  n u c le a r  m a g n e t ic  r e s o ^  
n a n ce  s p e c t r o s c o p y  o f  n a tu ra lly  o c c u r r in g  
su b s ta n c e s . X L .  C a r b o n - 13 n u c le a r  
m a g n e t ic  r e s o n a n c e  a n a ly s is  o f  v o b a — 
s in e - l ik e  in d o le  a lk a lo id s . 1878  

B u j u k t u r ,  G . 2 0 -M e t h y lc h o le s t e r o l .  2 2 8 8  
B u l l p i t t ,  M . S u b s t it u e n t  e f fe c t  o f  th e  b r o -  

m o m e th y l  g r o u p . C a r b o n -1 3  m a g n e t ic  
r e s o n a n c e  s tu d y . 7 6 0

B u n c e ,  N . J . E le c t r o n  tra n s fe r  o n  p h o t o ly =  
s is  o f  1- c h lo r o n a p h t h a le n e  in  a lk a n e  
so lv e n ts . 3 02 3

B u n  n e t t ,  J .  F . S o lv e n ts  fo r  a r o m a t ic  S r n I  
r e a c t io n s . 3677

B u n n e t t ,  J .  F . P h o to s t im u la te d  a ry la t io n  
o f  k e to n e  e n o la te  io n s  b y  th e  S R N I  
m e ch a n is m . 1702

B u n n e t t ,  J .  F . S R N I  r e a c t io n s  o f  v in y l  
h a lid e s  w ith  t h io p h e n o x id e  a n d  a c e t o n e  
e n o la te  io n s . 1707

B u n t o n ,  C . A .  K in e t i c  s o lv e n t  d e u te r iu m  
is o to p e  e f fe c t s  o n  t h e  m ic e l la r -c a t a ly z e d  
h y d r o ly s is  o f  t r is u b s t itu te d  p h o s p h a t e  
e s ters. 33

B u n t o n ,  C . A . M ic e l la r  e f fe c t s  o n  t h e  h y 
d r o ly s is  o f  p -n i t r o b e n z o y l  c h o l in e  a n d  
th e  re la te d  N -h e x a d e c y l  e s te r . 36 

B u n t o n ,  C . A .  R e a c t io n s  o f  c a r b o c a t io n s  
w ith  a  n u c le o p h i l ic  s u r fa c ta n t  a n d  r e la te d  
a lk o x id e  ion s . 40

B u n t o n ,  C . A . R e a c t io n s  o f  a c t iv a te d  a re n e  
s u lfo n a te s  w ith  o x y g e n  a n d  n itro g e n  
n u c le o p h ile s . H y d r o x id e  io n  a n d  m ice lla r  
ca ta ly s is . 2 52 0

B u n t o n ,  C . A . T h e  e f fe c t  o f  s u b s tr a te  m i=  
c e ll iz a t io n  o n  th e  h y d r o ly s is  o f  n - d e c y l  
p h o s p h a te . 3037

B u r c k h a l t e r ,  J .  H . A n  e x a m p le  o f  th e  
a m in e  c a ta ly z e d  r e t r o -a ld o l  r e a c t io n . 
D e h y d r a t io n  a n d  c le a v a g e  o f  l - ( 3 - c h l o r o =  
p h e n y l ) - l - m e t h y l -2- p h e n y l -2- ( 2- p y r i =  
d in e ) e th a n o l. A  ca se  o f  k in e t ic  a n d  
t h e r m o d y n a m ic  c o m p e t it io n .  3 5 5 6  

B u r k s ,  J .  E . J r .  S o d iu m -e t h y le n e d ia m in e  
r e d u c t iv e  d im e r iz a t io n  o f  n a p h th a le n e  t o
5 ,6 ,7 ,1 2 ,1 3 ,1 4 -h e x a h y d r a -5 ,1 3 :6 ,1 2 -d i=  
m e t h a n o d ib e n z o [a ,f ] c y c lo d e c e n e .  2 9 1 0  

B u r n e t t ,  R .  E . S te r e o c h e m is tr y  o f  d ip h e =  
n y lp h o s p h id e  d is p la c e m e n t  a t  s a tu ra te d  
c a r b o n . C o n fo r m a t io n  a n d  r e la t iv e  r e a c0 
t iv ity  o f  m e n t h y l -  a n d  n e o m e n t h y ld ip h e -  
n y lp h o s p h in e  h o m o g e n e o u s  h y d r o g e n a =  
t io n  c o m p le x e s . 1545

B u r n s ,  F . B . X - r a y  a n a ly s is  o f  c i s - l - i o d o 3 
m e t h y l -3 - m e t h y l - l -p h e n y lp h o s p h o la n iu m  
io d id e  a n d  a s s ig n m e n t  o f  c o n f ig u ra t io n  
t o  s te r e o ch e m ic a lly  r e la te d  p h o s p h o la n e  
d e r iv a t iv e s . 1155

B u r n s ,  J . R .  C a r b o n y l -a lk y n e  e x c h a n g e  o f  
2 H -p y r a n s .  A  n e w  a ry l a n n e la t io n  m e t h =  
o d .  2 91 8

B u r n s ,  P .  A . C h e m is tr y  o f  s in g le t  o x y g e n .
X X I I I .  L o w  te m p e r a tu r e  p h o t o o x y g e n a =  
t io n  o f  in d e n e s  in  a p r o t ic  s o lv e n t . 899

B u r n s ,  P .  A . C h e m is tr y  o f  s in g le t  o x y g e n .
X X I V .  L o w  te m p e r a tu r e  p h o t o o x y g e n a =  
t io n  o f  1 ,2 -d ih y d r o n a p h th a le n e s .  908

B u r r e s o n ,  B .  J . M e th a n o ly s is  p r o d u c t s  o f  
d i c h lo r o ( l ,5 - c y c lo o c t a d ie n e )p a l la d iu m (I I )  
in  t h e  p r e s e n c e  o f  b a se s  a n d  o f  its  m e t h ^  
o x y  a d d u c ts . 1990

B u r r o w s ,  E . P .  O p t ic a l ly  a c t iv e  a m in e s . 
X X I .  A p p lic a t io n  o f  th e  s a l ic y l id e n im in o  
ch ira lity  r u le  t o  c y c l i c  s te r o id a l  a m in e s . 
704

B u s c h ,  P .  N e w  m e t h o d  fo r  th e  s y n th e s is  o f  
b is c y c lo d o d e c y l id e n e  c y c lo a lk y l id e n e  
t r ip e r o x id e s .  1283

B u s k e ,  G . R . A d d it io n s  a n d  c y c io a d d it io n s  
o f  c y p lo p e n ta d ie n y lm e ta l  c o m p o u n d s  t o  
b e n z y n e . 1995

B u s k e ,  G . R . H ig h ly  s te r e o s e le c t iv e  p r e p a =  
r a t io n s  o f  a n t i -7 -b e n z o n o r b o r n a d ie n y l  
G r ig n a rd  re a g e n ts . 1 99 8  

B u s s o n ,  R . D e te r m in a t io n  o f  th e  c o n f ig u r a 3 
t io n  o f  th e  fo u r  D -b e n z y lp e n ic i llo a te s .
2556

B u s s o n ,  R . P r e p a ra t io n  a n d  is o m e r iz a t io n  
o f  5 -e p ib e n z y lp e n ic i l l in s .  2561  

B u s s o n ,  R . P r e p a ra t io n  a n d  s te r e o ch e m ic a l  
a n a ly s is  o f  5 -e p ib e n z y lp e n ic i l l in  ( S ) -  
a n d  (R ) -s u l f o x id e  e s ters. 3 05 4  

B u t e r ,  E . J . M . B is h o m o a r o m a t ic  in t e r a c t  
t io n  in  th e  d is r o ta to r y  r in g  o p e n in g  o f  
c y c lo p r o p y l  c a r b e n o id s .  2 96 5  

B u t l e r ,  G . B .  S y n th e s is  a n d  c o m p e t it iv e  
m e c h a n is m  o f  fo r m a t io n  o f  p h e n y l - s u b ^  
s t it u t e d  1 ,2 -a z a b o r o lid in e s  a n d  l - a z a - 5 - =  
b o r a b ic y c lo [3 .3 .0 ]o c t a n e s .  2 80 3  

B u t l e r ,  L . G . S y n th e s is  o f  m o n o e s te r s  o f  
a r y l -  (o r  a lk y l - )  p h o s p h o n ic  a c id s  o f  
s e le c te d  a re n o ls . S t u d y  o f  th e  e f fe c t  o f  
d im e th y lfo r m a m id e  o n  th e  p r e p a r a t io n  
o f  2-n a p h t h y lp h e n y lp h o s p h o n ic  a c id  v ia  
p r o to n  a n d  p h o s p h o r u s -3 1  n u c le a r  m a g °  
n e t ic  r e s o n a n c e  a n a ly s is . 1160  

B y o n ,  C - Y .  S t e r e o s p e c if ic  sy n th e s is  o f  th e  
fo u r  20,22- e p o x y c h o le s t e r o ls  a n d  o f  
(Z ) -2 0 (2 2 ) -d e h y d r o c h o le s t e r o l .  3 71 6  

B y r d ,  J .  E . A  fa c i le  sy n th e s is  o f  ( + ) - p i n o l  
f r o m  ( - ) - c a r v o n e .  2 77 3  

B y r n ,  S . R .  C o m p a r is o n  o f  th e  s o l id  a n d  
s o lu t io n  c o n fo r m a t io n s  o f  m e th a p y r ilin e , 
tr ip e ie n n a m in e , d ip h e n h y d r a m in e , h is ta 
m in e , a n d  c h o l in e .  T h e  in fr a r e d - x - r a y  
m e t h o d  f o r  d e te r m in a t io n  o f  s o lu t io n  
c o n fo r m a t io n s .  2 28 3

C a in ,  B .  F . 2 -A c y lo x y m e t h y lb e n z o ic  a c id s . 
N o v e l  a m in e  p r o t e c t iv e  fu n c t io n s  p r o v i d e  
in g  a m id e s  w ith  t h e  la b i li ty  o f  e s ters.
2 02 9
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C a in e ,  D . S t e r e o s p e c if i c  s y n th e s is  o f  6, c - =  
1 0 - d i m e t h y l ( r -5 -C 1) s p i r o [ 4 .5 ] d e c - 6 - e n - =
2 -  o n e  a n d  its  c o n v e r s io n  in to  ( ± ) -< x -v e t =  
is p ir e n e . 1539

C a in e ,  D . A  c o n v e n ie n t  p h o t o c h e m ic a l  
sy n th e s is  o f  a  p r e c u r s o r  t o  th e  s p i r o v e t i -  
v a n e s . 3 63 2

C a l e f ,  D . F . S t r u c t u r e -a c t iv i t y  r e la t io n s  in 
p a p a in - l ig a n d  in te ra c t io n s . 1240  

C a l l e r y ,  P .  S . A  c o n v e n ie n t  s y n th e s is  o f  
q u in o n e s  f r o m  h y d r o q u in o n e  d im e th y l 
e th e rs . O x id a t iv e  d e m e t h y la t io n  w ith  
c e r ic  a m m o n iu m  n itra te . 3627  

C a lu w e ,  P .  C h e m is tr y  o f  o - a m in o  a ld e h =  
y d e s . R e a c t io n  o f  4 - a m in o p y r im id in e - —
5 - c a r b o x a ld e h y d e  a n d  1,3 - c y c l o h e x a n e =  
d io n e . 1058

C a lv i n ,  M . C h a rg e  lo c a liz a t io n  in  th e  c a r b o =  
n iu m  io n s  o f  m e th y lb e n z a n th r a c e n e s .
2 67 6

C a m e r m a n ,  A . A b s o lu t e  c o n f ig u r a t io n  o f  
c i s -  a n d  t r a n s - 2 - ( o - b r o m o p h e n y l ) c y c l o =  
h e x y la m in e  a n d  r e la te d  c o m p o u n d s .
1640

C a m p b e l l ,  C . B .  M e r c u r y (I I ) - c a t a ly z e d
3 ,3 -s ig m a t r o p ic  r e a rra n g e m e n ts  o f  a l ly lic  
N ,N -d im e t h y lc a r b a m a t e s .  A  m ild  m e t h =  
o d  f o r  a l ly lic  e q u i l ib r a t io n s  a n d  c o n ‘ r a t h =  
e r m o d y n a m ic  a l ly lic  is o m e r  e n r ich m e n ts . 
3 3 3 8

C a m p o s ,  O . O . S .  T o t a l  sy n th e s is  o f  s a t iv =  
e n e  a n d  c o p a c a m p h e n e  v ia  a  fr e e  ra d ica l 
c y c liz a t io n .  3261

C a n n o n ,  C . E . R in g  c le a v a g e  r e a rra n g e =  
m e n ts  o f  2 -b ic y c lo [3 .2 .0 ]h e p t y l  an d  
r e la te d  G r ig n a r d  re a g e n ts . 1191 

C a n u e l ,  L .  T h e  s t e r e o d e p e n d e n t  e f fe c t  o f  
o x y g e n  o n  t h e  c h e m ic a l  s h ift s  a n d  v ic in a l  
c o u p l in g  c o n s t a n t s  o f  t e t ra h y d r o p y r a n . 
1 3 8 0

C a r a m e l l a ,  P .  S e le c t iv it y  in  c y c lo a d d h io n s .
5. C y c lo a d d it io n s  o f  n it r i le  o x id e s  t o  
fu ra n . C o m p e t in g  m e c h a n is m s  a n d  r e g io =  
c h e m is tr y . 3 34 9

C a r d in a l ! ,  M . E . E le c t r o c h e m ic a l  r e d u c t io n  
o f  3 - c y a n o - l - m e t h y I p y r id in iu m  io d id e ,  a 
n ic o t in a m id e  a d e n in e  d in u c le o t id e  m o d e l 
c o m p o u n d .  3 96 7

C a r e l l i ,  I .  E le c t r o c h e m ic a l  r e d u c t io n  o f
3 -  c y a n o - l -m e t h y lp y r id in iu m  io d id e ,  a 
n ic o t in a m id e  a d e n in e  d in u c le o t id e  m o d e l  
c o m p o u n d .  3 96 7

C a r e s s ,  E . A .  S y n th e s is  o f  t e r t ia r y  a m in e s  
b y  se le c t iv e  d ib o r a n e  r e d u c t io n .  149 

C a r e t ,  R .  L .  S y n th e s is  o f  o p t ic a lly  a c t iv e  
d ia lk y la r y ls u lfo n iu m  sa lts  fr o m  a lk y l 
a ry l s u lfo x id e s .  3 09 6

C a r e y ,  F .  A .  F o r m a t io n  o f  v in y ls ila n e s  a n d  
a lly ls i la n e s  in  th e r m a l e l im in a t io n  r e a c =  
t io n s  o f  e s te rs  o f  0 - h y d r o x y a lk y l t r im e -  
th y ls ila n e s . 1966

C a r e y ,  F .  A .  S t e r e o s e le c t iv e  s y n th e s is  o f  
c i s -  a n d  t r a n s -2 -s u b s t i t u t e d  1 ,3 -d it h ia n e
1 -o x id e s .  3 97 5

C a r e y ,  F .  A .  T h e  s t e r e o s e le c t iv it y  o f  r e a c =  
t io n s  o f  e le c t r o p h i l ic  s p e c ie s  w ith  2—li=  
t h i o - l ,3 - d i t h i a n e  1 - o x id e .  3 97 9  

C a r g i l l ,  R .  L .  S t e r e o c h e m is t r y  o f  p h o t o 
c h e m ic a l  c y c lo a d d it io n s :  a d d it io n  o f  
e t h y le n e  t o  a  A 9- l - o c t a l o n e .  4 09 6  

C a r l i n ,  R .  T e t r a z o l o [ l , 5 -b ] - l , 2 ,4 - t r i a z i n e s .  
S y n th e se s  a n d  s t r u c tu re  d e te r m in a t io n . 
2 86 0

C a r l s e n ,  L .  A c t io n  o f  o x y g e n  o n  t h io b e n z o =  
p h e n o n e  in  th e  d a rk . 2971 

C a r l s e n ,  P .  H . J .  T h e r m a l  r e a rra n g e m e n t  
o f  a l ly l  s u b s t itu te d  2 H -a z ir in e s  t o  3 - a z a =  
b i c y c lo [3 .1 .0 ]h e x -2 - e n e s .  180 

C a r l s o n ,  R .  M .  D ir e c t  m e t h o d s  f o r  a - m e =  
th y le n e  la c to n e  s y n th e s is  u s in g  ita c o n ic  
a c id  d e r iv a t iv e s . 4 0 6 5

C a r m a c k ,  M .  P o ly p h e n o l i c  a c id s  o f  L i t h o s =  
p e r m u m  ru d e ra le . II. C a r b o n -1 3  n u c le a r  
m a g n e t ic  r e s o n a n c e  o f  l it h o s p e r m ic  a n d  
r o s m a r in ic  a c id s . 449

C a r r o l l ,  F .  I .  S y n th e s is  o f  ( - ) - a - a c e t y l m e -  
th a d o l  m e t a b o l it e s  a n d  r e la te d  c o m =  
p o u n d s .  3521

C a r r o l l ,  F .  I .  C o n fig u r a t io n  a n d  c o n fo r m a =  
t io n  o f  c i s -  a n d  t r a n s -3 ,5 -d im e t h y lv a le =  
r o la c t o n e s  ( c o r r e c t io n ) .  4051  

C a r r o l l ,  F .  I .  C a r b o n -1 3  n u c le a r  m a g n e t ic  
r e s o n a n c e  s p e c t r a  o f  m o r p h in e  a lk a lo id s . 
996

C a r r o l l ,  F .  I . R in g  C  c o n fo r m a t io n  o f  3 /3 -=  
n a lt r e x o l  a n d  6 a -n a l t r e x o l .  E v id e n c e  
f r o m  p r o t o n  a n d  c a r b o n -1 3  n u c le a r  m a g =  
n e t ic  r e s o n a n c e . 3 44 5

C a r r u t h ,  R .  L .  M a c r o c y c l i c  p o ly e t h e r  s u l 
f id e  s y n th e se s . P r e p a ra t io n  o f  t h ia =  
( c r o w n -6 ,  - 7 ,  a n d  - 8 )  c o m p o u n d s .  134 

C a r t l e d g e ,  F . K .  * S t e r e o c h e m is t r y  o f  r e a c 
t io n s  o f  s i la c y c lo b u ta n e s .  1534

C a s in i ,  A .  E le c t r o ch e m ic a l  r e d u c t io n  o f
3 -  c y a n o - l -m e t h y lp y r id in iu m  io d id e ,  a  
n ic o t in a m id e  a d e n in e  d in u c le o t id e  m o d e l  
c o m p o u n d .  3967

C a s s a r ,  L . S y n th e s is  o f  h o m o p e n ta p r is m a n e  
a n d  h o m o h y p o s t r o p h e n e  a n d  s o m e  o o m =  
m e n ts  o n  th e  m e c h a n is m  o f  m e ta l io n  
c a ta ly z e d  re a rra n g e m e n ts  o f  p o ly c y c l i c  
c o m p o u n d s .  1445

C a s t a g n o l i ,  N . J r .  A  c o n v e n ie n t  sy n th e s is  
o f  q u in o n e s  f r o m  h y d r o q u in o n e  d im e th y l 
e th e rs . O x id a t iv e  d e m e t h y la t io n  w ith  
c e r ic  a m m o n iu m  n itra te . 3627  

C a s t e n m i l l e r ,  W . A . B is h o m o a r o m a t ie  
in te ra c t io n  in  th e  d is r o ta to r y  r in g  o p e n =  
in g  o f  c y c lo p r o p y l  c a r b e n o id s . 2 96 5  

C a s t r o n u o v o  L e p o r e ,  G . C o n fo r m a t io n  o f  
s u b s t itu te d  a ry lu re a s . C ry s ta l s tru c tu re s  
o f  N ,N '- d i m e t h y l - N ,N '- d i (p - n i t r o p h e =  
n y l)u r e a  a n d  N ,N '- d i m e t h y l - N ,N '- d i (2 ,=
4 -  d in itr o p h e n y l)u r e a .  2134  

C a s w e l l ,  L .  R .  S o lv e n t  a n d  su b s t itu e n t
e f fe c t s  u p o n  t h e  n  —*• tt* t r a n s it io n  o f  
a l ip h a t ic  c a r b o x y l ic  a c id s  a n d  esters.
3 31 2

C a u g h l a n ,  C . N . C ry s ta l a n d  m o le cu la r  
s t r u c tu re  o f  b is (d im e t h y lp h o s p h a to v in y l )  
c a r b o n a te  (C 9H 16P 2O 11). 1152  

C a u g h l a n ,  C . N . X - r a y  a n a ly s is  o f  c i s - l - i o =  
d o m e t h y l -3 -m e t h y l -1  -p h e n y lp h o s p h o la  -  
n iu m  io d id e  a n d  a s s ig n m e n t  o f  c o n f ig u r a =  
t io n  t o  s te r e o ch e m ic a l ly  r e la te d  p h o s p h o r  
la n e  d e r iv a t iv e s . 1155 

C a u g h l a n ,  C . N . M o le c u la r  g e o m e t r y  s t u =  
d ie s . C ry s ta l a n d  m o le c u la r  s tru c tu re  o f  a
7 - s p i r o c y  c lo p r o p y lb ic y c lo  [2 .2 .1  ] h e p te n e  
a n h y d r id e . 2 12 9

C a u g h l a n ,  C . N . I s o la t io n  a n d  s tru c tu re  
d e te r m in a t io n  o f  th e  s e c o n d  t o x ic  c o n s t i=  
tu e n t  f r o m  T e t r a d y m ia  g la b ra ta . 4 07 8  

C a v a ,  M . P .  K ru k o v in e ,  a  n e w  b is  (b e n z y l i=  
s o q u in o l in e )  a lk a lo id  fr o m  A b u t a  s p le n =  
d ia . 317

C a v a ,  M .  P .  O rg a n ic  m e ta ls . N o v e l  r o u te  
t o  c y c lo a lk e n o te tr a th ia fu lv a le n e s . 730  

C a v a ,  M . P .  I s o m e r ic  e th y le n e  s e l e n o d i t h io -  
c a r b o n a te s . 879

C a v a ,  M . P .  A lte r n a te  s y n th e s is  o f  te t ra s e =  
le n a fu lv a le n e . 882

C a v a ,  M . P .  1 ,4 ,5 ,8 -T e tr a th ia te t ra lin ,  a 
t e t ra th ia fu lv a le n e  is o m e r . 1484  

C a v a l i e r i ,  E . C h a rg e  lo ca liz a t io n  in th e  
c a r b o n iu m  io n s  o f  m e th y lb e n z a n t h r a c =  
en es . 2676

C a v a l i e r i ,  E .  R e a c t io n  o f  m e t h y lb e n z a n t h =  
ra ce n e s  a n d  p y r id in e  b y  o n e -e le c t r o n  
o x id a t io n . A  m o d e l  f o r  m e t a b o l ic  a e t iv a =  
t io n  a n d  b in d in g  o f  c a r c in o g e n ic  a r o m a t ic  
h y d r o c a r b o n s .  2 67 9

C a v e s t r i ,  R .  C . B a s e -c a t a ly z e d  /3 -e l im in a =  
t io n  re a c t io n s . V I .  E l im in a t io n  fr o m  
t e r t -b u t y l  3 - (p a r a -s u b s t i t u t e d  p h e r  o x y ) -  
a n d  3 - (p a r a -s u b s t it u t e d  b e n z o y lo x y )=  
t h io lp r o p io n a t e s  in  4 5 %  (w e ig h t /w e ig h t )  
d io x a n e -w a te r .  1369

C a w l e y ,  J .  J .  A  s t u d y  o f  th e  lith iu m  a lu m i=  
n u m  h y d r id e  r e d u c t io n  o f  a  se r ie s  o f  
n o n e n o liz a b le  k e to n e s . 2 60 8  

C e l l e r in o ,  G . S e le c t iv it y  in  c y c lo a d d it io n s .
5 . C y c lo a d d it io n s  o f  n itr i le  o x id e s  t o  
fu ra n . C o m p e t in g  m e c h a n is m s  a n d  r e g io =  
c h e m is try . 3 34 9

C e n t i n i ,  F .  A  t w o - s t e p  s y n th e s is  o f  ( E ) - 4 - =  
c h lo r o -2 -m e t h y lc r o t o n a ld e h y d e  fro m  
is o p r e n e . A n  u n p r e c e d e n te d  o x id a t iv e  
c h lo r in a t io n  o f  a  1 ,3 -d ie n e  m o n o e p o x id e  
b y  c u p r ic  c h lo r id e . 1648  

C e p a ,  S . P .  S y n th e s is  o f  s p e c i f i c  p o ly c h lo r i=  
n a te d  d ib e n z o - p - d io x in s .  2435  

C e r e f i c e ,  S .  A .  S t e r e o s p e c if ic  e p o x id a t io n  
o f  d ih y d r o p h th a la te s .  3 5 5  

C e r n i g l i a r o ,  G . J .  P h e r o m o n e  sy n th e s is .
II. A  sy n th e s is  o f  ( Z ) - 6 - h e n e i c o s e n - l l - =  
o n e . T h e  s e x  p h e r o m o n e  o f  t h e  D o u g la s  
f ir  tu s s o c k  m o t h . 2927  

C h a k r a b a r t y ,  S .  S y n th e t ic  s tu d ie s  to w a rd  
c o m p le x  d ite rp e n o id s .  I X .  N e w  s t e r e o =  
c o n t r o lle d  s y n t h e t ic  r o u te  t o  s o m e  in =  
te r m e d ia te s  fo r  d it e r p e n o id  a lk a lo id s  
a n d  C 20 g ib b e r e llin s . 1089 

C h a k r a v a r t y ,  A .  K .  S tu d ie s  o n  4 -q u in a z o =  
l in o n e s . 8. S tu d ie s  o n  In d ia n  m e d ic in a l  
p la n ts . X X X V I I .  M e c h a n is m  o f  c h r o m ic  
a c id  o x id a t io n  o f  a r b o r in e . 2 10 8  

C h a lk ,  A .  J .  P a lla d iu m -c a t a ly z e d  v in y l  
s u b s t itu t io n  re a c t io n s . I. N e w  s y n th e s is  
o f  2 -  a n d  3 -p h e n y l - s u b s t it u t e d  a lly lic  
a lc o h o ls , a ld e h y d e s , a n d  k e to n e s  fr o m  
a l ly lic  a lc o h o ls .  273

C h a lk ,  A .  J .  P a lla d iu m -c a t a ly z e d  v in y l  
s u b s t itu t io n  r e a c t io n s . II . S y n th e s is  o f  
a ry l s u b s t itu te d  a lly lic  a lc o h o ls , a ld e h =  
y d e s ,  a n d  k e to n e s  f r o m  a ry l h a lid e s  a n d  
u n s a tu r a te d  a lc o h o ls . 1206

C h a m b e r la i n ,  W .  T .  T h e  g e n e r a t io n  a n d  
t r a p p in g  o f  m e th y le n e c y c lo p r o p e n e .
3771

C h a m b e r s ,  J .  Q . E le c t r o c h e m ic a l  r e d u c t io n  
o f  e th y le n e  t r ith io c a r b o n a te .  R e a c t io n s  
o f  t r it h io c a r b o n y l  ra d ic a l  a n io n s . 626  

C h a n ,  C . M . M e t a la t io n  o f  c u m e n e  w ith  
n -p e n t y ls o d iu m  in  t h e  p r e s e n c e  o f  N ,N ,=  
N ', N '- t e t r a m e t h y le t h y le n e d ia m in e . P r e 
p a r a t io n  o f  a - c u m y ls o d iu m . 1870 

C h a n ,  K . H . A t o m ic  o x y g e n . V . R e a c t io n s  
o f  e n o l  e th e r s  w ith  o x y g e n  (3P )  a to m s.
513

C h a n ,  K .  K .  D ir e c t  d e te r m in a t io n s  o f  R / S  
e n a n t io m e r  ra t io s  o f  c it r o n e l l ic  a c id  a n d  
r e la te d  s u b s ta n c e s  b y  n u c le a r  m a g n e t ic  
r e s o n a n c e  s p e c t r o s c o p y  a n d  h ig h  p re ssu re  
l iq u id  c h r o m a to g r a p h y . 62 

C h a n ,  K - K .  S y n th e t ic  s tu d ie s  o n  (2 R ,4 'R ,=  
8 'R ) - a - t o c o p h e r o l .  F a c ile  s y n th e se s  o f  
o p t ic a lly  a c t iv e , s a tu ra te d , a c y c l ic  i s o p r e -  
n tiids  v ia  s te r e o s p e c i f ic  [3 ,3 ] s ig m a tr o p ic  
r e a rra n g e m e n ts . 3497

C h a n ,  T .  H . 1 8 - H y d r o x y - l l - d e o x y c o r t i c o s =  
te r o n e . C h e m ic a l  sy n th e s is , s tru c tu re , 
a n d  c ir c u la r  d ic h r o is m . 2 55 2  

C h a n ,  T .  H . O rg a n ic  s u lfu r  c h e m is try .
P a r t  X X I I .  T h e  r e a c t io n  o f  s u lfin a te  
e s te rs  w ith  G r ig n a r d  a n d  o r g a n o c o p p e r  
lith iu m  re a g e n ts . A  u se fu l  r o u te  t o  ch ira l 
s u lfo x id e s .  3 98 7

C h a n ,  T - L .  A  c o n v e n ie n t  s y n th e s is  o f  2 ,3 ,=
1 2 .1 3 -  te t ra th ia  [4 .4 ] m e t a c y c lo p h a n e s  a n d
2 .3 .1 2 .1 3 -  t e t ra th ia [4 .4 ]  p a r a c y c lo p h a n e s . 
1289

C h a n d r a s e k a r a n ,  S .  N e w  re a g e n ts  f o r  th e  
in te rm o le c u la r  a n d  in tra m o le c u la r  p in a =  
c o l i c  c o u p l in g  o f  k e to n e s  a n d  a ld e h y d e s . 
260

C h a n e y ,  M .  O . A p r a m y c in ,  a  u n iq u e  a m in o =  
c y c li t o l  a n t ib io t ic .  2087  

C h a n g ,  C - J .  C a r b o n -1 3 -p r o t o n  lo n g -r a n g e  
c o u p l in g s  o f  p h e n o ls .  H y d r o g e n  b o n d in g  
a n d  s t e r e o s p e c i f ic i t y .  1881 

C h a n g ,  C - J .  A p p li c a t io n  o f  lo n g -r a n g e  
s p in - s p in  c o u p l in g s  in  b io s y n t h e t ic  s t u =  
d ie s . 2 93 2

C h a n g ,  C - S .  I o n ic  r e a c t io n s  in  b ic y c l i c  
sy s te m s. 9 . P r e p a ra t io n  o f  o p t ic a lly  
a c t iv e  1 ,2 -d im e t h y l - e x o - 2 - n o r b o r n y l ,
l ,2 - d i m e t h y l - e x o - 2 - b e n z o n o r b o m e n y l ,  
a n d  6 ,7 - d im e t h o x y - l  ,2 -d i m e t h y l - e x o - 2 - =  
b e n z o n o r b o m e n y l  c h lo r id e .  4 02 3  

C h a n g ,  J .  K .  F u lly  a u t o m a t e d  s o l id  p h a se  
sy n th e s is  o f  p r o t e c t e d  p e p t id e  h y d r a z id e s  
o n  r e c y c lin g  h y d r o x y m e t h y l  res in . 3 25 5  

C h a n g ,  L .  W .  H y d r o g e n a t io n  o f  c y c lo h e x e n e  
c a ta ly z e d  b y  f ir s t  r o w  t r a n s it io n  m e ta l 
s te a ra te s . 3 3 3 2

C h a n g ,  L .  W . K .  O n  a t te m p ts  a t  s o lv o ly t ic  
g e n e r a t io n  o f  a ry l ca t io n s . 4 0 9 9  

C h a n g ,  S .  K . T h e  u n u su a lly  m ild  a n d  fa c ile  
b a s ic  h y d r o ly s is  o f  N - n i t r o s o - 2 - ( m e t h y =  
la m in o )a c e to n it r i le .  3 7 5 2  

C h a n g ,  V .  S .  K in e t i c s  o f  t h e  o x id a t io n  o f  
s o m e  u n s a tu r a te d  c o m p o u n d s  b y  s o d iu m  
p e r r u th e n a te . 3644

C h a n g ,  V .  S . K in e t ic s  o f  th e  o x id a t io n  o f  
s o m e  u n s a tu r a te d  c o m p o u n d s  b y  s o d iu m  
ru th e n a te . 3 64 6

C h a n g ,  Y .  H . T h e r m a l  a - d e o x y s i ly la t io n  o f  
N ,0 - b i s ( t r im e t h y ls i ly l ) -N - p h e n y lh y d r =  
o x y la m in e . 3381

C h a o ,  S .  T .  S t e r e o s p e c if ic  s y n th e s is  o f
6 , c - 1 0 - d i m e t h y l ( r - 5 - C 1) s p i r o [ 4 .5 ]d e c - 6 - =  
e n - 2 - o n e  a n d  its  c o n v e r s io n  in t o  ( ± ) - a - =  
v e t isp ir e n e . 1539

C h a p m a n ,  O . L .  A  g e n e ra l  m e t h o d  f o r  th e  
s y n th e s is  o f  r e a c t iv e  a , /3 -u n s a tu ra te d  
d ia z o m e th y l  k e to n e s : a l le n y l  d ia z o m e =  
t h y l  k e t o n e  a n d  v in y l  d ia z o m e t h y l  k e =  
t o n e . 3 32 6

C h a r b o n n e a u ,  L .  F .  K in e t ic s  o f  th e  r e a c =  
t io n  o f  n -b u t y l l i t h iu m  w ith  4 - m e t h y l =  
m e r c a p t o a c e to p h e n o n e  in  b e n z e n e . 8 0 8  

C h a r t o n ,  M .  S t e r ic  e f fe c t s .  7. A d d it io n a l  V  
c o n s ta n ts . 2217

C h a r t o n ,  M .  S te r ic  e f fe c t s .  6 . H y d r o ly s is  
o f  a m id e s  a n d  r e la te d  c o m p o u n d s .  2 90 6  

C h a s a r ,  D .  W . E f f e c t  o f  h y d r o g e n  b o n d in g  
a n d  s o lv e n t  o n  th e  c o n fo r m a t io n a l  p r e fe r ^  
e n c e s  o f  s o m e  4 -h y d r o x y t h io x a n t h e n e
S -o x id e s .  3111

C h a t t e r j i e ,  N . R e d u c t io n  o f  6 -k e t o n e s  o f  
t h e  m o r p h in e  se r ie s  w ith  f o r m a m id in e =  
s u l f in ic  a c id . S te r e o s e le c t iv it y  o p p o s it e  
t o  t h a t  o f  h y d r id e  r e d u c t io n s .  3 62 4  

C h a t t o p a d h y a y ,  S .  S tu d ie s  o n  4 -q u in a z o l i=  
n o n e s . 8 . S tu d ie s  o n  In d ia n  m e d ic in a l  
p la n ts . X X X V I I .  M e c h a n is m  o f  c h r o m ic  
a c id  o x id a t io n  o f  a rb o r in e . 2 1 0 8  

C h a u f f e ,  L .  T h e  c a ta ly t ic  r o le  o f  th e  c a r =  
b o x y l  g r o u p  in  th e  h y d r o ly s is  o f  o - c a r =  
b o x y b e n z y l  b r o m id e .  3 91 4
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C h e n ,  A .  T .  R in g  c le a v a g e  re a rra n g e m e n ts  
o f  2 -b ic y c lo [3 .2 .0 ]h e p t y l  a n d  re la te d  
G r ig n a r d  re a g e n ts . 1191 

C h e n ,  C . H . D ih y d r o - l ,4 - d i t h i in  a n n e la =  
t io n .  3 05 3

C h e n ,  F - M .  O p t ic a l ly  a c t iv e  a m in e s . X X I .  
A p p li c a t io n  o f  th e  s a l ic y l id e n im in o  c h i=  
r a lity  ru le  t o  c y c l i c  s te r o id a l  a m in e s .
7 0 4

C h e n ,  K - C .  H . S te r ic  e f fe c t s  in  th e  b a s e —  
c a t a ly z e d  h y d r o ly s is  o f  p -n i t r o p h e n y l  
e s te rs . R e la t iv e  b e h a v io r  o f  b r id g e d  a n d  
n o n b r id g e d  tr ia lk y l  a ce ta te s . 3205  

C h e n ,  P .  H . M a s s  s p e c tr a  o f  s o m e  iso m e r ic  
m o n o s u b s t itu te d  p y r id in e s . P a r t ic ip a t io n  
o f  t h e  r in g  n it ro g e n  in  th e  fra g m e n ta t io n  
o f  t h e  2 is o m e rs . 2 97 3  

C h e n ,  P .  Y .  N . R e a c t io n s  o f  a m in e s . 20. 
S y n th e se s  o f  r a c e m ic  a n d  o p t ic a lly  a c t iv e  
a lk y lh y d r a z in e s  a n d  N - a c y l - N - a l k y l -  
a n d  N -a c y l -N -a r y lh y d r a z in e s .  3805  

C h e n ,  T .  S y n th e s is  o f  ( - ) - a -a c e t y l m e t h a d o l  
m e t a b o l it e s  a n d  r e la te d  c o m p o u n d s .
3521

C h e n g ,  L .  D is p la c e m e n t  o f  t h e  n it r o  g r o u p  
o f  s u b s t itu te d  n i t r o b e n z e n e s -a  s y n t h e t i c  
c a lly  u s e fu l  p r o c e s s .  1560 

C h e n g ,  T .  C . S o m e  r e a c t io n s  o f  c h lo r o t r ia l=  
k y l - l ,3 - c y c l o b u t a n e d io n e s .  2 03 6  

C h e n g ,  T .  Y .  E le c t r o c h e m is t r y  o f  n a tu ra l 
p r o d u c t s .  V I .  O x id a t iv e  d e c a r b o x y la t io n  
o f  s o m e  t e t r a h y d r o i s o q u in o l in e - l - c a r b o x =  
y l ic  a c id s . 443

C h e n ie r ,  P .  J .  T h e  F a v o rs k ii  re a rra n g e m e n t  
o f  2 - b r o m o b ic y c l o  [3 .2 .1  ] o c t a n - 3 -o n e .
T h e  q u e s t io n  o f  b is h o m o a n t ia r o m a tic ity .  
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C h e r n ,  C - I .  C le a v a g e  o f  e s te rs  b y  s u p e r o x =  
id e . 5 8 6

C h e r n ,  C - I .  O x id a t iv e  c le a v a g e  o f  a - k e t o ,  
a - h y d r o x y ,  a n d  a - h a l o  k e to n e s , e s ters, 
a n d  c a r b o x y l ic  a c id s  b y  s u p e r o x id e .
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C h e t t y ,  G . L .  S y n th e s is  o f  in t e r m e d e o l  a n d  
r e la te d  s e s q u it e r p e n o id  s tu d ie s . 3 71 0  

C h e u n g ,  H - C .  V it a m in  A  s y n th e s is  b y  
s u l fo n e  a lk y la t io n -e l im in a t io n . C 15 h a l=  
id e , C 5 h y d r o x y  s u l fo n e  a p p ro a ch . 3 28 7  

C h i ,  M - S .  A l ip h a t ic  a z o x y  c o m p o u n d s .  III. 
R e d u c t io n  o f  n it ro s o a lk a n e  a im e rs  as an  
a p p r o a c h  t o  s y m m e tr ic a l  a z o x y a lk a n e  
sy n th e s is . 1131

C h ia n g ,  C . C . R e a c t io n  o f  2 ,3 - d ip h e n y l -5 ,=
6 -d ih y d r o p y r a z in e  a n d  m a lo n o n itr i le  t o  
g iv e  2 ,6 - d ia m in o - 3 ,5 -d ic y a n o - 4 ,1 0 - d i= : 
p h e n y l-1 ,7 -d ia z a tr i c y c lo [5 .2 .1 .0 4’10 ]d e c a -=
2 ,5 -d ie n e .  A  n o v e l  s y n th e s is  o f  a  s u b s t i=  
tu te d  d ia z a d ih y d r o tr iq u in a c e n e . 3 38 9  

C h i c k o s ,  J .  S .  U se  o f  th e  k in e t ic  i s o to p e  
e f fe c t  a s  a  te s t  f o r  h o m o g e n e o u s  u n im o le =  
cu la r  gas p h a se  r e a c t io n s  in  th e r m o ly t ic  
p r o c e s s e s . 3176

C h i d e s t e r ,  C . C . R e a c t io n  o f  2 - a m i n o - 7 - c: 
c h l o r o - 5 - p h e n y l - 3 H -  [1 ,4 ] b e n z o d ia z e p in e  
w ith  1 ,3 -d ic a r b o n y l  c o m p o u n d s .  1743 

C h ih a l ,  D . M .  T h e  p h o t o c h e m is tr y  o f  a c y c l=  
ic  a c e t y le n ic  d i - x -m e t h a n e  sy s te m s. 
S y n th e se s  o f  s u b s t itu te d  is o m e r ic  a c e t y l=  
e n ic  c y c lo p r o p a n e s .  3931  

C h i l d s ,  M . E . C o p y r o ly s is  o f  s y m -t e t r a m e =  
t h o x y d im e t h y ld is i la n e  a n d  2 ,5 -d im e t h y l=  
fu ra n . 1799

C h i l d s ,  M .  E . P r e p a ra t io n  o f  c y a n o fo r =  
m a te s . C r o w n  e th e r  p h a se  tra n s fe r  c a t a =  
lys is . 3 48 6

C h im i a k ,  A .  N it r o n e s  as in te rm e d ia te s  in  
th e  s y n th e s is  o f  N -h y d r o x y a m in o  a c id  
e s te rs . 2092

C h iu ,  K - W .  A  n o v e l  in te rm o le c u la r  tra n s fe r  
r e a c t io n  o f  a lk e n y lt r ia lk y lb o r a te s  w ith  
a q u e o u s  b a se s  a n d  its  a p p lic a t io n  t o  th e  
p r o t o n o ly s is  o f  a lk e n y lb o r o n  d e r iv a t iv e s . 
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C h i  V a n  D a n g  P r o t o t r o p ic  e q u i l ib r iu m  o f  
im in e s . N -B e n z y l id e n e  b e n z y la m in e s .
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C h iz h o v ,  O . S . P o ly s a c c h a r id e  s e q u e n c in g  
b y  m a ss  s p e c tr o m e tr y :  c h e m ic a l  io n iz a ^  
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e n e s . 2 86 4
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0 4 ,n  q5,9] u n d e c a -2 ,6 -d ie n e ,  1 0 -o x a t e t r a c y =  
c lo ^ .S .O .O ^ .O ^ J u n d e c a ^ ,6 -d ie n e ,  a n d
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C h o u d h u r y ,  D .  R . B r id g e h e a d  n itro g e n  
sy s te m s. X .  C y c lo a d d it io n s  w ith  th ia z o =  
liu m  N -y l id e s .  187

C h o u d h u r y ,  D . R . M e s o io n ic  c o m p o u n d s .  
X X X V I I I .  T h e  a n h y d r o - 2 - a r y l - l , 3 - d i =  
th io liu m  h y d r o x id e  sy s te m . 1724 
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n o n e  t o  2 -b u t e n e s .  2223  

C h r i s t e n s e n ,  C . P .  I n te r co n v e r s io n s  in  th e  
p lu v i in e - ly c o r e n in e  ser ies . 2 45 0  

C h r i s t e n s e n ,  J .  J .  M a c r o c y c l i c  p o ly e th e r  
s u lfid e  sy n th e se s . P r e p a ra t io n  o f  t h ia =  
( c r o w n -6, - 7 ,  a n d  - 8)  c o m p o u n d s .  134 

C h r i s t i e ,  J .  J .  C u p r o u s  c h lo r id e  c a ta ly z e d  
a lk y la t io n s  o f  /3 d ik e to n e s  w ith  m e th y le n e  
h a lid e s . 2 77 2

C h u ,  C . K . N u c le o s id e s . 100. G e n e ra l 
sy n th e s is  o f  p y r im id in e  C - 5  n u c le o s id e s  
re la te d  t o  p s e u d o u r id in e .  S y n th e s is  o f
5 - ( /3 -D -r ib o fu r a n o s y l)  is o cy to s in e  (p s e u =  
d o is o c y t id in e ) , 5 - (| 8 -D -r ib o f  u r a n o s y  l ) - 2 - =  
t h io u r a c il  (2- th io p s e u d o u r id in e ) ,  a n d
5 - ( /3 -D -r ib o fu r a n o s y l)  u ra c il  (p s e u d o u r i=  
d in e ) .  2 79 3

C h u ,  C . K . N u c le o s id e s . 98 . D ir e c t  in t r o =  
d u c t io n  o f  a n  a c e t a m id o  g r o u p  in to  th e  
su g a r  m o ie t y  o f  n u c le o s id e  e p o x id e s .
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C h u ,  C - Y .  R e a c t io n s  in v o lv in g  e le c t r o n  

tra n s fe r . 11. R e a c t io n  o f  lith iu m  d im e =  
th y lc u p r a te  w ith  d ia ry l k e to n e s . 3 08 3  

C h u ,  J .  Y .  C . P h o to c h e m is t r y  o f  o r g a n o =  
c h a lc o g e n  c o m p o u n d s .  2. P h o to c h e m ic a l  
d e s e le n a t io n  o f  b e n z y l  d is e le n id e  b y  
tr ip h e n y lp h o s p h in e .  3 20 4  

C h u ,  J .  Y .  R .  S y n th e s is  o f  3 - e p i - c h o le c a l c i=  
fe r o l  a n d  5 ,6 - t r a n s -3 - e p i - c h o le c a l c i f e r o l .  
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C h u ,  S - H .  A  n e w  a lk y la t io n  r e a g e n t  fo r  
s e l e n o -  a n d  t h io -s u b s t i t u t e d  n u c le o s id e s  
a n d  re la te d  c o m p o u n d s .  1847 

C h u n ,  M .  C . C h e m is tr y  o f  2 - ( c h lo r o m e =  
th y l) fu r a n s .  R e a c t io n  o f  2 - ( c h l o r o m e -  
th y l ) fu r a n s  w ith  a q u e o u s  p o ta s s iu m  
c y a n id e  a n d  o th e r  n u c le o p h ile s . 2835  

C h u n g ,  R . H .  A g a r id o x in , a  m u s h r o o m  
m e ta b o lite .  I s o la tio n , s tru c tu re , a n d  
sy n th e s is . 1603

C h u r c h ,  D .  F .  A d d it io n  o f  t h io p h e n o l  t o  
p o ly c y c l i c  v in y la re n e s . 2327  

C la e s ,  P .  J .  D e te r m in a t io n  o f  th e  c o n f ig u r a =  
t io n  o f  t h e  fo u r  D -b e n z y lp e n ic i llo a te s .
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C l a g e t t ,  M .  O r g a n o c o p p e r  in te rm e d ia te s . 
S y n th e s is  o f  2 - is o x a z o iin e  N -o x id e s  a n d  
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C l a p p ,  L .  B .  T h e r m a l  d e c o m p o s i t io n  o f  th e  
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C l a p p ,  L .  B .  P a th w a y  c o n t r o l  o f  p r o d u c t s  
in  t h e  r e a c t io n  o f  n it ro s y l  c h lo r id e  o n  
o x im e s . 2 02 4

C l a p p ,  L . B .  1 ,3 -D ip o la r  c y c lo a d d it io n  o f  
n itr ile  o x id e s  t o  c a r v o n e  a n d  re la te d  
c o m p o u n d s .  2210

C l a r d y ,  J .  G e o m e tr ica l  is o m e rs  o f  7- b i s a — 
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C l a r d y ,  J .  S o m e  c h e m ic a l  c o n s t itu e n ts  o f  
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C l a r k ,  R . D .  S y n th e s is  o f  a  c y t o t o x ic  v e r — 
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lo x y a lk e n e s . 1396

C l a r k ,  R . D . S y n th e s is  o f  s e s q u ite rp e n e  
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a n d  6 ,7 - d im e t h o x y - l ,2 - d i m e t h y l - e x o - 2 —  
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C o h e n ,  N . S y n th e t ic  s tu d ie s  o n  (2 R ,4 ,R ,8 '=  
R ) - a - t o c o p h e r o l .  F a c ile  sy n th e s e s  o f  
o p t ic a lly  a c t iv e , s a tu ra te d , a c y c l ic  i s o p r e =  
n o id s  v ia  s te r e o s p e c i f ic  [3 ,3 ] s ig m a tr o p ic  
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C o h e n ,  N . S y n th e t ic  s tu d ie s  o n  ( 2 R ,4 'R ,8 '=  
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t io n  re a c t io n s . 9. S e c o n d a r y  d e u te r iu m  
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C o o k ,  J .  M .  R e a c t io n s  o f  d im e th y l /3 -k e to =  
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r e g io ch e m is tr y . 3 34 9

C o r t e s e ,  N . M o n o t e r p e n e  sy n th e s e s  v ia  
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C r a i g ,  A .  C . E lu c id a t io n  o f  th e  c o n f o r m a l  
t io n a l  e q u i l ib r iu m s  f o r  th e  c i s -8- o x a b i c y =  
c lo  [4 .3 .0 ]  n o n - 3 - e n e  ser ies . 469  

C r a i g ,  A .  C . M o le c u la r  g e o m e t r y  s tu d ie s . 
C r y s ta l  a n d  m o le c u la r  s t r u c tu re  o f  a
7 - s p ir o c y c lo p r o p y lb ic y c lo [2 .2 .1 ]  h e p ta n e  
a n h y d r id e . 2 12 9

C r a i g ,  A .  R .  S y n th e t ic  a p p r o a c h  t o  th e  
c e p h a lo t a x in e  s k e le to n . 875  

C r a i g ,  R .  E . R .  M o le c u la r  g e o m e t r y  s tu d ie s . 
C r y s ta l  a n d  m o le c u la r  s t r u c tu re  o f  a
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a n h y d r id e .  2 12 9
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c y c lo p r o p y l  tr if la te s . 3734  

C r e a r y ,  X .  S e c o n d a r y  d e u te r iu m  is o to p e  
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C r e e s e ,  M .  W . R e a c t io n  o f  2 - ( l , 2 - e p o x y c y = : 
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p o u n d s  o f  G r o u p  III. X X X V .  T h e  s te r ^  
e o s p e c i f ic  r e d u c t iv e  a lk y la t io n  o f  a c e t y l 
e n e s  b y  su c c e s s iv e  h y d r a lu m in a t io n  an d  
c a r b o d e m e ta la t io n .  2 21 4  

D 'A m i c o ,  J .  J .  D e r iv a t iv e s  o f  4 - c h l o r o - 3 , °
5 -d in it r o b e n z o t r i f lu o r id e .  1. S y n th e s is  
o f  S , S ' - [ 2 ,2 '- d i t h io b i s ( 6 - n i t r o - a ,a ,a - t r i ::= 
f lu o r o - p - t o ly l ) ]  b is (N ,N -d im e t h y lc a r b a =  
m o th io a te )  a n d  r e la te d  c o m p o u n d s .
3564

D a m o n ,  R .  E . A  s h o r t  s y n th e s is  o f  ( ± ) - i s o s =  
te g a n e . 3 77 2

D a n h e i s e r ,  R . L . N e w  re a g e n ts  fo r  the 
in te rm o le c u la r  a n d  in tra m o le c u la r  p in a 
c o l i c  c o u p l in g  o f  k e to n e s  a n d  a ld e h y d e s . 
260

D a n i e w s k i ,  A .  R . T o t a l  s y n th e s is  o f  s te r =  
o id s . X I .  S y n th e s is  o f  o p t ica lly  a ct iv e
1 1 -k e to e s tr a n e  d e r iv a t iv e s . 707 

D a n i s h e f s k y ,  S .  S y n th e s is  o f  v e rn o le p in . 
D ie ls -A ld e r  a p p r o a c h  t o  th e  a n g u la r ly  
fu n c t io n a liz e d  A B  sy s te m . 1081 

D a n i s h e f s k y ,  S . T h e  c y c lo p r o p a n e  ro u te  
t o  t r a n s - fu s e d  7- la c t o n e s .  1668 

D a n i s h e f s k y ,  S .  F u n c t io n a l iz e d  a la n e s  fo r  
th e  c o n v e r s io n  o f  e p o x id e s  t o  t r a n s - fu s e d
7- la c t o n e s .  1669

D a n i s h e f s k y ,  S .  C o n ju g a te  a n d  D ie ls -A ld e r  
r e a c t io n s  o f  a n  a c t iv a te d  a lly l id e n e d it h i^  
a n e . 2934

D a n i s h e f s k y ,  S . D ie ls -A ld e r  r e a c t io n s  o f  
o -b e n z o q u in o n e s .  A  r o u te  t o  d e r iv a t iv e s  
o f  A 2 - l - o c t a l o n e .  3468  

D a n i s h e f s k y ,  S . T h e  d ir e c t io n  o f  b a s e - c a =  
ta ly z e d  a ld o l  c y c liz a t io n  o f  1 ,5  d ik e to n e s . 
4 05 9

D a n n e n b e r g ,  J .  J .  A  s p e c ia l- s a l t  e f fe c t  
u p o n  th e  h y d r id e  s h i ft  d u r in g  th e  a c e t o =  
ly s is  o f  c y c lo h e x y l  t o s y la te . 3 92 0  

D a n s e t t e ,  P .  M . S y n th e s is  a n d  s p e c tra l  
p r o p e r t ie s  o f  th e  is o m e r ic  h y d r o x y b e n z o =  
[a jp y re n e s . 9 7 7

D a r m o n ,  M .  J .  S y n th e s is  o f  4 - l i t h i o -2 -m e = : 
t h y l -2 -p e n t e n e .  A  n ew  t y p e  o f  a l ly lic  
o r g a n o m e ta llic  c o m p o u n d . 2 05 2  

D a t t a ,  S . K . M e s o io n ic  c o m p o u n d s .
X X X V .  C y c lo a d d it io n  r e a c t io n s  o f  th e  
a n h y d r o -4 -h y d r o x y t h ia z o l iu m  h y d r o x id e  
a n d  a n h y d r o -5 -h y d r o x y o x a z o l iu m  h y =  
d r o x id e  s y s te m s  w ith  h e te r o c u m u le n e s .
813

D a u b ,  G . H . I m p r o v e d  s y n th e s is  o f  4 - e t h y l =  
s u l fo n y l - l -n a p h t h a le n e s u l fo n a m id e .
883

D a u b e n ,  W . G . E f f ic ie n t  sy n th e s e s  o f  b a r ^  
re le n e  a n d  N e n itz e s c u 's  h y d r o c a r b o n .
887

D a u d o n ,  M .  C a r b o n -1 3  n u c le a r  m a g n e t ic  
r e s o n a n c e  s p e c t r o s c o p y  o f  n a tu ra lly  
o c c u r r in g  su b s ta n c e s . 48. D im e r ic  q u i^  
n o lin ic  M e lo d in u s  a lk a lo id s . 3275  

D a v i s ,  F .  A .  T r im e t h y ls i ly l - 2 -n i t r o b e n z e n e =  
s u lfe n a te  (2-n it r o b e n z e n e s u lfe n ic  a c id ). 
897

D a v is ,  F . A . C h e m is tr y  o f  th e  s u l fu r -n i t r o 
g e n  b o n d . X I .  S y n th e s is  a n d  th e rm a l 
d e c o m p o s it io n  o f  N ,N '- t h io d ia m in e s .
1333

D a v is ,  M . N u c le a r  m a g n e t ic  r e s o n a n c e  
d e te r m in a t io n  o f  r o ta t io n a l b a rr ie rs  in 
f iv e -m e m b e r e d  h e te r o c y c le s .  3591 

D a v i s ,  P .  D . I o n ic  a d d it io n  o f  c h lo r in e  t o  
c o n ju g a te d  d ie n e s . 334  

D a v is ,  P .  J .  M ic r o b ia l  tr a n s fo rm a t io n s  o f  
n a tu ra l a n t itu m o r  a g e n ts . 2 . S tu d ie s  
w ith  d - t e t r a n d r in e  a n d  la u d a n o s in e .
2 54 8

D a v is ,  T .  S .  K in e t i c  sa lt  e f fe c t s  a n d  s u b s t i=  
tu e n t  e f fe c t s  o n  ra te s  o f  d im e th y l  a ce ta l 
fo r m a t io n  f o r  b e n z a ld e h y d e s . 2 34 9  

D a w s o n ,  J . B .  S t e r e o s p e c if ic  sy n th e s is  o f  
6 , c - 1 0 - d i m e t h y l ( r - 5 - C 1) s p i r o [ 4 .5 ]d e c - 6 - =  
e n -2- o n e  a n d  its  c o n v e r s io n  in to  ( ± ) - a - =  
v e t isp ir e n e . 1539

D a y ,  R . A .  J r .  E le c t r o c h e m ic a l  r e d u c t io n  
o f  g e ra n ia l, fa rn e sa l, a n d  c r o to n  a ld e h y d e  
2611

D a y ,  R . A . J r .  S y n th e t ic  o r g a n ic  e le c t r o n  
ch e m is tr y . A p p lic a t io n  t o  p e r h y d r o p h e0 
n a n th re n e  sy n th e s e s . 4087  

D a y ,  R . O . R e a c t io n s  o f  a m in e s . 19. R e a c =  
t io n s  o f  1 ,3 -d i - t e r t -b u t y la z ir id in o n e  a n d  
2 - b r o m o -N - t e r t - b u t y l - 3 ,3 - d im e t h y l b u = : 
ta n a m id e  w ith  s e le c te d  o r g a n o m e ta llic  
re a g e n ts . 3 79 8

D a y ,  V . W . R e a c t io n s  o f  a m in e s . 19. R e a c =  
t io n s  o f  1 ,3 -d i - t e r t -b u t y la z ir id in o n e  a n d  
2 - b r o m o - N - t e r t - b u t y l - 3 ,3 - d im e t h y l b u — 
ta n a m id e  w ith  s e le c te d  o r g a n o m e ta llic  
r e a g e n ts . 3 79 8

D e a ,  P .  R in g  o p e n in g  o f  h j - d i m e t h y l - u - ^  
t r ia z o lo [ l ,5 -a ]p y r im id in e  b y  h a lo g e n a t in g  
a g e n ts . 385

D e a ,  P .  6- O x a  a n a lo g s  o f  p y r im id in e s  a n d  
p y r im id in e  n u c le o s id e s . S y n th e s is  o f
5 - a m in o -6 H - l ,2 ,4 - o x a d i a z in - 3 ( 2 H ) - o n e ,  
2 - /3 -D -r ib o f u r a n o s y l -6 H - l ,2 ,4 -o x a d ia z := 
in e -3 ,5 (2 H ,4 H ) -d io n e ,  a n d  r e la te d  d e r i^  
va tiv e s . 3 1 2 8

D e  B e r n a r d o ,  S .  S y n th e s is  o f  t h e  p y r a z o =  
m y c in s . 287

D e  B e r n a r d o ,  S . F lu o r o m e t r ic  r e a g e n ts  fo r  
p r im a ry  a m in e s . S y n th e se s  o f  2 - a l k o x y -  
a n d  2 -a c y lo x y -3 (2 H ) - fu r a n o n e s .  388  

D e  B e r n a r d o ,  S . Z w it te r io n ic  2 ,4 -d io x o p y r = : 
r o lid in e s . 390

D e c l e r c q ,  J .  P .  C r y s ta l  a n d  m o le c u la r  
s t r u c tu re  o f  c e p h a lo ta x in e . 551
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D e c o r z a n t ,  R .  S p ir o v e t iv a n e s  fr o m  fu lv =  
e n e s . 3 20 8

D e f a y e ,  J .  R e d u c t io n  o f  k e to n e s  w ith  
i n c o r p o r a t i o n  o f  d e u t e r iu m  a t  th e  a 
p o s it io n .  A n o m a lo u s  r e d u c t io n  o f  k e to  
s u g a r  d e r iv a t iv e s . 3 83 4  

D e g a n i ,  I .  H M O  c a lcu la t io n  o f  th e  firs t  
t r a n s it io n  e n e rg y  o f  t h e  se le n iu m  ca t io n  
a n d  its  b e n z o lo g s . 1474 

D e g e n h a r d t ,  C . R .  R e a c t io n s  o f  c h o le s te r y l  
s u b s tr a te s  w ith  c h lo r id e  io n  in a p r o t ic  
s o lv e n ts . S y n th e s is  o f  e p ic h o le s te r y l  
c h lo r id e .  381

D e  L a s  H e r a s ,  F . G . N u c le o s id e s .  X C I V .  
S y n th e s is  o f  s o m e  C -n u c le o s id e s  b y
1 ,3 -d ip o la r  c y c lo a d d it io n s  t o  3 - ( r ib o fu r a =  
n o s y l)  p r o p io la te s .  84

D e l u c a ,  H . F . S o l id -s t a t e  c o n fo r m a t io n s  o f  
v ita m in  D 3. 3476

D e m e ,  E . S y n th e s is  o f  a u th e n tic  t r i - O - b e n -  
z y lp h lo r o g lu c in o l .  3769  

D e n n i s o n ,  D . B .  K in e t ic  sa lt  e f fe c t s  o n  th e  
h y d r o ly s is  o f  b e n z a ld e h y d e  d im e th y l 
a ce ta l. 2 34 4

D e  N o b le ,  J .  P .  S y n th e t ic  s tu d ie s  o n  (2 R ,4 I;= 
R ,8 'R ) -a - t o c o p h e r o l .  F a c ile  sy n th e se s  
o f  o p t i c a l ly  a c t iv e ,  sa tu ra te d , a c y c l ic  
is o p r e n o id s  v ia  s te r e o s p e c i f ic  [3 ,3 ] s ig m a ^  
t r o p ic  re a rra n g e m e n ts . 3 49 7  

D e P o m p e i ,  M . S y n th e s is  o f  l -a z a c y c l [ 3 .2 .=  
2 ]a z in e . 1661

D e  R o s s i ,  R .  H . In f lu e n ce  o f  th e  o - n i t r o  
g r o u p  o n  b a s e  ca ta ly s is  in  n u c le o p h ilic  
a r o m a t ic  s u b s t itu t io n . R e a c t io n s  in  
b e n z e n e  s o lu t io n s . 44

D e  R o s s i ,  R .  H .  R e a c t io n  o f  2 ,4 -d in it r o h a ^  
lo b e n z e n e s  w ith  im id a z o le  in  n o n p o la r  
a p r o t ic  s o lv e n ts . 3 16 3

d e R o s s i ,  R .  H . A  m o le c u la r  orb ita l a p p ro a ch  
t o  t h e  S R N l  m e c h a n is m  o f  a r o m a t ic  
s u b s t itu t io n .  3367

D e  R o s s i ,  R .  H . P h o to s t im u la te d  a ry la t io n  
o f  c y a n o m e th y l  a n io n  b y  th e  S R N l  m e =  
ch a n is m  o f  a r o m a t ic  s u b s t itu t io n . 3371 

D e s M a r t e a u ,  D . D . D ir e c t  sy n th e s is  o f  
f lu o r in a te d  p e r o x id e s .  IV . A d d it io n  o f  
p e n t a f lu o r o s u lfu r  p e r o x y h y p o c h lo r it e  to  
a lk e n e s . 1407

D e S o lm s ,  S . J .  N .N .N '^ ' - T e t r a m e t h y l ^  
m e th a n e d ia m in e . A  s im p le , e f fe c t iv e  
M a n n ic h  re a g e n t . 2 6 5 0  

D e s  R o c h e s ,  D .  D e h a lo g e n a t io n  a n d  c o n =  
d e n s a t io n  r e a c t io n s  o f  m o ly b d e n u m  
c a r b o n y ls  w ith  a c t iv a te d  h a lid e s . 806  

D e s  R o c h e s ,  D .  M o ly b d e n u m  h e x a c a r b o n y l 
c a ta ly z e d  re a r r a n g e m e n t  o f  e p o x id e s .
3611

D e T a r ,  D . F . E s t im a t io n s  0:  v a n  d e r  W a a ls  
s tra in  in  h y d r o c a r b o n s .  2 00 9  

D h a w a n ,  B .  A n  im p ro v e d  r o u te  f o r  th e  
sy n th e s is  o f  l - a m i n o ^ - m e t h y l n a p h t h a l^  
e n e . 3 92 4

D h a w a n ,  B . A  c o n v e n ie n t  s y n th e s is  o f
1 ,2 -n a p h t h a l ic  a n h y d r id e . 3 92 5  

D h i n g r a ,  O . P .  N o v e l  n o n p h e n o l  o x id a t iv e  
c o u p l in g  o f  p h e n e th y lis o q u in o lin e s .
4 04 7

D h i n g r a ,  O . P .  E f f ic ie n t  in tra m o le cu la r  
m o n o p h e n o l  o x id a t iv e  c o u p lin g . 4 04 9  

D i a z ,  E . T h e  s t r u c tu re  o f  c a c a lo n e . 4103  
D ia z ,  S .  K in e t i c  s o lv e n t  d e u te r iu m  is o to p e  

e f fe c t s  o n  th e  m ic e l la r -c a t a ly z e d  h y d r o ly =  
sis  o f  t r is u b s t itu te d  p h o s p h a t e  e s ters.

. 33
D ia z ,  S .  T h e  e f fe c t  o f  s u b s tra te  m ic e ll iz a ^  

t io n  o n  th e  h y d r o ly s is  o f  n - d e c y l  p h o s p =  
h a te . 3 03 7

D im m e l ,  D .  T h e  se le c t iv e  r e d u c t io n  o f  
a ,/9 -u n s a tu ra te d  e s te rs , n itr ile s  a n d  n it ro  
c o m p o u n d s  w ith  s o d iu m  c y a n o b o r o h y =  
d r id e .  3 32 8

D im m e l ,  D .  R .  A lly l  a lc o h o l  t o  s a tu ra te d  
k e to n e  is o m e r iz a t io n s  in  th e  p re s e n ce  o f  
a lk a li m e ta l  o r  n -b u t y l l i t h iu m . 3092  

D i n i z o ,  S . E . S y n th e s is  o f  a - a lk o x y  a e ry  Io n =  
itr ile s  u s in g  s u b s t itu te d  d ie t h y l  c y a n o m e =  
th y lp h o s p h o n a te s .  2846  

D i p i n t o ,  V .  M .  S y n th e s is  o f  s p e c i f i c  p o ly =  
c h lo r in a te d  d ib e n z o fu r a n s .  2 42 8  

D i P o l ,  J .  S te r e o c h e m is tr y  a n d  m e ch a n ism  
o f  th e  S c h m itz  d ia z ir id in e  s y n th e s is  
le a d in g  t o  2 ,4 ,6 -t r is u b s t it u t e d  l ,3 ,5 - t r i a =  
z a b ic y c lo [3 .1 .0 ]h e x a n e s .  3221 

D i r k s ,  G . W . E lu c id a t io n  o f  th e  c o n fo r m a =  
t io n a l e q u i l ib r iu m s  fo r  th e  c i s - 8 - o x a b i c y =  
c lo [ 4 .3 .0 ]n o n -3 -e n e  ser ies . 469  

D i t t m e r ,  D . C . R e a c t io n s  o f  p e r h a lo a c e ^  
to n e s  w ith  d ih y d r o p y r id in e s  a n d  o th e r  
e le c t r o n  d o n o r s .  2 97 6

D i t t m e r ,  D .  C . 2 H -B e n z o [b ] t h ie t e  1 ,1—d i=  
o x id e .  3 04 4

D i v a l d ,  S .  C h e m is tr y  o f  2 - (c h lo r o m e t h y l )  =  
fu ra n s . R e a c t io n  o f  2 - ( c h lo r o m e t h y l ) fu =  
ra n s  w ith  a q u e o u s  p o ta s s iu m  cy a n id e  
a n d  o t h e r  n u c le o p h ile s .  2835  

D ja r m a t i ,  Z .  C a r b o n -1 3  n u c le a r  m a g n e t ic

r e s o n a n c e  s p e c t r o s c o p y  o f  p o ly c y c lic
5 - la c t o n e s .  1219

D ja r m a t i ,  Z .  T h e  s tru c tu re s  o f  s ta p h ig in e  
a n d  s ta p h ir in e . T w o  n o v e l  b is d ite r p e n e  
a lk a lo id s  fr o m  D e lp h in iu m  sta p h isa g r ia . 
3042

D je r a s s i ,  C . C a r b o n -1 3  n u c le a r  m a g n e t ic  
r e s o n a n c e  s p e c tr a  o f  h y d r o x y  s te ro id s  
(c o r r e c t io n ) .  4051

D je r a s s i ,  C . C a r b o n -1 3  n u c le a r  m a g n e t ic  
r e s o n a n c e  s p e c tr a  o f  h y d r o x y  s te ro id s .
71

D o  A m a r a l ,  A .  T .  C a r b o n y l -s t r e t c h in g  
fr e q u e n c ie s  in  s u b s t itu te d  p h e n y l c a r b ^  
o x y la te s . 1623

D o  A m a r a l ,  L . M e c h a n is m  a n d  ca ta ly s is  
fo r  p h e n y lh y d r a z o n e  fo rm a t io n  fro m  
a r o m a t ic  h e t e r o c y c lic  a ld e h y d e s . 4 09 3  

D o  A m a r a l ,  L .  C a r b o n y l -s t r e t c h in g  f r e =  
q u e n c ie s  in  s u b s t itu te d  p h e n y l c a r b o x y l  
la tes . 1623

D o  A m a r a l ,  L . A c id it y  c o n s ta n ts  o f  s o m e
5 -s u b s t it u t e d  3 - fu r o i c  a c id s . 2 35 0  

D o b b s ,  T .  K . S o d iu m -e t h y le n e d ia m in e  
r e d u c t iv e  d im e r iz a t io n  o f  n a p h th a le n e  t o
5 ,6 ,7 ,1 2 ,1 3 ,1 4 -h e x a h y d r o -5 ,1 3 :6 ,1 2 -d i= :: 
m e t h a n o d ib e n z o [a ,f ] c y c lo d e c e n e .  2 91 0  

D o d d i ,  G . O n  th e  ro le  o f  e le c t r o n ic  a n d  
s te r ic  fa c to r s  u p o n  th e  fo r m a t io n  o f  
M e is e n h e im e r - ty p e  a d d u c ts . 2153  

D o d d i ,  G . N u c le o p h il ic  s u b s t itu t io n  a t  th e  
p y r r o le  rin g . C o m p a r is o n  w ith  fu ra n , 
t h io p h e n e , a n d  b e n z e n e  r in g s  in  p ip e r id i=  
n o d e n it r a t io n . 2824

D o d d r e l l ,  D . C a r b o n -1 3  n u c le a r  m a g n e t ic  
r e s o n a n c e  s tu d ie s  o f  b e n z o c y c lo a lk e n e s  
a n d  f lu o r o b e n z o c y c lo a lk e n e s .  751 

D o d d r e l l ,  D . S u b s t itu e n t  e f fe c t  o f  th e
b r o m o m e th y l  g ro u p . C a r b o n -1 3  m a g n e t=  
ic  r e s o n a n c e  s tu d y . 760  

D o d d r e l l ,  D . C a r b o n -1 3  m a g n e t ic  r e s o 
n a n ce . D o w n fie ld  s h ift s  in d u c e d  b y  
M (C H 3)3 (M  =  s i lic o n , g e rm a n iu m , tin , 
le a d )  a t  th e  7- p o s i t i o n  a n d  a n t ip e r ip la =  
n ar  t o  th e  c a r b o n -1 3  ce n te r . 1671 

D o d d r e l l ,  D . R e m o t e  s u b s t itu e n t  e f fe c t s  
o n  c a r b o n - 13 sh ie ld in g s  in  s o m e  b ic y c lo ^
[2 .2 .2 ]o c t y l  sy s te m s. 2055  

D o d d r e l l ,  D . C a r b o n - 13 n u c le a r  m a g n e t ic  
r e s o n a n c e  e x a m in a t io n  o f  s o m e  l - d e u t e r =  
i o - 4 - t e r t -b u t y l c y c lo h e x y l  d e r iv a t iv e s .
3036

D o e b e l ,  K . J .  T h e  s y n th e s is  o f  a  te t ra cy c lic  
a jm a lic in e  a n a lo g . 3714  

D o la n ,  M . J .  B e h a v io r  o f  e n d o - 7 - a m in o m e -  
t h y lb i c y c l o [3 .3 .1 ] -n o n a n -3 -o n e  u n d e r  
r e d u c in g  c o n d it io n s  (c o r r e c t io n ) .  4051  

D o la n ,  M . J .  D ia z o t iz a t io n  o f  e n d o - 7 - a m i=  
n o m e t h y lb ic y c lo [3 .3 .1 ] n o n a n - 3 - o ls  a n d  
e n d o -7 -a m in o m e t h y lb i c y c lo [3 .3 .1 ]n o n -=  
2 - e n e  (c o r r e c t io n ) .  4051  

D o lb y ,  L . J .  T h e  h e l iu m (H e  1) p h o t o e le c ^  
t r o n  s p e c tr a  o f  N -m e t h y l is o in d o le  a n d  
N -m e t h y l in d o le .  3 53 7  

D o l b y ,  L .  J .  C o n v e n ie n t  s y n th e s is  o f  a  
h y d r in d a n  p r e c u r s o r  t o  s tr ig o l. 563 

D o l c e ,  D . L .  S y n th e s is  a n d  ch a r a c te r iz a t io n  
o f  s o m e  p o ly c y c lic  c y c lo b u t a n o n e s .  1221 

D o lp h in ,  D . P y r r o le  ch e m is try . T h e  c y a n o =  
v in y l  a ld e h y d e  p r o t e c t in g  g ro u p s . 2826  

D o lp h in ,  D . A n  im p r o v e d  s y n th e s is  o f  
o c ta e th y lp o r p h y r in .  3 85 7  

D o m i n i c ,  W . J .  C a r b o n y l -a lk y n e  e x ch a n g e  
o f  2 H -p y r a n s .  A  n e w  a ry l a n n e la t io n  
m e t h o d . 2918

D o n a r u m a ,  L .  G . P h e n y lc in n a m a lo n e s . 3. 
B a s ic  h y d r o ly s is  o f  p h e n y lc in n a m a lo n e . 
3622

D o n a t e l l i ,  B .  A .  D ih y d r o -1 ,4 -d it h i in  a n n e ^  
la t io n . 3 05 3

D o n e l s o n ,  D . M . B io lo g ic a l  p r o b e s . 3. 
M e t h o d s  fo r  c a r b o n -4  a n d  c a r b o n -5  
la b e lin g  in  n ic o t in a m id e . 2 06 6  

D o o m e s ,  E . R e a r r a n g e m e n t -s u b s t it u t io n  
r e a c t io n s  o f  a  2- (a r y ls u l fo n y l)a l ly l  s y s ^  
tern . 248

D o r m a n ,  D .  E . A z e t id in o n e  a n t ib io t ic s .
X V I .  S y n th e s is  o f  3 - h y d r o x y - ,  3 - c h lo =  
r o - ,  a n d  3 - m e t h o x y -3 -c e p h e m s  fro m  
p e n ic il l in s  v ia  4 -d i t h io -2 -a z e t id in o n e  
in te rm e d ia te s . 2276

D o r m a n ,  D .  E . O rg a n ic  s t r u c tu re  c h a r a c t e r =  
iz a t io n  b y  n a t u r a l -a b u n d a n c e  n i t r o g e n - 15 
n u c le a r  m a g n e t ic  r e s o n a n ce  s p e c t r o s c o p y . 
P e n ic i ll in  a n d  c e p h a lo s p o r in  d e r iv a tiv e s . 

582
D o r m a n ,  D . E . A lk a lo id s  o f  V in c a  rosea . 

(C a th a ra n th u s  ro se u s ). X X X V I I .  S t r u c t  
tu re  o f  v in c a th ic in e . 1001 

D o r n ,  H . C . T r a n sm is s io n  o f  su b s t itu e n t  
e f fe c t s  in  s p ir o  [3 .4 ] o c t a n e -2 -c a r b o x y l i c  
a c id  d e r iv a t iv e s . 2387

D o u g h e r t y ,  R .  C . P o ly s a c c h a r id e  s e q u e n c e  
in g  b y  m a ss  s p e c tr o m e tr y :  c h e m ic a l

io n iz a tio n  s p e c tr a  o f  p e r m e th y l  g ly c o s y =  
la ld ito ls . 3425

D o u g la s ,  A .  W . A  s y m m e tr ic a l  d ia z a d it w is =  
ta n e . 2 , 9 - D i c y a n o - 5 , l l - d i m e t h y l - 5 , l l - =  
d ia z a te tr a c y c lo [6 .2 .2 .02-7.0 4 .9 ]d o d e ca n e .
3159

D o u g la s ,  K .  T .  a E f f e c t  a n d  r in g - in d u c e d  
a c c e le r a t io n  o f  h y d r o ly s is  a t  a  s u lf in y l  
c e n te r . B u ffe r  a n d  n u c le o p h i le  e f fe c t s  
o n  th e  h y d r o ly s is  o f  d ip h e n y l  su lfite .
141

D o w d ,  P .  T i n - c o p p e r  c o u p le .  A  n e w  r e a g =  
e n t  fo r  s e le c t iv e  d e b r o m in a t io n  o f  a c t i^  
v a te d  d ib r o m id e s .  4 03 5  

D o y le ,  M . P .  S ila n e  r e d u c t io n s  in  a c id ic  
m e d ia . V I I . A lu m in u m  c h lo r id e  c a t a ^  
ly z e d  h y d r o g e n -h a lo g e n  e x c h a n g e  b e t =  
w e e n  o r g a n o s ila n e s  a n d  a lk y l h a lid e s .
A n  e f f ic ie n t  h y d r o c a r b o n  sy n th e s is .
1393

D r a b i c k y ,  M .  J .  S o lv o ly s is  in  s t r o n g  a c id s .
III. T h e  q u e s t io n  o f  a lk y l -o x y g e n  c le a v =  
a g e  in  a lk y l to s y la te  s o lv o ly s is . 1472  

D r a d i ,  E .  C h e m is tr y  o f  th e  d ih y d r o th ia z in e  
r in g  m o ie t y  o f  c e p h a lo s p o r in s .  1 . R e ^  
g io s p e c if ic i t y  a n d  s t e r e o s e le c t iv it y  in  th e  
b r o m in e  a d d it io n  t o  2- c e p h e m  d e r iv a ^  
t iv e s . A  n ew  r o u te  t o  2 -m e t h o x y  c e p h a =  
lo s p o r in s . 2 15 0

D r a n e y ,  D . S u r v e y  o f  c a r b o n -1 3 -h y d r o g e n  
sp lit t in g s  in a lk e n e s . 3863  

D r e x h a g e ,  K .  H . 2 ,2 -B is ( t r i f lu o r o m e t h y l ) -= :
1 ,2 -d ih y d r o p y r im id in iu m  sa lts . 2 78 3  

D r u c k e r ,  G . E . C a r b o n  a c id s . 11. A c id  
s tre n g th e n in g  a lk y l e f fe c t s  a n d  q u e s t io n =  
a b le  a p p lic a t io n s  o f  th e  T a f t  e q u a tio n .
2786

D u a x ,  W . L . 9 (1 0  -*■ 1 9 ) - A b e o  s te r o id s .
T o t a l  s y n th e s is  a b e o -e s t r a d io l ,  a b e o - e s ^  
t r a d io l  3 -m e t h y l  e th e r , a n d  1 7 a -e t h y n y l  
a b e o -e s t r a d io l  3 -m e t h y l  e th e r . 1601 

D u b o i s ,  J .  E . C o n fo r m a t io n a l  is o m e r is m  in 
o - t o ly ld i - t e r t -b u t y lc a r b in o l .  3 03 3  

D u b o i s ,  J .  E . B r o m in a t io n  o f  e th y le n ic  
c o m p o u n d s .  38 . I s o r e a c t iv ity  o f  t r is u b =  
s t itu te d  g e o m e tr ic a l  is o m e rs . 3 86 9  

D u b o i s ,  J .  E . B r o m in a t io n  o f  e th y le n ic  
c o m p o u n d s .  39 . P r e d o m in a n c e  o f  s te r ic  
e f fe c t s  o n  th e  r e a c t iv ity  o f  t e t r a s u b s t it u t =  
e d  a lk e n e s . 3 87 2

D u c h a m p ,  D . J .  R e a c t io n  o f  2 - a m in o - 7 - = : 
c h l o r o - 5 - p h e n y l - 3 H - [ l ,4 ] b e n z o d ia z e p in e  
w ith  1 ,3 -d ic a r b o n y l  c o m p o u n d s .  1743  

D u c r u i x ,  A .  E n o l  a c e ta te s  o f  a ld e h y d o  
su g a r  d e r iv a t iv e s . S y n th e s is  a n d  c r y s ta l=  
lo g r a p h ic  d e te r m in a t io n  o f  d o u b le - b o n d  
g e o m e tr y . 2652

D u e b e r ,  T .  E . O n  a t te m p ts  a t  s o lv o ly t ic  
g e n e r a t io n  o f  a ry l c a t io n s . 4 09 9  

D u n l a p ,  R . B .  B io lo g ic a l  p r o b e s .  3. M e t h =  
o d s  fo r  c a r b o n -4  a n d  c a r b o n -5  la b e lin g  
in  n ic o t in a m id e .  2066

D u n n i g a n ,  D . A .  2 ,4 -D ih y d r o x y p h e n a n t h r ^  
e n e s  a n d  d e r iv e d  e th e rs . R e g io s e le c t iv e  
e th e r if ic a t io n  o f  a ce ta te s . 3 41 5  

D u r h a m ,  D . S u rv e y  o f  c a r b o n -1 3 -h y d r o g e n  
s p lit t in g s  in  a lk e n e s . 3 86 3  

D u r h a m ,  L .  J .  S u l fu r -c o n t a in in g  c a r b o h y d ^  
ra tes. S y n th e s is  o f  l ,3 ,4 ,6 - t e t r a t h io -D - =  
id ito l .  1125

D u r s t ,  T .  M o ly b d e n u m  h e x a c a r b o n y l  cata
lyzed r e a r r a n g e m e n t  o f  e p o x id e s .  3611  

D u r s t ,  T .  C o n tr o l  o f  r in g  s ize  re su lt in g  
fr o m  7- e p o x y s u l fo n e  a n d  7- e p o x y n i t r i le  
c y c liz a t io n .  F o r m a t io n  o f  e i th e r  c y c lo — 
p r o p y l  o r  c y c lo b u t y l  d e r iv a t iv e s . 3 64 8  

D u t c h e r ,  J .  S . P e n ta c y c l ic  t r ite r p e n e  s y n ^  
th e s is . 5 . S y n th e s is  o f  o p t i c a lly  p u re  
r in g  A B  p re cu rs o rs . 2 66 3  

D u t c h e r ,  J .  S .  P e n ta c y c l i c  t r ite r p e n e  s y n =  
th e s is . 6. S y n th e s is  o f  a  b i c y c l i c  in =  
t e r m e d ia te  c o r r e s p o n d in g  t o  r in g s  D  a n d  E  
o f  d -a m y r in .  2 67 0

D y n a k ,  J .  F u n c t io n a l iz e d  a la n e s  fo r  th e  
c o n v e r s io n  o f  e p o x id e s  t o  t r a n s - fu s e d
7- la c t o n e s .  1669

E a d o n ,  G . S te r e o c h e m is tr y  o f  t h e  t y p e  II 
e l im in a t io n  fr o m  4 - t e r t -b u t y l c y c lo h e x y l  
p h e n y la ce ta te . 171

E a d o n ,  G . E le c t r o n - im p a c t  a n d  p y r o ly t ic  
e l im in a t io n s  f r o m  4 - t e r t -b u t y l c y c lo h e x y l  
x a n th a te s . 3917

E a r g le ,  D . H . J r .  E le c t r o n  s p in  r e s o n a n c e  
s t u d y  o f  k in e t ic s  in  th e  S r n I  r e a c t io n  o f  

a ry l h a lid e s  w ith  p o ta s s iu m . 7 3 9  
E a r g le ,  D . H . J r .  E le c t r o n  im p a c t  in d u c e d  

fra g m e n ta t io n s  a n d  r e a rra n g e m e n ts  o f  
a l ip h a t ic , h e t e r o c y c lic  p h o s p h in e  o x id e s . 
2417

E a t o n ,  P .  E . S y n th e s is  o f  h o m o p e n t a p r is =  
m a n e  a n d  h o m o h y p o s t r o p h e n e  a n d  s o m e  
c o m m e n ts  o n  th e  m e c h a n is m  o f  m e ta l 
io n  ca ta ly z e d  r e a rra n g e m e n ts  o f  p o ly c y c l 
ic  c o m p o u n d s .  1445
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E a t o n ,  P .  E . A n n u la te d  c y c lo p e n t a d ie n o n e  
k eta ls . A  r o u te  t o  1 ,2 -b r id g e d  n o r b o r n =  
en es . 2 2 3 6

E a t o n ,  P .  E . c is , sy n , c is -T r ic y c lo [6 .3 .0 .0 3’7] =  
u n d e ca n e  k e to n e s . 2 23 8  

E b e r l e ,  M . K .  C h e m is tr y  o f  in d o le . 5—(1—=  
I n d o ly l ) - 2 - p e n t a n o n e  s y s te m . 633  

E b e r l e ,  M . K . In te r a c t io n  o f  a  p h e n y lp y r a ^  
z o l id in e  u re th a n e  w ith  M e e r w e in 's  sa lt. 
1244

E b e r l e ,  M .  K .  C a r b o c y c l i c  p h e n y lh y d r a z in e s  
in  th e  F is c h e r  in d o le  sy n th e s is . 3 . S o m e  
r e a rra n g e m e n ts  w ith  l - p h e n y l - 5 - p y r a z o ^  
l id in o n e s . 3 77 5

E c k e r t ,  C .  A .  H ig h  p re ssu re  th e rm a l an d  
t h e  p h o t o s e n s it iz e d  d im e r iz a t io n s  o f  
2 -p y r o n e s .  2495

E c k l e r ,  P .  E . D ie ls -A ld e r  r e a c t io n s  in v o lv e  
in g  h e t e r o c y c lic  d ie n o p h ile s . S y n th e s is  
o f  s u b s t itu te d -h y d r o q u in a z o lin e s  a n d
l ,3 -d ia z a s p ir o [4 .5 ]d e c a d ie n e s .  2 12 4  

E c k l e r ,  P .  E . S y n th e s is  a n d  s te r e o ch e m is tr y  
o f  (E  , E ) - 1 , 4 - d ia c e t o x y - 2 - m e t h y l -1,3 - b u =  
t a d ie n e  a n d  r e la te d  c o m p o u n d s .  2 62 5  

E c k l e r ,  P .  E . N e w  fu ra n  a n d  d i h y d r o - 4 - p y =  
r o n e  sy n th e s is  v ia  D ie ls -A ld e r  r e a c t io n s  
b e tw e e n  m e th y l 2 - [ 2 '- a c e t a m i d o - 4 ' ( l  =  
H ) - p y r i m i d o n -6'- y l ]g ly o x y la t e  a n d  d ie =  
th y l  o x o m a lo n a t e  a n a  o x y g e n a te d  1 ,3—d i =  
en es . 2 85 0

E c k r o t h ,  D . R . S e c o n d a r y  o r b ita l  e f fe c t s  
vs. s te r ic  e f fe c t s  in  s o m e  D ie ls -A ld e r  
a d d it io n s . 394

E d w a r d s ,  J .  A .  S tu d ie s  in  /3 -la c ta m s . S y n =  
th e s is  o f  /3 -la c ta m s  v ia  c y c lo a d d i t io n  o f  
im in o d it h io c a r b o n a t e  e s te rs  w ith  a z id o k =  
e te n e . 1112

E d w a r d s ,  M .  T h a ll iu m  in  o r g a n ic  sy n ~ h e =  
sis. X L I I .  D ir e c t  o x id a t io n  o f  4 - s u b s t i=  
tu t e d  p h e n o ls  t o  4 ,4 -d is u b s t i t u t e d  c y c lo =  
h e x a -2 ,5 -d ie n o n e s  u s in g  t h a lliu m (I II )  
n itra te . 282

E f f e n b e r g e r ,  F . O n  a t te m p ts  a t  s o lv o ly t ic  
g e n e r a t io n  o f  a ry l c a t io n s . 4 09 9  

E g b e r g ,  D . C . S p ir o  p ip e r id in e s . 1. S y n =  
th e s is  o f  s p i r o [ i s o b e n z o f u r a n - l ( 3 H ) .4 '- p i=  
p e r id in ] - 3 - o n e s ,  s p i r o [ i s o b e n z o fu r a n -1 =  
(3 H ) ,4 '- p ip e r id in e s ] ,  a n d  s p ir o [ i s o b e n z o =  
t e t r a h y d r o t h io p h e n e - l ( 3 H ) ,4 '-p ip e r i=  
d in e s ] . 2 62 8

E g g e r d in g ,  D . S y n th e s is  o f  t h e  m o n o t h io s ^  
q u a ra te  a n d  1,2- d it h io s q u a r a t e  io n s  a n d  
th e ir  d e r iv a t iv e s . 3904  

E g g e r t ,  H . C a r b o n -1 3  n u c le a r  m a g n e t ic  
r e s o n a n c e  s p e c tr a  o f  h y d r o x y  s te r o id s  
(c o r r e c t io n ) .  4051

E g g e r t ,  H . C a r b o n - 13 n u c le a r  m a g n e t ic  
r e s o n a n c e  s p e c tr a  o f  h y d r o x y  s te ro id s .
71

E g u c h i ,  S . S y n th e s is  o f  a d a m a n ta n e  d e r iv a =  
t iv e s . X X X I I .  T h e  B e c k m a n n  re a r =  
r a n g e m e n t  a n d  fra g m e n ta t io n  a p t itu d e  
o f  n o r a d a m a n t a n -2 -o n e  o x im e . 1803  

E g u c h i ,  S . S tu d ie s  o n  r e a c t io n s  o f  is o p r e =  
n o id s . X X I I .  C r o w n  e th e r  c a ta ly z e d  
sy n th e s is  o f  d ia lk y lv in y lid e n e c y c lo p r o =  
p a n e  d e r iv a t iv e s . 2408  

E h le r ,  K . W . R e a c t io n s  o f  c a r b a m y lim id a ^  
z o le s  w ith  n u c le o p h i le s  -  a n  e x a m p le  o f  
an  in tra m o le c u la r  a c y l  tra n s fe r  re a c t io n . 
3041

E h r i g ,  V .  C y c l ic  p e r o x id e s . X L I .  a - H y ^  
d r o p e r o x y  a c id s  v ia  d ir e c t  o x y g e n a tio n .
370

E i c h e l ,  W . F . S y n th e t ic  s tu d ie s  o n  (2 R ,4 'R ,=  
8’R ) - a - t o c o p h e r o l .  A n  a p p r o a c h  u t iliz in g  
s id e  c h a in  s y n th o n s  o f  m ic r o b io lo g ic a l  
o r ig in . 3505

E i c h e l ,  W . F . S y n th e t ic  s tu d ie s  o n  (2 R ,4 'R ,=  
8'R ) - a - t o c o p h e r o l .  A n  a lte rn a t iv e  s y n =  
th e s is  o f  ( 2 R ,6 R ) - (+ ) -2 ,6 ,1 0 - t r im e t h y = : 
l u n d e c a n - l - o l ,  a  k e y  s id e  c h a in  sy n th o n .

< 3512
E i c k m a n ,  N . C e lo r b ic o l ,  is o c e lo r b ic o l ,  a n d  

th e ir  e s te rs : n ew  s e s q u ite rp e n o id s  fr o m  
C e la s tru s  o r b icu la tu s .  3 26 4  

E i s c h ,  J .  J .  R e a rr a n g e m e n ts  o f  h e t e r o c y c lic  
c o m p o u n d s .  I V . B a s e -p r o m o t e d  e l im i=  
n a t io n  r e a c t io n s  in  t h e  2 - a z a - 5 - n o r b o r n =  
e n e  s y s te m . S t e r e o s p e c if i c  r in g  o p e n in g  
o f  2 - ( p - t o l u e n e s u l f o n y l ) - e x o -3 - ( t r i c h l o =  
r o m e t h y l ) - 2 -a z a b i c y c l o  [2 .2 .1  ] h e p t - 5 - e n e  
b y  lith iu m  a lk y ls . 1461 

E i s c h ,  J .  J .  O r g a n o m e ta ll ic  c o m p o u n d s  o f  
G r o u p  II I . X X X V .  T h e  s te r e o s p e c i f ic  
r e d u c t iv e  a lk y la t io n  o f  a c e ty le n e s  b y  
s u c c e s s iv e  h y d r a iu m in a t io n  a n d  c a r b o -  
d e m e ta la t io n .  2 21 4

E i s c h ,  J .  J .  O rg a n o s il ic o n  c o m p o u n d s  w ith  
fu n c t io n a l  g r o u p s  p r o x im a te  t o  s ilic o n .
13. C le a v a g e  a n d  re a r r a n g e m e n t  r e a c =  
t io n s  o f  e p o x y e th y ls i la n e s .  2615

E is e n b r a u n ,  E . J .  S o d iu m -e t h y le n e d ia m in e  
re d u c t iv e  d im e r iz a t io n  o f  n a p h th a le n e  to
5 ,6 ,7 ,1 2 ,1 3 ,1 4 -h e x a h y d r o -5 ,1 3 :6 ,1 2 -d i=  
m e t h a n o d ib e n z o [a ,f ] c y c lo d e c e n e .  2910  

E i s e n s t a d t ,  A .  A  r e a c t io n  o f  a - p y r o n e  a n d  
n it ro s o b e n z e n e . 2496

E i t e lm a n ,  S . J .  E n o l  a ce ta te s  o f  a ld e h y d o  
su g a r  d e r iv a t iv e s . S y n th e s is  a n d  c r y s ta l=  
lo g r a p h ic  d e te r m in a t io n  o f  d o u b le - b o n d  
g e o m e tr y . 2652

E k s t r a n d ,  J .  D . S y n th e s is  o f  t e t r a c y d o [6.=
3 .0 .04’ n .05>9]u n d e c a -2 ,6- d ie n e ,  1 0 - c x a t e t =  
r a c y c lo [6 .3 .0 .04'n .05’9]u n d e c a -2 ,6- d ie n e ,  
a n d  h e x a c y c lo [5 .4 .0 .02>6.04'11.05>9.08>10]u n :=: 
d e c a n e . S tr u c tu r e  o f  s y n -4 ,  s y n - 7 - d i i o =  
d o p e n ta c y c lo [6 .3 .0 .02’6.03*1o.05>9] u n d e ca n e . 
S y n th e s is  a n d  r h o d iu m (I ) -p r o m o t e d  
re a rra n g e m e n t . 1438  

E la m , E . U . N o v e l  o n e - p o t  s y n th e s is  o f
4 -a m in o q u in a z o l in e s .  2646  

E l - D e e k ,  M . C a r b o n -p h o s p h o r u s  h e t e r o c y =  
c le s . A  o n e - s t e p  sy n th e s is  o f  p h o s p h in e  
d o l in e s  a n d  p h o s p h in o l in e s .  C y c liz a t io n  
o f  d ip h e n y la lk e n y lp h o s p h in e  o x id e s  w ith  
p o ly p h o s p h o r ic  a c id . 1403 

E l e t t i - B i a n c h i ,  G . A  t w o - s t e p  s y n th e s is  o f  
(E ) -4 - c h lo r o -2 - m e t h y l c r o t o n a ld e h y d e  
fr o m  is o p r e n e . A n  u n p r e c e d e n te d  o x id a =  
t iv e  c h lo r in a t io n  o f  a  1 ,3 -d ie n e  m o n o e =  
p o x id e  b y  c u p r ic  c h lo r id e . 1648 

E l ia ,  V .  J .  R e a c t io n s  o f  a m in e s . 19. R e a c =  
t io n s  o f  1 ,3 -d i - t e r t -b u t y la z ir id in o n e  a n d
2 -  b r o m o -N - t e r t - b u t y l -3 ,3 - d i m e t h v lb u =  
ta n a m id e  w ith  s e le c te d  o r g a n o m e ta llic  
re a g e n ts . 3 79 8

E l i e l ,  E .  L .  C a r b o n -1 3  n u c le a r  m a g n e t ic  
r e s o n a n c e  s p e c tr a  o f  sa tu ra te d  h e t e r o c y =  
c le s . IV . t r a n s -D e c a h y d r o q u in o lin e s .
199

E l i e l ,  E . L . E n d o c y c l i c  vs. e x o c y c lic  a tta ck  
in  n u c le o p h i l ic  d is p la c e m e n t  r e a c t io n s  
o n  f i v e -  a n d  s ix -m e m b e r e d  c y c lic  o n iu m  
sa lts . 1052

E l i e l ,  E .  L . N -A r y l -S ,S -d im e t h y l im in o s u l=  
fu ra n e s . S tr u c tu r e , d ip o le  m o m e n ts , a n d  
e x te n t  o f  d o u b le  b o n d in g . 2137  

E l i e l ,  E . L .  C o n fo r m a t io n a l  a n a ly s is . 32. 
C o n fo r m a t io n a l  e n e rg ie s  o f  m e th y l s u l=  
f id e , m e th y l s u l fo x id e ,  a n d  m e t h y l  s u l^  
fo n e  g ro u p s . 3899

E l l e s t a d ,  G . A .  S p e c tr a l  a n d  ch e m ica l  
c h a r a c te r iz a t io n  o f  fu n g a l m e ta b o lite  
L ,L -N 3 1 3 f .  66

E l l i o t t ,  A .  J .  M e s o io n ic  c o m p o u n d s .
X X X V I I I .  T h e  a n h y d r o - 2 - a r y l - l , 3 - d i=  
th io liu m  h y d r o x id e  s y s te m . 1724 

E l l i o t t ,  W .  J .  M a y ta n s in o id s . S y n th e s is  o f  a 
fra g m e n t  o f  k n o w n  a b s o lu te  co n f ig u ra t io n  
in v o lv in g  ch ira l  c e n te r s  C-6 a n d  C -7 .
2 46 9

E l l i o t t ,  W . J .  S t e r e o c o n t r o lle d  s y n th e s is  o f  
a -m u lt is t r ia t in ,  a n  e sse n tia l c o m p o n e n t  
o f  t h e  a g g re g a t io n  p h e r o m o n e  fo r  th e  
E u ro p e a n  e lm  b a rk  b e e t le . 2 47 5  

E l l i s ,  A .  I .  A z e t id in o n e  a n t ib io t ic s . X V I .  
S y n th e s is  o f  3 - h y d r o x y - ,  3 - c h lo r o - ,  a n d
3 -  m e t h o x y -3 -c e p h e m s  fr o m  p e n ic il l in s  
v ia  4 - d i t h io - 2 - a z e t id in o n e  in te rm e d ia te s  
2276

E l l i s ,  J .  E . P e n ta c y c l i c  t r ite r p e n e  sy n th e s is .
6. S y n th e s is  o f  a  b ic y c l i c  in te rm e d ia te  
c o r r e s p o n d in g  t o  r in g s  D  a n d  E  o f  /$ -— 
a m y r in . 2 67 0

E l l i s ,  P .  D . B io lo g ic a l  p r o b e s .  3. M e th o d s  
f o r  c a r b o n -4  a n d  c a r b o n -5  la b e l in g  in 
n ic o t in a m id e .  2066

E l l i s o n ,  R . A .  C a r b o n -1 3  n u c le a r  m a g n e t ic  
r e s o n a n c e  a ss ig n m e n ts  in  th e  t r ic h o t h e c — 
e n e  m y c o t o x in s .  576

E l - M o g h a y a r ,  M .  R . H . P y r im id in e  d e r iv a ^  
t iv e s  a n d  r e la te d  c o m p o u n d s .  4. A  
r o u te  fo r  t h e  s y n th e s is  o f  p y r a z o lo  [3 ,4 ——
e ] -a s - t r ia z in e s , p y r a z o lo [3 ,4 -d  ] p y r i n i =  
d in e s , a n d  p y r a z o lo [ l ,5 -c ] -a s -t r ia z ii ! i e s .  

3781
E l n a g d i ,  M .  H . P y r im id in e  d e r iv a t iv e s  a n d  

r e la te d  c o m p o u n d s .  4 . A  ro u te  f o r  ^he 
s y n th e s is  o f  p y r a z o lo  [3 ,4 - e ] -a s - t r ia z in e s ,  
p y r a z o lo [3 ,4 -d ]p y r im id in e s ,  a n d  p y r a z o =  
l o [ l ,5 - c ] - a s - t r ia z i n e s .  3781 

E l  S e o u d ,  M . I .  M e c h a n is m  a n d  ca ta ly s is  
f o r  p h e n y lh y d r a z o n e  fo r m a t io n  fro m  
a r o m a t ic  h e t e r o c y c lic  a ld e h y d e s . 4 09 3  

E l  S e o u d ,  O . A .  P r o t o n  m a g n e t ic  r e s o n a n ce  
s t u d y  o n  s o lu b iliz a t io n  b y  m ic e lla r  a lk y =  
la m m o n iu m  p r o p io n a t e s  in  c a r b o n  te t r a =  
c h lo r id e . 1365

E l z e y ,  T .  K . A lk a lo id s  o f  V in c a  ro se a . (C a ~  
th a ra n th u s  ro s e u s ). X X X V I I .  S tru c tu re  
o f  v in c a th ic in e .  1001

E m e is ,  S .  L .  F o r m a t io n  o f  t r o p o lo n e  d e r iv a ^  
t iv e s  ( 2 H - c y c lo h e p t a [b ] f u r a n - 2 - o n e s )  b y  
th e  p y r o ly s is  o f  a ry l p r o p io la te s .  4043

E n g b e r t s ,  J .  B .  F . N . N -t e r t -b u t y ls u l f o n y l=  
c a r b a m a te s  f r o m  t e r t -b u t y ls u l f in y l  c h lo ^  
r id e  a n d  N -h y d r o x y c a r b a m a t e s .  R e a c t io n  
m e c h a n is m  a n d  o b s e r v a t io n  o f  C I D N P  
[ch e m ic a lly  in d u c e d  d y n a m ic  n u c le a r  
p o la r iz a t io n ] . 143

E n g b e r t s ,  J .  B .  F . N . S o lv o ly s is  o f  a ry ls u l^  
fo n y lm e t h y l  p e r c h lo ra te s  in  d io x a n e -w a =  
te r , t e r t -b u t y l  a lc o h o l-w a t e r ,  a n d  a c e t o n =  
itr i le -w a te r .  A n  a n a ly s is  o f  s o lv e n t  e f ^  
fe c t s  o n  a  w a t e r - c a t a ly z e d  p r o c e s s . 3101 

E n g s t r o m ,  N . In te r a c t io n  o f  a  p h e n y lp y r a ^  
z o l id in e  u r e th a n e  w ith  M e e r w e in 's  sa lt. 
1244

E n o k i ,  Y .  S e le c t iv e  p h o s p h o r y la t io n  b y  
m e a n s  o f  b is (O - t h io c a r b o n y l )  d is u lfid e s  
a n d  tr ip h e n y lp h o s p h in e .  1261 

E n s le y ,  H . E . C o n v e n ie n t  s y n th e s is  o f  
( S ) - ( - ) - p u l e g o n e  fr o m  ( - ) - c i t r o n e l l o l .
380

E r r e d e ,  L .  A . A c y la n th r a n ils . I. T h e  p a t h =  
w a y  o f  q u in a z o lo n e  fo r m a t io n  in  th e  
r e a c t io n  o f  a cy la n th ra n ils  w ith  a n ilin e s . 
1763

E r r e d e ,  L .  A .  A c y la n th r a n ils . II. T h e  
p r o b le m  o f  s e le c t iv ity  in  t h e  r e a c t io n  o f  
a ce ty la n th ra n il  w ith  a n ilin e s . 1765 

E v a n s ,  D . A .  C a rb o n y l in s e r tio n  r e a c t io n s  
o f  e th y l  a - t r im e t h y ls i ly ld ia z o a c e t a t e .
A n  im p r o v e d  r o u te  t o  d ia z o a c e ta te  a ld o l  
p r o d u c ts .  3 33 5

E v a n s ,  D . A . S tu d ie s  d ir e c t e d  t o w a rd  th e  
sy n th e s is  o f  p r o s ta g la n d in s . U s e fu l  
b o r o n -m e d ia t e d  o le f in  sy n th e se s . 3 94 7  

E v a n s ,  D .  H . S y n th e s is  a n d  r e a c t io n s  o f  
p e r f lu o r o  d ia ld e h y d e s .  1470 

E v a n s ,  J .  F .  R e a c t io n s  o f  c a t io n  ra d ica ls  o f  
E E  [e le c t r o n  c a p tu r e ]  sy s te m s. III. 
C h lo r in a t io n  o f  9 ,1 0 -d ip h e n y la n t h r a c e n e  
516

F a h m y ,  S . M . P y r im id in e  d e r iv a t iv e s  a n d  
r e la te d  c o m p o u n d s .  4. A  r o u te  fo r  th e  
sy n th e s is  o f  p y r a z o lo  [3 ,4 -e ] -a s - t r ia z in e s ,  
p y r a z o lo [3 ,4 -d ]p y r im id in e s ,  a n d  p y r a z o =  
l o [ l ,5 - c ] - a s - t r ia z i n e s .  3781 

F a i r c l o t h ,  J . N . S i l v e r ( I ) -p r o m o t e d  r e a c ^  
t io n s  o f  s t r a in e d  h y d r o c a r b o n s .  O x id a t io n  
vs. r e a rra n g e m e n t . 583  

F a l c k ,  J .  R .  R e m o v a l  o f  s u lfu r  g r o u p s  fr o m  
m o le c u le s  b y  c o p p e r ( I ) .  P r e p a ra t io n  o f  
s u l fu r -s u b s t itu te d  1 ,3 -d ie n e s  fo r  th e  
D ie ls -A ld e r  r e a c t io n . 3 21 8  

F a l c o ,  E . A .  N u c le o s id e s . 101 . C o n fo r m a l  
t io n a lly  r e s t r ic te d  a n a lo g s  o f  p y r im id in e  
n u c le o s id e s . 1. S y n th e s is  o f  6 ,5 '( S ) -  
a n d  6 ,5 '(R ) - c y c l o u r id in e .  3 13 3  

F a lk ,  L .  C . H y d r o g e n a t io n  o f  c y c l i c  u n s a tu ^  
r a te d  o x y p h o s p h o r a n e s .  A  n o v e l  m e t h o d  
f o r  r e d u c t io n  o f  a d ik e to n e s  t o  k e to n e s . 
2928

F a n e l l i ,  J .  T h e  s e le c t iv e  r e d u c t io n  o f  a , /5 -=  
u n s a tu r a te d  e s te rs , n itr ile s  a n d  n it ro  
c o m p o u n d s  w ith  s o d iu m  c y a n o b o r o h y =  
d r id e . 3 32 8

F a n t a z ie r ,  R .  M . O x id a t iv e  a d d it io n  o f  
s o d iu m  a n d  z in c  a re n e s u lf in a te s  t o  d e r i=  
v a t iv e s  o f  d ia z e n e d ic a r b o x y l ic  a c id . 116 

F a n t in a ,  M .  E . T h e r m a l  f ra g m e n ta t io n  o f  
jd -h a lo e s te rs  v ia  c h a in  h a lo g e n o ly s is -d e =  
c a r b o x y la t io n -e l im in a t io n . 329  

F a r c a s i u ,  M . R e a c t io n  o f  7 ,7 ,8 ,8 - t e t r a c y a n =  
o q u in o d im e t h a n e  w ith  s o d iu m  b e n z o a te  
a n d  a c e to n e .  571

F a r i n a ,  J .  S . T h e  s te r e o s p e c i f ic  s y n th e s is  
o f  a - m e t h y le n e -7-b u t y r o la c t o n e s  o f  
t r a n s -1 ,3 -d ih y d r o x y  c y c lo a lk a n e s . 3 21 3  

F a r k a s ,  L . T h a ll iu m  in  o r g a n ic  sy n th e s is . 
X L I I .  D ir e c t  o x id a t io n  o f  4 - s u b s t it u t e d  
p h e n o ls  t o  4 ,4 -d is u b s t i t u t e d  c y c lo h e x a -=
2 ,5 -d ie n o n e s  u s in g  th a l l iu m (I I I )  n itra te . 
282

F a r r a l l ,  M . J .  B r o m in a t io n  a n d  lith ia t io n : 
t w o  im p o r t a n t  s te p s  in  th e  fu n c t io n a liz a =  
t io n  o f  p o ly s ty r e n e  re s in s . 3 87 7  

F a u b l ,  H . A  r e a c t io n  o f  c h lo r o s u lfo n y l  
is o cy a n a te  a n d  6- t r i ty la m in o p e n ic i lla n ic  
a c id  le a d in g  t o  th e  a n h y d r o p e n ic i l lin  
re a rra n g e m e n t . 3 04 8

F a u l k n e r ,  D . J . B io m im e t ic  a p p r o a c h  t o  
th e  s y n th e s is  o f  L a u r e n c ia  m e ta b o lite s . 
S y n th e s is  o f  1 0 -b r o m o -a -c h a m ig r e n e .
597

F a u l k n e r ,  D . J .  G e o m e t r ic a l  is o m e r s  o f
7-b is a b o le n e .  697

F a u l k n e r ,  D .  J .  S o m e  c h e m ic a l  c o n s t i=  
tu e n ts  o f  th e  d ig e s t iv e  g la n d  o f  th e  sea  
h a re  A p ly s ia  c a lifo r n ica . 2461  

F a u lk n e r ,  D . J .  C y c l ic  p o ly s u l f id e s  fr o m  
th e  r e d  a lg a  C h o n d r ia  c a lifo r n ica . 2 46 5  

F a u lk n e r ,  J .  D . E le c t r o c h e m ic a l  r e d u c t io n  
o f  g e ra n ia l, fa rn e sa l, a n d  c r o to n a ld e h y d e  
2611
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F a y a t ,  C . C o n v e r s io n  o f  s o m e  a z o m e th in e  
y l id e s  d e r iv e d  fr o m  2- c y a n o - l - i m i d o a z i r =  
id in e s  in t o  im in e s . 2141 

F a y s s o u x ,  J .  S te r e o c h e m is tr y  o f  r e a c t io n s  
o f  s i la c y c lo b u ta n e s .  1534  

F e d o r ,  L .  B a s e -c a t a ly z e d  ^ -e l im in a t io n
r e a c t io n s .  V I . E l im in a t io n  fr o m  t e r t - b u =  
t y l  3 - (p a r a -s u b s t i t u t e d  p h e n o x y ) -  a n d
3 - (p a r a -s u b s t i t u t e d  b e n z o y lo x y H h io lp r o ^  
p io n a t e s  in 4 5 %  (w e ig h t /w e ig h t )  d i o x =  
a n e -w a t e r .  1369

F e i n s t e i n ,  A .  I .  B io s y n t h e t ic  o x id a t io n  a n d  
r e a r r a n g e m e n t  o f  v it ta t in e  a n d  its  d e r iv a =  
t iv e s . 2 44 7

F e i r i n g ,  A .  E . C h e m is tr y  in  h y d r o g e n  f lu o r =  
id e . P r e p a r a t io n  o f  a r o m a t ic  a m id e s  a n d  
t h io a m id e s .  148

F e i t ,  B .  A .  V in y l  c a r b a n io n s . 2. S im u lta ^  
n e o u s  h y d r o g e n -d e u te r iu m  e x c h a n g e  
a n d  a d d it io n  o f  e th y l  [2H ] a lc o h o l  t o  
t r a n s -c in n a m o n it r i le  c a ta ly z e d  b y  s o d iu m  
e t h o x id e .  3246

F e l d m a n ,  D .  R e a c t io n  o f  s u b s t itu te d  M a la =  
c h ite  G re e n  c a t io n s  w ith  c y a n id e  ion .
221

F e l t ,  G . R .  P iv a lo y ln it r e n e .  R e a c t io n s  w ith  
o le f in s  a n d  d ic h lo r o m e t h a n e  s o lv e n t  
e f fe c t .  96

F e n t i m a n ,  A . T h e  a c id -c a t a ly z e d  n itra m in e  
re a rra n g e m e n t . V I I I . S o lv e n t  v is co s ity  
e f fe c t s .  3 16 6

F e r r a z ,  J .  P .  M e c h a n is m  a n d  ca ta ly s is  f o r  
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z o x a z in o n e s  fr o m  a n th r a n il ic  a c id s . R e v i=  
s io n  o f  s tru c tu re s  o r ig in a lly  d e s c r ib e d  as
1 ,4 -b e n z o d ia z e p in e s .  737 

F r y e r ,  R .  I .  Q u in a z o lin e s  a n d  l ,4 - b e n z o =  
d ia z e p in e s . 74. P h o s p h o r y la t io n  o f  
a m b id e n t  a n io n s . P r e p a ra t io n  o f  s o m e  
d i -4 -m o r p h o l in y lp h o s p h in y lo x y  im in e s  
v ia  O -p h o s p h o r y la t io n  o f  a n io n s  o f  l a c =

. tarns. 2 72 0
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F r y e r ,  R .  I .  Q u in a z o lin e s  a n d  l ,4 - b e n z o =  
d ia z e p in e s . 76. R e a c t io n s  o f  s o m e  d : - 4 - =  
m o r p h o l in y lp h o s p h in y lo x y  im in e s . 2724  

F r y e r ,  R .  I . S t r u c tu r e  a n d  r e a c t io n s  o f  an 
u n u su a l t h io n y l c h lo r id e  o x id a t io n  p r o =  
d u c t .  9 -C h lo r o a c r id in iu m  2 - c h l o r o - l - =  
(e h lo r o s u l f in y l ) -2 -o x o e t h y l id e .  3 40 6  

F u ,  P . P .  M e t a l -a m m o n ia  r e d u c t io n .  15. 
R e g io s e le c t iv it y  o f  r e d u c t io n  a n d  r e d u c e  
t iv e  m e th y la t io n  in  th e  f lu o r e n e  ser ies . 
2 70 6

F u ,  P .  P .  S t e r e o c h e m is t r y  o f  l ^ - c y c l o h e x a ^  
d ie n e s . C o n fo r m a t io n a l  p r e fe re n ce s  in
9 -s u b s t it u t e d  9 ,1 0 -d ih y d r o p h e n a n t h r ^  
e n e s . 3 72 2

F u ,  W . Y .  H e te r o a t o m  d ir e c t e d  p h o t o a r y la ^  
t io n . S t e r e o c h e m is t r y  o f  a r y lo x y e n o n e  
p h o t o c y c l iz a t io n .  1483 

F u ,  W . Y .  A lly l  a lc o h o l  t o  sa tu r a te d  k e to n e  
is o m e r iz a t io n s  in  th e  p r e s e n c e  o f  a lk a li 
m e ta l o r  n -b u t y l l i t h iu m . 3 09 2  

F u ,  Y - L .  A n  a lte rn a t iv e  s y n th e s is  o f  a n o m ^  
e r ic  m e th y l 2 - d e o x y - 4 - t h i o - D - e r y t h r o - =  
p e n to fu r a n o s id e s .  3831  

F u c h s ,  P . L . a -A r y la t io n  o f  « » /S -u n sa tu ra t^  
ed  k e to n e s . U t i l iz a t io n  o f  th e  a ’~ e p o x y to = : 
s y lh y d r a z o n e  fu n c t io n a l  g r o u p  a s  a  A 2 -=  
e n o n iu m  s y n th o n . 2 93 5  

F u e n o ,  T .  A n o d ic  o x id a t io n  o f  d ip h e n y la ^  
m in e  in th e  p r e s e n c e  o f  m e t h o x id e  ion .
731

F u e r t e s ,  M . S y n th e s is  o f  C -g ly c o s y l  t h ia =  
z o le s . 4 07 4

F u j i i ,  C .  R . A c id - c a t a ly z e d  h y d r a t io n  o f  
d ie n e s . II . C h a n g e s  in  a c t iv it y  c o e f f i=  
c ie n t  ra tio s , e n th a lp y ,  a n d  e n t r o p y  as a  
fu n c t io n  o f  s u lfu r ic  a c id  c o n c e n tr a t io n .  
1675

F u j i i ,  S . R e a c t io n  o f  l - s i l y l o x y b i c y c l o [ n . l .=
0 ]a lk a n e s  w ith  i r o n (I I I )  c h lo r id e s .  A  
fa c i le  sy n th e s is  o f  2 - c y c lo a lk e n o n e s  via 
r in g  e n la r g e m e n t  o f  c y c l i c  k e to n e s . 2 07 3  

F u j i k u r a ,  Y .  H y d r id e  tra n s fe r  r e d u c t io n —  
r e a rra n g e m e n ts  o f  t r ic y c lo d e c y lc a r b in o ls  
a n d  t r ie y c lo u n d e c a n o ls .  F o r m a t io n  c f  
t r ic y c lo [6 .2 .1 .0 2>6] u n d e c - 2 (6 ) - e n e  u n d e r  
p h o s p h o r ic  a c id  ca ta ly s is . 771 

F u j i k u r a ,  Y .  T h e  e th a n o n o ra d a m a n ta r .e s .
A n  e x p e r im e n ta l  e v a lu a t io n  o f  e m p ir ic a l  
f o r c e  f ie ld  p r e d ic t io n s .  2 5 9 6  

F u j i m o t o ,  M . C le m m e n s e n  r e d u c t io n  o :  
2 -a c e t y lf lu o r e n e .  P a th w a y s  fo r  th e  f o r -  
m a t io n  o f  2 ,3 -d i (2 - f lu o r e n y l )b u t a n e  and  
its  h o m o lo g u e s . 1935

F u j i s a w a ,  T .  I r o n  c h lo r id e - s o d iu m  h y d r id e  
s y s te m  as n e w  r e d u c in g  re a g e n ts  o f  c a r =  
b o n y l  c o m p o u n d s .  1667 

F u j i w a r a ,  Y .  A r o m a t ic  s u b s t itu t io n  o f  
o le f in s .  X X V .  R e a c t iv i t y  o f  b e n z e n e , 
n a p h th a le n e , fe r r o c e n e ,  a n d  fu ra n  to w a rd  
s ty r e n e , a n d  th e  s u b s t itu e n t  e f fe c t  on  
th e  r e a c t io n  o f  m o n o s u b s t itu te d  b e n z e n e s  
w ith  s ty re n e . 1681

F u k u m o t o ,  K . S tu d ie s  o n  t h e  sy n th e s e s  o f  
h e t e r o c y c lic  c o m p o u n d s .  6 5 7 . T o t a l  
s y n th e s is  o f  a n g u s tin e , n a u c le f in e , a n d  
g e n t ia n in e . 2 54 2

F u k u m o t o ,  K .  A  n o v e l  c le a v a g e  o f  aryl 
b e n z y l  e th e rs  a n d  a lly l a ry l e th e rs  b y  
s o d iu m  b is (2 -m e t h o x y e t h o x y )a lu m in u m  
h y d r id e . A n  a lte rn a t iv e  s y n th e s is  o f  
p e n ta z o c in e .  2 54 5

F u k u m o t o ,  K . A  n e w  s y n t h e t ic  a p p r o a c h  
t o  t h e  3 -b e n z a z e p in e  s k e le to n  th ro u g h  
p in a c o l -p in a c o lo n e  r e a rra n g e m e n t . 2 98 8  

F u k u z u m i ,  K . T r a n s fe r  h y d r o g e n a t io n  a n d  
t r a n s fe r  h y d r o g e n o ly s is .  I X .  H y d r o g e n  
t r a n s fe r  fr o m  o r g a n ic  c o m p o u n d s  t o  
a ld e h y d e s  a n d  k e to n e s  c a ta ly z e d  b y  
d ih y d r id o t e tr a k is it r ip h e n y lp h o s p h in e jr u ^  
t h e n iu m (I I ) .  6 6 5

F u k u z u m i ,  K . M e ta th e s is  o f  1 -a lk e n e .
2 63 3

F u k u z u m i ,  K . T r a n s fe r  h y d r o g e n a t io n  a n d  
tra n s fe r  h y d r o g e n o ly s is .  11. F a c ile  
d e h y d r o g e n a t io n  o f  a r o m a t ic  h y d r o c a r =  
b o n s  a n d  th e  m e c h a n is m  o f  th e  h y d r o g e n  
t r a n s fe r  fr o m  in d a n , te tra lin , a n d  d io x a n e  
t o  a ld e h y d e s  c a ta ly z e d  b y  d ih y d r id o t e tr a ^  
k is (t r ip h e n y lp h o s p h in e )r u t h e n iu m (I I ) .
2 68 8

F u l c h e r ,  J .  G . D e o x y g e n a t io n  o f  e p o x id e s  
b y  m e ta l a to m  c o -c o n d e n s a t io n .  3647  

F u n a h a s h i ,  T .  T h e r m a l  a n d  p h o t o c h e m ic a l  
b e h a v io r  o f  s te r ic a l ly  h in d e r e d  N -v i n y l =  
im in o p y r id in iu m  y l id e s .  1570  

F u r u k a w a ,  J .  S y n  s e le c t iv ity  in  D i e l s - A I d -  
e r  r e a c t io n s  o f  i s o d ic y c lo p e n t a d ie n e .
1457

F u r u k a w a ,  N . P r e p a ra t io n  a n d  p h y s ica l  
a n d  c h e m ic a l  p r o p e r t ie s  o f  " fr e e "  s u l f i l i^  
m in e s  ( c o r r e c t io n ) .  4 0 5 2  

F u r u k a w a ,  N . F re e  su lfi l im in e s . 5. P r e p a 
ra t io n  a n d  p h y s ic a l  a n d  c h e m ic a l  p r o p e r ^

t ie s  o f  " fr e e "  s u lfilim in e s . 1728  
F u s s ,  I .  P h o to c h e m is t r y  o f  2 ,2 ,4 ,4 - t e t r a p h e ^  

n y lo x e t a n -3 -o n e .  In te r m e d ia te s  in  th e  
p h o t o fr a g m e n t a t io n  o f  a ry l s u b s t itu te d  
o x ira n e s . 572

G a d e l l e ,  A .  R e d u c t io n  o f  k e to n e s  w ith  
i n c o r p o r a t i o n  o f  d e u t e r iu m  a t  t i e  a 
p o s it io n .  A n o m a lo u s  r e d u c t io n  o f  k e to  
su g a r  d e r iv a t iv e s . 3 83 4  

G a lb r a i t h ,  M .  N . S tr u c tu r e s  o f  n o r d it e r p =  
e n e  la c to n e s  f r o m  P o d o c a r p u s  s p e c ie s . 
2 45 8

G a l l a h e r ,  K . L .  M e c h a n is m  o f  o z o n o ly s is . 
T r ip h e n y lp h o s p h in e  r e d u c t io n  o f  m e t h y =  
l is o p r o p y le t h y le n e  o z o n id e  (o x y g e n -1 8 ) .  
8 9 2

G a ll e ,  J .  E .  S t e r e o c h e m is tr y . L X I X .  R in g  
o p e n in g  o f  a z ir id in e  p h o s p h o n a te s . C o r =  
r e la tio n  o f  s tru c tu re , n u c le a r  m a g n e tic  
r e s o n a n c e  sp e c tr a , a n d  re a c t iv ity . 2273  

G a l l e ,  J . E . O rg a n o s il ic o n  c o m p o u n d s  w ith  
fu n c t io n a l  g r o u p s  p r o x im a te  t o  s i lic o n .
13. C le a v a g e  a n d  r e a rra n g e m e n t  re a 3 =  
t io n s  o f  e p o x y e th y ls i la n e s . 2 61 5  

G a l l e y ,  M . W . E f fe c ts  o f  a  r e m o te  d o u b le  
b o n d  o r  c y c lo p r o p a n e  r in g  o n  e le c t r o p h i le  
ic  a r o m a t ic  s u b s t itu t io n .  2006  

G a l l i ,  G . S y n th e s is  o f  1 4 /3 - c h o le s t - 5 - e n -=  
3/8—ol. 1064

G a ll o ,  R .  D é m é t h y la t io n s  o f  q u a te rn a ry  
p y r id in iu m  sa lts  b y  a  s o f t  n u c le o p h ile , 
t r ip h e n y lp h o s p h in e .  E le c t r o n ic  an d  
s te r ic  a c c e le r a t io n s . 2621 

G a m b a - I n v e r n i z z i ,  A . S e le c t iv it y  in  c y c lo =  
a d d it io n s .  5 . C y c lo a d d it io n s  o f  n itr ile  
o x id e s  t o  fu ra n . C o m p e t in g  m e ch a n ism s  
a n d  re g io ch e m is tr y . 3 34 9  

G a n e m , B . D ie ls -A ld e r  r e a c t io n s  o f  t ra ils ,=  
t r a n s -1 ,4  d ia c e t o x y b u t a d ie n e .  O b s e rv a ^  
t io n s  c o n c e r n in g  s o m e  lite ra tu re  re p o rts . 
1655

G a n e m , B . L ith iu m  a n d  p o ta s s iu m  t r ia lk y le  
b o r o h y d r id e s .  R e a g e n ts  f o r  d ir e c t  r e d u c =  
t io n  o f  a , /3 -u n s a tu ra te d  c a r b o n y l  c o m =  
p o u n d s  t o  s y n th e t ica lly  v e rsa t ile  e n o la te  
a n io n s . 2 19 4

G a n g u l y ,  A . K . E le c t r o c h e m ic a l  o x id a t io n  
o f  h a lo m ic in  B  t o  r ifa m y c in  S . 1258 

G a n is ,  P .  C o n fo r m a t io n  o f  s u b s t itu te d
a ry lu re a s . C ry s ta l s tru c tu re s  o f  N ,N  - d i =  
m e t h y l -N ,N '-d i (p -n i t r o p h e n y l )u r e a  an d  
N ,N '- d i m e t h y l - N ,N '- d i (2 ,4 - d i n i t r o p h e := 
n y l)u re a . 2134

G a r c i a - L o p e z ,  M . T .  S y n th e s is  o f  C - g ly c o =  
sy l th ia z o le s . 4 07 4

G a r c i a - M u n o z ,  G . S y n th e s is  o f  C -g ly c o s y l  
th ia z o le s . 4 0 7 4

G a r g ,  H . G . A m in o  su g a rs . C l .  S y n th e s is  
o f  s u b s t itu te d  g ly c o p e p t id e s  c o n ta in in g  a  
2 -a c e t a m  i d o - 2 - d e o x y - d -D - g lu c o p y r a n o 0  
sy l re s id u e  a n d  th e  a m in o  a c id  s e q u e n c e  
1 8 -2 2  o f  b o v in e  p a n cr e a t ic  d e o x y r ib o n u =  
c le a se  A . 2 48 0

G a r i t o ,  A .  F . O rg a n ic  m e ta ls . N o v e l  ro u te  
t o  cy c lo a lk e n o te tr a th ia fu lv a le n e s .  730 

G a r i t o ,  A .  F . 1 ,4 ,5 ,8 -T e tr a th ia te t ra lin , a 
t e t ra th ia fu lv a le n e  is o m e r . 1484 

G a r la n d ,  R .  B . T o t a l  s y n th e s is  o f  l l ^ - m e =  
t h y l -1 9 -n o r s t e r o id s .  531 

G a r n e r ,  A .  W . S te r ic  a c c e le r a t io n  in  d ia l=  
k y ld ia z e n e  (a z o a lk a n e )  d e c o m p o s it io n s .
2 . 1666

G a r r a t t ,  D . G . R e a c t io n s  o f  su lfe n y l h a lid e s  
a n d  th e ir  d e r iv a t iv e s . 14. E f f e c t  o f  
a c e ty le n e  s t r u c tu re  o n  th e  ra tes  an d  
p r o d u c t s  o f  a d d it io n  o f  4 - c h lo r o b e n z e n e =  
s u lfe n y l c h lo r id e .  2331 

G a r r a t t ,  P .  J .  C a r b o n -1 3  c h e m ic a l  sh ifts  
in b ic y e lo [2 .2 .2 ]o c t a n e s .  465  

G a r t i ,  N . S tr u c tu r e  a n d  r e a c t iv ity  in  th e  
r e d u c t io n  o f  c y c lo a lk e n e s  a n d  c y c lo a lk a ^  
d ie n e s  b y  d i im id e .  3 92 2  

G a r v e r ,  L . A  fa c i le  sy n th e s is  o f  ( + ) - p i i o l  
f r o m  ( - ) - c a r v o n e .  2773  

G a s ic ,  M . J .  C a r b o n - 13 n u c le a r  m a g n e t ic  
r e s o n a n c e  s p e c t r o s c o p y  o f  p o ly c y c lic
5 - la c t o n e s .  1219

G e l l i , . G . R e a c t io n  o f  s u b s t itu te d  b e n z o d i=  
o x o le s  w ith  m é th y lm a g n é s iu m  io d id e  
u n d e r  h e te r o g e n e o u s  c o n d it io n s .  580  

G e m e n d e n ,  C . W . S y n th e s is  o f  4 ,4 ,9 ,1 7 -t e =  
t ra m  e t h y  1 -2 ,6 -d i t h ia  [7 .1 ] p a r a c y  c lo p  nan e 
a n d  is o la t io n  o f  a t r o p is o m e r ic  fo r m s  o f  
th e  te t ra o x id e .  2509

G e n e s t e ,  P .  O x im a t io n  o f  S ^ - d i m e t h y . ^ —  
p ip e r id o n e s .  C o n fig u r a t io n s  a n d  c o n fo rm  
m a t io n s  o f  th e  a d d u c ts .  3 63 7  

G e o r g e ,  B . H e te r o c y c le s  fr o m  N -e t h o x y c a r ^  
b o n y lt h io a m id e s  a n d  d in u c le o p h i lic  
re a g e n ts . 1. D ih y d r o - l ,2 ,4 - t r ia z o lo n e s  
a n d  1 ,2 ,4 -o x a d ia z o lo n e s .  3 23 3  

G e o r g e s ,  F . F . Z .  R e a c t io n s  o f  n it ro  su gars . 
37 . P r e p a ra t io n  o f  n it ro  o le f in s  v ia  
m e th a n e s u lfo n a te s . 3474

G e r ig ,  J .  T .  A t t e m p t e d  sy n th e s is  o f  2 - m e =  
t h y la la n y l -L -p r o ly l -L -t r y p t o p h a n .  A n  
u n e x p e c te d  re su lt. 1653 

G e r m a in ,  G . C o n fo r m a t io n  o f  s u b s t itu te d  
a ry lu re a s . C ry s ta l s t r u c tu re s  o f  N jN '- d i ^  
m e t h y l -N ,N '-d i (p -n it r o p h e n y l )u r e a  an d  
N ,N '- d i m e t h y l - N ,N ’- d i ( 2 ,4 - d in i t r o p h e =: 
n y l)u re a . 2 13 4

G e r m a in ,  G . C r y s ta l  a n d  m o le c u la r  s t r u c =  
tu re  o f  c e p h a lo ta x in e .  551 

G e r m r o t h ,  T .  C . S o lv o ly s is  o f  h a lo a lle n e s . 
Q u e s t io n  o f  n u c le o p h i l ic  s o lv e n t  a ss is=  
ta n ce . 681

G e t t y s ,  G . A .  K in e t i c  sa lt  e f fe c t s  o n  th e  
h y d r o ly s is  o f  b e n z a ld e h y d e  d im e th y l 
a ce ta l. 2344

G e t t y s ,  G . A .  K in e t i c  s a lt  e f fe c t s  a n d  s u b =  
s t itu e n t  e f fe c t s  o n  ra te s  o f  d im e th y l 
a c e ta l  fo r m a t io n  fo r  b e n z a ld e h y d e s .
2 34 9

G h a r p u r e ,  S .  B .  A l ly l  a lc o h o l  t o  sa tu ra te d  
k e to n e  is o m e r iz a t io n s  in th e  p r e s e n c e  o f  
a lk a li m e ta l o r  n -b u t y l l i t h iu m . 3092  

G h a t a k ,  U . R . S y n th e t ic  s tu d ie s  to w a rd  
c o m p le x  d ite r p e n o id s .  I X .  N e w  s t e r e o ^  
c o n t r o lle d  s y n t h e t ic  r o u te  t o  s o m e  in =  
te r m e d ia te s  fo r  d it e r p e n o id  a lk a lo id s  
a n d  C 20 g ib b e r e llin s . 1089 

G ib ia n ,  M . J .  R e a c t io n  o f  t e r t - b u t y l  h y d r o =  
p e r o x id e  a n io n  w ith  d im e th y l s u lfo x id e .
O n  t h e  p a th w a y  o f  th e  s u p e r o x id e -a lk y l  
h a lid e  re a c t io n . 2 50 0

G ib s o n ,  H . W . S y n th e s is  o f  s o m e  n e w  h in =  
d e r e d  b ia ry ls . 557

G ib s o n ,  T .  W .  S u lf in ic  a c id  c a ta ly z e d  i s o m =  
e r iz a tio n  o f  o le fin s . 791 

G ie r e r ,  P .  L .  D ir e c t e d  m e ta la t io n  re a c t io n s .
8 . D ir e c t e d  m e ta la t io n  o f  3 - m o n o -  a n d
2 ,5 -d is u b s t it u t e d  t h io p h e n e s . 3 66 8  

G i l b e r t ,  J .  C .  C o m p e t it iv e  s ig m a tr o p ic  
h y d r o g e n  s h ift s  in  b i c y c lo [ 3 .1 .0 ] h e x - 2 - =  
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G i l la r d ,  M . A  s p e c ia l - s a l t  e f fe c t  u p o n  th e  
h y d r id e  s h i ft  d u r in g  th e  a c e to ly s is  o f  
c y c lo h e x y l  to s y la te .  3 92 0  

G i lm a n ,  N . W . Q u in a z o lin e s  a n d  l ^ - b e n z o 0  
d ia z e p in e s . L X X I I .  S y n th e s is  o f  b e n =  
z o x a z in o n e s  f r o m  a n th r a n il ic  a c id s .  R e v i=  
s io n  o f  s t r u c tu re s  o r ig in a lly  d e s c r ib e d  as
1 ,4 -b e n z o d ia z e p in e s .  737  

G i lm a n ,  S .  O rg a n o s e le n iu m  ch e m is tr y . A  
fa c ile  o n e - s t e p  s y n th e s is  o f  a lk y l a ry l 
s e le n id e s  f r o m  a lc o h o ls . 1485  

G im e n e z ,  F .  N . R . R e a c t io n  o f  2 ,4 -d in it r o =  
h a lo b e n z e n e s  w ith  im id a z o le  in  n o n p o la r  
a p r o t i c  s o lv e n ts . 3 16 3  

G io r d a n o ,  C . A n n u la te d  c y c lo p e n t a d ie n o n e  
k e t a ls ,  A  r o u te  t o  1 ,2 -b r id g e d  n o r b o r n ^  
e n e s . 2 2 3 6

G io r d a n o ,  C . c is , sy n , c is -T r ic y c lo lG .S .O .^
03-7]u n d e c a n e  k e to n e s . 2 23 8  
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# 3997
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G i u l i a n e l l i ,  J .  E le c t r o n  s p in  r e s o n a n c e  

s t u d y  o f  k in e t ic s  in  th e  S r n I r e a c t io n  o f  
a ry l h a lid e s  w ith  p o ta s s iu m . 7 3 9  

G iu m a n in i ,  A .  G . H e te r o b e n z y l  q u a te r n a ry  
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G la d y s z ,  J .  A .  D e o x y g e n a t io n  o f  e p o x id e s  
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G la s e r ,  S . L .  C ry s ta l a n d  m o le c u la r  s t r u c =  
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G le a s o n ,  W . B . S y n th e s is  o f  4 - c y a n o - 4 '- h a := 
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io n . X I I .  T h e  N -p - t o l u e n e s u l f o n y l - 2 —  
a z a -5 -n o r b o r n y l  c a t io n .  1313  
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a n d  6 ,7 - d im e t h o x y - l  ,2- d im e t h y l~ e x o -2- =  
b e n z o n o r b o r n e n y l  c h lo r id e .  4023  
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c y c lo p r o p a n e s .  4 03 3
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N ,N '- d i m e t h y l - N ,N ’- d i ( 2 ,4 - a in i t r o p h e =  
n y l)u re a . 2 13 4
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G o r d o n ,  E . C . T r a n s m is s io n  o f  su b s t itu e n t  
e f fe c t s .  C o r r e la t io n  o f  m e th y l t o  h y d r o =  
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r e s o n a n c e  s p e c t r o s c o p y  in  th e  s t u d y  o f  
c o n fo r m a t io n a l  e f fe c ts  a m o n g  c y c lo h e x y l  
p h o s p h o r u s  c o m p o u n d s .  1690 

G o r e ,  W . E . R e g io s p e c i f ic it y  o f  th e  1,4 
c y c lo a d d it io n  o f  2 - m e t h y l - l - p e n t e n - 3 - =  
o n e  t o  m e th y l c r o to n a t e  a n d  t o  m e th y l 
m e th a cry la te . 603

G o r e ,  W . E . M a s s  s p e c t r o m e t r ic  s tu d ie s  o f  
th e  d io x a b ic y c lo [3 .2 .L  o c ta n e s , m u lt is t r ia =  
tin , f r o n ta lin ,  a n d  b r e v ic o m in . 607 

G o r e ,  W . E . L a n t h a n id e - in d u c e d  c h e m ic a l  
sh ifts  a n d  th e  r e la tiv e  s te r e o ch e m is tr y  o f  
m u ltis tr ia t in , 2 ,4 - d im e t h y l - 5 - e t h y l - 6 ,8 -= : 
d io x a b ic y c lo [3 .2 .1 ]o c t a n e  1926 

G o r e ,  W . E . S y n th e s is  a n d  a b s o lu te  c o n f ig u =  
ra t io n  o f  m u ltis tr ia t in . 2797  

G o t t a r e l l i ,  G . A p p r o a c h  t o  th e  c o n f o r m a l  
t io n a l a n a ly s is  o f  M a n n ic h  b a ses . 2913  

G o u g o u t a s ,  J .  Z .  D ie ls -A ld e r  r e a c t io n s  
in v o lv in g  h e t e r o c y c lic  d ie n o p h ile s . S y n =  
th e s is  o f  s u b s t itu te d  h v d r o q u in a z o lin e s  
a n d  l ,3 -d ia z a s p ir o [4 .5 ]d e c a d ie n e s .  2124  

G o u ld ,  C . W . A u to x id a t io n s  o f  c y c lo h e x a n e  
a n d  its  a u t o x id a t io n  p r o d u c ts .  1 

G o v i n d a c h a r i ,  T .  R .  T h e  p o s it io n  o f  th e  
p h e n o lic  fu n c t io n  in  t il ia c o r in e  a n d  r e la t=  
e d  a lk a lo id s . 1293

G r a b e r ,  C .  W . C o m p a r is o n  o f  th e  s o l id  a n d  
s o lu t io n  c o n fo r m a t io n s  o f  m e th a p y r ilin e , 
t r ip e le n n a m in e , d ip h e n h y d r a m in e , h is ta =  
m in e , a n d  c h o lin e . T h e  in fr a r e d -x - r a y  
m e t h o d  fo r  d e te r m in a t io n  o f  s o lu t io n  
c o n fo r m a t io n s .  2 28 3

G r a b ia k ,  R .  C . S y n th e s is  o f  3 - d ia lk y la m in -  
o c y c lo p e n t a d ie n o n e s .  1887 

G r a b ia k ,  R .  C . H e te r o c y c l ic  N -o x i d e s  as 
s y n t h e t ic  in te rm e d ia te s . 4 . R e a c t io n  o f  
b e n z y n e  w ith  l ,3 ,4 - o x a d ia z in -6 - o n e
4 -  o x id e s  a n d  r e la te d  c o m p o u n d s .  2531 

G r a b ia k ,  R .  C . H e te r o c y c l ic  N -o x id e s  as
s y n th e t ic  in te rm e d ia te s . 5 . S y n th e s is  o f
5 -  a m in o p y r id a z in e  1 -o x id e s .  3 97 0  

G r a b o w s k i ,  E . J .  J .  A  sy m m e tr ic a l  d ia z a =
d itw is ta n e . 2 , 9 - D i c y a n o - 5 , l l - d i m e t h y l - =  
5 , l l - d ia z a t e t r a c y c l o [6 .2 .2 .0 2’7.04>9] d o d e ::::: 
c a n e . 3159

G r a d y ,  R .  A . C r y s ta l  a n d  m o le c u la r  s t r u c =  
tu re  o f  c e p h a lo ta x in e .  551

G r a f f i n ,  P .  O x im a t io n  o f  3 ,5 - d im e t h y l - 4 -=  
p ip e r id o n e s . C o n fig u r a t io n s  a n d  c o n fo r 
m a tio n s  o f  th e  a d d u c ts .  3637  

G r a g g ,  C . T h e  s tru c tu re  o f  th e  o -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  p r o d u c t .  4 02 6  

G r a h a m ,  P .  O rg a n o c o p p e r  in te rm e d ia te s . 
S y n th e s is  o f  2 - is o x a z o lin e  N -o x id e s  a n d  
c y c lo p r o p a n e s .  4 03 3

G r a k a u s k a s ,  V . R e a c t io n s  o f  f lu o r o d in i=  
t r o e th o x y a c e t y l  c h lo r id e  a n d  f lu o r o d in i=  
t r o e th o x y a c e t ic  a n h y d r id e  w ith  f r i e d e l - =  
c r a fts  ca ta ly s ts . 2064

G r a n d i ,  R .  C o n v e r s io n  o f  c o n ju g a te d  p - t o =  
s y lh y d r a z o n e s  t o  th e  c o r r e s p o n d in g  e t h =  
ers  b y  s o d iu m  b o r o h y d r id e ,  s o d iu m  a l=  
k o x id e ,  o r  p o ta s s iu m  c a r b o n a te  in  a lc o h o l  
s o lv e n ts . 1755

G r a n o t h ,  I .  C h e m ica l  c o n s e q u e n c e s  o f  
h y d r id e  a d d it io n  t o  a r o m a t ic  o le fin s .
3682

G r a v e l ,  P .  L .  S y n th e s is  o f  m o n o s u b s t itu te d
l ,3 ,4 - o x a d ia z o l id in e -2 ,5 -d io n e s .  3 76 3  

G r a y ,  A . P .  S y n th e s is  o f  s p e c i f ic  p o ly c h lo r i=  
n a te d  d ib e n z o fu r a n s . 2428  

G r a y ,  A . P .  S y n th e s is  o f  s p e c i f ic  p o ly c h lo r i=  
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ics  o f  a c i d -  a n d  b a s e -c a t a ly z e d  e q u i l ib r a =  
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G r e e n ,  L . R .  S tru c tu ra l  e f fe c t s  o n  ra tes
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d o n o r s . 2976
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G r e e n w a l d ,  R . B .  S y n th e s is  a n d  r e a c t io n s  
o f  p e r f lu o r o  d ia ld e h y d e s . 1470 

G r e n e t z ,  S .  C . C y c lo a d d it io n  o f  an  e n a m in e  
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G r e n e t z ,  S . C . C y c lo a d d it io n  o f  a n  e n a m in e  
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G r i e e o ,  P .  A .  O rg a n o s e le n iu m  ch e m is tr y . A  
fa c ile  o n e - s t e p  sy n th e s is  o f  a lk y l a ry l 
s e le n id e s  fr o m  a lc o h o ls . 1485 

G r i e d e r ,  A .  S p ir o v e t iv a n e s  fr o m  fu lv e n e s . 
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G r i e s b a u m ,  K . C r o s s - c y c l iz a t io n s  o f  a lk y la =  
c e ty le n e s  t o  c y c lo b u t a n e  c o m p o u n d s  v ia  
v in y l  c a t io n s  as in te rm e d ia te s . 937  

G r i f a n t i n i ,  M .  N e w  e x a m p le  o f  in t ra m o le 
cu la r  1 ,5 -h y d r o g e n  tra n s fe r  d u r in g  d ia z o =  
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e n e s . P h o to c y c lo e lim in a t io n  r e a c t io n s  o f  
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G r i f f i n ,  G . W . P h o to c h e m is t r y  o f  2 ,2 ,4 ,4 -=  
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G r i f f i n ,  G . W . P h o to is o m e r iz a t io n  o f  s e le c t =  
e d  o x ira n e s . I n te r m e d ia c y  o f  c a r b o n y l  
y l id e s . 3747

G r i f f i n ,  G . W . T h e  p h o t o c h e m is tr y  o f  
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G r i f f i n ,  G . W . P h o to g e n e r a t io n  a n d  r e a c =  
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G r im m , K . G . C a rb o n y l in s e r tio n  r e a c t io n s  
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p r o d u c t s .  3335

G r i v a s ,  J .  C .  R e a rr a n g e m e n t  o f  2 -p h e n a =  
c y l - l ,2 -b e n z i s o t h i a z o l i n - 3 - o n e  t o  2 - b e n =  
z o y l -2 H - l ,3 - b e n z o t h i a z in -4 ( 3 H ) - o n e .
1325

G r o s je a n ,  D .  B r o m in a t io n  o f  e th y le n ic  
c o m p o u n d s .  38 . I s o r e a c t iv ity  o f  t r is u b =  
s t it u t e d  g e o m e tr ic a l  iso m e rs . 3 86 9  

G r o s j e a n ,  D . B r o m in a t io n  o f  e th y le n ic  
c o m p o u n d s .  39. P r e d o m in a n c e  o f  s te r ie  
e f fe c t s  o n  th e  re a c t iv ity  o f  t e t r a s u b s t it u t =  
e d  a lk e n e s . 3872

G r o v e r ,  E . R .  A lk a n e  d ia z o ta te s . X X I .  
E th a n o ly s is  a n d  th io e th a n o ly s is  o f  o c =  
t a n e -2- d ia z o ta te .  1128  

G r u b b s ,  E . J .  T r a n sm is s io n  o f  su b s t itu e n t  
e f fe c t s  in  s p ir o [3 .4 ] o c t a n e -2 -c a r b o x y l i c  
a c id  d e r iv a t iv e s . 2387

G r u b e r ,  J .  M . L e a d  te t ra b e n z o a te  o x id a t io n  
o f  t r im e th y ls ily l  e n o l  e th e rs . 1673

G r u e n a n g e r ,  P .  S e le c t iv it y  in  c y c lo a d d i  =  
t io n s . 5. C y c lo a d d it io n s  o f  n itr i le  o x id e s  
t o  fu ra n . C o m p e t in g  m e c h a n is m s  a n d  
re g io ch e m is tr y . 3 34 9

G r u t z n e r ,  J .  B .  R a p id  h y d r io d ic  a c id  c le a v =  
a g e  o f  e th e rs  a n d  k e ta ls  in  a c e to n itr i le  
ca ta ly s is  b y  1,1-d i i o d o d im e t h y l  e th e r  
a n d  p r e p a r a t io n  o f  fo rm a te s . 367 

G s c h w e n d ,  H . W . In tr a m o le c u la r  D ie l s -=  
A ld e r  re a c t io n s . S y n th e s is  o f  3 a -p h e n y l i=  
s o in d o l in e s  as a n a lg e t ic  t e m p la te s .  104 

G s c h w e n d ,  H . W . O r t h o - l it h ia t io n .  A  
r e g io s p e c i f ic  r o u te  t o  o r t h o -s u b s t i t u t e d  
ary l k e to n e s . 3651

G s c h w e n d ,  H . W . O r th o  l it h ia t io n  o f  t h io b =  
e n za m id e s . 4 02 9

G u id a ,  W . C . T e t r a b u ty la m m o n iu m  b o r o h y =  
d r id e . B o r o h y d r id e  r e d u c t io n s  in  d ic h lo =  
ro m e th a n e . 690

G u m , W . F . R a d ic a l  a d d it io n s  o f  b r o m o d i=  
c h lo ro n it r o m e th a n e  t o  c y c lic  o le fin s .
155

G u n d e r s o n ,  K .  W . T e tr a b e n z y le th y le n e .
A n  u n u su a lly  s te r ic a lly  h in d e r e d  o le fin . 
2054

G u p t a ,  B .  D .  C a r b o n -1 3  n u c le a r  m a g n e t ic  
r e s o n a n c e  s tu d ie s  o f  b e n z o c y c lo a lk e n e s  
a n d  f lu o r o b e n z o c y c lo a lk e n e s .  751 

G u p t a ,  B .  D . T h e  e le c t r o n ic  e f fe c t  o f  s u b =  
s t itu te d  m e th y l g ro u p s . A  c a r b o n -1 3  
n u c le a r  m a g n e t ic  r e s o n a n c e  s tu d y . 1498  

G u p t a ,  C . M . C -g ly c o s y l  n u c le o s id e s . 9.
A n  a p p r o a c h  t o  th e  s y n th e s is  o f  p u r i n e - =  
re la te d  C -g ly c o s id e s .  3 00 0  

G u p t a ,  S . K .  N e w  r e a c t io n s  a n d  re a g e n ts .
5. K e ta liz a t io n  o f  l ,3 - d i h y d r o x y - 2 - p r o =  
p a n e  w ith  a lk a n o ls . F o r m a t io n  o f  a c y c l ic  
a n d  c y c lic  e th e rs  d e r iv e d  f r o m  p y r u v ic  
a ld e h y d e  (c o r r e c t io n ) .  4 05 2  

G u p t a ,  S . K . N e w  r e a c t io n s  a n d  re a g e n ts .
5. K e ta liz a t io n  o f  l ,3 - d i h y d r o x y - 2 - p r o =  
p a n o n e  w ith  a lk a n o ls . F o r m a t io n  o f  
a c y c l ic  a n d  c y c lic  e th e rs  d e r iv e d  fro m  
p y r u v ic  a ld e h y d e . 2642 

G u r r i a ,  G . M . O rg a n ic  r e a c t io n s  a t  a lu m in a  
su r fa ce s . E lim in a t io n  r e a c t io n s  e f fe c t e d  
b y  d e h y d ra te d  c h r o m a t o g r a p h ic  a lu m in a  
578

G u s t a f s s o n ,  K . P r e p a ra t io n  a n d  r e a c t io n s  
o f  2 ,6 - d i - t e r t - b u t y l - 4 - ( 9 - f l u o r e n y l i d =  
e n e ) - l ,4 -b e n z o q u in o n e .  214 

G u t ,  M . 2 0 -M e t h y lc h o le s t e r o l .  2 28 8  
G u t ,  M . (Z ) -1 7 (2 0 ) -D e h y d r o c h o le s t e r o l .  A  

n e w  s te ro l w ith  C -2 1  a n d  C - 2 2  s p a t ia lly  
f ix e d . 3 42 9

G u t ,  M . S t e r e o s p e c if ic  sy n th e s is  o f  th e  fo u r
2 0 ,2 2 -e p o x y c h o le s t e r o ls  a n d  o f  ( Z ) - 2 0 =
(2 2 ) -d e h y d r o c h o le s t e r o l .  3 71 6  

G u t h r ie ,  R .  B . R in g  c le a v a g e  r e a r r a n g e ^  
m e n ts  o f  2 -b ic y c lo [3 .2 .0 ]h e p t y l  a n d  
r e la te d  G r ig n a rd  re a g e n ts . 1191 

G u t o w s k i ,  F . D . R e a c t io n  o f  a ,o > -d i -G r ig =  
n a rd  re a g e n ts  w ith  s i lv e r (I )  sa lts  fo rm s  
c a r b o c y c lic  r in g s . 2882  

H a a k e ,  P .  A  o n e - s t e p  sy n th e s is  o f  e p o x y =  
p h o s p h o n a te s . 1165

H a b e r f i e l d ,  P .  C h lo r in a t io n  o f  a n ilin e s . 
B im o le cu la r  a c id -c a t a ly z e d  re a r r a n g e =  
m e n t  o f  N -c h lo r o a n i l in e s .  3 17 0  

H a b e r f i e l d ,  P .  A n h y d r o c h o l in e .  3 77 3  
H a b r a k e n ,  C . L . O n  th e  m e c h a n is m  o f  th e  

th e rm a l N -n i t r o p y r a z o le  re a rra n g e m e n t . 
E v id e n c e  fo r  a  [1 ,5 ] s ig m a tr o p ic  n itro  
m ig ra tio n . 1758

H a e g e le ,  K . D . M e la m p o d in in ,  l e u c a n t h i=  
n in , a n d  m e la m p o lid in , th re e  n e w  m e la m ^  
p o lid e s  fr o m  M e la m p o d iu m  (C o m p o s i=  
ta e ) . 3956

H a fe z ,  E . A .  A .  P y r im id in e  d e r iv a t iv e s  a n d  
r e la te d  c o m p o u n d s .  4 . A  r o u te  fo r  th e  
s y n th e s is  o f  p y r a z o lo  [3 ,4 -e ] -a s - t r ia z in e s ,  
p y r a z o lo  [3 ,4 - d ]  p y r im id in e s , a n d  p y r a z o =  
l o [ l ,5 - c ] - a s - t r ia z i n e s .  3781 

H a g a m a n ,  E . W . C a r b o n -1 3  n u c le a r  m a g =  
n e t ic  r e s o n a n c e  s p e c t r o s c o p y  o f  n a tu ra lly  
o c c u r r in g  s u b s ta n ce s . X X X I X .  A p r a m y =  
c in . A p p lic a t io n  o f  a m in e  p r o t o n a t io n  
p a ra m e te rs . 701

H a g a m a n ,  E . W . S tu d ie s  in  t h e  in d o le  
ser ies . V I I . C a r b o n -1 3  n u c le a r  m a g n e t ic  
r e s o n a n c e  s p e c t r o s c o p y  o f  n a tu ra lly  
o c c u r r in g  su b s ta n c e s . X L .  C a r b o n - 13 
n u c le a r  m a g n e t ic  r e s o n a n c e  a n a ly s is  o f  
v o b a s in e - l ik e  in d o le  a lk a lo id s . 1878 

H a g a m a n ,  E . W . S te r e o c h e m is tr y  a n d  
c o n fo r m a t io n  o f  b io g e n e t ic  p r e c u r s o r s  o f  
in d o le  a lk a lo id s . 2045  

H a g a m a n ,  E . W . V o a ca n g a  a lk a lo id s . 16. 
C a r b o n - 13 n u c le a r  m a g n e t ic  r e s o n a n c e  
s p e c t r o s c o p y  o f  n a tu ra lly  o c c u r r in g  s u b =  
s ta n ce s . 43. C a r b o n -1 3  n u c le a r  m a g n e t ic  
r e s o n a n c e  a n a ly s is  o f  b is - in d o l in e  a lk a =  
lo id s  o f  tw o  v o a c a n g a  sp e c ie s . 3270
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H a g a m a n ,  E . W . C a r b o n -1 3  n u c le a r  m a g =  
n e t ic  r e s o n a n c e  s p e c t r o s c o p y  o f  n a tu ra lly  
o c c u r r in g  su b s ta n ce s . 48 . D im e r ic  q u i=  
n o l in ic  M e lo d in u s  a lk a lo id s . 3 27 5  

H a h n ,  B - S .  S y n th e s is  a n d  ch a r a c te r iz a t io n  
o f  5 -h y d r o p e r o x y m e t h y lu r a c il  
(T h y « O O H ).  567

H a h n ,  R . C . E f f e c t s  o f  a  r e m o te  d o u b le  
b o n d  o r  c y c lo p r o p a n e  r in g  o n  e le c t r o p h i l=  
i c  a r o m a t ic  s u b s t itu t io n .  2006  

H a l c h a k ,  T .  I n v e s t ig a t io n s  o n  th e  p h o t o =  
c h e m ic a l  r in g  e x p a n s io n  o f  r in g  fu se d  
/3 -la c ta m s . 2 80 8

H a l l ,  J .  H . A  s im p le  m e t h o d  f o r  c o n v e r t in g  
n it r i le s  t o  a m id e s . H y d r o ly s is  w ith  p o =  
ta s s iu m  h y d r o x id e  in  t e r t - b u t y l  a lc o h o l. 
3 76 9

H a l l ,  J .  L . C a r b o n -c a r b o n  b o n d  fo rm a t io n  
v ia  o r g a n o m e ta llic  e le c t r o c h e m is tr y .  719 

H a l l ,  S .  S . A lk y la t io n -r e d u c t io n  o f  c a r b o =  
n y l  s y s te m s. V I I .  S y n th e s is  o f  a - c y c l o =  
p r o p y l  a r o m a t ic  h y d r o c a r b o n s  b y  c y c io =  
p r o p y la t io n -r e d u c t io n  o f  a r o m a t ic  a ld e h =  
y d e s  a n d  k e to n e s . P a ra m e te r s  o f  c y e lo =  
p r o p y l  a,/3, a n d  y  c a r b o n -1 3  s h ie ld in g s  
in  c y c lo p r o p y l  a r o m a t ic  h y d r o c a r b o n s .  
1494

H a l l ,  S .  S . A lk y la t io n -r e d u c t io n  o f  c a r b o =  
n y l  s y s te m s . V III . S y n th e s is  o f  £ ,7- u n =  
s a tu r a te d  a r o m a t ic  h y d r o c a r b o n s  b y  
ta n d e m  p h e n y la t io n - r e d u c t io n  o f  a , /? -u n =  
s a tu r a te d  a ld e h y d e s  a n d  k e to n e s . P r o =  
d u c t  p r e d ic t io n  a n d  s y n t h e t ic  u t i lity .
3 46 5

H a l l ,  T .  C . O x id a t io n  o f  p r im a r y  a m in e s  
a n d  in d o l in e  w ith  p a l la d iu m  d ic h lo r id e  
a n d  g o ld  tr ic h lo r id e .  2 74 2  

H a l t i w a n g e r ,  R . C . B r id g e d  p o ly c y c l i c  
c o m p o u n d s .  L X X X I I I .  S te r ic  a n d  b r o =  
m in e  s u b s t itu e n t  a c c e le r a t io n  in  b r o m i=  
n a t io n  r e a c t io n s . 1919 

H a m i l t o n ,  W . C . P h e n y lc in n a m a lo n e s .  3. 
B a s ic  h y d r o ly s is  o f  p h e n y lc in n a m a lo n e .  
3 6 2 2

H a m p t o n ,  K . G . C u p r o u s  c h lo r id e  ca ta ly z e d  
a lk y la t io n s  o f  d  d ik e t o n e s  w ith  m e th y le n e  
h a lid e s . 2 7 7 2

H a n ,  R - J .  L . ( E ) -  a n d  ( Z ) - 4 - M e t h y l - 5 - =  
[ 5 - ( 2 ,6 ,6 - t r i m e t h y l c y c l o h e x e n - l - y l ) - o - =  
m e t h y l -2 - t r a n s ,  4 - t r a n s -p e n t a d ie n y l id =  
e n e ] -2 (5 H ) - fu r a n o n e .  S y n th e s is  a n d  
s p e c tr a l  p r o p e r t ie s . 4 1 0 8  

H a n a c k ,  M .  O n  a t t e m p t s  a t  s o lv o ly t ic  
g e n e r a t io n  o f  a ry l c a t io n s .  4 09 9  

H a n c o c k ,  W . S .  U se  o f  s u b s t itu te d  b e n z y l  
e s te rs  a s  c a r b o x y l -p r o t e c t in g  g r o u p s  in 
s o l id -p h a s e  p e p t id e  s y n th e s is . 2579  

H a n d ,  E . S .  I m id a z o [ l ,2 -a ]p y r id in e s  -  
n o v e l  s u b s t itu t io n  r e a c t io n s . 3 5 4 9  

H a n s c h ,  C . S t r u c t u r e -a c t iv i t y  r e la t io n s  in 
p a p a in - l ig a n d  in te ra c t io n s . 1240  

H a n s c h ,  C .  Q u a n t ita t iv e  s t r u c tu r e -a c t iv it y  
r e la t io n s  o f  D -  a n d  L - N - a c y l - a - a m i =  
n o a m id e  lig a n d s  b in d in g  t o  c h y m o t r y p =  
s in . O n  th e  p r o b le m  o f  c o m b in e d  t r e a t s  
m e n t  o f  s t e r e o is o m e r s . 2 2 6 9  

H a n s e n ,  D . W . J r .  A n  e x a m p le  o f  th e  
a m in e  c a ta ly z e d  r e t r o -a ld o l  r e a c t io n . 
D e h y d r a t io n  a n d  c le a v a g e  o f  l - ( 3 - c h l o r o =  
p h e n y l)-1 - m e t h y  l - 2- p h e n y l -2- ( 2- p y r i= : 
d in e )  e th a n o l. A  ca se  o f  k in e t ic  an d  
th e r m o d y n a m ic  c o m p e t it io n .  3 5 5 6  

H a n s e n ,  J .  F .  P r e p a ra t io n  a n d  o x id a t io n  
o f  1-h y d r o x y p y r a z o le s  a n d  l - h y d r o x y p y =  
ra z o le  2 - o x id e s .  2871  

H a n s e n ,  J .  F . P r e p a ra t io n  a n d  a lk y la t io n  
o f  a  n e w  c h ira l o x a z o l in e  f r o m  L -s e r in e . 
3 21 9

H a n s e n ,  J . F .  P r e p a ra t io n  a n d  G r ig n a rd  
r e a c t io n s  o f  2 - b e n z o y l -4 ,4 - d i m e t h y l~ 2 - =  
o x a z o lin e .  3 63 5

H a n s o n ,  G . C o n v e n ie n t  s y n th e s is  o f  a  h y =  
d r in d a n  p r e c u r s o r  t o  s tr ig o l. 563  

H a n s o n ,  G . T h e  h e l iu m (H e  1) p h o t o e le c t r o n  
s p e c tr a  o f  N -m e t h y l is o in d o le  a n d  N - m e =  
th y l in d o le .  3 53 7

H a r d in g ,  D .  R . K . U se  o f  s u b s t itu te d  b e n =  
z y l e s te rs  as c a r b o x y l -p r o t e c t in g  g ro u p s  
in s o l id -p h a s e  p e p t id e  sy n th e s is . 2 5 7 9  

H a r d t m a n n ,  G . E . C h e m is tr y  o f  2 H - 3 , l - =  
b e n z o x a z i n e - 2 ,4 - ( l H ) - d io n e  ( is a to ic  
a n h y d r id e ) .  2 . R e a c t io n s  w ith  t h io p s e u =  
d o u r e a s  a n d  c a r b a n io n s . 8 2 5  

H a r k e n ,  R .  D . In te r co n v e r s io n s  in  th e  
p lu v i in e - ly c o r e n in e  se r ie s . 2 4 5 0  

H a r p p ,  D . N . O rg a n ic  s u lfu r  c h e m is try .
20 . R e a c t io n  o f  a m in e s  w ith  t h io p h t h a l i^  
m id e s . A n o m a lo u s  fo r m a t io n  o f  a  t h io o x =  
a m id e . 2 49 8

H a r p p ,  D . N . O rg a n ic  s u lfu r  ch e m is tr y .
P a r t  X X I I .  T h e  r e a c t io n  o f  s u lfin a te  
e s te rs  w ith  G r ig n a rd  a n d  o r g a n o c o p p e r  
lith iu m  re a g e n ts . A  u se fu l  r o u te  t o  ch ira l 
s u l fo x id e s .  3987

H a r r i n g t o n ,  G . W . T h e  u n u su a lly  m ild  
a n d  fa c i le  b a s ic  h y d r o ly s is  o f  N -n i t r o s o - =  
2 - (m e t h y la m in o )a c e t o n it r i le .  3 75 2  

H a r r i s ,  L . E . S o d iu m -e t h y le n e d ia m in e  
r e d u c t iv e  d im e r iz a t io n  o f  n a p h th a le n e  t o
5 ,6 ,7 ,1 2 ,1 3 ,1 4 -h e x a h y d r o -5 ,1 3 :6 ,1 2 ^ d i=  
m e t h a n o d ib e n z o [a ,f ] c y c lo d e c e n e .  2 9 1 0  

H a r r i s ,  T .  D . F o r m a t io n  o f  th io a c e ta ls  
fr o m  s u l fo x id e s  u n d e r  P u m m e r e r -t y p e  
c o n d it io n s .  2 77 0

H a r r u f f ,  R .  C . P o ly p h e n o li c  a c id s  o f  L i=  
th o s p e r m u m  ru d e ra le . I I .  C a r b o n -1 3  
n u c le a r  m a g n e t ic  r e s o n a n c e  o f  l i t h o s =  
p e r m ic  a n d  r o s m a r in ic  a c id s . 449  

H a r t ,  C .  K .  R in g  C  c o n fo r m a t io n  o f  6 /3 -n a l=  
tr e x o l  a n d  6a -n a l t r e x o l .  E v id e n ce  fr o m  
p r o t o n  a n d  c a r b o n -1 3  n u c le a r  m a g n e t ic  
r e s o n a n ce . 3 44 5

H a r t ,  H . O n  th e  p h o t o c h e m is tr y  o f  h e x £ m e =  
t h y l -2 ,4 - c y c lo h e x a d ie n o n e  4 ,5 -E p o x id e  
a n d  o n  s u b s e q u e n t  re a rra n g e m e n ts  o f  its  
p h o t o is o m e r ,  e n d o - 5 - a c e t y l - l ,3 ,3 ,4 ,5 - =  
p e n t a m e t h y lb ic y c lo [2.1.0] p e n t a n -2- o n e .  
3 37 7

H a r t k e ,  C . A .  R e a c t io n s  o f  l - c a r b o e t h o x y t =  
e tr a h y d r o c a r b a z o le  c h lo ro in d o le n in e .
102

H a r t m a n n ,  W . P h o to c h e m ic a l  a c le a v a g e  
o f  k e to n e s  in  s o lu t io n . V I I I . P h o t o =  
c h e m ic a l  r e a c t iv ity  o f  s o m e  b r id g e h e a d  
p h e n y l k e to n e s . 1907

H a r t m a n n ,  W . P h o to c h e m ic a l  r e a c t iv ity  o f  
s o m e  b r id g e h e a d  p h e n y l k e to n e s  ( c o r r e c t  
t io n ) .  4 0 5 2

H a r v e y ,  J .  A .  S y n th e s is , e le c t r o n ic  sp e c tra , 
a n d  th e rm a l b e h a v io r  o f  b is (h e p t a p h e n y l=  
c y c lo h e p t a t r ie n e s ) .  3 37 4  

H a r v e y ,  R . G . M e t a l-a m m o n ia  re d u c t io n .
15. R e g io s e le c t iv it y  o f  r e d u c t io n  a n d  
r e d u c t iv e  m e th y la t io n  in  t h e  flu o re n e  
se r ie s . 2 70 6

H a r v e y ,  R .  G . S t e r e o c h e m is t r y  o f  l , 3 - c y c l o =  
h e x a d ie n e s . C o n fo r m a t io n a l  p r e fe re n ce s  
in  9 -s u b s t it u t e d  9 ,1 0 - d ih y d ro p h e n a n t .h r~  
e n e s . 3 72 2

H a s h e m , M . M . A  c o n v e n ie n t  s y n th e s is  o f
1 ,2 -n a p h t h a l ic  a n h y d r id e . 3 92 5  

H a s h t r o u d i ,  H . B a s e -c a t a ly z e d  h y d ra t io n  
o f  a ,/3 -u n s a tu ra te d  k e to n e s . 3 29 9  

H a s k e l l ,  B .  E . N e w  sy n th e s is  o f  i z -^ -a m i0 
n o -3 -o x a ly la m in o p r o p io n ic  a c id , th e  
L a th y ru s  sa t iv u s  n e u r o to x in .  159 

H a s la n g e r ,  M .  S o lv o ly s is  o f  b e n z o b ic y c I o =
[3 .2 .1 ]o c te n y lm e th y l  to sy la te s . 1807 

H a s s n e r ,  A .  C y c lo a d d it io n s .  X X I .  N u c le o =  
p h i l ic  a n d  1,3  a d d it io n s  t o  t r ia z o lin e =  
d io n e s . 2102

H a s s n e r ,  A . S t e r e o c h e m is tr y . L X I X .  R in g  
o p e n in g  o f  a z ir id in e  p h o s p h o n a te s . C o r =  
r e la tio n  o f  s tru c tu re , n u c le a r  m a g n e t ic  
r e s o n a n c e  sp e c tr a , a n d  re a c t iv ity . 2 2 rr3 

H a t a n a k a ,  Y .  P h o to in d u c e d  r e a c t io n s .
X X I V .  P h o to c h e m is t r y  o f  th e  im id e  
sy s te m . I . S y n th e t ic  p h o t o c h e m is tr y  
w ith  th e  im id e  s y s te m . N o rr is h  t y p e  II 
c y c l iz a t io n  o f  a l ie y c lic  im id e s . 4 0 0  

H a u s e r ,  A .  S p ir o v e t iv a n e s  fr o m  fu lv e n e s . 
3 20 8

H a u s k e ,  J .  R .  C o n fo r m a t io n a l  c o n t r o l  b y  
c a r b in y l  h y d r o g e n s . Im p lic a t io n s  a n d  
a p p lic a t io n s . 801

H a v e a u x ,  B . C y c lo b u t a n o n e s  fr o m  c y c lo ^  
p r o p a n o n e  p re cu rs o rs . A d d it io n  o f  n i^  
t r o a lk a n e s  t o  c y c io p r o p a n o n e  a m in a ls .
153

H a v e l ,  J .  J .  A t o m ic  o x y g e n . V . R e a c t io n s  
o f  e n o l  e th e r s  w ith  o x y g e n  (3P )  a to m s .
513

H a v e l ,  J . J .  C a rb e n e  m u lt ip l ic i t y  in  d e c o m =  
p o s it io n s  o f  2- m e t h y l -2- p h e n y l d i a z o p r o -  
p a n e . 1464

H a v i n g a ,  E . l -H e t e r a -4 - c y c l o h e x a n o n e  
s y s te m . P r o t o n  a n d  c a r b o n -1 3  m a g n e t ic  
r e s o n a n c e , t r a n sa n n u la r  e f fe c t s ,  a n d  
c o n fo r m a t io n a l  an a ly s is . 4 5 5  

H a w e s ,  D . H . S te r ic  e f fe c t s  in  th e  b a s e - c a =  
ta ly z e d  h y d r o ly s is  o f  p - n i t r o p h e n y l  e s °  
te rs . R e la t iv e  b e h a v io r  o f  b r id g e d  a n d  
n o n b r id g e d  t r ia lk y l a ce ta te s . 3 20 5  

H a w k s ,  G . H . 2 ,2 -B is ( t r i f lu o r o m e t h y l ) - l ,= : 
2 -d ih y d r o p y r im id in iu m  sa lts . 2 78 3  

H a y ,  A . S . R e a c t io n  o f  su lfu r  w ith  2 , 6 - 0 =  
s u b s t itu te d  p h e n o ls . 1710  

H a y ,  J .  V .  C h e m is tr y  o f  l ith io t r ip h e n y lp h o =  
s p h in e a c e ty lm e th y le n e .  509  

H a y d a y ,  K . A n  a n o m e r ic  e f fe c t  in  p h o t o =  
c h e m ic a l  h y d r o g e n  a b s tr a c t io n  r e a c t io n s  
o f  te t ra h y d r o p y r a n y l  e th e rs . 2222 

H a y n e s ,  H . R . T u m o r  in h ib ito r s . 117 .
T h e  is o la t io n  a n d  s tr u c tu ra l  e lu c id a t io n  
o f  n e w  p o t e n t  a n t ile u k e m ic  d i t e r p e n c id  
e s te rs  f r o m  G n id ia  sp e c ie s . 3850  

H a y n e s ,  O . R . C y c l iz a t io n  o f  u n sa tu ra te d  
h y d r o x y la m in e  d e r iv a t iv e s . 8 5 5

H a y o n ,  E . O n e -e le c t r o n  r e d o x  r e a c t io n s  o f  
w a t e r -s o lu b le  v ita m in s . II. P te r in  a n d  
fo l i c  a c id . 1607

H a y o n ,  E . E le c t r o n  a d d u c ts  o f  a c r y l ic  a c id  
a n d  h o m o lo g s .  S p e c tr a , k in e t ic s , a n d  
p r o t o n a t io n  re a c t io n s . A  p u ls e -r a d io ly t ic  
s tu d y . 2 32 0

H a y s e ,  D . C . I o n ic  a d d it io n  o f  c h lo r in e  t o  
c o n ju g a te d  d ie n e s . 334  

H e a ly ,  E . M .  R e a c t io n  o f  s u b s t itu te d  M a la =  
c h ite  G re e n  c a t io n s  w ith  c y a n id e  io n .
221

H e a r n ,  M .  J .  C y c lo b u t a n o n e s  f r o m  c y c lo =  
p r o p a n o n e  p r e c u r s o r s . A d d it io n  o f  n i=  
tr o a lk a n e s  t o  c y c io p r o p a n o n e  a m in a ls .
153

H e a r n ,  R .  A .  A c id - c a t a ly z e d  c y c liz a t io n  
r e a c t io n s . X I I .  R e a rr a n g e m e n t  o f  N - =  
a cy la z ir id in e s  in  s t r o n g  a c id  m e d ia .
1895

H e a s le y ,  G . E . C h lo r in a t io n s  o f  o le f in s  a n d  
d ie n e s  w ith  a n t im o n y  p e n ta c h lo r id e .
3 99 7

H e a s le y ,  G . E . I o n ic  a d d it io n  o f  c h lo r in e  t o  
c o n ju g a te d  d ie n e s . 334  

H e a s le y ,  G . E . I o n ic  a n d  ra d ic a l  a d d it io n  
o f  m e th y l h y p o c h lo r ite  t o  d ie n e s . 644  

H e a s le y ,  G . E . B r o m in a t io n  o f  n it ro a lk a n e s  
w ith  a lk y l h y p o b r o m it e s .  1285 

H e a s le y ,  G . E . C h lo r in a t io n  o f  c y c lo p e n t a =  
d ie n e  a n d  1 ,3 - c y c lo h e x a d ie n e  w ith  i o d o =  
b e n z e n e  d ic h lo r id e  a n d  tr ic h lo r a m in e .
1287

H e a s le y ,  V .  L . I o n ic  a d d it io n  o f  c h lo r in e  t o  
c o n ju g a te d  d ie n e s . 334  

H e a s le y ,  V .  L . I o n ic  a n d  r a d ic a l  a d d it io n  
o f  m e th y l h y p o c h lo r ite  t o  d ie n e s . 6 4 4  

H e a s le y ,  V .  L . B r o m in a t io n  o f  n it ro a lk a n e s  
w ith  a lk y l h y p o b r o m it e s .  1285  

H e a s le y ,  V .  L . C h lo r in a t io n  o f  c y c lo p e n t a =  
d ie n e  a n d  1 ,3 - c y c lo h e x a d ie n e  w ith  i o d o =  
b e n z e n e  d ic h lo r id e  a n d  tr ic h lo r a m in e .
1287

H e a s le y ,  V . L . C h lo r in a t io n s  o f  o le f in s  a n d  
d ie n e s  w ith  a n t im o n y  p e n ta c h lo r id e .
3997

H e a t h c o c k ,  C . H . P r e p a ra t io n  a n d  r e a c =  
t io n s  o f  0- c h lo r o - a ,d -u n s a t u r a t e d  k e =  
to n e s . 6 3 6

H e a t h c o c k ,  C . H . S y n th e s is  o f  a  c y t o t o x ic  
v e r n o le p in  p r o t o t y p e .  O z o n iz a t io n  o f  
s ily lo x y a lk e n e s . 1396 

H e a t h c o c k ,  C . H . P e n ta c y c l i c  t r ite r p e n e  
sy n th e s is . 5 . S y n th e s is  o f  o p t i c a lly  p u re  
r in g  A B  p re cu rs o rs . 2 66 3  

H e a t h c o c k ,  C . H . P e n ta c y c l i c  t r ite r p e n e  
sy n th e s is . 6. S y n th e s is  o f  a  b ic y c l i c  
in te rm e d ia te  c o r r e s p o n d in g  t o  r in g s  D  
a n d  E  o f  /3 -a m y r in . 2 67 0  

H e a t h c o c k ,  C . H . S y n th e s is  o f  s e s q u it e r p =  
e n e  a n t itu m o r  la c to n e s . 6. c i s -8a - V i n y =  
l o c t a h y d r o -3 H - 2 - b e n z o p y r a n - 3 ,7 -d io n e ,  a 
p r e c u r s o r  t o  v e r n o le p in .  3 14 4  

H e c h t ,  S . M . C h e m ic a l  t r a n s fo rm a t io n s  o f
7 ,9 -d is u b s t it u t e d  p u r in e s  a n d  r e la te d  
h e te r o c y c le s .  S e le c t iv e  r e d u c t io n  o f  
im in e s  a n d  im m o n iu m  sa lts . 2 30 3  

H e c k ,  R . F .  P a lla d iu m -c a t a ly z e d  a ry la t io n  
o f  a l ly lic  a lc o h o ls  w ith  a ry l h a lid e s . 265  

H e c k ,  R .  F .  M o n o t e r p e n e  sy n th e s e s  v ia  a 
p a lla d iu m  c a t a ly z e d  is o p r e n e  d im e r iz a0 
t io n .  3 4 5 5

H e c k e n d o r f ,  A .  H . A  b io m im e t ic  s y n th e s is  
o f  th e  c a m p t o t h e c in e  c h r o m o p h o r e .
3493

H e c k e n d o r f ,  A .  H . S te r e o c h e m is tr y  a n d  
c o n fo r m a t io n  o f  b io g e n e t ic  p r e c u r s o r s  o f  
in d o le  a lk a lo id s . 2045  

H e g a r t y ,  B . F . M e r c u r a t io n  o f  n a p h t h a l=  
e n e -s a l ie n t  fe a tu re s . 2 24 7  

H e id e l b e r g e r ,  C .  A n  u n u su a l a re n e  o x id e  
re a c t io n . S o lv e n t  c a p tu r e  d u r in g  a c i d - c a =  
t a ly z e d  s o lv o ly s is  o f  7 ,1 2 -d im e t h y lb e n z =  
[a ]a n th r a c e n e  5 ,6 - o x id e .  3 48 7  

H e in d e l ,  N . D . S y n th e s is  o f  3 ,4 - d ih v d r o -  
a n d  1, 4 - d i h y d r o - 5 H - l  ,3 ,4 -b e n z o t r ia z e =  
p in - 5 -o n e s .  2 73 6

H e in d e l ,  N . D . T h ia n a p h t h e n - 2 - o n e  c h e m =  
is try . 2 . T h e  b e n z y l id e n e  t h io la c t o n e  
re a rra n g e m e n t : sy n th e s is  o f  2- a r v lt h ia =  
n a p h t h e n e -3 -c a r b o x y l i c  a c id s  a n d  e s te rs  

3743
H e in e ,  H . G . P h o to c h e m ic a l  a c le a v a g e  o f  

k e to n e s  in  s o lu t io n . V I I I .  P h o t o c h e m i=  
ca l r e a c t iv ity  o f  s o m e  b r id g e h e a d  p h e n y l 
k e to n e s . 1907

H e in e ,  H . G . P h o to c h e m ic a l  r e a c t iv it y  o f  
s o m e  b r id g e h e a d  p h e n y l  k e to n e s  ( c o r r e c t  
t io n ) .  4 05 2

H e in e ,  H . W . D ia z ir id in e s . 5 . R e a c t io n  o f  
s o m e  1- a r o y l -  a n d  1,2- d ia c y ld ia z ir id in e s  
3229

H e in t z e l m a n ,  R . W . S u lfo x im in e s .  2.
N e w  m e t h o d  fo r  th e  p r e p a r a t io n  o f  N - =  
a r y ls u lfo x im in e s . 2 20 7
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H e l l i w e l l ,  S .  K in e t ic s  o f  t h e  o x id a t io n  o f  
s o m e  u n s a tu r a te d  c o m p o u n d s  b y  s o d iu m  
p e r r u th e n a te . 3 64 4

H e l l i w e l l ,  S .  K in e t ic s  o f  t h e  o x id a t io n  o f  
s o m e  u n s a tu r a te d  c o m p o u n d s  b y  s o d iu m  
r u th e n a te . 3 64 6

H e lm i c k ,  L . S .  C o v a le n t  a m in a t io n . S u b °  
s t it u e n t  e f fe c t s  o n  t h e  s ite  o f  a d d it io n  o f  
a m m o n ia  t o  q u a te r n iz e d  p y r id in e s  a n d  
p y ra z in e s . 1303

H e l m i c k ,  L .  S .  C o m p e t it iv e  a d d it io n  o f  
c a r b o n , su lfu r  a n d  n it ro g e n  n u c le o p h ile s  
t o  q u a te r n iz e d  h e te r o a r o m a t ic  c o rn 0  
p o u n d s  in  l iq u id  a m m o n ia . 1308 

H e n d r y ,  D . G . A u to x id a t io n s  o f  c y e l o h e x °  
a n e  a n d  its  a u t o x id a t io n  p r o d u c ts .  1 

H e n d r y ,  D . G . R e a c t io n s  o f  h y d r o p e r o x y  
r a d ica ls . C o m p a r is o n  o f  r e a c t iv ity  w ith  
o r g a n ic  p e r o x y  r a d ica ls . 3179  

H e n n i o n ,  G . F . R e a c t io n  o f  p r o p a r g y l  h a l °  
id e s  w ith  G r ig n a r d  re a g e n ts . Ir o n  t r i °  
c h lo r id e  ca ta ly s is  in a lle n e  fo rm a t io n .
3 4 9 6

H e n r i c h s ,  P .  M . P r o t o n  a n d  c a r b o n -1 3  
n u c le a r  m a g n e t ic  r e s o n a n c e  s p e c tr a  o f  
e q u i l ib r a t in g  o r g a n ic  c a t io n s . E v id e n c e  
f o r  a  s i x -m e m b e r e d - r in g  h a lo n iu m  io n  
in  e q u il ib r iu m  w ith  a  t e r t ia r y  c a r b o n iu m  
io n . 362

H e n r y ,  D . W . D a u n o m y c in o n e  a n a lo g u e s  
v ia  t h e  D ie ls -A ld e r  r e a c t io n . S y n th e s is  
a n d  c h e m is tr y  o f  s o m e  6 , l l - d i h y d r o x y - °  
5 ,1 2 -n a p h t h a c e n e d io n e s .  2 29 6  

H e r e m a n s ,  J .  F . S y n th e s is  o f  N - c h l o r o a c e °  
t y l  d e r iv a t iv e s  o f  a m in o  a c id s  a n d  th e ir  
u se  f o r  t h e  c o n ju g a t io n  o f  p o ly p e p t id e s  
t o  t h io l - c a r r y in g  c o m p o u n d s .  1340  

H e r m a n ,  J . J . C a ta ly t ic  r in g  o p e n in g  o f  
s u b s t itu te d  2 -o x e t a n o n e s .  2527  

H e r n a n d e z ,  O . S y n th e s is  a n d  sp e c tr a l
p r o p e r t ie s  o f  t h e  is o m e r ic  h y d r o x y b e n z o 0  
[a ] p y r e n e s . 9 7 7

H e r n a n d e z ,  O . S te r e o s e le c t iv e  s y n th e s is  o f  
c i s -  a n d  t r a n s -2 -s u b s t i t u t e d  1 ,3 -d it h ia n e
1 -  o x id e s .  3 97 5

H e r n a n d e z ,  O . T h e  s te r e o s e le c t iv ity  o f  
r e a c t io n s  o f  e le c t r o p h i l ic  s p e c ie s  w ith
2 — l it h io — 1 ,3 -d it h ia n e  1 -o x id e .  3 97 9  

H e r r i n g ,  J . W .  P h o t o o x id a t io n  o f  b e n z o °
p h e n o n e  o x im e  a n d  d e r iv a t iv e s . 1476 

H e r s c h e i d ,  J .  D .  M . A p p r o a c h e s  t o  a n a lo g s  
o f  d e h y d r o g lio t o x in .  6. A n  e f f i c ie n t  
s y n th e s is  o f  a  g l io t o x in  a n a lo g  w ith  a n ti—  
r e v e rse  tra n s cr ip ta s e  a c t iv ity . 3 43 3  

H e r s c o v i c i ,  J .  S tu d ie s  o n  t h e  s o d iu m  b o 13 
r o h y d r id e  r e d u c t io n  o f  u n s a tu r a te d  k e to  
n u c le o s id e s .  N o v e l  r o u te  t o  d e o x y  n u °  
c le o s id e s .  3827

H e r t l e r ,  W . R . C h a r g e -t r a n s fe r  p o ly m e r s  
c o n t a in in g  7 ,7 ,8 ,8 - t e t r a c y a n o q u in o d i  °  
m e th a n  a n d  te t ra th ia fu lv a le n e . 1412 

H e r t z l e r ,  D . V .  S o d iu m -e t h y le n e d ia m in e  
r e d u c t iv e  d im e r iz a t io n  o f  n a p h th a le n e  t o
5 ,6 ,7 ,1 2 ,1 3 ,1 4 -h e x a h y d r o -5 ,1 3 :6 ,1 2 -d i °  
m e t h a n o d ib e n z o [a ,f ] c y c lo d e c e n e .  2 91 0  

H e r w e h ,  J .  E . O x id a t iv e  a d d it io n  o f  s o d iu m  
a n d  z in c  a re n e s u lf in a te s  t o  d e r iv a t iv e s  o f  
d ia z e n e d ic a r b o x y l ic  a c id . 116 

H e r z ,  M . L . R e a c t io n  o f  s u b s t itu te d  M a la 0  
c h ite  G re e n  c a t io n s  w ith  c y a n id e  ion .
221

H e r z ,  W . S e s q u ite r p e n e  la c to n e s  o f  E u p a t o °  
r iu m  h y s s o p ifo liu m . G e rm a c r a n o lid e  
w ith  a n  u n u su a l l ip id  e s te r  s id e  ch a in .
1015

H e r z ,  W . N e w  h y d r o x y la t e d  e n t -k a u r a n o ic  
a c id s  fr o m  E u p a t o r iu m  a lb u m . 1021 

H e r z ,  W . C o n s t itu e n ts  o f  L ia tr is  s p e c ie s .
X I .  P y e n o lid e ,  a  s e c o -g e r m a c r a d ie n o l id e  
fr o m  L ia tr is  p y c n o s t a c h y a , a n d  o th e r  
a n t it u m o r  c o n s t itu e n ts  o f  L ia tr is  s p e c ie s . 
1248

H e s s ,  B . A .  J r .  S ta b i l iz a t io n  o f  s u b s t itu te d  
c y c lo b u t a d ie n e s .  3 0 5 8  

H e s s ,  R .  E . M u lt ip le  r e g re ss io n  a n a ly s is  o f  
c a r b o n - 13  c h e m ic a l  s h i ft s  a n d  c a r b o n - 13 
p r o t o n  c o u p l in g  c o n s ta n ts  in  o r t h o - s u b 0  
s t itu te d  a r o m a t ic s . 1511 

H e s s l e r ,  E .  J .  A n  e f f i c ie n t  s y n th e s is  o f  
l - /3 -D -a r a b in o fu r a n o s y lc y to s in e .  1828 

H ig a ,  T .  O x id a t io n s  b y  t h ie n y l c h lo r id e . 8 . A  
c o n v e n ie n t  sy n th e s is  o f  b e n z o [ b ] t h io p h °  
e n e s  fr o m  c a r b o x y l ic  a c id s  a n d  k e to n e s . 
3 3 9 9

H i g a s h im u r a ,  T .  S tu d ie s  o n  c y c l i c  p e p °  
t id e s . 5 . C o n fo r m a t io n  a n d  in te ra c t io n  
w ith  s m a ll m o le c u le s  o f  c y c l i c  h e x a p e p 0  
t id e s  c o n t a in in g  g lu ta m ic  a c id  o r  a s p a r t ic  
a c id  re s id u e . 2 58 4

H ig h e t ,  R .  J .  C h a r a c te r iz a t io n  o f  s p i r o - b i s °  
la c to n ic  p h e n o l i c  m e ta b o l ite s  o f  p r o t e a °  
c e a e  b y  c a r b o n -1 3  n u c le a r  m a g n e t ic  
r e s o n a n c e . 3 86 0

H ig h e t ,  R .  J .  P o t a m o g e t o n in ,  a  n ew  f u r a °  
n o id  d ite rp e n e . S tr u c tu r a l  a s s ig n m e n t

b y  c a r b o n - 13  a n d  p r o t o n  m a g n e t ic  r e s o °  
n a n ce . 593

H i l l ,  E . A .  R in g  c le a v a g e  re a rra n g e m e n ts  
o f  2 -b ic y c lo [3 .2 .0 ]h e p t y l  a n d  re la te d  
G r ig n a r d  re a g e n ts . 1191 

H i l l ,  R .  K . A s y m m e tr ic  in d u c t io n  in  th e  
p y r o ly s is  o f  /3 -h y d r o x y o le f in s .  2485  

H i l l m a n ,  M .  J .  In tr a m o le c u la r  D ie ls -A ld e r  
r e a c t io n s . S y n th e s is  o f  3 a - p h e n y l i s o in °  
d o lin e s  as a n a lg e t ic  t e m p la te s . 104 

H in e ,  J .  I s o b u ty r a ld é h y d e . T h e  k in e t ic s  o f  
a c i d -  a n d  b a s e -c a t a ly z e d  e q u il ib r a t io n s  
in  w a te r  (c o r r e c t io n ) .  4051 

H in e ,  J .  K in e t ic s  o f  th e  h y d r o ly s is  o f  f l u o °  
r o m e th y l m e th y l e th e r  in  n e u tra l t o  
a lk a lin e  s o lu t io n . 1976 

H in e ,  J .  S tr u c tu r a l  e f fe c t s  o n  ra te s  a n d  
e q u il ib r iu m s . X X .  R a te s  a n d  e q u i l ib r ia  
urns in  h y d r a t io n  a n d  b is u lfa te  a d d it io n  
b y  1 ,3 -d im e t h o x y a c e t o n e .  3 34 3  

H in e s ,  J .  W . J r .  F o r m a t io n  o f  s ty r y lg ly c in e  
a n d  d e r iv a t iv e s  f r o m  c y c lo p r o p y lo g s  o f  
p h e n y la la n in e  a n d  d ih y d r o x y p h e n y la la 0  
n in e . A u th e n t ic  s ty r y lg ly c in e . 1466  

H in o ,  H . E le c t r o ly t ic  d e c a r b o x y la t io n  r e a e °  
t io n . III. A n o d ic  a c é t o x y la t io n  o f  t r i c y °  
c lo [4 .4 .0 .0 .1’5]d e c a n - 4 -o n e s .  166 

H ir a n o ,  S .  R e s o lu t io n s  o f  a n o m e r ic  e th y l 
2 - a m in o -2 -d e o x y -D -g lu c o p y r a n o s id e  b y  
c a t io n -e x c h a n g e  c h r o m a to g r a p h y , a n d  
its  N -a c y la t io n  w ith  c a r b o x y l ic  a n h y °  
d r id e s . 4 03 8

H ir o a k i ,  O . S y n th e s is  o f  a d a m a n ta n e  d e r i °  
v a t iv e s . X X X I I .  T h e  B e c k m a n n  re a r0  
r a n g e m e n t  a n d  fra g m e n ta t io n  a p t itu d e  
o f  n o r a d a m a n t a n -2 -o n e  o x im e . 1803 

H i r s c h ,  J . A .  l -H e t e r a -4 -e y c l o h e x a n o n e  
sy s te m . P r o t o n  a n d  c a r b o n -1 3  m a g n e t ic  
r e s o n a n c e , t ra n sa n n u la r  e f fe c t s ,  a n d  
c o n fo r m a t io n a l  a n a ly s is . 4 5 5  

H o ,  C - Y .  S y n th e s is  o f  h a lo g e n  s u b s t itu te d  
b i c y c lo [2 .1 .1 ]h e x a n -2 -o n e s .  1416  

H o , C - Y .  C h e m ic a l  t r a n s fo rm a t io n s  o f  
s u b s t itu te d  b i c y c lo [2 .1 .1 ] h e x a n -2 -o n e s .  
R in g  c o n t r a c t io n  s tu d ie s  a n d  sy n th e s is  
o f  t r ic y c lo [2 .2 .0 .0 2’6] h e x a n -3 -o n e .  1421 

H o , T - L .  R e g io s p e c i f ic  B a e y e r -V il l ig e r  
o x id a t io n  o f  p o ly c y c l i c  k e to n e s  w ith  
c e r ic  io n . 953

H o c k s ,  L . M e ta th e s is  ca ta ly s ts . V . C o m 
p e t it iv e  c h a r a c te r  o f  m e ta th e s is  an d  
a lk y la t io n  r e a c t io n s  c a ta ly z e d  b y  tu n g s te n  
h e x a c h lo r id e -e t h y la lu m in u m  d ic h lo r id e . 
1631

H o lb e r t ,  G . W . D ie ls -A ld e r  r e a c t io n s  o f  
t r a n s ,t r a n s - l ,4  d ia c e t o x y b u t a d ie n e .  O b °  
s e r v a t io n s  c o n c e r n in g  s o m e  l ite ra tu re  
re p o r ts . 1655

H o l c o m b ,  W . D . F e r r o c e n e -1 ,l 'd is u l f o n y l  
a z id e  a n d  2 ,4 ,6 -t r im e th y lp y r id in iu m  
fe r r o c e n e s u l fo n y l  y l id e . S y n th e s is  a n d  
d e c o m p o s it io n .  491

H o ld e r ,  G . M . S y n th e s is  a n d  s p e c tr a l  p r o °  
p e r t ie s  o f  th e  is o m e r ic  h y d r o x y b e n z o [a ]  °  
p y re n e s . 977

H o ld e r ,  R .  W . P r e p a ra t io n  o f  v in y lk e te n e  
b y  1 ,4 -e l im in a t io n . C y c lo a d d it io n  a n d  
is o m e r iz a t io n  t o  fo r m  a - e t h y l id e n e c y c l o °  
b u ta n o n e s . 3 30 3

H o l i a n ,  A . Is o la tio n  a n d  s t r u c tu re  d e t e r m i°  
n a t io n  o f  th e  s e c o n d  t o x ic  c o n s t it u e n t  
fr o m  T e t r a d y m ia  g la b ra ta . 4 07 8  

H o l l e n b e r g ,  D . H . N u c le o s id e s .  98 . D ir e c t  
in t r o d u c t io n  o f  a n  a c e t a m id o  g r o u p  in t o  
th e  su g a r  m o ie t y  o f  n u c le o s id e  e p o x id e s .  
2 04 2

H o l l s t e in ,  U . C a r b o n -1 3  n u c le a r  m a g n e t ic  
r e s o n a n c e  c h e m ic a l  sh ifts  o f  s u b s t itu te d  
p h e n a z in e s . 2 10 4

H o lm e s ,  B .  N . A l ly l ic  r e a rra n g e m e n t  fr o m  
O 6 t o  N - 3  a n d  N - 7  o f  g u a n in e  b lo c k e d  
a t C - 8 .  5 6 8

H o ly ,  N . O r g a n o c o p p e r  in te rm e d ia te s . 
S y n th e s is  o f  2 - is o x a z o lin e  N -o x id e s  a n d  
c y c lo p r o p a n e s .  4 03 3

H o o g e n b o o m ,  B . E . C h e m is tr y  o f  s u l f o n y l °  
m e th y l is o cy a n id e s . 11. S y n th e s is  o f
1 ,2 ,4 - t r ia z o le s  fr o m  t o s y lm e t h y l  i s o c y a n °  
id e  a n d  a ry ld ia z o n iu m  c o m p o u n d s .  711 

H o p k i n s o n ,  M .  J . D ir e c t  s y n th e s is  o f  f l u o °  
r in a te d  p e r o x id e s . IV . A d d it io n  o f  p e n °  
ta f lu o r o s u lfu r  p e r o x y h y p o c h lo r it e  t o  
a lk e n e s . 1407

H o r i ,  T .  A l ly l ic  a m in a t io n  o f  o le f in s  a n d  
a c e ty le n e s  b y  im id o  su lfu r  c o m p o u n d s .
176

H o r t o n ,  D . E n o l a ce ta te s  o f  a ld e h y d o  su g a r  
d e r iv a t iv e s . S y n th e s is  a n d  c r y s ta llo 0  
g r a p h ic  d e te r m in a t io n  o f  d o u b le - b o n d  
g e o m e tr y .  2 65 2

H o r t o n ,  D .  R e d u c t io n  o f  k e to n e s  w ith  
in c o r p o r a t i o n  o f  d e u t e r iu m  a t  t h e  a 
p o s it io n .  A n o m a lo u s  r e d u c t io n  o f  k e to  
s u g a r  d e r iv a t iv e s . 3834

H o s k in s ,  T .  L .  N o n b e n z e n o id  a r o m a t ic  
sy s te m s. X I I .  S y n th e s is  o f  2 - ,  3 - ,  a n d
6 -s u b s t it u t e d  2 - ( l - a z u l y l ) e t h a n o l s  a n d  
t h e ir  to s y la te  e s te rs . 1811 

H o u g h t o n ,  E . M e s o io n ic  c o m p o u n d s .
X X X V .  C y c lo a d d it io n  r e a c t io n s  o f  t h e  
a n h y d r o -4 -h y d r o x y t h ia z o l iu m  h y d r o x id e  
a n d  a n h y d r o -5 -h y d r o x y o x a z o l iu m  h y °  
d r o x id e  sy s te m s  w ith  h e te r o c u m u le n e s .
813

H o u g h t o n ,  E . M e s o io n ic  c o m p o u n d s .
X X X V I .  R e a c t io n  o f  m e s o io n ic  s y s te m s  
w ith  d ip h e n y lc y c lo p r o p e n e  d e r iv a t iv e s .
818

H o u k ,  K . N . S e le c t iv ity  in  c y c lo a d d it io n s .
5 . C y c lo a d d it io n s  o f  n itr i le  o x id e s  t o  
fu ra n . C o m p e t in g  m e c h a n is m s  a n d  r e g i o °  
c h e m is try . 3349

H o u s e ,  H . O . C y c liz a t io n  o f  u n s a tu ra te d  
h y d r o x y la m in e  d e r iv a t iv e s . 8 5 5  

H o u s e ,  H . O . N e w  s y n th e s is  o f  2 - a l k y l p y r °  
r o lid in e s  a n d  2 -a lk y lp ip e r id in e s .  863  

H o u s e ,  H . O . C h e m is tr y  o f  ca r b a n io n s . 
X X V I I I .  C a r b o n - 13 n u c le a r  m a g n e t ic  
r e s o n a n c e  s p e c tr a  o f  m e ta l  e n o la te s .
1209

H o u s e ,  H . O . P e r h y d r o in d a n  d e r iv a t iv e s .
17. A p p lic a t io n  o f  th e  r e d u c t io n -m e t h y °  
la t io n  s e q u e n c e  t o  7 - m e t h o x y h e x a h y °  
d r o f lu o r e n e  d e r iv a t iv e s . 2401  

H o u s e ,  H . O . R e a c t io n s  in v o lv in g  e le c t r o n  
tra n s fe r . 9. R e a c t io n  o f  lith iu m  d im e 0  
t h y lc u p r a te  w ith  a lk y l a ry l k e to n e s .
3067

H o u s e ,  H . O . R e a c t io n s  in v o lv in g  e le c t r o n  
tra n s fe r . 10. T h e  u s e  o f  0 - c y c I o p r o p y l  
a , /3 -u n s a tu ra te d  k e to n e s  t o  d e t e c t  a n io n  
r a d ica l in te rm e d ia te s . 3 07 6  

H o u s e ,  H . O . R e a c t io n s  in v o lv in g  e le c t r o n  
tra n s fe r . 11. R e a c t io n  o f  lith iu m  d im e 0  
t h y lc u p r a te  w ith  d ia ry l  k e to n e s . 3 0 8 3  

H o u s e ,  H . O . T h e  c h e m is tr y  o f  c a r b a n io n s .
29. T h e  n a tu re  o f  t h e  e n o la te  fo r m e d  b y  
a d d it io n  o f  lith iu m  d im e th y lc u p r a te  t o  
e n o n e s . 4031

H o u w i n g ,  H . A .  C h e m is tr y  o f  s u l fo n y lm e 0  
th y l  is o cy a n id e s . 11. S y n th e s is  o f  1 , 2 ,4 - °  
t r ia z o le s  fr o m  t o s y lm e t h y l  is o cy a n id e  
a n d  a r y ld ia z o n iu m  c o m p o u n d s .  711 

H o w a r d ,  M . F .  S o lv e n t  a n d  s u b s t itu e n t  
e f fe c t s  u p o n  th e  n  —► ir* t r a n s it io n  o f  
a l ip h a t ic  c a r b o x y l ic  a c id s  a n d  e sters.
3 31 2

H o w e ,  R .  K .  P e r is e le c t iv e  a d d it io n  o f  n itr ile  
s u lfid e s , n it r i le  o x id e s  a n d  d ip h e n y ld ia z o 0  
m e th a n e  t o  te t ra cy a n o e th y le n e .  6 2 0  

H o w e l l ,  R .  M u lt ip le  r e g re s s io n  a n a ly s is  o f  
c a r b o n -1 3  c h e m ic a l  s h ift s  a n d  c a r b o n -1 3  
p r o t o n  c o u p l in g  c o n s ta n ts  in  o r t h o - s u b  °  
s t itu te d  a r o m a t ic s . 1511 

H r u b y ,  V .  J .  S y n th e s is  o f  s p e c i f ic a lly  d e u °  
te r a te d  S -b e n z y lc y s t e in e s  a n d  o f  o x y t o c in  
a n d  r e la te d  d ia s te r e o m e r s  d e u t e r a t e d  in  
th e  h a l f -c y s t in e  p o s it io n s . 1353  

H s ia ,  M . T .  S .  A  b io m im e t ic  sy n th e s is  o f  
t h e  c a m p t o t h e c in e  c h r o m o p h o r e .  3 49 3  

H s u ,  A .  C . T .  S y n th e s is  o f  3 - e p i - c h o l e c a l c i °  
f e ro l  a n d  5 ,6 - t r a n s -3 - e p i - c h o le c a l c i f e r o l .  
1067

H s u ,  A .  C . T .  S tu d ie s  o n  th e  a d d u c t  o f
4 -  p h e n y l - l ,2 ,4 - t r ia z o l in e - 3 ,5 - d io n e  w ith  
v ita m in  D 3. 2 09 8

H u a n g ,  B - S .  R e a c t io n  o f  g e m in a l d ie s te rs  
w ith  th e  a m in e  b a s e s  l ,5 - d i a z a b i c y c l o [ 4 . °
3 .0 ]n o n -5 -e n e ,  l - 4 - d i a z a b i c y c l o [ 2 .2 .2 ] o c °  
ta n e , a n d  3 -q u in u c l id in o l .  2 0 8  

H u a n g ,  M - G .  H a lo s u lfo n iu m  sa lts . I X .  
H a lo g e n - in d u c e d  r in g  c le a v a g e s  o f  1 , 3 - °  
o x a th io la n e s . 9 6 6

H u a n g ,  S .  L .  O x id a t io n  o f  s te r ic a lly  h i n °  
d e r e d  a lc o h o ls  t o  c a r b o n y ls  w ith  d im e 0  
th y l  s u l fo x id e - t r if lu o r a c e t i c  a n h y d r id e . 
3 32 9

H u a n g ,  S - P .  A  n o v e l  c le a v a g e  o f  a ry l b e n °  
z y l e th e r s  a n d  a lly l a ry l e th e rs  b y  s o d iu m  
b is (2 -m e t h o x y e t h o x y )a lu m in u m  h y d r id e . 
A n  a lte rn a t iv e  s y n th e s is  o f  p e n t a z o c in e .  
2 54 5

H u b e r ,  J .  A .  C o n v e n ie n t  p r e p a r a t io n  o f
5 -  a d e n o s y lh o m o c y s t e in e  a n d  re la te d  
c o m p o u n d s .  565

H u b e r t ,  A .  M e ta th e s is  ca ta ly s ts . V .  C o m °  
p e t it iv e  c h a r a c te r  o f  m e ta th e s is  a n d  
a lk y la t io n  r e a c t io n s  c a ta ly z e d  b y  tu n g s te n  
h e x a c h lo r id e -e t h y la lu m in u m  d ic h lo r id e .  
1631

H u d s o n ,  R . A .  S y n th e s is  o f  h o m o p e n t a p r i s °  
m a n e  a n d  h o m o h y p o s t r o p h e n e  a n d  s o m e  
c o m m e n ts  o n  t h e  m e c h a n is m  o f  m e ta l 
io n  c a ta ly z e d  r e a rra n g e m e n ts  o f  p o ly c y c l0  
ic  c o m p o u n d s .  1445

H u f f m a n ,  J .  W . S y n th e t ic  a p p r o a c h e s  t o
1 0 -e p ie u d e s m a n e  s e s q u ite rp e n e s . A  
sy n th e s is  o f  in t e r m e d e o l .  3 7 0 5
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H u f f m a n ,  J . W . T h e  p h o t o o x y g e n a t io n  o f
1 ,3 - c h o le s t a d ie n e  a n d  r e la te d  c o m =  
p o u n d s . 3 84 7

H u f f o r d ,  C . D . S y n th e s is  o f  ( ± ) -3 - m e t h m  
o x y -N -a c e t y ln o r n a n t e n in e .  3 7 5  

H u f f o r d ,  C . D . U v a r e t in  a n d  iso u v a re t in . 
T w o  n o v e l  c y t o t o x ic  C -b e n z y l f la v a n o n e s  
fr o m  U v a r ia  c h a m a e  L  (c o r r e c t io n ) .
4052

H u f f o r d ,  C . D . U v a r e t in  a n d  is o u v a re tin . 
T w o  n o v e l  c y t o t o x ic  C -b e n z y l f la v a n o n e s  
fr o m  U v a r ia  ch a m a e  L . 1297  

H u g o n ,  I . O x im a t io n  o f  3 ,5 - d im e t h y l - 4 -p i =  
p e r id o n e s .  C o n fig u r a t io n s  a n d  c o n fo r m a 
t io n s  o f  th e  a d d u c ts .  3 63 7  

H u h e e y ,  J .  E . E le c t r o n e g a t iv ity ,  h y b r id iz a =  
t io n ,  a n d  p r o p e r t ie s  o f  th e  c a r b o n y l  
g r o u p . I. L e w is  b a s ic ity .  49 

H u is g e n ,  R . 1 ,3 -D ip o la r  c y c lo a d d it io n s .
76 . C o n c e r t e d  n a tu re  o f  1 ,3 -d ip o la r  
c y c lo a d d it io n s  a n d  t h e  q u e s t io n  o f  d ira d im  
ca l  in te rm e d ia te s . 403  

H u i t r i c ,  A .  C . A b s o lu t e  c o n f ig u r a t io n  o f  
c i s -  a n d  t r a n s -2 - (o -b r o m o p h e n y l )c y c k > m  
h e x y la m in e  a n d  re la te d  c o m p o u n d s .
1640

H u l l ,  C . M . T r a n s fe r  o f  o x y g e n  t o  o rg a n ic  
s u lfid e s  w ith  d im e th y l  s u l fo x id e  c a ta ly z e d  
b y  h y d r o g e n  c h lo r id e .  P r e p a ra t io n  o f  
d is u l fo x id e s  ( c o r r e c t io n ) .  4051  

H u l l ,  L . A .  R e d u c t iv e  t r a p p in g  in  th e  ozom  
n o ly s is  o f  d ip h e n y la c e t y le n e .  3 3 4 0  

H u l l a r ,  T .  L .  P h o s p h o n ic  a c id  c h e m is try .
1. S y n th e s is  a n d  d ie n o p h i l ic  p r o p e r t ie s  
o f  d ie t h y l  2 - fo r m y lv in y lp h o s p h o n a t e  
a n d  d ie th y l  2 - fo r m y le t h y n y lp h o s p h o m  
n a te . 2411

H u m m e l ,  C . F . R e a c t io n  o f  c h lo r o s u lfo n y l  
is o cy a n a te  w ith  t r ie n e  sy s te m s. 3 58 3  

H u m p h r e y ,  M . B . N - ( p - B r o m o p h e n y l )
[2 .2 ] (2 ,5 )p y r r o lo p h a n e . S y n th e s is  a n d  
s e l f - c o n d e n s a t io n .  2 96 3  

H u n t ,  C . A .  T r i f lu o r o m e t h y l th io c o p p e r .  A  
re a g e n t  f o r  t h e  in t r o d u c t io n  o f  t h e  trim  
f lu o r o m e t h y lt h io  g r o u p  in to  a r o m a t ic  
n u c le i.  1644

H u n t e r ,  W . T e t r a z o l o [ l , 5 - b ] - l , 2 , 4 - t r i a z =  
in es . S y n th e se s  a n d  s t r u c tu re  d é t e r m in a ^  
t io n . 2 86 0

H u r l e y ,  J .  C .  I s o la t io n  a n d  s t r u c tu re  d eterm  
m in a t io n  o f  th e  s e c o n d  t o x ic  c o n s t itu e n t  
f r o m  T e t r a d y m ia  g la b ra ta . 4 0 7 8  

H u r le y ,  L . H . A p p lic a t io n  o f  l o n g -r a n g e  
s p in -s p in  c o u p l in g s  in  b io s y n t h e t ic  s t u m  

d ie s . 2 93 2
H u t c h i n s ,  R . O . E n d o c y c l i c  vs. e x o c y c li c  

a t ta c k  in  n u c le o p h i l ic  d is p la c e m e n t  
r e a c t io n s  o n  f i v e -  a n d  s ix -m e m b e r e d  
c y c l i c  o n iu m  sa lts . 1052  

H u t c h i n s ,  R .  O . C o n v e n ie n t  sy n th e s is  o f  
la b ile  o p t ic a lly  a c t iv e  s e c o n d a r y  a lk y l 
b r o m id e s  fr o m  ch ira l  a lc o h o ls . 1071 

H u t c h in s ,  R . O . T h e  s e le c t iv e  r e d u c t io n  o f  
a , /3 -u n s a tu ra te d  e s te rs , n it r i le s  a n d  n itro  
c o m p o u n d s  w ith  s o d iu m  c y a n o b o r o h y — 
d r id e . 3 3 2 8

H u t c h i n s ,  R . O . P h o t o in d u c e d  re a r r a n g e =  
m e n t  a n d  r e la te d  r e a c t io n s  o f  e th y l  N - =  
p h e n y lc a r b a m a te .  3687  

H u t c h i n s o n ,  C . R . S te r e o c h e m is t r y  a n d  
c o n fo r m a t io n  o f  b io g e n e t i c  p r e c u r s o r s  o f  
in d o le  a lk a lo id s . 2 04 5  

H u t c h i n s o n ,  C . R . A  b io m im e t ic  sy n th e s is  
o f  t h e  c a m p t o t h e c in e  c h r o m o p h o r e .
3493

H u y n h  D i n h  T a m  S y n th e s is  o f  C -n u c le o m  
s id e s . 13. s - T r ia z o l o [ 4 ,3 - a ] -  a n d  - [ 1 , 5 - =  
a] p y r id in e  d e r iv a t iv e s . 3 1 2 4  

H w a n g ,  D . R .  S y n th e s is  o f  h o m o p e n ta p r is m  
m a n e  a n d  h o m o h y p o s t r o p h e n e  a n d  s o m e  
c o m m e n ts  o n  th e  m e c h a n is m  o f  m e ta l 
io n  c a ta ly z e d  r e a rra n g e m e n ts  o f  p o ly c y c l=  
ic  c o m p o u n d s .  1445

H w a n g ,  D - R .  R e a c t io n s  o f  a m in e s . 20. 
S y n th e se s  o f  r a c e m ic  a n d  o p t ic a lly  a ct iv e  
a lk y lh y d r a z in e s  a n d  N - a c y l - N - a l k y l -  
a n d  N -a c y l -N -a r y lh y d r a z in e s .  3805  

H w a n g ,  Y .  N . I n tr a m o le c u la r  D ie ls -A ld e r  
r e a c t io n s . 12. C o m p e t it iv e  [4 +  2 ] a n d  
[2 +  2 ] c y c lo a d d i t io n s  o f  N -(p h e n y lp r o m  
p a r g y l ) -c i s -c in n a m a m id e .  3 81 3  

I c h i k a w a ,  K .  M e ta th e s is  o f  1 -a lk e n e .
2 63 3

I d a c a v a g e ,  M .  J . I s o m e r iz a t io n  s tu d ie s . 4. 
I s o m e r iz a t io n  o f  a c y l  h a lid e s  in  th e  presm  
e n c e  o f  p a lla d iu m  ca ta ly s ts . 3 45 2  

I g o l e n ,  J .  S y n th e s is  o f  C -n u c le o s id e s .  13. 
s - T r ia z o l o [ 4 ,3 - a ] -  a n d  - [ l ,5 - a ] p y r i d i n e  
d e r iv a t iv e s . 3124

I h a r a ,  M . S tu d ie s  o n  th e  sy n th e s e s  o f  h e t =  
e r o c y c lic  c o m p o u n d s .  6 5 7 . T o t a l  s y n t h e 
s is  o f  a n g u s tin e , n a u c le f in e ,  a n d  g e n t ia =  
n in e . 2 54 2

I h a r a ,  M .  A  n o v e l  c le a v a g e  o f  a ry l benzyl 
e th e rs  a n d  a lly l a ry l e th e rs  b y  s o d iu m  
b is (2 -m e t h o x y e t h o x y )a lu m in u m  h y d r id e . 
A n  a lte rn a t iv e  s y n th e s is  o f  p e n ta z o c in e . 
2 54 5

I h a r a ,  Y .  R e a c t io n s  o f  a c t iv a te d  a ren e  
s u lfo n a te s  w ith  o x y g e n  a n d  n itro g e n  
n u c le o p h ile s . H y d r o x id e  io n  a n d  m ice lla r  
ca ta ly s is . 2 52 0

I i z u k a ,  K . M o le c u la r  d e s ig n  b y  c y c lo a d d i=  
t io n  re a c t io n s . X X V .  H ig h  p e r i -  a n c  
r e g io s p e c i f ic i t y  o f  p h e n c y c lo n e .  1105  

I i z u k a ,  K . M o le c u la r  d e s ig n  b y  c y c lo a d d i 
t io n  r e a c t io n s . X X I V .  S t e r e o s p e c if ic  
c y c lo a d d it io n  r e a c t io n s  o f  d i b e n z o [ 4 ,5 - c ] -  
fu r o tr o p o n e . 1425

I k e d a ,  M . P h o to c y c l iz a t io n  o f  3 - (3 -m e m  
t h y l -2 -b u t e n y lo x y ) -  a n d  3 - ( 3 - m e t h y l - =  
2 - b u t e n y la m in o ) - 5 ,5 - d im e t h y l - 2 - c y c l o =  
h e x e n - l - o n e s  t o  7 - o x a -  a n d  7 - A z a b i c y m  

c lo [4 .3 .0 ]n o n a n -2 -o n e s .  1277 
I l l u m i n a t i ,  G . O n  th e  r o le  o f  e le c t r o n ic  

a n d  s te r ic  fa c to r s  u p o n  t h e  fo r m a t io n  o f  
M e is e n h e im e r - ty p e  a d d u c ts . 2 15 3  

I l l u m i n a t i ,  G . N u c le o p h il ic  s u b s t itu t io n  a t  
th e  p y r r o le  r in g . C o m p a r is o n  w ith  fu ra n , 
t h io p h e n e , a n d  b e n z e n e  r in g s  in  p ip e r id im  
n o d e n it r a t io n .  2824

I m a i ,  H . T r a n s fe r  h y d r o g e n a t io n  a n d  tr a n s =  
fe r  h y d r o g e n o ly s is . I X .  H y d r o g e n  tr a n s 
fe r  fr o m  o r g a n ic  c o m p o u n d s  t o  a ld e h y d e s  
a n d  k e to n e s  c a ta ly z e d  b y  d ih y d r id o te tra m  
k is (t r ip h e n y lp h o s p h in e )r u th e n iu m (I I ) .
665

I m a i ,  H . T r a n s fe r  h y d r o g e n a t io n  a n d  transm  
fe r  h y d r o g e n o ly s is . 11. F a c ile  d e h y d r o 
g e n a t io n  o f  a r o m a t ic  h y d r o c a r b o n s  an d  
t h e  m e c h a n is m  o f  th e  h y d r o g e n  tra n s fe r  
fr o m  in d a n , te tra lin , a n d  d io x a n e  t o  
a ld e h y d e s  c a ta ly z e d  b y  d ih y d r id o te tra k is m  
(tr ip h e n y lp h o s p h in e )r u t h e n iu m (I I ) .
2 68 8  #

I m a n i s h i ,  Y .  S tu d ie s  o n  c y c l i c  p e p t id e s .  5. 
C o n fo r m a t io n  n n d  in te ra c t io n  w ith  sm all 
m o le c u le s  o f  c y c l i c  h e x a p e p t id e s  c o n t a in =  
in g  g lu ta m ic  a c id  or  a s p a r t ic  a c id  resim  
d u e . 2584

I m h o f f ,  M . A .  O n  a t te m p ts  a t  s o lv o ly t ic  
g e n e r a t io n  o f  a ry l c a t io n s . 4 09 9  

I m p e r a t o ,  F . 3 - 0 - a - L - r h a m n o p y r a n o s y i - =  
D -g lu c o s e ,  a n ew  d is a c c h a r id e  sy n th e s ize d  
b y  th e  K o e n ig s -K n o r r  r e a c t io n . 3 47 8  

I n a m o t o ,  Y .  H y d r id e  tra n s fe r  r e d u c t io n -r e 
a r ra n g e m e n ts  o f  t r ic y c lo d e c y lc a r b in o ls  
a n d  t r ic y c lo u n d e c a n o ls .  F o r m a t io n  o f  
t r ic y c lo [6 .2 .1 .0 2-6] u n d e c - 2 (6 ) - e n e  u n d e r  
p h o s p h o r ic  a c id  ca ta ly s is . 771 

I n a m o t o ,  Y .  T h e  e th a n o n o ra d a m a n ta n e s .
A n  e x p e r im e n ta l  e v a lu a t io n  o f  e m p ir ica l  
f o r c e  f ie ld  p r e d ic t io n s .  2596  

I n b a s e k a r a n ,  M . N . R e a c t io n  o f  p y r id in e  
1 - o x id e s  a n d  N -im in o p y r id in iu m  y lid e s  
w ith  d ia z o n iu m  sa lts . N -A r y lo x y p y r id im  
n iu m  sa lts  a n d  th e ir  b a s e -c a t a ly z e d  
re a rra n g e m e n t . 1717

I n c r e m o n a ,  J .  H . B im o le cu la r  h o m o ly t i :  
s u b s t itu t io n  a t  c a r b o n . S te r e o c h e m ic a l  
in v e s t ig a tio n . 523

I n g l e ,  D . M . I o n ic  a d d it io n  o f  c h lo r in e  to  
c o n ju g a te d  d ie n e s . 334 

I n g w a ls o n ,  P .  S y n th e s is  o f  in te rm e d e o l  
a n d  r e la te d  s e s q u ite rp e n o id  s tu d ie s .
3 71 0

I n g w a ls o n ,  P .  F . S t e r e o s p e c if ic  sy n th e s is  
o f  6 , c - 1 0 - d i m e t h y l ( r - 5 - C 1) s p ir o [ 4 .5 ]d e c - c:
6 - e n - 2 - o n e  a n d  its  c o n v e r s io n  in t o  ( ± ) - — 
a -v e t is p ir e n e .  1539 

I n o u e ,  I .  S tu d ie s  o n  b io lo g ic a l ly  a c t iv e  
n u c le o s id e s  a n d  n u c le o t id e s . 1. R e a c =  
t io n s  o f  t e t ra a c e to x y s ila n e  w ith  p y r im i=  
d in e  r ib o n u c le o s id e s . 2 99 5  

I n o u y e ,  Y .  S e l f - im m o la t iv e  a s y m m e tr ic  
sy n th e s is . I. A l ly l ic  r e a r r a n g e m e n t  o :  
o p t ic a lly  a c t iv e  a m in e  o x id e .  300  

I n o u y e ,  Y .  S e l f - im m o la t iv e  a s y m m e tr ic  
sy n th e s is . II. T r a n s fe r  o f  c h ira lity  fr o m  
te t ra h e d r a l  c a r b o n  t o  t r ig o n a l c a r b o n  in  
c h ira l a m in e  o x id e  re a rra n g e m e n t . 3C3 

I n t u r r i s i ,  C . E . R e d u c t io n  o f  6 -k e t o n e s  o f  
th e  m o r p h in e  se r ie s  w ith  fo rm a m id ir e m  
s u l f in ic  a c id . S t e r e o s e le c t iv it y  o p p o s it e  
t o  t h a t  o f  h y d r id e  r e d u c t io n s . 3624  

I r e la n d ,  C . S o m e  c h e m ic a l  c o n s t itu e n ts  o f  
th e  d ig e s t iv e  g la n d  o f  th e  se a  h a re  A p ly m  
sia  c a lifo r n ica .  2461

I r e la n d ,  R . E . E s te r  e n o la te  C la ise n  r e a r m  

ra n g e m e n t . C o n s tr u c t io n  o f  th e  p r o s t a m  

n o id  s k e le to n . 9 8 6
I s a a c ,  S .  R .  A l ip h a t ic  a z o x y  c o m p o u n d s

I V . R e a c t io n  o f  n itro s o a lk a n e s  w ith  
h y d r o x y la m in e s . S y n th e s is  o f  unsymmem 
t r ica l  p r im a ry  a n d  s e c o n d a r y  a z o x y a l=  
k a n es  b y  n it r o g e n -n it r o g e n  b o n d  f o r m a =  
t io n . 1135

I s a a c ,  S .  R .  A l ip h a t ic  a z o x y  c o m p o u n d s .
V I . P h o t o ly t i c  is o m e r iz a t io n  o f  a z o x y a l=  
k a n es  a n d  th e  th e rm a l r in g  o p e n in g  o f  
2 -c y c lo h e x y l -3 -m e t h y lo x a d ia z ir id in e .
1146

I s h i b a s h i ,  H . P h o to c y c l iz a t io n  o f  3 - ( 3 - m e =  
t h y l - 2 - b u t e n y lo x y ) -  a n d  3 - (  3 - m e t h y l - =
2 -  b u t e n y la m in o ) -5 ,5 -d im e t h y l -2 - c y c l o m  
h e x e n - l - o n e s  t o  7 - o x a -  a n d  7 -A z a b ic y m  
c lo [4 .3 .0 ]n o n a n -2 -o n e s .  1277

I s h i b e ,  N . P h o to c h e m ic a l  r e a c t io n  o f  4 -d im  
p h e n y lm e t h y le n e -4 H -t h io p y r a n s .  2 27 9  

I s h i g a m i ,  M . R e s o lu t io n s  o f  a n o m e r ic  
e th y l  2 -a m in o -2 - d e o x y - D -g l u c o p y r a n o c: 
s id e  b y  c a t io n -e x c h a n g e  c h r o m a to g r a p h y , 
a n d  its  N -a c y la t io n  w ith  c a r b o x y l ic  
a n h y d r id e s . 4 0 3 8

I s h i k a w a ,  K . P h o to g e n e r a t io n  a n d  r e a c =  
t io n s  o f  a c y c l ic  c a r b o n y l  y l id e s . 2 6 5 4  

I s h i k a w a ,  K . P h o to is o m e r iz a t io n  o f  s e le c te d  
o x ira n e s . I n t e r m e d ia c y  o f  c a r b o n y l  ylm  
id e s . 3 7 4 7

I s r a i l i ,  Z .  H . S y n th e s is  o f  k a v a in , d ih y d r o =  
k a v a in , a n d  a n a lo g s . 4 0 7 0  

I s u k u l ,  E . A .  A c id - c a t a ly z e d  h y d r o ly s is  o f
3 -  i s o p r o p y l -4  a z a s y d n o n e . 3 04 0

I t o ,  S . T h e r m a l  a n d  p h o t o c h e m ic a l  b e h a v io r  
o f  s te r ic a lly  h in d e r e d  N -v in y l im in o p y r i=  
d in iu m  y lid e s . 1570

I t o ,  S .  P r e p a ra t io n  o f  n e w  n it r o g e n -b r id g e d  
h e te r o c y c le s .  R e a c t io n  o f  p y r id in iu m  
N - im in e s  w ith  a z ir in e  d e r iv a t iv e s . 2 73 9  

I t o ,  Y .  R e a c t io n  o f  l - s i l y l o x y b i c y c l o [ n . l .0 ] =  
a lk a n e s  w ith  i r o n (I I I )  c h lo r id e s . A  fa c ile  
sy n th e s is  o f  2 - c y c lo a lk e n o n e s  v ia  r in g  
e n la r g e m e n t  o f  c y c l i c  k e to n e s . 2 07 3  

I t o h ,  I . S y n th e s is  a n d  r e a c t iv ity  p a t te r n s  o f  
m e s o -  a n d  d l -b is t r iq u in a c e n e . E f f ic ie n t  
r o u te  t o  t h e  d ia s te r e o m e r ic  b iv a lv a n e s . 
3524

I w a k u r a ,  Y .  T r ic h lo r o m e t h y l  c h lo ro fo r m  
m a te . R e a c t io n  w ith  a m in e s , a m in o  
a c id s , a n d  a m in o  a lc o h o ls . 2 0 7 0  

I z a t t ,  R .  M .  M a c r o c y c l i c  p o ly e t h e r  su lfid e  
sy n th e s e s . P r e p a ra t io n  o f  t h ia (c r o w n -6 ,  
- 7 ,  a n d  - 8 )  c o m p o u n d s .  134 

J a c k s o n ,  S . R e d u c t iv e  t r a p p in g  in  th e  
o z o n o ly s is  o f  d ip h e n y la c e t y le n e .  3 34 0  

J a c o b ,  P .  I I I .  A  c o n v e n ie n t  sy n th e s is  o f  
q u in o n e s  fr o m  h y d r o q u in o n e  d im e th y l 
e th ers . O x id a t iv e  d é m é t h y la t io n  w ith  
c e r ic  a m m o n iu m  n itra te . 3 62 7  

J a m e s ,  D . E . T h e  p a l la d iu m (I l ) - c a t a ly z e d  
o le f in  c a r b o n y la t io n  r e a c t io n . IV . C a r =  
b o n - 1 3  n u c le a r  m a g n e t ic  r e s o n a n c e  a n a =  
ly s is  o f  th e  r e a c t io n  p r o d u c ts .  1504 

J a n k o w s k i ,  K . O r ie n ta t io n  o f  th e  n itro g e n  
l o n e -p a ir  e le c t r o n s  in  c a n n iv o n in e . 3321 

J a n k o w s k i ,  K . T h e  s t r u c tu re  o f  ca ca lo n e . 
4 10 3

J a n s s e n ,  J . W . A .  M . O n  th e  m e c h a n is m  
o f  t h e  th e r m a l N -n i t r o p y r a z o le  rearm  
ra n g e m e n t . E v id e n c e  fo r  a [1 ,5 ] sigm a m  
t r o p ic  n itro  m ig ra tio n . 1758  

J a r v i s ,  B .  B . N u c le o p h il ic  d is p la c e m e n ts  
o n  h a lo g e n  a to m s . V I I . R e a c t io n s  o f  
a - h a l o  s u lfo n e s  w ith  s o d iu m  a ren esu lfim  
n a tes . 1557

J a r v i s ,  B .  B .  N u c le o p h il i c  d is p la c e m e n ts  
o n  h a lo g e n  a to m s . 8. R e a c t o n s  o f  a - h a l o  
s u lfo n e s  w ith  t r ia r y lp h o s p h in e s , a lk y ld im  
p h e n y lp h o s p h in e s ,  a n d  p h o s p h it e s .  2 18 2  

J a s o n ,  M . E . E le c t r o c h e m ic a l  a n d  m e ta l-m  
a m m o n ia  r e d u c t io n  o f  1 ,4 -d ih a lo n o rb o rm  
n a n e s . 2 71 1

J e a n lo z ,  R .  W . A m in o  su g a rs . C l .  S y n th e =  
s is  o f  s u b s t itu te d  g ly c o p e p t id e s  c o n ta in  m 
in g  a  2 -a c e t a m id o -2 -d e o x y - /3 -D -g lu c o p y m  
r a n o sy l r e s id u e  a n d  th e  a m in o  a c id  sem  
q u e n c e  1 8 -2 2  o f  b o v in e  p a n cr e a t ic  d e o x y =  
r ib o n u c lé a s e  A . 2 48 0

J e f s o n ,  M . E le c t r o n - im p a c t  a n d  p y r o ly t ic  
e l im in a t io n s  fr o m  4 - t e r t -b u t y l c y c lo h e x y l  
x a n th a te s . 3 91 7

J e n k in s ,  R . N . D ih y d r o p h e n o p h o s p h a z in e  
r in g  s y s te m  (c o r r e c t io n ) .  4051 

J e n n in g s ,  C . A . D ir e c t e d  m e ta la t io n  r e a c =  
t io n s . 6 . C o m p e t it io n  o f  s u b s t itu e n ts  
fo r  o r t h o  d ir e c t io n  o f  m e ta la t io n  in  s u b m  

s t itu te d  a n iso le s . 3 6 5 3  
J e n n in g s ,  P .  W .  C a r b o n -c a r b o n  b o n d  

fo r m a t io n  v ia  o r g a n o m e ta llic  e le c t r o =  
c h e m is try . 719

J e n n in g s ,  P .  W .  Iso la tio n  a n d  s tru c tu re  
d e te r m in a t io n  o f  th e  s e c o n d  t o x ic  co n stim  
tu e n t  fr o m  T e t r a d y m ia  g la b ra ta . 4 0 7 8  

J e n s e n ,  J .  L .  A c id - c a t a ly z e d  h y d r a t io n  o f  
d ie n e s . II . C h a n g e s  in  a c t iv ity  co e ff im  
c ie n t  ra tio s , e n th a lp y , a n d  e n t r o p y  a s  a 
fu n c t io n  o f  s u lfu r ic  a c id  c o n c e n tr a t io n .  
1675

J e n s e n ,  J .  L .  A c id - c a t a ly z e d  h y d r a t io n  o f  
d ie n e s . I II . E f fe c ts  o f  r in g  s tra in  on
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ra te , e n th a lp y ,  a n d  e n t r o p y  fo r  h y d r a t io n  
o f  1 ,3 -c y c lo a lk a d ie n e s .  6 4 9  

J e n s e n ,  J .  L .  B a s e -c a t a ly z e d  h y d r a t io n  o f  
a , /3 -u n s a tu ra te d  k e to n e s . 3 29 9  

J e n s e n ,  L .  H . A b s o lu t e  c o n f ig u r a t io n  o f  
c i s -  a n d  t r a n s - 2 - ( o - b r o m o p h e n y l ) c y c l o °  
h e x y la m in e  a n d  r e la te d  co m p o u n d s .
1640

J e r i n a ,  D . M .  S y n th e s is  a n d  s p e c tr a l  p r o °  
p e r t ie s  o f  th e  is o m e r ic  h y d r o x y b e n z o [a ] °  
p y r e n e s . 977

J e r n b e r g ,  K . M . T e r p e n e  sy n th e s is  v ia  
p e n t a d ie n y l  a n io n s . 3 20 9  

J o h n s o n ,  A .  L .  2 - (3 -A r y l - 5 - p y r a z o ly l ) b e n 
z o ic  a c id  ch e m is tr y . 110 

J o h n s o n ,  A .  L .  C o n v e n ie n t  t w o - s t e p  s y n °  
th e s is  o f  4 - (2 - im id a z o ly l )p h t h a la z o n e s  
fr o m  o - p h t h a lo y l  d ic h lo r id e .  836  

J o h n s o n ,  A .  L . S y n th e s is  o f  t h e  th re e
is o m e r ic  o r t h o -s u b s t i t u t e d  p h e n y lth ie n y l 
b e n z o ic  a c id s . 1320

J o h n s o n ,  J .  E . G e o m e t r ic  is o m e rs  o f  0 - a l °  
k y lb e n z o h y d r o x im o y l  c h lo r id e s . S y n t h e °  
s is , id e n t if ic a t io n ,  a n d  a c id -c a t a ly z e d  
is o m e r iz a t io n . 252

J o h n s o n ,  K . K . D ir e c t  d e te r m in a t io n s  o f  
R / S  e n a n t io m e r  ra t io s  o f  c it r o n e l l ic  a c id  
a n d  r e la te d  s u b s ta n c e s  b y  n u c le a r  m a g °  
n e t ic  r e s o n a n c e  s p e c t r o s c o p y  a n d  h ig h  
p re s s u re  l iq u id  c h r o m a to g r a p h y . 62 

J o h n s o n ,  P .  Y .  T h e  c h e m is tr y  o f  h in d e re d  
sy s te m s. II . T h e  a c y lo in  r e a c t io n -a n  
a p p r o a c h  t o  r e g io s p e c i f ic a l ly  h y d r o x y la t e d  
t e t r a m e th y la z a c y c lo h e p ta n e  sy ste m s.
1 7 6 8

J o h n s o n ,  R . J .  S y n th e s is  a n d  c h e m is tr y  o f  
s o m e  p o ly c h lo r in a t e d  o x e ta n e s . 2943  

J o h n s t o n ,  J .  C . E le c t r o c h e m ic a l  r e d u c t io n  
o f  g e ra n ia l, fa rn e sa l, a n d  c r o to n a ld e h y d e  
2611

J o n e s ,  G . I I .  T h e r m a l  fra g m e n ta t io n  o f  
/3 -h a lo e s te rs  v ia  c h a in  h a lo g e n o ly s i s - d e °  
c a r b o x y la t io n -e l im in a t io n .  329  

J o n e s ,  G . I I .  C a ta ly t ic  a c t iv ity  in  th e  r e v e r °  
s io n  o f  a n  e n e r g y  s to r in g  vailence p h o t o i— 
s o m e r iz a t io n . 7 9 8

J o n e s ,  G . I I .  V a le n c e  p h o t o is o m e r iz a t io n  
o f  1 - e t h o x y c a r b o n y l - lH -a z e p in e  a n d  its  
th e r m a l re v e r s io n . Q u a n t ita tiv e  a sp e c ts  
in c lu d in g  e n e r g y  s u r fa c e  re la tio n s . 2362  

J o n e s ,  G . H . C -g ly c o s y l  n u c le o s id e s . 9.
A n  a p p r o a c h  t o  t h e  sy n th e s is  o f  p u r i n e - — 
r e la te d  C -g ly c o s id e s .  3 00 0  

J o n e s ,  L . D . S e le c t iv e  h a lo g e n - l it h iu m  
e x c h a n g e  in  b r o m o p h e n y la lk y l  h a lid e s . 
1 18 4

J o n e s ,  L .  D .  E la b o r a t io n  o f  b r o m o a r y ln i °  
tr ile s . 1187

J o n e s ,  L .  D . S p ir o  p ip e r id in e s . 1. S y n t h e °  
s is  o f  s p i r o [ i s o b e n z o f u r a n - l ( 3 H ) ,4 '- p i p e r °  
i d in ] - 3 - o n e s ,  s p i r o [ i s o b e n z o f u r a n - l ( 3 H ) , °  
4 '-p ip e r id in e s ] ,  a n d  s p ir o  [ is o b e n z o t e t r a h 0  
y d r o t h io p h e n e - 1 (3 H )  ,4 '- p ip e r id in e s  ].
2 62 8

J o n e s ,  L .  D .  H a lo g e n -m e t a l  e x c h a n g e  in 
e s te rs  o f  h a lo a ry  1 a c id s . 2 70 4  

J o n e s ,  N . D . A p r a m y c in ,  a  u n iq u e  a m in o c y 0  
c l i t o l  a n t ib io t ic .  2 08 7

J o n e s ,  W . D . N o v e l  t r a n s fo rm a t io n  o f  c h r o °  
m o n e -3 -c a r b o x a ld e h y d e  t o  an  o - h y d r o x °  
y b e n z o p h e n o n e . 706

J o r d a n ,  F .  A lk y la t io n -r e d u c t io n  o f  c a r b o 
n y l  sy s te m s. V I I . S y n th e s is  o f  a - c y c l o -  
p r o p y l  a r o m a t ic  h y d r o c a r b o n s  b y  c y c l o °  
p r o p y la t io n -r e d u c t io n  o f  a r o m a t ic  a l d e h °  
y d e s  a n d  k e to n e s . P a ra m e te r s  o f  c y c l o °  
p r o p y l  a,0, a n d  y  c a r b o n -1 3  s h ie ld in g s  
in  c y c lo p r o p y l  a r o m a t ic  h y d r o c a r b o n s .  
1494

J o s e p h ,  T .  C . A d d it io n  o f  t e t r a c h l o r o - o - -  
q u in o n e  t o  2 -b u t e n e s .  2 22 3  

J o u l l i e ,  M . M . P h o to c h e m is t r y  o f  2 ,2 ,4 ,4 -=  
t e t r a p h e n y lo x e t a n -3 -o n e .  In te r m e d ia te s  
in  t h e  p h o t o fr a g m e n t a t io n  o f  a ry l s u b s t i °  
t u t e d  o x ira n e s . 572

J o u l l i e ,  M .  M .  C h e m is tr y  o f  2 - ( c h l o r o m e °  
th y l jfu r a n s .  R e a c t io n  o f  2 - ( c h l o r o m e °  
t h y l ) fu r a n s  w ith  a q u e o u s  p o ta s s iu m  
c y a n id e  a n d  o t h e r  n u c le o p h ile s .  2 83 5  

J o u l l i e ,  M .  M . T h e  c h e m is tr y  o f  a  k e t e n e - °  
s u lfu r  d io x id e  a d d u c t .  3 . R e a c t io n s  
w ith  a z in e s . 3 92 5

J u n g ,  I . N . R a d ic a l  c h a in  r e a c t io n s  o f  h a l o °  
m e t h y ld im e th y ls ila n e s . 946  

J u n g ,  M .  E . O x id a t io n  o f  t r im e th y ls ily l  
e th e r s  v ia  h y d r id e  a b s tr a c t io n . A  new  
m e t h o d  fo r  a lc o h o l  o x id a t io n . 1479  

K a b a l k a ,  G . W . D e o x y g e n a t io n  o f  a,0 - u n 0  
sa tu ra te d  a ld e h y d e s  a n d  k e to n e s  v ia  th e  
c a t e c h o lb o r a n e  r e d u c t io n  o f  t h e  c o r r e s °  
p o n d in g  t o s y lh y d r a z o n e s . 574  

K a b a s a k a l i a n ,  P .  E le c t r o c h e m ic a l  o x id a t io n  
o f  h a lo m ic in  B  t o  r i fa m y c in  S . 1258

K a d a b a ,  P .  K .  R o le  o f  p r o t ic  a n d  d ip o la r  
a p r o t ic  s o lv e n ts  in  c y c lo a d d it io n  r e a c °  
t io n s  in v o lv in g  a n io n ic  1 ,3 -d ip o le s ,  a c t io n  
o f  in o r g a n ic  a z id e s  o n  im id o y l  c h lo r id e s  
(c o r r e c t io n ) .  4051

K a d a b a ,  P .  K .  R o le  o f  p r o t ic  a n d  d ip o la r  
a p r o t i c  s o lv e n ts  in  c y c lo a d d it io n  r e a c °  
t io n s  in v o lv in g  a n io n ic  1 ,3 -d ip o le s .  A c °  
t io n  o f  in o r g a n ic  a z id e s  o n  im id o y l  c h l o °  
r id e s . 1073

K a d e n t s e v ,  V .  I .  P o ly s a c c h a r id e  se q u e n c in g  
b y  m a ss  s p e c tr o m e tr y :  c h e m ic a l  i o n iz a °  
t io n  s p e c tr a  o f  p e r m e th y l g ly c o s y la ld i0  
to ls . 3425

K a d o w a k i ,  H . S y n th e se s  a n d  a b s o lu te
c o n f ig u ra t io n s  o f  t r ic y c lo [4 .3 .0 .0 3’7]n o n a n e  
( " b r e x a n e  " ) ,  3 -o x a t r ic y c lo [4 .3 .0 .0 4-9] n o °  
n a n e  ( " 3 -o x a b r e x a n e " ) ,  a n d  t r i c y c l o [4 .2 . °
0 .0 3 7 ]o c t a n -2 -o n e  (  " n o r b r e x a n -2 -o n e "  ). 
3 7 2 5

K a g a m i ,  H . R e a c t io n s  o f  a cy l t h io c h lo r o s u l °  
f it e s . 2 75 9

K a g a n ,  J .  M o le c u la r  r e a rra n g e m e n ts  w ith  
e t h o x y c a r b o n y l  g r o u p  m ig ra tio n s . 2. 
R e a rr a n g e m e n t  o f  1 ,2 -g ly c o ls ,  h a lo h y d 0  
r in s , a n d  a z id o h y d r in s . 2 35 5  

K a h l e ,  G . G . I n te r a c t io n  o f  a  p h e n y lp y r a z o — 
l id in e  u re th a n e  w ith  M e e r w e in 's  sa lt .
1244

K a is e r ,  E . M . P r e p a ra t io n  a n d  c o n d e n s a 0  
t io n s  o f  3 - li t h io m e th y lq u in o l in e .  716  

K a is e r ,  E . T .  a E f f e c t  a n d  r in g - in d u c e d  
a c c e le r a t io n  o f  h y d r o ly s is  a t  a  s u lfin y l  
c e n te r . B u ffe r  a n d  n u c le o p h i le  e f fe c ts  
o n  t h e  h y d r o ly s is  o f  d ip h e n y l  s u lfite .
141

K a is e r ,  E .  T .  S tu d ie s  o n  th e  s o l id -p h a s e  
s y n th e s is  o f  b o v in e  p a n cr e a t ic  t r y p s in  
in h ib it o r  (K u n itz )  a n d  t h e  c h a r a c te r iz a 0  
t io n  o f  th e  s y n th e t ic  m a te r ia l. 2787  

K a j i m o t o ,  T .  C o p p e r -c a t a ly z e d  o x id a t io n  
o f  o -p h e n y le n e d ia m in e s  t o  c i s , c i s - m u c o °  
n o n itr ile s . 1389

K a k e h i ,  A .  T h e r m a l  a n d  p h o t o c h e m ic a l  
b e h a v io r  o f  s te r ic a lly  h in d e r e d  N -v i n y l 0  
im in o p y r id in iu m  y lid e s . 1 57 0  

K a k e h i ,  A .  P r e p a ra t io n  o f  n e w  n i t r o g e n - 0  
b r id g e d  h e t e r o c y c le s . R e a c t io n  o f  p y r i d i °  
n iu m  N - im in e s  w ith  a z ir in e  d e r iv a t iv e s . 
2 73 9

K a k i n u m a ,  K . C h e m is tr y  a n d  b io c h e m is t r y  
o f  t h e  s t r e p to v a r ic in s . X I I I .  C a r b o n -1 3  
n u c le a r  m a g n e t ic  r e s o n a n c e  s p e c tr a  o f  
t h e  s t r e p to v a r ic in s  a n d  r e la te d  co rn 0  
p o u n d s .  1358

K a l l i n e y ,  S . E le c t r o c h e m ic a l  o x id a t io n  o f  
h a lo m ic in  B  t o  r ifa m y c in  S . 1258  

K a m e n k a ,  J .  M .  O x im a t io n  o f  3 ,5 - d i m e °  
t h y ì -4 -p ip e r id o n e s .  C o n fig u r a t io n s  a n d  
c o n fo r m a t io n s  o f  t h e  a d d u c ts .  3 63 7  

K a m e s w a r a n ,  V .  N o v e l  n o n p h e n o l  o x i d a °  
t iv e  c o u p l in g  o f  p h e n e th y lis o q u in o lin e s .  

4 04 7
K a m e t a n i ,  T .  S tu d ie s  o n  th e  s y n th e s e s  o f  

h e t e r o c y c lic  c o m p o u n d s .  65 7 . T o t a l  
sy n th e s is  o f  a n g u s tin e , n a u c le f in e ,  a n d  
g e n t ia n in e . 2 54 2

K a m e t a n i ,  T .  A  n o v e l  c le a v a g e  o f  a ry l 
■ b e n z y l  e th e rs  a n d  a lly l a ry l e th e r s  b y  

s o d iu m  b is (2 -m e t h o x y e t h o x y )a lu m in u m  
h y d r id e .  A n  a lte rn a t iv e  s y n th e s is  o f  
p e n ta z o c in e .  2545

K a m e t a n i ,  T .  A  n e w  s y n th e t ic  a p p r o a c h  t o  
t h e  3 -b e n z a z e p in e  s k e le to n  t h r o u g h  
p in a c o l -p in a c o lo n e  r e a rra n g e m e n t . 2 98 8  

K a n a i ,  T .  N u c le ic  a c id  r e la te d  c o m p o u n d s .
19. C o n ce r n in g  th e  m e c h a n is m  o f  f o r m a 0  
t io n  o f  " 2 ,3 '- im i n o - l - ( /? - ]> d y x o f u r a n o 0  
sy D u ra c il"  [ 2 - a m i n o - l - ( 3 - d e o x y - / ? - D - °  
l y x o fu r a n o s y l ) - 4 -p y r im id in o n e  N 2
3 - a n h y d r o n u c le o s id e ]  fr o m  O 2 -*• 2 ' - c y °  
c lo n u c le o s id e s  a n d  "a m m o n iu m  a z id e " .  
1886

K a n a m a t s u ,  K . M o le c u la r  d e s ig n  b y  c y c l o °  
a d d it io n  re a c t io n s . X X I V .  S t e r e o s p e c if ic  
c y c lo a d d it io n  r e a c t io n s  o f  d i b e n z o [ 4 ,5 - c ] °  
fu r o tr o p o n e . 1425

K a n a o k a ,  Y .  P h o to in d u c e d  re a c t io n s .
X X I V .  P h o to c h e m is t r y  o f  th e  im id e  
sy s te m . I. S y n th e t ic  p h o t o c h e m is tr y  
w ith  th e  im id e  sy s te m . N o rr is h  t y p e  II  
c y c l iz a t io n  o f  a l ic y c l ic  im id e s . 400  

K a n d a s a m y ,  D . C o n fo r m a t io n a l  an a ly s is .
32 . C o n fo r m a t io n a l  e n e rg ie s  o f  m e th y l 
s u lfid e , m e th y l s u lfo x id e ,  a n d  m e th y l 
s u l fo n e  g ro u p s . 3 89 9

K a n e m a t s u ,  K .  M o le c u la r  d e s ig n  b y  c y c l o °  
a d d it io n  re a c t io n s . X X V .  H ig h  p e r i -  
a n d  r e g io s p e c i f ic i t y  o f  p h e n cy c lo n e .
1105

K a n e m a t s u ,  K .  M o le c u la r  d e s ig n  b y  c y c l o °  
a d d it io n  re a c t io n s . X X V I .  F a c ile  s k e l e °  
ta l  r e a rra n g e m e n t  b y  r e a c t io n  o f  p o l y °

c y c lic  o le fin s  w ith  le a d ( I V )  a n d  t h a l l iu m 0
(II I )  sa lts . 2231

K a n  n a n ,  R .  R e a c t io n s  o f  3 -m e t h y lb e n z y n e  
w ith  2 - s u b s t it u t e d  fu ra n s . S te r ic  e f fe c t s  
3 35 6

K a o ,  J .  C . T h e  F a v o rsk ii r e a r r a n g e m e n t  o f  
2 -b r o m o b ic y c l o  [3 .2 .1 ]  o c t a n - 3 -o n e .  T h e  
q u e s t io n  o f  b is h o m o a n t ia r o m a tic ity .
3 73 0

K a r a n e w s k y ,  D . S .  N e w  c o n d it io n s  fo r  
c o n t r o lle d  C la ise n  re a rra n g e m e n ts  o f  
a lly l a ry l e th e rs . 3 02 6  

K a r le ,  D . W . M o d i f ie d  b e n z o in  c o n d e n s a 0  
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h a lo a z ir id in e s  w ith  t r i - n - b u t y l t i n  h y =

# d r id e .  3 79 4
K i l l o u g h ,  J .  M . S y n th e s is  a n d  u ti liz a t io n  

o f  o r g a n o c o p p e r ( I )  a te  c o m p le x e s  fro m  
G r ig n a r d  re a g e n ts . 2 7 5 0  

K im ,  C - K .  T h e  sy n th e s is  a n d  c h e m is tr y  o f  
e lu s iv e  s p ir o d ie n o n e  a lk a lo id  p re cu rso rs .

< 3210
K im ,  C - K .  N o v e l  n o n p h e n o l  o x id a t iv e  

c o u p l in g  o f  p h e n e th y lis o q u in o lin e s .

. 4047
K im ,  C - K .  E f f ic ie n t  in tra m o le c u la r  m o n o =  

p h e n o l  o x id a t iv e  c o u p lin g . 4 04 9  
K in g ,  G . S .  D . T r a p p in g  o f  t h ia z ir id in i=  

m in e s  w ith  im in e s  a n d  n itr ile s . 3 40 3  
K in g ,  R . B . P o ly ( t e r t ia r y  p h o s p h in e s  a n d  

a rs in e s ). X I I I .  N e o p e n t y l  p o ly  ( te r t ia ry  
p h o s p h in e s ) .  972

K in g ,  R . W . I s o la t io n  a n d  id e n t if ic a t io n  o f  
/S -c itra u ro l, a  C 30 c a r o t e n o id  in  c itru s .

# 891
K i n g s b u r y ,  C . A .  C a r b o n -1 3  n u c le a r  m a g =  

n e t ic  r e s o n a n c e  s p e c tr a  o f  k o j ic  a c id  a n d  
o t h e r  4 -p y r o n e  d e r iv a t iv e s . 2 77 7  

K i n g s b u r y ,  C . A .  S u r v e y  o f  c a r b o n - 1 3 - h y ^  
d r o g e n  s p lit t in g s  in  a lk e n e s . 3863  

K in o ,  M . R e a c t io n s  o f  th e  d e r iv a t iv e s  o f
5 -b r o m o p y r im id in e  n u c le o s id e s  w ith  
s o d iu m  a z id e . 1100 

K in o s h i t a ,  M .  M é t h y la t io n  o f  n u c le ic  
a c id -b a s e s  w ith  t r im e th y l p h o s p h a te .
3691

K i r k ,  K .  L . P h o t o c h e m is t r y  o f  d ia z o n iu m  
sa lts . 4 . S y n th e s is  o f  r in g - f lu o r in a te d  
t y r a m in e s  a n d  d o p a m in e s .  2 3 7 3  

K i r s h n e r ,  W . B . A n  im p r o v e d  sy n th e s is  o f  
o c t a e t h y lp o r p h y r in .  3 85 7  

K is h i ,  Y .  N e w  c o n d i t io n s  fo r  c o n t r o lle d  
C la ise n  re a rra n g e m e n ts  o f  a lly l a ry l 
e th e rs . 3 02 6

K is i s ,  B .  I n tr a m o le c u la r  D ie ls -A ld e r  r e a c =  
t io n s . S y n th e s is  o f  3 a -p h e n y lis o in d o lin e s  
as a n a lg e t ic  t e m p la te s .  104 

K i t a h a r a ,  T .  F u n c t io n a l iz e d  a la n e s  fo r  th e  
c o n v e r s io n  o f  e p o x id e s  t o  t r a n s - fu s e d  
y - la c t o n e s .  1669

K i t a j im a ,  K . N o v e l  sy n th e s is  o f  im id a z o le  
d e r iv a t iv e s  f r o m  l - p h e n y l - l , 2 - p r o p a n e =  
d io n e  a n d  m e th y lg u a n id in e . 1590

K i t c h i n g ,  W . C a r b o n -1 3  n u c le a r  m a g n e t ic  
r e s o n a n c e  s tu d ie s  o f  b e n z o c y c lo a lk e n e s  
a n d  f lu o r o b e n z o cy c lo a lk e n e s .  751 

K i t c h i n g ,  W . S u b s t itu e n t  e f fe c t  o f  th e
b r o m o m e th y l  g r o u p . C a r b o n - 13 m a g n e t=  
ic  r e s o n a n c e  s tu d y . 760  

K i t c h i n g ,  W . T h e  e le c t r o n ic  e f fe c t  o f  s u o ^  
s t itu te d  m e th y l g ro u p s . A  c a r b o n - 13 
n u c le a r  m a g n e t ic  r e s o n a n ce  s tu d y . 1498  

K i t c h i n g ,  W . C a r b o n -1 3  m a g n e t ic  r e s o ^  
n a n ce . D o w n f ie ld  sh ifts  in d u c e d  b y  
M (C H 3 )3  (M  =  s i lic o n , g e rm a n iu m , tin , 
le a d )  a t  th e  y - p o s i t i o n  a n d  a n t ip e r ip la ^  
n a r  t o  th e  c a r b o n -1 3  ce n te r . 1671 

K i t c h i n g ,  W . R e m o t e  s u b s t itu e n t  effects, 
o n  c a r b o n -1 3  sh ie ld in g s  in  s o m e  b i c y d o ^
[2 .2 .2 ]o c t y l  sy s te m s. 2 05 5  

K i t c h i n g ,  W . M e r cu ra t io n  o f  n a p h t h a l e n e -  
s a lie n t  fe a tu re s . 2247

K i t c h i n g ,  W . C a r b o n -1 3  n u c le a r  m a g n e t ic  
r e s o n a n ce  e x a m in a t io n  o f  s o m e  l -d e u ^ e r =  
i o -4 - t e r t -b u t y l c y c lo h e x y l  d e r iv a tiv e s .

# 3036
K i t s u y a ,  Y .  E le c t r o ly t ic  d e c a r b o x y la t io n  

r e a c t io n . III. A n o d ic  a c é to x y la t io n  o f  
t r ic y c lo [4 .4 .0 .0 .1-5]d e c a n - 4 -o n e s .  166 

K la b u n d e ,  K . J .  P r e p a ra t io n  a n d  r e a c t io n s  
o f  h ig h ly  a c t iv e  c a d m iu m  a n d  z in c  s lu r =  
ries b y  m e ta l a t o m -s o lv e n t  c o c o n d e n s a — 
tio n s . 1076

K l a p p e r ,  H . F o r m a t io n  o f  d y e s  d e r iv e d  
fr o m  d i in d o ly lp y r id y lm e th a n e s .  870  

K le i n ,  J . M e t a la t io n  re a c t io n s . 18. P o =  
ly m e ta la t io n  o f  s u b s t itu te d  a c e t o p h e 0  
n o n e s . 3307

K le i n ,  K . P .  O rg a n ic  r e a c t io n s  o f  su lfu r  
d io x id e .  II . R e a c t io n  w ith  o r t h o  esters.
482

K le i n ,  R . S . N u c le o s id e s .  X C I V .  S y n th a s is  
o f  s o m e  C -n u c le o s id e s  b y  1 ,3 -d ip o la r  
c y c lo a d d it io n s  t o  3 - (r ib o fu r a n o s y l )  p r o p i=  
o la te s . 84

K le m m ,  L . H . In tr a m o le c u la r  D ie ls -A ld e r  
r e a c t io n s . 10. S y n th e s is  a n d  c y c liz a t io n s  
o f  s o m e  N - ( c in n a m y l  a n d  p h e n y lp r o p a r =  
g y l)c in n a m a m id e s  a n d  p h e n y lp r c p io la m =  
id es . 2571

K le m m ,  L . H . In tr a m o le c u la r  D ie ls -A ld e r  
r e a c t io n s . 12. C o m p e t it iv e  [4 +  2] an d  
[2 +  2] c y c lo a d d it io n s  o f  N - ( p h e n y lp r o =  
p a r g y l ) -c i s -c in n a m a m id e .  3 81 3  

K lo e k ,  J . A .  A n  im p ro v e d  s y n th e s is  o f  
s u lfa m o y l c h lo r id e s . 4 02 8  

K lu g e ,  A . F . S tu d ie s  in  /3 -la c ta m s . S y n th e =  
s is  o f  /3 -la c ta m s  v ia  c y c lo a d d i t io n  o f  
im in o d it h io c a r b o n a t e  es ters  w ith  a z id o k ^  
e te n e . 1112

K n i f t o n ,  J .  F . H o m o g e n e o u s  ca ta ly z e d  
r e d u c t io n  o f  n it ro  c o m p o u n d s .  IV . S e =  
le c t iv e  a n d  s e q u e n t ia l  h y d r o g e n a t io n  o f  
n it ro a ro m a t ic s . 1200

K n i f t o n ,  J . F . L in e a r  c a r b o x y l ic  a c id  es ters  
f r o m  a -o le f in s .  I. C a ta ly s is  b y  h o m o g e ^  
n e o u s  p la t in u m  c o m p le x e s .  793 

K n i f t o n ,  J .  F . L in e a r  c a r b o x y l ic  a c id  esters  
f r o m  a o le fin s . 2. C a ta ly s is  b y  h o m c g e ^  
n e o u s  p a lla d iu m  c o m p le x e s .  2885  

K o b a y a s h i ,  K . F r e e -r a d ic a l  a n d  h y d r o g e n  
b r o m id e  in h ib it io n  in  th e  d a rk  re a c t io n  
o f  b r o m in e  w ith  th e  l ^ - d i m e t h y l c y c l c 0  
p r o p a n e s . 671

K o b a y a s h i ,  M . C o n fig u r a t io n  o f  th e  p h o t o i=  
so m e rs  o f  b e n z y lid e n e a n il in e s . 3322  

K o b a y a s h i ,  T .  P te r id in e s . X X X I X .  S y n =  
th e s is  o f  2 ,4 -d ia m in o -7 -a lk e n y lp t e r id :n e s  
a n d  th e ir  8 -o x id e s .  1299 

K o b a y a s i ,  Y .  A  c o n v e n ie n t  p r e p a r a t io n  o f  
m e th y l ( E ) -  a n d  ( Z ) - 4 ,4 - d im e t h o x y - 2 —  
b u te n o a te s  b y  e le c t r o ly s e s  o f  fu r fu r y l  
a lc o h o l,  fu r fu ra l , a n d  2 - fu r o i c  a c id .
3482

K o b u k e ,  Y .  S y n  s e le c t iv ity  in  D ie ls -A ld e r  
re a c t io n s  o f  is o d ic y c lo p e n t a d ie n e .  1457 

K o c h ,  C . W . E le c t r o n  im p a c t  in d u c e d  f r a g =  
m e n ta t io n s  a n d  r e a rra n g e m e n ts  o f  a l ip =  
h a t ic , h e t e r o c y c lic  p h o s p h in e  o x id e s .
2417

K o c h i ,  J .  K . M e c h a n is t ic  s tu d ie s  o f  iro n  
ca ta ly s is  in  th e  c r o s s  c o u p l in g  o f  a lk e n y l 
h a lid e s  a n d  G r ig n a rd  re a g e n ts . 502  

K o c h i ,  J .  K . E p o x id a t io n  o f  o le f in s  w ith  
m o le c u la r  o x y g e n  in  t h e  p r e s e n c e  o f  
c o b a l t  c o m p le x e s .  1384  

K o c i e n s k i ,  P .  J .  P h e r o m o n e  sy n th e s is . II . A  
s y n th e s is  o f  ( Z ) - 6 - h e n e i c o s e n - l l - o n e .
T h e  se x  p h e r o m o n e  o f  th e  D o u g la s  f ir  
tu s s o c k  m o th . 2927

K o c i e n s k i ,  P . J .  P h e r o m o n e  sy n th e s is . 3. A  
s y n th e s is  o f  ( E ) - 4 ,6 - d i m e t h y l - 4 - o c t e r  —
3 - o n e  (m a n ic o n e ) .  3 62 5  

K o c i e n s k i ,  P .  J .  A  n e w  a c e ty le n e  sy n th e s is . 
J u n ip a l. 3650

K o c i e n s k i ,  P .  J .  S t e r e o s e le c t iv e  to ta l  s y n =  
th e s is  o f  e x o -  a n d  e n d o -b r e v ic o m in .
398

K o c o r ,  M .  T o t a l  s y n th e s is  o f  s te ro id s . X I .  
S y n th e s is  o f  o p t ic a lly  a c t iv e  l l - k e t o e s =  
t ra n e  d e r iv a t iv e s . 707

K o e lb l ,  H . C o n tr o l le d  s u b s t itu e n t  e x ch a n g e  
in  c y c lo p r o p e n iu m  io n s . R o le  o f  c o u n t e r ^  
io n  in  F r ie d e l -C r a ft s  r e a c t io n s  o f  th e  
t r ic h lo r o c y c lo p r o p e n iu m  io n . 2 25 8  

K o e n ig ,  L .  J .  P h o to c h e m is t r y  o f
d ip h e n y lc y c lo p r o p a n e c a r b o x y l ic  a c id  
d e r iv a t iv e s . 2 0 3 8

K o e n ig ,  T .  T h e  h e l iu m (H e  l) p h o t o e le c t r o n  
s p e c tr a  o f  N -m e t h y l is o in d o le  a n d  N - m e =  
th v l in d o le .  3537

K o e r t g e ,  T .  E . F lu o r o x y t r if lu o r o m e th a n e  
r e a c t io n s  w ith  p o ly n u c le a r  a re n e s . A  
n e w  ro u te  t o  f lu o r in a te d  K -r e g io n  k e =  
to n e s . 3 41 3

K o e s t e r ,  R .  B o r o n  c o m p o u n d s .  40. O —  
E t h y lb o r a n e d iy l  d e r iv a t iv e s  o f  d u lc ito l .  
2316

K o f r o n ,  W . G . C o n ju g a te  a d d it io n  r e a c t io n s  
o f  a lk a li d ip h e n y lm e t h id e s  t o  a c r y lic  
e s ters. 114

K o f r o n ,  W . G . R e a c t io n  o f  d i lith iu m  d e r i=  
v a t iv e s  o f  o x im e s  w ith  e le c t r o p h ile s . 
R e g io s p e c i f i c  s u b s t itu t io n  o f  k e to n e s .
439

K o f r o n ,  W . G . A  c o n v e n ie n t  m e t h o d  fo r  
e s t im a t io n  o f  a lk y llith iu m  c o n c e n t r a =  
t io n s . 1879

K o h l ,  D . W . S y n th e s is  o f  H - a - a c e t y l m e ^  
th a d o l  m e ta b o l ite s  a n d  re la te d  c o m =  
p o u n d s . 3521

K o j i m a ,  H . R in g  e x p a n s io n  re a c t io n  o f
1 .2 -  d ih y d r o q u in o l in e s  t o  1 -b e n z a z e p in e s  
195

K o j i m a ,  H . R in g  e x p a n s io n  r e a c t io n  o f
1 .2 -  d ih y d r o q u in o l in e s  t o  1 -b e n z a z e p in e s .
2. 3 32 5

K o k e s h ,  F .  C . K in e t ic s  o f  th e  h y d r o ly s is  o f  
f lu o r o m e t h y l  m e th y l e th e r  in  n e u tra l to  
a lk a lin e  s o lu t io n . 1976  

K o k e s h ,  F . C . T h e  d e te r m in a t io n  b y  p r o t o n  
n u c le a r  m a g n e t ic  r e s o n a n c e  o f  th e  e n o l, 
h y d r a te  a n d  k e t o  fo rm s  o f  o x a lo a c e t ic  
a c id  a n d  its  a n io n s . 3593  

K o la r ,  A .  J .  T h e  r e a c t io n  o f  d ia lk y lc o p p e r  
lith iu m  re a g e n ts  w ith  3 -h a l o -2 -a c y l a m i =  
n o a c r y lic  a c id s . 3674

K o l l o n i t s c h ,  J . F lu o r o d e s u l fu r iz a t io n .  A  
n e w  r e a c t io n  fo r  th e  fo r m a t io n  o f  c a r =  
b o n - f lu o r in e  b o n d s .  3107  

K o m a t s u ,  M .  R e a c t io n  o f  1 -a z ir in e  w ith  
d ip h e n y ld ia z o m e th a n e . O n  th e  1 :2  a d 
d u c ts  o f  1 -a z ir in e  a n d  d ip h e n y lc a r b e n e . 
3642

K o m e t a n i ,  T .  N o v e l  fo r m a t io n  o f  a n t i—  
B r e d t  o le f in s  f r o m  2 ,3 ,4 ,5 ,6 ,7 -h e x a h y := 
d r o - l , 6 - m e t h a n o - l H - 4 - b e n z a z o n i n - 7 —  
o ls . 4 10 6

K o n ,  E . P h e n o li c  o x id a t io n s  w ith  s o d iu m  
b is m u th a te  in  a c e t ic  a c id . 1646 

K o n d o ,  A .  M o le c u la r  d e s ig n  b y  c y c lo a d d i=  
t io n  r e a c t io n s . X X V I .  F a c ile  sk e le ta l 
r e a r r a n g e m e n t  b y  r e a c t io n  o f  p o ly c y c l i c  
o le f in s  w ith  le a d ( I V )  a n d  th a l liu m (I II )  
sa lts . 2231

K o n d o ,  K .  S tu d ie s  o n  b io lo g ic a l ly  a c t iv e  
n u c le o s id e s  a n d  n u c le o t id e s .  1. R e a c =  
t io n s  o f  t e t ra a c e to x y s ila n e  w ith  p y r im i=  
d in e  r ib o n u c le o s id e s .  2995  

K o n d o ,  Y .  S y n th e se s  a n d  c h ir o p t ic a l  p r o =  
p e r t ie s  o f  o p t ic a lly  a c t iv e  d e r iv a t iv e s  o f  
t r ic y c lo [3 .3 .0 .0 3-7]o c t a n e  a n d  o x a t r i c y c lo ^  
n o n a n e s . 1229

K o o n s v i t s k y ,  B .  P .  D ir e c t e d  m e ta la t io n  
re a c t io n s . 7 . D ir e c t e d  m e ta la t io n  o f  
m e t h o x y m e t h y l fe r r o c e n e :  2 -  a n d  r - m e =  
ta la te d  fe r r o c e n e  in te rm e d ia te s . 3 6 6 4  

K o r n b l u m ,  N . D is p la c e m e n t  o f  th e  n itro  
g r o u p  o f  s u b s t itu te d  n it r o b e n z e n e s -a  
s y n th e t ica lly  u s e fu l  p ro ce s s . 1560 

K o r z u n ,  B .  P .  S y n th e s is  o f  4 ,4 ,9 ,1 7 - t e t r a =  
m e t h y l -2 ,6 -d i t h ia [7 .1 ]p a r a c y c lo p h a n e  
a n d  is o la t io n  o f  a t r o p is o m e r ic  fo r m s  o f  
th e  t e t ra o x id e . 2509

K o s e r ,  G . F . I o d o n iu m  y lid e s . R e a c t io n s  
o f  p h e n y ld im e d o n y l io d o n e  w ith  se v e ra l 
t h io c a r b o n y l  c o m p o u n d s .  E v id e n c e  fo r  
su lfu r  y l id e  in te rm e d ia te s . 125 

K o s e r ,  G . F . S i lv e r ( I ) -p r o m o t e d  r e a c t io n s  
o f  s t r a in e d  h y d r o c a r b o n s .  O x id a t io n  vs. 
r e a rra n g e m e n t . 583

K o s e r ,  G . F . A d d it io n  o f  lith iu m  io d id e  t o  a 
s tra in e d  c a r b o n - c a r b o n  a b o n d . In  s itu  
p r o t o n a t io n , m é th y la t io n ,  a n d  b e n z y la t io n  
o f  th e  a d d u c t .  1266

K o s e r ,  G . F .  H y p e r v a le n t  o r g a n o io d in e .  
C ry s ta l s t r u c tu re  o f  p h e n y lh y d r o x y t o s y ^  
lo x y io d in e .  3 60 9
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K o s k im i e s ,  J .  N -A r y l - S ,S - d im e t h y l i m i n o °  
s u lfu ra n e s . S tr u c tu r e , d ip o le  m o m e n ts , 
a n d  e x t e n t  o f  d o u b le  b o n d in g . 2 13 7  

K o s k i n e n ,  W . C . M u l t i - b o n d  fra g m e n ta t io n  
o f  t e r t - b u t y l  2 - m e t h y l - 2 - t e r t - b u t y l p e r °  
o x y p e r p r o p a n o a t e .  3 18 2  

K o s k i n e n ,  W . C . L e a d  te t ra a c e ta te  o x i d a °  
t io n  o f  2 - m e t h y l - 2 - t e r t - b u t y l p e r o x y p r o °  
p a n o ic  a c id . 3 18 8

K o s t ,  D . B a rr ie rs  t o  n it ro g e n  in v e rs io n  in 
c y c l i c  a n d  a c y c l ic  s u b s t itu te d  h y d r o x y l a -  
rr.ines. A  th e o r e t ic a l  s t u d y . 1748  

K o t c h m a r ,  D . J .  R in g  C  c o n fo r m a t io n  o f  
6 ^ -n a lt r e x o l  a n d  6 o -n a l t r e x o l .  E v id e n c e  
f r o m  p r o t o n  a n d  c a r b o n -1 3  n u c le a r  m a g -  
n e t ic  r e s o n a n ce . 3445

K o t s o n i s ,  F . N . C a r b o n -1 3  n u c le a r  m a g n e t0  
ic r e s o n a n c e  a ss ig n m e n ts  in  th e  t r i c h o °  
th e c e n e  m y c o t o x in s .  576  

K o v a c i c ,  P .  e n d o - 7 - A m i n o m e t h y lb ic y c l o °
[3 .3 .1 ]n o n a n -3 -o n e s  f r o m  r e a rra n g e m e n t  
o f  1 - N - s u b s t i t u t e d  N -h a lo a d a m a n t a n a °  
m in e s  b y  a lu m in u m  c h lo r id e  (c o r r e c t io n )  
4051

K o v a c i c ,  P .  B e h a v io r  o f  e n d o - 7 - a m in o m e °  
t h y lb i c y c l o [3 .3 .1 ] - n o n a n - 3 - o n e  u n d e r  
r e d u c in g  c o n d it io n s  (c o r r e c t io n ) .  4051 

K o v a c i c ,  P .  D ia z o t iz a t io n  o f  e n d o - 7 - a m i n o °  
m e th y lb i  c y c lo  [3 .3 .1 ]  n o n a n -3 -o l s  a n  d 
e n d o -7 -a m in o m e t h y lb i c y c lo [  3 .3 .1  ] n o n -  °  
2 - e n e  ( c o r r e c t io n ) .  4051  

K o v a c i c ,  P .  C h e m is tr y  o f  N -h a lo  c o r n 0  
p o u n d s .  X X V .  R e g io s p e c i f ic  sy n th e s is  
o f  u n s y m m e tr ic a l  a z o x y  c o m p o u n d s  
(d ia z e n e  N -o x id e s ) .  1751 

K o v a r ,  R . N e w  a n d  e f fe c t iv e  re a g e n ts  fo r
1,4 r e d u c t io n  o f  « ,0 -u n s a t u r a t e d  k e to n e s , 
L iA lH 4 -C u I  a n d  I ts  r e a c t iv e  sp e c ie s  
H 2A II. 1939

K o v e l  a n ,  M . J .  T h e  x - r a y  c ry s ta l a n d  
m o le c u la r  s t r u c tu re  o f  a n  u n u su a lly  
s ta b le  c y c l i c  o r g a n ic  p e r o x id e .  3 75 6  

K o w a r ,  T .  R . A p p r o a c h e s  t o  t h e  s y n th e s is  
o f  1 ,2 - c y c lo o c t a t r ie n e d io n e .  3 76 0  

K o z a r i e h ,  J .  W .  C h e m ic a l  t r a n s fo rm a t io n s  
o f  7 ,9 -d is u b s t i t u t e d  p u r in e s  a n d  re la te d  
h e t e r o c y c le s .  S e le c t iv e  r e d u c t io n  o f  
im in e s  a n d  im m o n iu m  sa lts . 2 30 3  

K r a b b e n h o f t ,  H . O . S t e r e o c h e m is tr y , c o n °  
fo rm a t io n s ,  a n d  c a r b o n -1 3  n u c le a r  m a g °  
r .e t ic  r e s o n a n c e  s p e c tr a  o f  9 - p h e n y l - 9 - °  
p h o s p h a b ic y c lo [3 .3 .1 ]n c n a n e  d e r iv a t iv e s . 
589

K r a b b e n h o f t ,  H . O . C a r b o n -1 3  n u c le a r  
m a g n e t ic  r e s o n a n c e  s p e c tr a  o f  9 - t h i a b i c y °  
c lo [3 .3 .1 ]n o n a n e s .  1518 

K r a b b e n h o f t ,  H . O . T h e  H o fm a n n -L o e f f l e r  
h y d r o g e n  a b s tr a c t io n  p r o c e s s  in  th e  
m a ss  s p e c t r o m e t r y  o f  l - a l k o x y - 9 - m e °  
t h y l -9 -a z a b ic y c lo [3 .3 .1 ]n o n a n e s .  1774 

K r a m e r ,  D . N . F o r m a t io n  o f  d y e s  d e r iv e d  
fr o m  d iin d o ly lp y r id y lm e th a n e s .  870  

K r a m e r ,  J .  D . X - r a y  c r y s ta l  s tru c tu re  
a n a ly s is  o f  t r iq u in a c e n e  a t  9 0  K . 2266  

K r a t z e r ,  R .  H . M o d i f ie d  b e n z o in  c o n d e n s a 0  
t io n  o f  te r e p h th a la ld e h v d e  w ith  b e n z a l °  
d e h y d e . 2 23 0

K r e p s k i ,  L . R .  S y n th e s is  o f  u n s y m m e tr ica l  
o le f in s  b y  tita n iu m (O ) in d u c e d  m ix e d  
c a r b o n y l  c o u p l in g .  S o m e  c o m m e n ts  o n  
th e  m e c h a n is m  o f  th e  p in a c o l  r e a c t io n .
S 929

K r e s s ,  T .  J .  S e le c t iv e  c h lo r in a t io n s  in  
s u l fu r ic  a c id . S y n th e s is  o f  s o m e  2 - a m i °  
n o - 5 - c h l o r o - ,  2 - a m in o - 3 - c h l o r o - ,  a n d  
2 - a m in o -3 ,5 -d ic h lo r o p v r id in e s .  93  

K r e t c h m e r ,  R . A .  F o r m a t io n  o f  2 - o x a z o :::: 
l in e s  b y  a  c y c liz a t io n  in v o lv in g  th e  d i s °  
p la c e m e n t  o f  m e rcu ry . 192 

K r e t c h m e r ,  R .  A . O rg a n o m e rc u r y  c o r n 0  
p o u n d s  as s y n t h e t ic  in te rm e d ia te s . C o u °  
p l in g  o f  a r y lm e rc u r ic  s a lts . 2661 

K r i e g e r ,  R .  L .  E le c t r o ly t e  e f fe c t s  u p o n  th e  
p o la r o g r a p h ic  r e d u c t io n  o f  a lk y l h a lid e s  
in  d im e th y l s u lfo x id e .  54  

K r i s h n a m u r t h y ,  S . S e le c t iv e  r e d u c t io n s . 
X X I .  9 -B o r a b ic y c lo [3 .3 .1 ]n o n a n e  in  
t e t ra h y d r o fu r a n  as a  n e w  s e le c t iv e  r e d u c °  
in g  a g e n t  in  o r g a n ic  sy n th e s is . R e a c t io n  
w ith  s e le c te d  o r g a n ic  c o m p o u n d s  c o n t a in 0  
in g  re p r e s e n ta t iv e  fu n c t io n a l  g ro u p s .
1 77 8

K r i s h n a m u r t h y ,  S . F a c ile  r e d u c t io n  o f  
a lk y l to s y la te s  w ith  lith iu m  t r ie t h y lb o 0  
r o h y d r id e .  A n  a d v a n ta g e o u s  p r o c e d u r e  
fo r  t h e  d e o x y g e n a t io n  c f  c y c l i c  a n d  a c y c l °  
i c  a lc o h o ls . 3 06 5

K r i s t o l ,  D . S . S te r ic  e f fe c t s  in  t h e  b a s e - c a °  
t a ly z e d  h y d r o ly s is  o f  p -n i t r o p h e n y l  e s °  
te rs . R e la t iv e  b e h a v io r  o f  b r id g e d  a n d  
n o n b r id g e d  t r ia lk y l a ce ta te s . 3 20 5  

K r o p f ,  R .  A . P h e n y lc in n a m a lo n e s . 3 . B a s ic  
h y d r o ly s is  o f  p h e n y lc in n a m a lo n e .  3 62 2  

K r o p p ,  P .  J .  C a r b o n -1 3  c h e m ic a l  s h ift s  o f  
1-s u b s t it u t e d  n o rb o rn a n e s . 1215

K r u b s a c k ,  A .  J .  O x id a t io n s  b y  t h io n y l 
c h lo r id e .  8 . A  c o n v e n ie n t  s y n th e s is  o f  
b e n z o [b ] t h io p h e n e s  fr o m  c a r b o x y l ic  
a c id s  a n d  k e to n e s . 3 39 9  

K r u e g e r ,  L . M . S te r e o c h e m is tr y  o f  p h o t o 0  
c h e m ic a l  c y c lo a d d it io n s :  a d d it io n  o f  
e th y le n e  t o  a  A 9- l - o c t a l o n e .  4 09 6  

K u b l e r ,  D . G . K in e t ic  sa lt  e f fe c t s  o n  th e  
h y d r o ly s is  o f  b e n z a ld e h y d e  d im e th y l 
a ce ta l. 2 34 4

K u b l e r ,  D . G . K in e t i c  s a lt  e f fe c t s  a n d  
s u b s t itu e n t  e f fe c t s  o n  ra te s  o f  d im e th y l 
a c e ta l  fo r m a t io n  f o r  b e n z a ld e h y d e s .
2349

K u c z k o w s k i ,  R .  L .  M e c h a n is m  o f  o z o n o ly 0  
sis. T r ip h e n y lp h o s p h in e  r e d u c t io n  o f  
m e t h y l is o p r o p y le t h y le n e  o z o n id e  ( o x y °  
g e n - 1 8 ). 892

K u e h n e ,  M . E . O x id a t io n  o f  p r im a ry  
a m in e s  a n d  in d o lin e  w ith  p a lla d iu m  
d ic h lo r id e  a n d  g o ld  tr ic h lo r id e .  2 74 2  

K u e m m e r l e ,  E . W . J r .  P h o to c h e m is t r y  o f
3 - c y a n o - 4 ,4 -d i m e t h y l -2 ,5 - c y c lo h e x a d ie n °  
o n e . E v id e n ce  fo r  s e le c t iv ity  d u r in g  th e  
p h o to r e a r r a n g e m e n t  o f  u n s y m m e tr ic  
c y c lo h e x a d ie n o n e s .  2950  

K u k o l j a ,  S . A z e t id in o n e  a n t ib io t ic s . X V I .  
S y n th e s is  o f  3 - h y d r o x y - ,  3 - c h lo r o - ,  a n d  
3 - m e t h o x y -3 - c e p h e m s  fro m  p e n ic il l in s  
v ia  4 - d i t h io - 2 - a z e t id in o n e  in te rm e d ia te s  
2 27 6

K u l i k o w s k i ,  T .  N u c le o s id e s . X X X I .  S y n °  
th e s is  o f  l - ( 2 ,6 - d id e o x y - ( 3 - D - a r a b i n o - °  
h e x o p y r a n o s y l)c y to s in e ,  th e  n u c le o s id e  
p o r t io n  o f  o x a m ic e t in .  6 0 0  

K u n d u ,  N . G . A n  u n u su a l a re n e  o x id e
r e a c t io n . S o lv e n t  c a p tu r e  d u r in g  a c i d - c a °  
ta ly z e d  s o lv o ly s is  o f  7 ,1 2 -d im e t h y lb e n z °  
[a ja n th r a c e n e  5 ,6 -o x id e .  3 48 7  

K u n e r t h ,  D . C . N u c le o p h il ic  a r o m a t ic  
s u b s t itu t io n  r e a c t io n s  o f  u n a c t iv a te d  
ary l c h lo r id e s  w ith  m e t h o x id e  io n  in  
h e x a m e th y lp h o s p h o ra m id e .  732 

K u n e s c h ,  N . V o a ca n g a  a lk a lo id s . 16. C a r=  
b o n - 13 n u c le a r  m a g n e t ic  r e s o n a n c e  s p e c 0  
t r o s c o p y  o f  n a tu ra lly  o c c u r r in g  s u b s t a n c 0  
es. 43 . C a r b o n -1 3  n u c le a r  m a g n e t ic  
r e s o n a n c e  a n a ly s is  o f  b is - in d o l in e  a l k a °  
lo id s  o f  tw o  v o a c a n g a  s p e c ie s . 3270  

K u n g ,  W . J .  S tr u c tu r a l  a n a ly s is  o f  in te rn a l0  
ly  c r o w d e d  n a p h th a le n e  d e r iv a t iv e s . 
p e r i -D ip h e n y la c e n a p h t h e n e . 3603  

K u n s t m a n n ,  M . P .  S p e c tr a l  a n d  c h e m ic a l  
c h a r a c te r iz a t io n  o f  fu n g a l m e ta b o lite  
L L -N 3 1 3 L  66

K u n z ,  Y .  K . G e o m e t r ic  is o m e rs  o f  0 - a l k y l °  
b e n z o h y d r o x im o y l  c h lo r id e s . S y n th e s is , 
id e n t if ic a t io n ,  a n d  a c id -c a t a ly z e d  is o m e r ^  
iz a t io n . 252

K u p c h a n ,  S .  M .  T h e  s y n th e s is  a n d  c h e m is °  
t r y  o f  e lu s iv e  s p ir o d ie n o n e  a lk a lo id  p r e °  
cu rso rs . 3210

K u p c h a n ,  S . M . Q u a ss im a r in , a  n ew  a n t i °  
le u k e m ic  q u a ss in o id  fro m  Q u a ss ia  a m a ra  
3481

K u p c h a n ,  S . M . T u m o r  in h ib ito rs . 117.
T h e  is o la t io n  a n d  s tru c tu ra l  e lu c id a t io n  
o f  n e w  p o t e n t  a n t ile u k e m ic  d ite r p e n o id  
e s te rs  fr o m  G n id ia  s p e c ie s . 3 85 0  

K u p c h a n ,  S . M .  N o v e l  n o n p h e n o l  o x id a t iv e  
c o u p l in g  o f  p h e n e th y lis o q u in o lin e s .

4047
K u p c h a n ,  S . M . E f f ic ie n t  in tra m o le c u la r  

m o n o p h e n o l  o x id a t iv e  c o u p lin g . 4 04 9  
K u r i t a ,  K .  T r ic h lo r o m e t h y l  c h lo ro fo r m a te .  

R e a c t io n  w ith  a m in e s , a m in o  a c id s , a n d  
a m in o  a lc o h o ls . 2 07 0

K u r o b e ,  A . N o v e l  fo r m a t io n  o f  a n t i -B r e d t  
o le f in s  fr o m  2 ,3 ,4 ,5 ,6 ,7 -h e x a h y d r o - l ,6 - °  
m e t h a n o - 1 H -4 - b e n z a z o n in - 7 - o l s .  4 10 6  

K u r t z ,  W .  O n  a t te m p ts  a t  s o lv o ly t ic  g e n e r °  
a t io n  o f  a ry l c a t io n s . 4 0 9 9  

K u r z ,  M .  E . C o n cu rr e n t  n it ra t io n  a n d
o x y g e n a t io n  o f  o - x y le n e  a n d  h e m im e ll it 0  
e n e  w ith  a ro y l n itra te s . 2443  

K u s s n e r ,  C . L .  S y n th e s is  o f  i m i d a z o [ 4 ,5 - b ] °  
p y r id in e s  a n d  v - t r ia z o lo [4 ,5 -b ]p y r id in e s .  
P r e p a ra t io n  o f  l -d e a z a -6 - t h io g u a n in e  
a n a lo g s . 3 78 4

K w a r t ,  H . G a s  p h a se , u n c a ta ly z e d  t h e r m o 0  
ly s is  o f  3 -h o m o a d a m a n ty l  a ce ta te . 1429 

K y u n g ,  J .  H . P a th w a y  c o n t r o l  o f  p r o d u c ts  
in  th e  r e a c t io n  o f  n itro s y l  c h lo r id e  o n  
o x im e s . 2024

L 'A b b e ,  G . S y n th e s is  o f  1 ,4 -d is u b s t it u t e d  
t e t r a z o lin e -5 -t h io n e s .  1875  

L 'A b b e ,  G . T r a p p in g  o f  th ia z ir id in im in e s  
w ith  im in e s  a n d  n itr ile s . 3 40 3  

L a B e r g e ,  J .  M .  S te r e o c h e m is tr y  a n d  m e °  
ch a n is m  o f  th e  S c h m itz  d ia z ir id in e  s y n °  
th e s is  le a d in g  t o  2 ,4 ,6 -t r is u b s t it u t e d  
l ,3 ,5 ~ tr ia z a b ic y c lo [3 .1 .0 ]h e x a n e s .  3221 

L a b l a c h e - C o m b i e r ,  A .  P h o to r e d u c t io n  o f  
s u b s t itu te d  b e n z o [b ] fu r a n s  b y  a lip h a t ic  
a m in e s . 151

L a d d ,  D . L . S y n th e s is  o f  o p t i c a lly  a c t iv e  
d ia lk y la r y ls u lfo n iu m  sa lts  f r o m  a lk y l 
a ry l s u lfo x id e s . 3 09 6

L a i ,  A .  R e a c t io n  o f  s u b s t itu te d  b e n z o d io x 0  
o le s  w ith  m e th y lm a g n e s iu m  io d id e  u n d e r  
h e te r o g e n e o u s  c o n d it io n s .  580  

L a in e ,  R .  M .  M o n o t e r p e n e  sy n th e s e s  v ia  
a  p a lla d iu m  c a ta ly z e d  is o p r e n e  d im e r i z a °  
t io n . 3455

L a js i c ,  S . D .  T h e  s tru c tu re s  o f  s ta p h ig in e  
a n d  s ta p h ir in e . T w o  n o v e l  b is d ite r p e n e  
a lk a lo id s  fr o m  D e lp h in iu m  sta p h isa g r ia . 
3042

L a k h a n ,  R . N u c le a r  m a g n e t ic  r e s o n a n c e  
d e te r m in a t io n  o f  r o ta t io n a l b a rr ie rs  in  
f iv e -m e m b e r e d  h e te r o c y c le s .  3591 

L a k s h m ik a n t h a m ,  M . V .  K r u k o v in e ,  a  
n ew  b is  (b e n z y l is o q u in o l in e )  a lk a lo id  
fr o m  A b u t a  sp le n d ia . 317 

L a k s h m ik a n t h a m ,  M . V .  I s o m e r ic  e th y le n e  
s e le n o d ith io e a r b o n a te s .  8 7 9  

L a k s h m ik a n t h a m ,  M . V .  A lte r n a te  s y n t h e °  
sis  o f  te tra s e le n a fu lv a le n e . 882  

L a L o n d e ,  R .  T .  H e m ia m in a l d e r iv a t iv e s  o f  
n e o th io b in u p h a r id in e .  291 

L a L o n d e ,  R .  T .  I n d o liz id in e s , a - a r y l t h i o °  
h e m ia m in a ls , a n d  a r -a r y ls u l fo n y lh e m ia °  
m in a ls  f r o m  a q u in o l iz id in e  e n a m in e  an d  
a n  a re n e s u lfo n y l c h lo r id e .  2 5 1 4  

L a m , L . K . T .  A p ra m y c in ,  a  u n iq u e  a m i n o °  
c y c li t o l  a n t ib io t ic .  2087  

L a m b e r t ,  J .  B .  F r e e -r a d ic a l  a n d  h y d r o g e n  
b r o m id e  in h ib it io n  in  th e  d a rk  r e a c t io n  
o f  b r o m in e  w ith  th e  l ,2 - d i m e t h y l c y c l o °  
p r o p a n e s . 671

L a n c e r ,  K .  M . T h e  o r t h o  e f f e c t  in  th e  
p y r o ly s is  o f  io d o n iu m  h a lid e s . A  ca se  
fo r  a s te r ic a lly  c o n t r o lle d  n u c le o p h i l ic  
a r o m a t ic  (S N )  s u b s t itu t io n  r e a c t io n .
3 36 0

L a n e ,  T .  H . D is p la c e m e n t  o f  a n  a lk y l  g r o u p  
fro m  q u a te r n a ry  a m m o n iu m  c h lo r id e s  
b y  ce r ta in  n e u tra l n u c le o p h i le s .  2 71 4  

L a r o c k ,  R .  C . M e r c u r y  in  o r g a n ic  c h e m is °  
try . 7. A  c o n v e n ie n t  sy n th e s is  o f  s y m °  
m e tr ic a l  c o n ju g a te d  d ie n e s  a n d  p o ly e n e s . 
2241

L a r s e n ,  J .  W . In te r a c t io n s  o f  s o m e  a r o m a t °  
ic  sa lts  w ith  h e x a d e c y lt r im e t h y la m m o n i0  
u m  b r o m id e  m ice lle s . V is c o s it y ,  c o u n t e r ^  
io n  b in d in g , a n d  c a lo r im e tr ic  o b s e r v a 0  
t io n s . 2 96 8

L a r s e n ,  J .  W . H y d r o g e n a t io n  o f  c y c l o h e x °  
e n e  c a ta ly z e d  b y  f ir s t  r o w  t r a n s it io n  
m e ta l s te a ra te s . 3332

L a r s e n ,  R .  D .  M o le c u la r  g e o m e t r y  s tu d ie s . 
C ry s ta l a n d  m o le c u la r  s t r u c tu r e  o f  a
7 -s p ir o c y c lo p r o p y lb ic y c lo  [2 .2 .1 ]  h e p te n e  
a n h y d r id e . 2129

L a r s e n ,  R .  D . I s o la t io n  a n d  s t r u c tu re  d e t e r 0  
m in a t io n  o f  th e  s e c o n d  t o x ic  c o n s t it u e n t  
f r o m  T e t r a d y m ia  g la b ra ta . 4 0 7 8  

L a s s w e l l ,  W .  L .  J r .  U v a r e t in  a n d  is o u v a r e 0  
t in . T w o  n o v e l  c y t o t o x ic  C - b e n z y l f la v a °  
n o n e s  fr o m  U v a r ia  c h a m a e  L  ( c o r r e c °  
t io n ) .  4 0 5 2

L a s s w e l l ,  W . L . J r .  U v a r e t in  a n d  is o u v a r e 0  
tin . T w o  n o v e l  c y t o t o x ic  C - b e n z y l f la v a °  
n o n e s  fr o m  U v a r ia  c h a m a e  L .  1297 

L a u t e r b a c h ,  R .  T .  P h o to c h e m ic a l  a c l e a v °  
a g e  o f  k e to n e s  in  s o lu t io n . V I I I .  P h o t o 0  
c h e m ic a l  r e a c t iv ity  o f  s o m e  b r id g e h e a d  
p h e n y l  k e to n e s . 1907

L a u t e r b a c h ,  R . T .  P h o to c h e m ic a l  r e a c t iv it y  
o f  s o m e  b r id g e h e a d  p h e n y l  k e t o n e s  ( c o r ^  
r e c t io n ) .  4 05 2

L a w l e r ,  R .  G . 1 ,3 -D ip o la r  c y c lo a d d i t io n  o f  
n itr i le  o x id e s  t o  c a r v o n e  a n d  re la te d  
c o m p o u n d s .  2 21 0

L a w t o n ,  R .  G . S o lv o ly s is  o f  b e n z o b i c y c l o [ 3 . °
2 .1 ] o c t e n y lm e t h y  1 to s y la te s . 1807 

L a y t o n ,  B .  R .  C a r b o n -1 3  n u c le a r  m a g n e t ic  
r e s o n a n c e  s p e c tr a  o f  c h lo r in a t e d  p e n t a c y 0  
c lo [5 .3 .0 .0 2>6.0 3-9.0 4-8]d e c a n e s . 4 6 2  

L e a c h ,  C . T .  T h e  a d d it io n  o f  h a lo g e n s  t o  
v in y lc y c lo p r o p a n e s .  1972 

L e a c h ,  C . T .  C h lo r in a t io n s  o f  o le f in s  a n d  
d ie n e s  w ith  a n t im o n y  p e n ta c h lo r id e .
3997

L e a d e r ,  H . C h e m ic a l  c o n s e q u e n c e s  o f  h y °  
d r id e  a d d it io n  t o  a r o m a t ic  o le f in s .  3 6 8 2  

L e d l i e ,  D . B .  H a lo c y c lo p r o p a n e s .  4 1 9  
L e e ,  A .  S .  F o r m a t io n  o f  t r o p o lo n e  d e r i v a °  

t iv e s  ( 2 H - c y c lo h e p t a [b ] f u r a n - 2 - o n e s )  b y  
t h e  p y r o ly s is  o f  a ry l p r o p io la te s .  4 04 3  

L e e ,  B . M a c r o c y c le s .  S y n th e s is  a n d  t h e r °  
m a l d e c o m p o s it io n  o f  3 -b e n z o s u b e r o n e  
d ip e r o x id e .  2 3 1 4

L e e ,  D . G . T h e  o x id a t io n  o f  m e t h y l  c in n a °  
m a te  b y  r u th e n iu m  te t r o x id e .  3 64 4  

L e e ,  D . G . K in e t ic s  o f  th e  o x id a t io n  o f  
s o m e  u n s a tu ra te d  c o m p o u n d s  b y  s o d iu m  
p e rru th e n a te . 3644
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L e e , D . G . K in e t ic s  o f  th e  o x id a t io n  o f  
s o m e  u n sa tu ra te d  c o m p o u n d s  b y  s o d iu m  
ru th e n a te . 3 64 6

L e e , D - Y .  9 (1 0  —  ̂ 1 9 ) - A b e o  s te r o id s . T o t a l  
s y n th e s is  a b e o -e s t r a d io l ,  a b e o -e s t r a d io l
3 -m e t h y l  e th e r , a n d  1 7 a -e t h y n y l  a b e o - =  
e s t r a d io l  3 -m e t h y l  e th e r . 1601 

L e e ,  G . A . P h o to c h e m is t r y  o f  c i s -  a n d  
t r a n s -s t i lb e n e  o x id e s .  2 65 6  

L e e ,  K . I . R e a c t io n s  o f  2 ,2 ,2 -t r ip h e n y le t h y l  
p - t o lu e n e s u lfo n a t e  in  a lc o h o l  s o lu t io n s  
in  th e  p r e s e n c e  o f  b a se  u n d e r  h ig h  p r e s =  
su re . E f fe c ts  o f  p re s s u re  o n  S N l -  a n d  
S N 2 - t y p e  re a c t io n s . 1 55 2  

L e e ,  K - W .  C h e m ilu m in e s c e n c e  fr o m  th e  
r e a c t io n  o f  s in g le t  o x y g e n  w ith  1 0 ,1 0 '—d i=  
m e t h y l -9 ,9 '-b ia c r id y l id e n e .  A  re a c t iv e
1 .2 -  d io x e ta n e . 2 68 5

L e e ,  L .  F .  C y c l iz a t io n  o f  u n s a tu r a te d  h y d r =  
o x y la m in e  d e r iv a t iv e s . 8 5 5  

L e e ,  L .  F . N e w  s y n th e s is  o f  2 -a lk y lp y r r o l i=  
d in e s  a n d  2 -a lk y lp ip e r id in e s .  863  

L e e ,  L . F .  R e a c t io n s  in v o lv in g  e le c t r o n  
tr a n s fe r . 9 . R e a c t io n  o f  lith iu m  d im e =  
th y lc u p r a te  w ith  a lk y l a ry l k e to n e s .
3 06 7

L e e ,  P .  I s o la t io n  a n d  s t r u c tu re  d e t e r m in a =  
t io n  o f  th e  s e c o n d  t o x ic  c o n s t it u e n t  fro m  
T e t r a d y m ia  g la b ra ta . 4 0 7 8  

L e e ,  T .  D . N it r o n e s  a n d  n it r o x id e s  d e r iv e d  
fr o m  o x a z o l in e s  a n d  d ih y d r o o x a z in e s .
3237

L e e ,  W . W . D a u n o m y c in o n e  a n a lo g u e s  v ia  
th e  D ie ls -A ld e r  re a c t io n . S y n th e s is  a n d  
c h e m is tr y  o f  s o m e  6 , l l - d i h y d r o x y - 5 ,1 2 - =  
n a p h th a c e n e d io n e s .  2 29 6  

L e e t e ,  E .  A  n e w  s y s te m a t ic  d e g r a d a t io n  o f  
n ic o t in e  t o  d e te r m in e  a c t iv it y  a t  C - 2 1 
a n d  C - 5 1. T h e  p a t te r n  o f  la b e lin g  in 
n ic o t in e  a n d  n o r n ic o t in e  fo r m e d  fro m  
[ 2 - 14C ] - o r n it h in e  in N ic o t ia n a  g lu t in o sa , 
a n d  in n ic o t in e  o b t a in e d  fr o m  N . ta b a c u m  
e x p o s e d  t o  [ 14C ,13C ] - c a r b o n  d io x id e .
3 4 3 8

L e F a i v r e ,  M . H . F lu o r o x y t r if lu o r o m e th a n e  
r e a c t io n s  w ith  p o ly n u c le a r  a re n e s . A  
n e w  r o u te  t o  f lu o r in a te d  K -r e g io n  k e =  
t o n e s . 3 41 3

L e g a u l t ,  R .  M o ly b d e n u m  h e x a c a r b o n y l 
c a ta ly z e d  re a r r a n g e m e n t  o f  e p o x id e s .
3611

L e g g ,  K . D . C h e m ilu m in e s c e n c e  fr o m  th e  
r e a c t io n  o f  s in g le t  o x y g e n  w ith  1 0 ,1 0 '—d i=  
m e t h y l -9 ,9 '-b ia c r id y l id e n e .  A  r e a c t iv e
1 .2 -  d io x e ta n e . 2 68 5

L e G o f f ,  E . A p p r o a c h e s  t o  th e  s y n th e s is  o f
1 .2 -  c y c lo o c t a t r ie n e d io n e .  3 76 0  

L e G o f f ,  E . E n o la t e  r o u te  t o  5 ,1 0 -d is u b s t i=
tu t e d  in d e n o [ 2 , l - a ] in d e n e .  4041 

L e i b y ,  R . W . S y n th e s is  o f  3 ,4 - d ih y d r o -  
a n d  l ,4 - d i h y d r o - 5 H - l ,3 ,4 - b e n z o t r ia z e — 
p in - 5 - o n e s .  2 73 6

L e i g h t o n ,  A .  P . T u m o r  in h ib ito r s . 117.
T h e  is o la t io n  a n d  s tru c tu ra l e lu c id a t io n  
o f  n e w  p o t e n t  a n t ile u k e m ic  d it e r p e n o id  
e s te rs  fr o m  G n id ia  sp e c ie s . 3 85 0  

L e i m g r u b e r ,  W . F lu o r o m e t r ic  re a g e n ts  fo r  
p r im a ry  a m in e s . S y n th e se s  o f  2 - a l k o x y -  
a n d  2 - a c y lo x y -3 (2 H ) - f u r a n o n e s .  388  

L e i m g r u b e r ,  W . Z w it t e r io n ic  2 ,4 - d io x o p y r =  
r o lid in e s . 3 9 0

L e M a h ie u ,  R . A . S y n th e s is  a n d  s p e c tr a l  
p r o p e r t ie s  o f  t h e  is o m e r ic  h y d r o x y b e n z o =  
[a ]p y r e n e s . 9 7 7

L e n c e s ,  B . L . S t e r e o c h e m ic a l  c o n t r o l  o f  
r e d u c t io n s .  5 . E f f e c t s  o f  e le c t r o n  d e n s ity  
a n d  s o lv e n t  o n  g r o u p  h a p to p h il ic i ty .
2 90 3

L e n o x ,  R .  S .  S y n th e s is  o f  4 - l i t h i o - 2 - m e =  
t h y l -2 -p e n t e n e .  A  n e w  t y p e  o f  a l ly lic  
o r g a n o m e ta l lic  c o m p o u n d .  2 05 2  

L e n z ,  F . R e a c t io n s  o f  s u lfe n y l h a lid e s  a n d  
th e ir  d e r iv a t iv e s . 14. E f f e c t  o f  a c e ty le n e  
s t r u c tu re  o n  th e  ra te s  a n d  p r o d u c t s  o f  
a d d it io n  o f  4 - c h lo r o b e n z e n e s u l fe n y l  
c h lo r id e .  2331

L e n z ,  G . R . E n a m id e  p h o to c h e m is tr y .  
S t e r e o c h e m is t r y  o f  p h o t o c y c l iz a t io n  o f  
1 - e t h y l id e n e  a n d  1 -b e n z y l id e n e  2-~  
b e n z o y lt e t r a h y d r o is o q u in o lin e s .  2201 

L e n z ,  G . R . F u n c t io n a l iz a t io n  o f  a  s te ro id a l  
C - 1 8  a n g u la r  m e th y l g r o u p  u s in g  a  2 1 ,=
2 0 -c h lo r o h y d r in .  3 53 2  

L e o n a r d ,  N . J .  F lu o r e s c e n t  m o d if ic a t io n  o f  
g u a n in e . R e a c t io n  w ith  s u b s t itu te d  
m a lo n d ia ld e h y d e s .  294  

L e o n a r d ,  N . J .  A l ly l i c  r e a rra n g e m e n t  fr o m  
O 6 t o  N - 3  a n d  N - 7  o f  g u a n in e  b lo c k e d  
a t C - 8 .  5 6 8

L e o n a r d ,  N . J .  A r a lk y la t io n  o f  p o ta s s iu m  
e th y ln itr o s o la te . R in g  c lo s u re  o f  n it r o s o l=  
ic  a c id  e s te rs . 2 98 5

L e o n a r d ,  N . J .  N i t r o g e n - 1 5 - c a r b o n - 13 
c o u p l in g  fo r  d e te r m in a t io n  o f  th e  s ite  o f  
N -a lk y la t io n  o f  n itro g e n  h e te r o c y c le s . 
l in e a r -B e n z o p u r in e s .  3051 

L e o n a r d ,  N . J .  L in e a r  b e n z o g u a n in e . S y n =  
th e s is  b y  tw o  in d e p e n d e n t  m e th o d s .
3 52 9

L e o n g ,  A .  Y .  W . A lk y la t io n  a n d  M ich a e l  
a d d it io n s  o f  g ly c in e  e th y l es ter . U se  in  
a - a m in o  a c id  s y n th e s is  a n d  as a c y l  c a r =  
b a n io n  e q u iv a le n t . 3491 

L e p le y ,  A . R . H e te r o b e n z y l  q u a te rn a ry  
a m m o n iu m  sa lts . IV . 2 -T h e n y l  g r o u p  
as te rm in u s  a n d  m ig ra tin g  m o ie t y  in  th e  
S te v e n s  a n d  S o m m e le t  re a rra n g e m e n ts  
o f  a  q u a te r n a ry  a m m o n iu m  io n . 2 18 7  

L e p o r e ,  U . C o n fo r m a t io n  o f  s u b s t itu te d  
a ry lu re a s . C ry s ta l s tru c tu re s  o f  N ,N '- d i =  
m e t h y l -N ,N '-d i (p -n i t r o p h e n y l )u r e a  an d  
N ,N '- d i m e t h y l - N ,N '- d i (2 ,4 - d i n i t r o p h e =  
n y l)u re a . 2 13 4

L e r c k e r ,  G . H e te r o b e n z y l  q u a te rn a ry  a m =  
m o n iu m  sa lts . I V . 2 - T h e n y l  g r o u p  as 
t e r m in u s  a n d  m ig ra tin g  m o ie t y  in  th e  
S te v e n s  a n d  S o m m e le t  r e a rra n g e m e n ts  
o f  a  q u a te r n a ry  a m m o n iu m  ion . 2187 

L e r n e r ,  L . M .  A d e n in e  n u c le o s id e s  d e r iv e d  
fr o m  6 -d e o x y h e x o fu r a n o s e s .  306  

L e r n e r ,  L . M . A lk y la t io n  o f  th e  ca r b a n io n  
fro m  m e th y l b is (e t h y lt h io )a c e t a t e  w ith  
a lk y l a n d  a ra lk y l h a lid e s . 2 22 8  

L e s c h i n s k y ,  K . L . A n  im p r o v e d  sy n th e s is  
o f  s u l fa m o y l  c h lo r id e s .  4 0 2 8  

L e s ia k ,  K . A  n o v e l  r o u te  t o  l -a m in o a lk v lp =  
h o s p h o n ic  a c id . 3 75 7  

L e s ia k ,  K .  N e w  sy n th e s is  o f  S (S e ) -a I k y l  
p h o s p h o r o t h io (s e le n o ) la t e s  fr o m  th e  
c o r r e s p o n d in g  p h o s p h o ro a n il id a te s .  S t e r =  
e o s p e c i f i c  c le a v a g e  o f  th e  p h o s p h o r u s -n i=  
tr o g e n  b o n d  in  c h ira l p h o s p h o r o a n il i=  
d a te s . 227

L e t h a m ,  D . S . M a s s  s p e c t r o m e t r y  o f  c y t o k i=  
n in  m e ta b o lite s . P e r (t r im e th y ls ily l )  a n d  
p e r m e th y l d e r iv a t iv e s  o f  g lu c o s id e s  o f  
ze a t in  a n d  6 -b e n z y la m in o p u r in e .  3959  

L e t o u r n e u x ,  Y .  2 0 -M e t h y lc h o le s t e r o l .
2 28 8

L e u e n b e r g e r ,  U . I s o la t io n  a n d  id e n t if ic a =  
t io n  o f  0 - c i t r a u r o l ,  a  C 30 c a r o t e n o id  in 
c itru s . 891

L e u n g ,  H - K .  M o b i le  a c t iv a te d  a lly l s y s =  
terns. 19. R e a c t io n s  o f  a m in e s  w ith  
a - (b r o m o m e t h y l )c in n a m o n it r i le .  3241 

L e v ,  I . J . P h o to g e n e r a t io n  a n d  r e a c t io n s  o f  
a c y c l ic  c a r b o n y l  y l id e s . 2 65 4  

L e v ,  I . J .  P h o to is o m e r iz a t io n  o f  s e le c te d  
o x ira n e s . I n te r m e d ia c y  o f  c a r b o n y l  y l=  
id e s . 3747

L e v a n d a ,  C . M ix e d  v a le n ce  ca t io n s . C h e m =  
is tr y  o f  ir -b r id g e d  a n a lo g u e s  o f  b i fe r r c c =  
e n e  a n d  b i fe r r o c e n y le n e .  2 70 0  

L e v e r ,  O . W . J r .  A  c o n v e n ie n t  r o u te  t o  th e  
d i h y d r o x y  a c e t o n e  s u b s t itu e n t . 2 3 1 2  

L e v e r ,  O . W . J r .  R e a c t io n s  o f  m e t h o x y v i=  
n y ll ith iu m . S y n th e s is  a n d  re a rra n g e m e n t  
o f  4 -h y d r o x y is o p y r a z o le s .  2 87 4  

L e v i ,  E . M . I n te r a c tio n  o f  a lk a li m e ta ls  
w ith  u n s a tu ra te d  h e t e r o c y c lic  c o m ^  
p o u n d s . II. 2 ,4 -D ip h e n y lq u in a z o l in e .
497

L e v in e ,  R . R e a c t io n s  o f  c a r b o x y l ic  a c id s  
w ith  o r g a n o lith iu m  c o m p o u n d s .  1176 

L e v in e ,  S . G . T h e  s t r u c tu re  o f  th e  o - 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  p r o d u c t .  
4 0 2 6

L e v o n o w i c h ,  P . F .  P o ly s a c c h a r id e  s e q u e n c e  
in g  b y  m a ss  s p e c t r o m e t r y :  c h e m ic a l  
io n iz a t io n  s p e c tr a  o f  p e r m e th y l g ly c o s v =  
la ld ito ls . 3 42 5

L e w b a r t ,  M .  L . R e a c t io n s  o f  « - k e t o l s  a n d  
o th e r  2 1 -h y d r o x y  s te r o id s  w ith  p h o sg e n e .
IV . F o r m a t io n  o f  2 0 - c h lo r o -1 7 ,2 0 - c y c L c  
c a r b o n a te s  fr o m  1 7 « - h y d r o x y - 2 0 - o n e s .
7 8

L e w i s ,  F . D . P h o to c h e m ic a l  a c le a v a g e  o f  
k e to n e s  in  s o lu t io n . V I I I .  P h o t o c h e m i=  
ca l  r e a c t iv ity  o f  s o m e  b r id g e h e a d  p h e n y l 
k e to n e s . 1907

L e w i s ,  F . D . P h o to c h e m ic a l  r e a c t iv ity  o f  
s o m e  b r id g e h e a d  p h e n y l k e to n e s  ( c o r r e c =  
t io n ) .  4 0 5 2

L h o s t e ,  J .  M . S y n th e s is  o f  C -n u c le o s id e s .
13. s - T r ia z o l o [ 4 ,3 - a ] -  a n d  - [ l , 5 - a ] p y r i =  
d in e  d e r iv a t iv e s . 3 12 4

L i ,  M . P .  1 8 - H y d r o x y - l l - d e o x y c o r t i c o s t e r =  
o n e . C h e m ic a l  s y n th e s is , s tru c tu re , a n c  
c ir c u la r  d ic h r o is m . 2552  

L ia n g ,  G . O rg a n o m e ta ll ic  ch e m is tr y . 11. 
S t r u c t u r e  o f  p r o t o n a t e d  1 ,3 -b u ta d ie n e iro n  
t r ic a r b o n y l in  f lu o r o s u l fu r ic  a c id -s u l fu r  
d io x id e  s o lu t io n  b a s e d  o n  its  c a r b o n -1 3  
n u c le a r  m a g n e t ic  r e s o n a n c e  s p e c t r o s c o p ic  
s tu d y . 2227

L ia n g ,  G . O rg a n o m e ta ll ic  ch e m is tr y . 10. 
C a r b o n - 13 n u c le a r  m a g n e t ic  r e s o n a n ce  
s t u d y  o f  c is -7 r -p e n ta d ie n y l ir o n  t r ic a r b o =  
n y l  c a t io n s  a n d  p r o t o n a t e d  n o r b o r n a d ie n =  
e iro n  t r ic a r b o n y l.  2383  

L ia n g ,  G . O rg a n o m e ta ll ic  ch e m is try . 13. 
P r o t o n a t e d  c y c lo b u t a d ie n e ir o n  t r ic a r b o =  
n y l, a  a-ir b o n d e d  c y c lo b u t a d ie n e  h y d r i^  
d o ir o n  t r ic a r b o n y l  c a t io n . 2 65 9  

L ia n g ,  G . S ta b le  c a r b o c a t io n s .  C C . C a r =  
b o n - 13 a n d  p r o t o n  N M R  s t u d y  o f  p r o t o =  
n a te d  p e n t a c y c lo iS .S .O .O ^ .O ^ .O ^ J d e c a n -^
6- o n e ,  a  m o d e l  1 ,3 -b is h o m o c u b y l  c a t io n . 
A t t e m p t e d  p r e p a r a t io n  o f  t h e  p a re n t  
a n d  a lk y l -  ( a r y l - )  s u b s t itu te d  ion s  a n d  
th e ir  o p e n in g  t o  3 -s u b s t it u t e d  e n d o - t r i=  
c y c lo [5 .2 .1 .(P ’6] d e c a -4 ,8 -d ie n y l .  2 82 0  

L i a n g ,  Y .  F . P r e p a ra t io n  a n d  r e a c t io n s  o f  
b i fu n c t io n a l iz e d  te tra th ia fu lv a le n e s .

 ̂ 2 85 5
L i b e r i e s ,  A .  In te rn a l r o t a t io n  in  d ic y c lo p r o =  

p y la c e ty le n e . 3 20 7
L i c h t e n t h a l e r ,  F . W . N u c le o s id e s . X X X I .  

S y n th e s is  o f  l - ( 2 ,6 -d id e o x y - /3 - D - a r a b i =  
n o -h e x o p y r a n o s y l) c y t o s in e ,  th e  n u c le o =  
s id e  p o r t io n  o f  o x a m ic e t in .  6 0 0  

L i c h t e r ,  R .  L . O rg a n ic  s t r u c tu re  c h a r a c t e r ^  
za t io n  b y  n a t u r a l -a b u n d a n c e  n i t r o g e n - 15 
n u c le a r  m a g n e t ic  r e s o n a n c e  s p e c t r o s c o p y . 
P e n ic i ll in  a n d  c e p h a lo s p o r in  d e r iv a t iv e s . 
582

L i c h t i n ,  N . N . E le c t r o n  a d d u c ts  o f  a c r y lic  
a c id  a n d  h o m o lo g s .  S p e c tr a ,  k in e t ic s , 
a n d  p r o t o n a t io n  re a c t io n s . A  p u ls e - r a d i=  
o ly t ic  s tu d y . 2 32 0

L in ,  C . H . P r o s ta g la n d in  m e ta b o lite s . S y n =  
th e s is  o f  E  a n d  F  u r in a ry  m e ta b o lite s .

. 4045
L in ,  J .  J .  N e w  a n d  e f fe c t iv e  re a g e n ts  fo r

1,4 r e d u c t io n  o f  a ,0 -u n s a t u r a t e d  k e to n e s , 
L iA lH 4- C u I  a n d  I ts  r e a c t iv e  s p e c ie s  
H 2A II. 1939

L i p k o w i t z ,  K . B .  P r a c t ica l  sy n th e s is  o f  
b r e v ic o m in . IV . F o r m a t io n  a n d  h y d r o =  
g e n o ly s is  o f  5 ,7 - d im e t h y l - 6 ,8 - d io x a b i c y =  
c lo [3 .2 .1 ]o e t a n e  u n d e r  c a ta ly t ic  h y d r o =  
g e n a t io n  c o n d it io n s .  371 

L i p k o w i t z ,  K . B . P r a c t ica l  sy n th e s is  o f  
b r e v ic o m in . V . Is o m e r  e n r ich m e n t  o f  
b ic y c lic  k e ta ls  in th e  6 ,8 -d io x a b ic y c l o [3 .=
2.1]o c t a n e  se r ie s  b y  c o m p le x a t io n  w ith  
t ita n iu m  t e tra ch lo r id e .  373  

L i p k o w i t z ,  K . B . E lu c id a t io n  o f  t h e  c o n fo r =  
m a tio n a l e q u i l ib r iu m s  fo r  th e  c i s -8- o x a =  
b i c y c lo [4 .3 .0 ]n o n -3 -e n e  ser ies . 469  

L i p k o w i t z ,  K . B . S y n th e s is  a n d  r e a c t iv ity  
p a tte rn s  o f  m e s o -  a n d  d l -b is t r iq u in a c =  
e n e . E f f ic ie n t  r o u te  t o  th e  d ia s te r e o m e r ic  
b iv a lv a n e s . 3 5 2 4

L i u ,  R .  S . H . S ig m a t r o p ic  h y d r o g e n  m ig ra =  
t io n  a n d  e le c t r o c y c liz a t io n  p r o c e s s e s  in 
c o m p o u n d s  in  th e  v ita m in  A  se r ie s . P h o =  
to c h e m is tr y  o f  p o ly e n e s . X .  1862  

L l o y d ,  H . A . C ry s ta l s t r u c tu re  a n d  a b s o lu te  
c o n f ig u ra t io n  o f  a s tro ca s in e  m e t h o b r o m =  
id e . 2454

L o c h o w ,  C . F . N ic k e l -p r o m o t e d  is o m e r iz a ^  
t io n s  o f  a lk e n e s  b e a r in g  p o la r  fu n c t io n a l 
g ro u p s . 3 02 0

L o e p p k y ,  R . N . N it r o s a t io n  o f  1-s u b s t it u t e d  
a z ir id in e s . 1578

L o ie ,  H . J .  A m in o  a c id s  a n d  p e p t id e s .  44. 
S y n th e s is  o f  D L -7- c a r b o x y g lu t a m ic  a c id , 
n ew  a m in o  a c id . 3634  

L o m a s ,  J .  S .  C o n fo r m a t io n a l  is o m e r is m  in
o - t o ly ld i - t e r t -b u t y lc a r b in o l .  3 03 3  

L o m b a r d o ,  A . R e a c t io n s  o f  p e r h a lo a c e to n e s  
w ith  d ih y d r o p y r id in e s  a n d  o t h e r  e le c t r o n  
d o n o r s . 2 97 6

L o n g ,  G . G . A n  u n e x p e c t e d  d e c o m p o s it io n  
o f  t r ip h e n y l (m e t h y l )s t ib o n iu m  b r o m id e  
u n d e r  m ild  c o n d it io n s .  1276 

L o n g ,  R .  A .  6- O x a  a n a lo g s  o f  p y r im id in e s  
a n d  p y r im id in e  n u c le o s id e s . S y n th e s is  
o f  5 - a m i n o - 6 H - l ,2 ,4 - o x a d i a z in - 3 ( 2 H ) - =  
o n e , 2 - /3 -D -r ib o fu r a n o s y l~ 6 H - l ,2 ,4 - o x a =  
d ia z in e -3 ,5 (2 H ,4 H ) -d io n e ,  a n d  re la te d  
d e r iv a t iv e s . 3 1 2 8

L o o k e r ,  J . H . C a r b o n -1 3  n u c le a r  m a g n e t ic  
r e s o n a n c e  s p e c tr a  o f  k o j ic  a c id  a n d  o th e r
4 -p v r o n e  d e r iv a t iv e s . 2 77 7  

L o o z e n ,  H . J .  J .  R in g  e n la r g e m e n t  o f  g e m i=  
n al d ib r o m o c y c lo p r o p a n e s  w ith  s ilv e r  
t o s y la te . A p p r o a c h  t o  m e d iu m  s ize d  
r in g s . 384

L o o z e n ,  H . J .  J .  B is h o m o a r o m a t ic  in t e r a c t  
t io n  in  th e  d is r o ta to r y  r in g  o p e n in g  o f  
c y c lo p r o p y l  c a r b e n o id s .  2 96 5  

L o p a n o ,  A . L .  T h e  s y n th e s is  o f  a  te t r a c y c l ic  
a jm a lic in e  a n a lo g . 3714  

L o p e z ,  A . F . A  m o le c u la r  o r b ita l  a p p ro a ch  
t o  th e  S R N 1  m e c h a n is m  o f  a r o m a t ic  
s u b s t itu t io n .  3 36 7
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L o p e z ,  A .  F . P h o to s t im u la te d  a r y la t io n  o f  
c y a n o m e t h y l  a n io n  b y  th e  S R N 1  m e c  
c h a n is m  o f  a r o m a t ic  s u b s t itu t io n . 3371 

L o p r e s t i ,  R .  J .  S y n th e t ic  s tu d ie s  o n  (2 R ,4 '=  
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M a c o m b e r ,  R . S . T r ic y c l i c  d im e rs  fr o m  
c y c lic  a d ik e to n e s . 3 05 9  

M a c o m b e r ,  R . S . A  n e w  r o u te  t o  a c e t y ly  
en es . 2640

M a c o m b e r ,  R .  S . P h o s p h o r u s -c o n t a in in g  
p r o d u c t s  fr o m  th e  r e a c t io n  o f  p r o p a r g y l  
a lc o h o ls  w ith  p h o s p h o ru s  tr ih a lid e s . 4. 
A lk y l  s u b s t itu e n t  e f fe c t s  o n  o x a p h o s p h o ly  
e n e  fo rm a t io n . 3191

M c O s k e r ,  C . C . S ila n e  r e d u c t io n s  in  a c id ic  
m e d ia . V I I . A lu m in u m  c h lo r id e  c a t a =  
ly z e d  h y d r o g e n -h a lo g e n  e x c h a n g e  b e t =  
w e e n  o r g a n o s ila n e s  a n d  a lk y l  h a lid e s .
A n  e f f ic ie n t  h y d r o c a r b o n  sy n th e s is .
1393

M c P h a i l ,  A .  T .  N -A r y l - S ,S - d im e t h y l i m i y  
n o s u lfu ra n e s . S tr u c tu r e , d ip o le  m o =  
m e n ts , a n d  e x t e n t  o f  d o u b le  b o n d in g .
2137

M c P h a i l ,  A .  T .  F o r m a t io n  o f  an  u n u su a l 
s te ro id a l  o x e ta n e  a n d  its  t r a n s fo rm a t io n  
p r o d u c ts .  3 94 0

M c P h e r s o n ,  E . S t e r e o c h e m ic a l  c o n t r o l  o f  
r e d u c t io n s . 5 . E f fe c ts  o f  e le c t r o n  d e n s ity  
a n d  s o lv e n t  o n  g r o u p  h a p to p h il ic i t y .
2903

M c Q u o i d ,  B .  K .  S e c o n d a r y  v a le n c e  fo r c e  
ca ta ly s is . X V I .  M e l it t in -c a t a ly z e d  
h y d r o ly s is  o f  p -n i t r o p h e n y l  d o d e c a n o a t e  
2020

M a d a n ,  P .  B . Q u in a z o lin e s  a n d  1 ,4 - b e n z o y  
d ia z e p in e s . 74 . P h o s p h o r y la t io n  o f  
a m b id e n t  a n io n s . P r e p a ra t io n  o f  s o m e  
d i -4 -m o r p h o l in y lp h o s p h in y lo x y  im in e s  
v ia  O -p h o s p h o r y la t io n  o f  a n io n s  o f  l a c y  
tarns. 2 72 0

M a d a n ,  P .  B . Q u in a z o lin e s  a n d  l ,4 - b e n z o =  
d ia z e p in e s . 76. R e a c t io n s  o f  s o m e  d i - 4 - =  
m o r p h o l in y lp h o s p h in y lo x y  im in e s . 2 7 2 4  

M a d a n ,  P .  B . S tr u c tu r e  a n d  r e a c t io n s  o f  
an  u n u su a l t h io n y l  c h lo r id e  o x id a t io n  
p r o d u c t .  9 -C h lo r o a c r id in iu m  2 - c h l o r o - =  
l - ( c h lo r o s u l f in y l ) - 2 - o x o e t h y l id e .  3 40 6
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M a d h a v a n ,  V .  E le c t r o n  a d d u c ts  o f  a c r y lic  
a c id  a n d  h o m o lo g s .  S p e c tr a ,  k in e t ic s , 
a n d  p r o t o n a t io n  r e a c t io n s . A  p u l s e - r a d i^  
o ly t ic  s tu d y . 2 3 2 0

M a d r i g a l ,  R . V .  P o t a m o g e t o n in ,  a  n e w  
fu r a n o id  d ite r p e n e . S tr u c tu r a l  a s s ig n ^  
m e n t  b y  c a r b o n -1 3  a n d  p r o t o n  m a g n e t ic  
r e s o n a n c e . 593

M a g e n n i s ,  S . A .  P a lla d iu m -c a t a ly z e d  v in y l  
s u b s t itu t io n  r e a c t io n s .  I . N e w  sy n th e s is  
o f  2 -  a n d  3 -p h e n y l - s u b s t it u t e d  a lly lic  
a lc o h o ls ,  a ld e h y d e s ,  a n d  k e to n e s  fr o m  
a lly lic  a lc o h o ls .  273

M a g e n n i s ,  S .  A .  P a lla d iu m -c a t a ly z e d  v in y l  
s u b s t itu t io n  r e a c t io n s .  I I .  S y n th e s is  o f  
a r y l  s u b s t itu te d  a lly lic  a lc o h o ls , a l d e h -  
y d e s ,  a n d  k e to n e s  fr o m  a ry l h a lid e s  a n d  
u n s a tu r a te d  a lc o h o ls .  1206  

M a g n u s s o n ,  G . F u n g a l e x tr a c t iv e s . 10.
A n  a lte rn a t iv e  s y n th e s is  o f  t h e  v e lle ra l 
s k e le to n . 3 5 1 8

M a g n u s s o n ,  G . C a r b o h y d r a t e  t h io  o r t h o  
e s te rs . S y n th e s is  a n d  c h a r a c te r iz a t io n . 
4 1 1 0

M a h a f f e y ,  R . L . N - ( p - B r o m o p h e n y l )  [2 .2 ] 
(2 ,5 )p y r r o lo p h a n e . S y n th e s is  a n d  s e lf—  
c o n d e n s a t io n . 2 96 3

M a in s ,  B . O r g a n o c o p p e r  in te rm e d ia te s . 
S y n th e s is  o f  2 - is o x a z o l in e  N -o x id e s  a n d  
c y c lo p r o p a n e s .  4 03 3  

M a j e r s k i ,  Z . 4 -H o m o a d a m a n t y l  c a t io n .
I I I . S u lfu r ic  a c id  c a ta ly z e d  r e a rra n g e 
m e n t  o f  4 - h o m o a d a m a n t a n o l - 5 -13C .
686

M a j e t i c h ,  G . S y n th e t ic  a p p lic a t io n s  o f  
p h e n y lt h io  [ ( a -d ie t h o x y m e t h y l )  v in y l]  
c u p r a te  a n d  ( a -d ie t h o x y m e t h y l )v in y lc o p =  
p e r . 726

M a j e w i c z ,  T .  G . C h e m is tr y  o f  o - a m in o  
a ld e h y d e s . R e a c t io n  o f  4 -a m in o p y r im i^  
d in e -5 -c a r b o x a ld e h y d e  a n d  1 ,3 - c y c l o h e x =  
a n e d io n e . 1058

M a l e k - Y a z d i ,  F . S y n th e s is  o f  « - s u b s t i t u t e d  
s e le n o e s te rs . 7 2 9

M a l l o r y ,  D . S t e r e o c h e m is t r y  a n d  m e ch a n is m  
o f  t h e  S c h m itz  d ia z ir id in e  s y n th e s is  
le a d in g  t o  2 ,4 ,6 -t r is u b s t it u t e d  l ,3 ,5 - t r i a =  
z a b ic y c lo [3 .1 .0 ]h e x a n e s . 3221 

M a m i,  I . A  c o n v e n ie n t  s y n th e s is  o f  o -  a n d  
p -h y d r o x y  s u b s t itu te d  p h e n y la c e t o n i=  
t r ile s  a n d  p h e n e th y la m in e s . 2 50 2  

M a m o ,  A .  K in e t ic s  a n d  m e c h a n is m  o f  b e n =  
z y la t io n  o f  a n ilin e s . 3 3 6 4  

M a n a b e ,  T .  P r e p a ra t io n  o f  n e w  n it ro g e n —  
b r id g e d  h e t e r o c y c le s .  R e a c t io n  o f  p y r id i=  
n iu m  N - im in e s  w ith  a z ir in e  d e r iv a t iv e s . 
2 7 3 9

M a n d e l l ,  L . E le c t r o c h e m ic a l  r e d u c t io n  o f  
g e ra n ia l, fa rn e sa l, a n d  c r o to n a ld e h y d e . 
2611

M a n d e l l ,  L .  S y n th e t ic  o r g a n ic  e le c t r o c h e m ^  
is try . A p p l i c a t io n  t o  p e r h y d r o p h e n a n t h r ^  
e n e  sy n th e s e s . 4 0 8 7

M a n m a d e ,  A .  N e w  p r e c u r s o r s  f o r  a r y lc a r b ^  
e n e s . P h o t o c y c lo e l im in a t io n  r e a c t io n s  o f  
c y c l i c  c a r b o n a te s . 3 3 8  

M a n n i n g ,  D . T .  C y c l iz a t io n  o f  u n sa tu ra te d  
h y d r o x y la m in e  d e r iv a t iv e s . 855  

M a n n i n g ,  R . A .  D it e r p e n o id  t o t a l  s y n t h e =  
s is , a n  A  —»- B  —► C  a p p r o a c h . V I I I .  
I n t r o d u c t io n  o f  o x y g e n  a t  c a r b o n -1 1 .
T o t a l  sy n th e s is  o f  ( ± ) - c a r n o s i c  a c id  
d im e th y l  e th e r  a n d  ( ± ) - c a r n o s o l  d im e =  
th y l  e th e r . 1 00 5

M a o ,  D . T .  T e r p e n e  s y n th e s is  v ia  p e n t a d ie ^  
n y l a n io n s . 3 20 9

M a r b u r g ,  S .  F lu o r o d e s u l fu r iz a t io n .  A  n ew  
r e a c t io n  f o r  th e  fo r m a t io n  o f  c a r b o n -  
f lu o r in e  b o n d s .  3 1 0 7

M a r c h a n d ,  A .  P .  S y n th e s is  o f  t e t r a c y c l o ^ .^
3 .0 .04-u .05’9] u n d e c a -2 ,6- d ie n e ,  lO -o x a t e t ^  
r a c y c lo [6 .3 .0 .04’11.05>9]u n d e c a -2 ,6- d ie n e ,  
a n d  h e x a c y c lo [5 .4 .0 .02»6.04’1i .05’9.08’10 ]u n := 
d e c a n e . S tr u c tu r e  o f  s y n - 4 ,  s y n - 7 - d i i o =  
d o p e n ta c y c lo [6 .3 .0 .0 2>6.03’10.05>9]u n d e c a n e . 
S y n th e s is  a n d  r h o d iu m (I ) -p r o m o t e d  
r e a rra n g e m e n t . 1438

M a r c h e s i n i ,  A .  C o n v e r s io n  o f  c o n ju g a te d  
p - t o s y lh y d r a z o n e s  t o  th e  c o r r e s p o n d in g  
e th e r s  b y  s o d iu m  b o r o h y d r id e ,  s o d iu m  
a lk o x id e ,  o r  p o ta s s iu m  c a r b o n a t e  in  
a lc o h o l  s o lv e n ts . 1755  

M a r e c e k ,  J .  F . C r y s ta l  a n d  m o le c u la r
s t r u c tu re  o f  a  s p ir o b ic y c l ic  p e n t a o x y p h o s =  
p h o r a n e , s p ir o d ic a t e e h o lp h e n o x y p h o s p h ^  
o ra n e . 4 7 3

M a r e c e k ,  J .  F .  C r y s ta l  a n d  m o le c u la r  
s t r u c tu re  o f  t r a n s -b ip h t h a ly l ,  C i6 H s0 4 . 
R e a c t io n  o f  s u b s t itu te d  p h t h a lic  a n h y =  
d r id e s  w ith  t r ia lk y l  p h o s p h it e s .  3 90 9  

M a r e k ,  P .  J .  O rg a n o c o p p e r  c h e m is try . 
C o u p lin g  o f  ( E ) - 2 - i o d o - l - a l k e n y l  s u l -  
fo n e s  w ith  m o n o c o p p e r ( I )  r e a g e n ts . 401

M a r e s ,  F . C h e m is tr y  o f  2 - ( t r i f lu o r o m e ~  
t h y l ) -2- h y  d r o x y - 3 ,3 - t r i f lu o r o p r o p io n i=  
tr ile . 1567

M a r ie n ,  B .  A .  N u c le o p h il ic  d is p la c e m e n ts  
o n  h a lo g e n  a to m s . 8. R e a c t o n s  o f  « - h a l o  
s u l fo n e s  w ith  tr ia r y lp h o s p h in e s , a lk y id i=  
p h e n y lp h o s p h in e s ,  a n d  p h o s p h ite s . 2 18 2  

M a r in o ,  J .  P . B io g e n e t i c - t y p e  a p p r o a c h  t o  
h o m o e r y th r in a  a lk a lo id s . 179 

M a r in o ,  J .  P .  T h e  s te r e o s p e c i f ic  s y n th e s is  
o f  a - m e t h y le n e -y - b u t y r o la c t o n e s  o f  
t r a n s -1 ,3 -d ih y d r o x y  cy c lo a lk a n e s . 3 21 3  

M a r in o ,  J .  P .  A  r e g io s p e c i f ic  s y n th e s is  c f  
fu n c t io n a liz e d  v in y lc y e lo p r o p a n e s  v ia  
c y c lo p r o p y l  c u p r a te s . 3 62 9  

M a r in o n e  A l b i n i ,  F . S e le c t iv it y  in  c y c lc a d — 
d it io n s .  5 . C y c lo a d d it io n s  o f  n itr ile  
o x id e s  t o  fu ra n . C o m p e t in g  m e ch a n is m s  
a n d  r e g io ch e m is tr y . 3349  

M a r k o ,  I . P h o to r e d u c t io n  o f  s u b s t itu te d  
b e n z o [b ] fu r a n s  b y  a l ip h a t ic  a m in e s . 151 

M a r q u e t ,  J . P .  S y n th e s is  o f  C -n u c le o s id e s .  
13. s - T r ia z o l o [ 4 ,3 - a ] -  a n d  - [ l , 5 - a ] p y r i =  
d in e  d e r iv a t iv e s . 3 1 2 4  

M a r r i o t t ,  M . C a r b o n -1 3  m a g n e t ic  r e s o =  
n a n ce . D o w n f ie ld  s h i ft s  in d u c e d  b y  
M (C H 3)3 (M  =  s i lic o n , g e rm a n iu m , t in , 
le a d )  a t  th e  y - p o s i t i o n  a n d  a n tip erip L a =  
n a r  t o  t h e  c a r b o n -1 3  ce n te r . 1671 

M a r s h ,  D . G . P h o to c h e m is t r y  o f  o r g a n c =  
c h a lc o g e n  c o m p o u n d s .  2. P h o to c h e m ic a l  
d e s e le n a t io n  o f  b e n z y l  d is e le n id e  b y  
tr ip h e n y lp h o s p h in e .  3 20 4  

M a r s h ,  R .  E . S tr u c tu r a l  a n a ly s is  o f  in te r =  
n a lly  c r o w d e d  n a p h th a le n e  d e r iv a t iv e s . 
p e r i -D ip h e n y la c e n a p h t h e n e . 3603  

M a r s h a l l ,  J . L . T h ia z o lo [3 ,4 -b ] in d a z o le ,  a  
r in g - fu s e d  te t ra v a le n t  s u lfu r  th ia z o le  
s y s te m . 129

M a r s h a l l ,  J .  L . T h ia z o lo [3 ,4 -b ] in d a z o le ,  a 
r in g - fu s e d  te t ra v a le n t  s u lfu r  th ia zo le  
s y s te m  (c o r r e c t io n ) .  4051  

M a r s i ,  K .  L . X - r a y  a n a ly s is  o f  c i s - l - i o d o =  
m e t h y l -3 -m e t h y l - l -p h e n y lp h o s p h o la n iu m  
io d id e  a n d  a s s ig n m e n t  o f  c o n f ig u ra t io n  
t o  s te r e o e h e m ic a lly  r e la te d  p h o s p h o la n e  
d e r iv a t iv e s . 1155

M a r t e l l i ,  S . N e w  e x a m p le  o f  in tra m o le c u la r
1 ,5 -h y d r o g e n  t r a n s fe r  d u r in g  d ia z o t iz a =  
t io n  r e a c t io n s . 158

M a r t in ,  J .  C .  A m in o  a c id s  a n d  p e p t id e s .
44. S y n th e s is  o f  D L -7-ca rb o x y g lu ta m isc  
a c id , n e w  a m in o  a c id . 3 63 4  

M a r t in ,  R . O . A p h y l l in e ,  e p ia p h y ll in e ,
1 0 ,1 7 -d io x o s p a r t e in e ,  g ra m in e , a n d  o th e r  
u n e x p e c t e d  a lk a lo id s  f r o m  L u p in u s  h a r t^  
w eg ii. 3441

M a r t in ,  S . F . C a r b o n y l  h o m o lo g a t io n  w ith  a 
s u b s t itu t io n .  A  n e w  a p p r o a c h  t o  s p ir o a n =  
n e la t io n . 3 33 7

M a r t in ,  Z .  Z .  P r o t o n a t e d  c y c lo p r o p a n e  
in te rm e d ia te s  f r o m  th e  d e a m in a t io n  o f
3 -m e t h y l -2 -a m in o b u t a n e .  323  

M a r t in e z ,  A .  P . D a u n o m y c in o n e  a n a lo g u e s  
v ia  t h e  D ie ls -A ld e r  r e a c t io n . S y n th e s is  
a n d  c h e m is tr y  o f  s o m e  6,11- d ih y d r o x y —  
5 ,1 2 -n a p h t h a c e n e d io n e s .  2 29 6  

M a r w a h a ,  L .  K . T i n - c o p p e r  c o u p le .  A  
n e w  re a g e n t  f o r  s e le c t iv e  d e n o m i n a t i o n  
o f  a c t iv a te d  d ib r o m id e s .  4 0 3 5  

M a r y a n o f f ,  C . A .  C o n v e n ie n t  s y n th e s is  o f  
la b ile  o p t ic a lly  a c t iv e  s e c o n d a r y  a lk y l 
b r o m id e s  fr o m  ch ira l  a lc o h o ls . 1071 

M a r z o c c h i ,  S . A p p r o a c h  t o  th e  c o n f o r m a l  
t io n a l  a n a ly s is  o f  M a n n ic h  b a se s . 2913  

M a s i la m a n i ,  D . C o n v e n ie n t  s y n th e s is  o f  
la b ile  o p t ic a lly  a c t iv e  s e c o n d a r y  a lk y l 
b r o m id e s  f r o m  c h ira l  a lc o h o ls .  1071 

M a s i la m a n i ,  D . P h o t o in d u c e d  r e a rra n g e ^  
m e n t  a n d  r e la te d  r e a c t io n s  o f  e th y l  N - =  
p h e n y lc a r b a m a te . 3 68 7  

M a s l e r ,  W . F .  S te r e o c h e m is tr y  o f  d ip h e n y l^  
p h o s p h id e  d is p la c e m e n t  a t  s a tu ra te d  
c a r b o n . C o n fo r m a t io n  a n d  re la tiv e  r e a c =  
t iv it y  o f  m e n t h y l -  a n d  n e o m e n t h y ld ip h e -  
n y lp h o s p h in e  h o m o g e n e o u s  h y d r o g e n a =  
t io n  c o m p le x e s .  1545  

M a t h e w ,  J .  C o n ju g a te  a d d it io n  r e a c t io n s  
o f  a lk a li d ip h e n y lm e t h id e s  t o  a c r y lic  
e s te rs . 114

M a t s k o ,  T .  H . P r a c t ic a l  s y n th e s is  o f  b r e v i=  
c o m in . I V . F o r m a t io n  a n d  h y d r o g e n o ly =  
s is  o f  5 ,7 - d im e t h y l - 6 ,8 - d io x a b i c y c lo [ 3 ^ .=  
1] o c t a n e  u n d e r  c a ta ly t ic  h y d r o g e n a t io n  
c o n d it io n s .  371

M a t s u m o t o ,  H . R a d ic a l  r e a c t io n s  in  th e  
c o o r d in a t io n  sp h e re . I I I . R e a c t io n s  c f  
d i c h lo r o -  a n d  t r ic h lo r o a c e t ic  a c id  este rs  
w ith  1- o le f i n s  c a ta ly z e d  b y  d ic h lo r o t r is =  
( t r ip h e n y lp h o s p h in e )r u t h e n iu m (I I ) .  896  

M a t s u m u r a ,  T .  T r ic h lo r o m e t h y l  ch lo ro fo rm  
m a te . R e a c t io n  w ith  a m in e s , a m in o  
a c id s , a n d  a m in o  a lc o h o ls . 2 07 0

M a t t e r n ,  D . L . S te r e o c h e m is tr y  o f  a n  e n e  
r e a c t io n  o f  d im e th y l  a z o d ic a r b o x y la te . 
3 61 4

M a t t e s ,  K . C . S te r e o c h e m is tr y  a n d  co n fo rm  
m a t io n  o f  b io g e n e t ic  p r e c u r s o r s  o f  in d o le  
a lk a lo id s . 2 0 4 5

M a y ,  J .  A .  J r .  S y n th e s is  o f  u -t r ia z o lo [4 ,5 —  
c ]p y r id in e  n u c le o s id e s  a n d  4 - ( 0 - D - r i b o =  
fu r a n o s y l )a m in o - l ,2 ,3 - t h ia d ia z o lo [5 ,4 -b ]=  
p y r id in e  v ia  a  r e a rra n g e m e n t . 1449 

M a y e r s ,  D . A .  M o le c u la r  re a rra n g e m e n ts  
w ith  e t h o x y c a r b o n y l  g r o u p  m ig ra tio n s .
2 . R e a rr a n g e m e n t  o f  1 ,2 -g ly c o ls ,  ha loh m  
y d r in s , a n d  a z id o h y d r in s .  2 35 5  

M a y o ,  F .  R .  A u to x id a t io n s  o f  c y c lo h e x a n e  
a n d  its  a u t o x id a t io n  p r o d u c t s .  1 

M a y r ,  H . C a rb a n io n s . II . C a r b o n -1 3  n u =  
c le a r  m a g n e t ic  r e s o n a n c e  s t u d y  o f  M eism  
e n h e im e r  c o m p le x e s  a n d  th e ir  c h a rg e  
d is t r ib u t io n  p a t te r n . 3 4 4 8  

M a z h a r - u l - H a q u e  C r y s ta l  a n d  m o le c u la r  
s t r u c tu re  o f  b is (d im e t h y lp h o s p h a to v in y l )  
c a r b o n a te  (C 9H 16P 2O 11) .  1152  

M a z u r ,  S .  C h e m is tr y  o f  s in g le t  o x y g e n . 
X X I I I .  L o w  te m p e r a tu r e  p h o to o x y g e n a m  
t io n  o f  in d e n e s  in  a p r o t i c  s o lv e n t . 899  

M a z u r ,  Y .  H y d r o x y la t io n  w ith  o z o n e  o n  
s i lic a  g e l. T h e  sy n th e s is  o f  l « ,2 5 - d ih y m  
d r o x y v it a m in  D 3. 2651  

M a z z a ,  S .  D ie ls -A ld e r  r e a c t io n s  o f  o -b e n m  
z o q u in o n e s .  A  r o u te  t o  d e r iv a t iv e s  o f  
A ^ l - o c t a l o n e .  3 4 6 8

M a z z o c c h i ,  P . H . P h o to c h e m ic a l  s tu d ie s  
o n  a lk y l a m id e s . 1279  

M a z z o c c h i ,  P .  H . In v e s t ig a t io n s  o n  th e  
p h o t o c h e m ic a l  r in g  e x p a n s io n  o f  r in g  
fu s e d  0 - la c t a m s .  2 80 8  

M e b a n e ,  R . E n d o c y c l i c  v s . e x o c y c l i c  a tta ck  
in  n u c le o p h i l ic  d is p la c e m e n t  r e a c t io n s  
o n  f i v e -  a n d  s ix -m e m b e r e d  c y c l i c  o n iu m  
sa lts . 1052

M e e k ,  R .  C o n fig u r a t io n  a n d  c o n fo r m a t io n  
o f  c i s -  a n d  t r a n s -3 ,5 -d im e t h y lv a le r o la c m  
t o n e s  ( c o r r e c t io n ) .  4 05 1  

M e d l i k - B a l a n ,  A .  M e t a la t io n  r e a c t io n s .
18. P o ly m e t a la t io n  o f  s u b s t itu te d  a c e t o =  
p h e n o n e s . 3 30 7

M e e k ,  A .  G . P r o t o n a t e d  c y c lo p r o p a n e  inm  
te r m e d ia te s  f r o m  th e  d e a m in a t io n  o f
3 -m e t h y l -2 -a m in o b u t a n e .  323  

M e h r i ,  M . H . C a r b o n -1 3  n u c le a r  m a g n e t ic  
r e s o n a n c e  s p e c t r o s c o p y  o f  n a tu r a lly  
o c c u r r in g  su b s ta n c e s . 48 . D im e r ic  q u im  
n o l in ic  M e lo d in u s  a lk a lo id s . 3 2 7 5  

M e h t a ,  G . R e g io s p e c i f i c  B a e y e r -V il l ig e r  
o x id a t io n  o f  p o ly c y c l i c  k e to n e s  w ith  
c e r ic  io n . 953

M e l i l l o ,  D . G . C y c l iz a t io n  o f  u n s a tu ra te d  
h y d r o x y la m in e  d e r iv a t iv e s . 855  

M e lp o ld e r ,  J .  B .  P a lla d iu m -c a t a ly z e d  
a r y la t io n  o f  a l ly lic  a lc o h o ls  w ith  a ry l 
h a lid e s . 265

M e n c a r e l l i ,  P .  N u c le o p h il ic  s u b s t itu t io n  
a t  th e  p y r r o le  r in g . C o m p a r is o n  w ith  
fu ra n , th io p h e n e , a n d  b e n z e n e  r in g s  in  
p ip e r id in o d e n it r a t io n .  2 82 4  

M e n d e ,  U . P h o t o c h e m is t r y  o f  2 ,2 ,4 ,4 - t e t r a =  
p h e n y lo x e t a n -3 -o n e .  I n te r m e d ia te s  in 
t h e  p h o t o fr a g m e n t a t io n  o f  a ry l su b stitu tm  
e d  o x ira n e s . 5 7 2

M e n g ,  P . C . J r .  S tr u c tu r a l  e f fe c t s  o n  ra tes  
a n d  e q u il ib r iu m s . X X .  R a te s  a n d  e q u i l i=  
b r iu m s  in  h y d r a t io n  a n d  b is u lfa te  a d d i^  
t io n  b y  1 ,3 -d im e t h o x y a e e to n e .  3 34 3  

M e n g e r ,  F .  M . P r o t o n  in v e n to r y  s tu d y  o f  a  
w a t e r - c a t a ly z e d  h y d r o ly s is .  1868  

M e n n i n g a ,  L .  S o lv o ly s is  o f  a r y ls u lfo n y lm e ^  
t h y l  p e r c h lo r a te s  in  d io x a n e -w a t e r ,  t e r t—  
b u ty l  a lc o h o l-w a t e r ,  a n d  a c e t o n i t r i le -w a ^  
te r . A n  a n a ly s is  o f  s o lv e n t  e f fe c t s  o n  a  
w a t e r - c a t a ly z e d  p r o c e s s .  3101  

M e r e s a k ,  W . A .  9 (1 0  —► 1 9 ) - A b e o  s te r o id s . 
T o t a l  sy n th e s is  a b e o -e s t r a d io l ,  a b e o - e s -  
t r a d io l  3 -m e t h y l  e th e r , a n d  1 7 « - e t h y n y l  
a b e o -e s t r a d io l  3 -m e t h y l  e th e r . 1601 

M e r r i f i e l d ,  R .  B . 0 - P h e n a c y l  e s te r  as a 
t e m p o r a r y  p r o t e c t in g  g r o u p  t o  m in im iz e  
c y c lic  im id e  fo r m a t io n  d u r in g  s u b s e q u e n t  
t r e a t m e n t  o f  a s p a r ty l  p e p t id e s  w ith  
h y d r o f lu o r ic  a c id . 1 03 2  

M e r r i f i e l d ,  R .  B .  O c c u r r e n c e  o f  N -a lk y la ^  
t io n  d u r in g  t h e  a c id o ly t i c  c le a v a g e  o f  
u re th a n e  p r o t e c t in g  g ro u p s . 2 01 5  

M e r r i t t ,  V .  Y .  S y n th e s is  a n d  c h a r a c te r iz a ^  
t io n  o f  s o m e  p o ly c y c l i c  c y c lo b u t a n o n e s .  
1221

M e t r a s ,  F . A  s p e c ia l - s a l t  e f fe c t  u p o n  th e  
h y d r id e  s h i f t  d u r in g  th e  a c e to ly s is  o f  
c y c lo h e x y l  t o s y la te . 3 9 2 0  

M e t z g e r ,  J .  D e m e t h y la t io n s  o f  q u a te r n a ry  
p y r id in iu m  sa lts  b y  a  s o f t  n u c le o p h ile ,  
t r ip h e n y lp h o s p h in e .  E le c t r o n ic  a n d  
s te r ic  a c c e le r a t io n s . 2621
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M e y e r ,  W .  L .  D it e r p e n o id  t o t a l  sy n th e s is , 
a n  A  —► B  —► C  a p p ro a ch . V I I I .  I n t r o 
d u c t io n  o f  o x y g e n  a t  c a r b o n -1 1 .  T o t a l  
s y n th e s is  o f  ( ± ) - c a r n o s i c  a c id  d im e th y l 
e th e r  a n d  ( ± ) - c a r n o s o l  d im e th y l e th er .
1005

M e y e r s ,  A .  I .  O x a z o lin e s . X X .  S y n th e s is  
o f  a c h ir a l  a n d  c h ira l th iir a n e s  a n d  o le fin s  
b y  r e a c t io n  o f  c a r b o n y l  c o m p o u n d s  w ith  
2 - (a lk y l t h io ) - 2 - o x a z o lm e s .  1735  

M e y e r  s o n ,  S . T h e r m a l  a n d  p h o to c h e m ic a l  
d e c o m p o s i t io n  o f  s i lv e r  c a r b o x y la te s .
9 1 6

M i c h a l o w s k i ,  J .  T .  M e t h a n o ly s is  p r o d u c ts  
c-f d i c h lo r o ( l ,5 - c y c lo o c t a d ie n e ) p a l la d iu m -  
( I I )  in  t h e  p r e s e n c e  o f  b a s e s  a n d  o f  its  
m e t h o x y  a d d u c ts .  1990  

M i c h a l s k i ,  J .  P r o t i c  a c id  c a ta ly z e d
t h io n o - t h io l o  r e a rra n g e m e n ts  o f  p h o s =  
p h o r u s  e s te rs  ( c o r r e c t io n ) .  4051 

M i c h a l s k i ,  J .  N e w  sy n th e s is  o f  S (S e ) -a lk y l  
p h o s p h o ro th io (s e le n o ) l& te s  fr o m  th e  
c o r r e s p o n d in g  p h o s p h o ro a n il id a te s .  S t e r =  
e o s p e c i f i c  c le a v a g e  o f  th e  p h o s p h o r u s -n i=  
t r o g e n  b o n d  in  c h ira l p h o s p h o r o a n il i 
d a te s . 227

M i c h a l s k i ,  J .  O r g a n o p h o s p h o r u s  c o m =  
p o u n d s  o f  s u lfu r  a n d  s e le n iu m . S t e r e o =  
c h e m is t r y  o f  o x id a t io n  o f  t h i o n o -  a n d  
s e le n o p h o s p h o r y l  c o m p o u n d s  w ith  h y d r o =  
g e n  p e r o x id e .  233

M i c h a l s k i ,  J .  P r o t i c  a c id  c a ta ly z e d
t h io n o - t h io l o  r e a rra n g e m e n ts  o f  p h o s =  
p h o r u s  e s ters. 1291

M i c h n e ,  W . F .  A  2 ,6 -m e t h a n o -3 -b e n z a z o =  
c in e  r e la te d  t o  th e  th e b a in e  D ie ls -A ld e r  
a d d u c t  d e r iv a t iv e s . 894  

M id la n d ,  S . L . C o m p a r is o n  o f  th e  so lid
a n d  s o lu t io n  c o n fo r m a t io n s  o f  m e t h a p y r i=  
l in e , t r ip e le n n a m in e , d ip h e n h y d r a m in e , 
h is ta m in e , a n d  c h o l in e .  T h e  i n f r a r e d - x - =  
ra y  m e t h o d  f o r  d e te r m in a t io n  o f  s o lu t io n  
c o n fo r m a t io n s .  2 28 3

M i k o l a j c z a k ,  K .  L .  P o t a m o g e t o n in ,  a  n ew  
fu r a n o id  d ite r p e n e . S tr u c tu r a l  a s s ig n =  
m e n t  b y  c a r b o n -1 3  a n d  p r o t o n  m a g n e t ic  
r e s o n a n ce . 593

M i l a v e t z ,  B .  I .  C h e m is tr y  a n d  b io c h e m is t r y  
o f  th e  s t r e p to v a r ic in s . X I I I .  C a r b o n -1 3  
n u c le a r  m a g n e t ic  r e s o n a n c e  s p e c tr a  o f  
th e  s t r e p to v a r ic in s  a n d  r e la te d  c o m =  
p o u n d s . 1358

M i l e s ,  D . H . R e a c t io n  o f  g e m in a l d ie s te rs  
w ith  th e  a m in e  b a se s  l ,5 - d ia z a b i c y c lo [ 4 .=  
3 .0 ]n o n -5 -e n e ,  l - 4 - d i a z a b i c y c lo [ 2 .2 .2 ] o c =  
ta n e , a n d  3 -q u in u c l id in o l .  208  

M i l e s ,  M . F .  E le c t r o p h i l i c  a d d it io n  r e a c =  
t io n s  o f  a lk e n y l id e n e c y c lo p r o p a n e s .  F o r =  
m a t io n  o f  h ig h ly  s u b s t itu te d ,  n o n p la n a r  
b u ta d ie n e s . 4 2 5

M i l e s ,  M . F .  R a d ic a l  a d d it io n s  t o  a lk e n y li=  
d e n e c y c lo p r o p a n e s .  2 0 6 8  

M i l l e r ,  A .  R .  S te r ica lly  s ta b iliz e d  e n o ls : a 
s tu d y  e m p lo y in g  th e  in te rn a l r o ta t io n a l 
b a rr ie rs  o f  th e  d e s ta b il iz e d  k e to n e s .
3 59 9

M i l l e r ,  C . A .  S y n th e t ic  a p p ro a ch e s  t o  1 0 - =  
e p ie u d e s m a n e  se s q u ite rp e n e s . A  s y n t h e =  
sis o f  in te rm e d e o l .  3 70 5  

M i l l e r ,  D . B .  S t e r e o c h e m is t r y  o f  th e rm a l 
is o m e r iz a t io n  o f  l ,3 - d i n i t r o - 2 ,4 - d ip h e =  
n y lc y c lo b u te n e s  a n d  l , 3 - d i n i t r o - 2 ,4 - d i=  
p h e n y lb u ta d ie n e s .  C is , t ra n s  is o m e r ism  
o f  /3 -n itro s ty re n e s . 2 1 1 2  

M i l l e r ,  R .  R in g  c le a v a g e  re a rra n g e m e n ts  o f  
2 - b ic y c lo [3 .2 .0 ]h e p t y l  a n d  re la te d  G r ig =  
n a r d  re a g e n ts . 1191

M i l l e r ,  R .  D .  S y n th e s is  a n d  ch a r a c te r iz a t io n  
o f  s o m e  p o ly c y c l i c  c y c lo b u t a n o n e s .  1221 

M i l l e r ,  R .  G . N ic k e l -p r o m o t e d  is o m e r iz a =  
t io n s  o f  a lk e n e s  b e a r in g  p o la r  fu n c t io n a l  
g r o u p s . 3020

M i l l e r ,  R .  W . C e lo r b ic o l ,  is o c e lo r b ic o l ,  a n d  
t h e ir  e s te rs : n e w  s e s q u ite rp e n o id s  fr o m  
C e la s tru s  o r b icu la tu s .  3 2 6 4  

M i l l o t ,  F . M e is e n h e im e r  c o m p le x e s .  1,1 
a n d  1,3  A d d u c t s  f r o m  2 ,6 - d in i t r o -4 - t r i =  
f lu o r o m e t h y ls u l fo n y l -  a n d  4 -m e t h y ls u l f o =  
n y la n is o le s . K in e t ic s  in  m e th a n o lic  
d im e th y l  s u l fo x id e .  3 8 9 2  

M i l l s ,  N . S . R e a c t io n s  o f  d e lo c a liz e d  d ic a r =  
b a n io n s  w ith  d ih a lid e s . 1 62 0  

M in a b e ,  M .  C le m m e n s e n  r e d u c t io n  o f  
2 -a c e t y lf lu o r e n e .  P a th w a y s  fo r  th e  f o r =  
m a t io n  o f  2 ,3 -d i (2 - f lu o r e n y l )b u t a n e  a n d  
its  h o m o lo g u e s . 1935

M in a m i ,  T .  R e a c t io n s  o f  N -s u l f in y la r y la =  
m in e s  w ith  c a r b o n y l  c o m p o u n d s  a n d  a 
n it r i le  in  th e  p r e s e n c e  o f  c o p p e r .  3811 

M in a m o t o ,  K .  R e a c t io n s  o f  th e  d e r iv a t iv e s  
o f  5 -b r o m o p y r im id in e  n u c le o s id e s  w ith  
s o d iu m  a z id e . 1100

M in a m o t o ,  K . I n t r o d u c t io n  o f  an  a z id e  
g r o u p  in t o  s o m e  u r id in e  d e r iv a t iv e s  v ia  
2 ',3 '-b e n z o x o n iu m  a n d  2 '-3 '- a z id o n iu m  
in te rm e d ia te s . 3 13 8

M in a t o ,  H . C o n fig u r a t io n  o f  th e  p h o t o is o m =  
ers  o f  b e n z y lid e n e a n il in e s . 3322  

M i n y a r d ,  J .  P .  J r .  C a r b o n -1 3  n u c le a r
m a g n e t ic  r e s o n a n c e  s p e c tr a  o f  c h lo r in a te d  
p e n t a c y c lo [5 .3 .0 .0 2’6.03>9.04-8]d e c a n e s . 462  

M is o n ,  P .  C o u p lin g  o f  n o n e q u iv a le n t  a r o =  
m a t ic  r in g s  b y  s o lu b le  n ic k e l  c a ta ly s ts . A  
g e n e r a l  r o u te  t o  t h e  l ,8 -d ia r y ln a p h t h a l=  
e n e s . 2 25 2

M i t c h e l l ,  A .  R .  O c c u r r e n c e  o f  N -a lk y la t io n  
d u r in g  th e  a c id o ly t ic  c le a v a g e  o f  u re th a n e  
p r o t e c t in g  g ro u p s . 2015  

M i t c h e l l ,  G . N . C o n fig u r a t io n  a n d  c o n fo r =  
m a t io n  o f  c i s -  a n d  t r a n s -3 ,5 -d im e t h y l=  
v a le r o la c to n e s  (c o r r e c t io n ) .  4051  

M i t c h e l l ,  M . J .  K ru k o v in e ,  a  n e w  b is  (b e n =  
z y lis o q u in o lin e )  a lk a lo id  f r o m  A b u ta  
s p le n d ia . 317

M it s u h a s h i ,  K .  N o v e l  fo r m a t io n  o f  a n t i -=  
B r e d t  o le f in s  fr o m  2 ,3 ,4 ,5 ,6 ,7 -h e x a h y =  
d r o - l , 6 - m e t h a n o - l H - 4 - b e n z a z o n i n - 7 - =  
o ls . 4 1 0 6

M iy a s h i t a ,  K .  s -T r ia z in e s .  1. R e a c t io n  o f  
c y a n u r ic  c h lo r id e  w ith  u n s a tu ra te d  n i t r o =  
g e n  c o m p o u n d s .  2 03 2  

M iy o s h i ,  M .  A  c o n v e n ie n t  sy n th e s is  o f
N - t e r t - b u t y lo x y c a r b o n y l - 0 - b e n z y l - L - s e =  
r in e . 2352

M i z u n o ,  M .  1 ,4 ,5 ,8 -T e tr a th ia te t ra lin ,  a 
te tra th ia fu lv a le n e  is o m e r . 1484 

M i z u n o ,  T .  R e a c t io n s  o f  th e  d e r iv a t iv e s  o f
5 -b r o m o p y r im id in e  n u c le o s id e s  w ith  
s o d iu m  a z id e . 1100

M l i n a r i c - M a j e r s k i ,  K .  4 -H o m o a d a m a n t y l  
c a t io n . I II . S u lfu r ic  a c id  ca ta ly z e d  
re a r r a n g e m e n t  o f  4 -h o m o a d a m a n t a n o l -=
5 - 13C . 6 8 6

M o c k ,  W . L .  S c o p e  o f  th e  1 ,6  a d d it io n  o f  
s u lfu r  d io x id e  t o  c is -3 -h e x a t r ie n e s .  242  

M o d a r a i ,  B .  In s e r t io n  o f  f lu o r o  o le f in s  in t o  
c a r b o n -h y d r o g e n  b o n d s  t o  y ie ld  1:1 
a d d u c ts  a n d  d e h y d r o f lu o r in a t io n  o f  th e  
a d d u c ts .  1980

M o d r o ,  A .  R e a c t io n s  o f  s u lfe n y l h a lid e s  
a n d  t h e ir  d e r iv a t iv e s . 14. E f f e c t  o f  
a c e ty le n e  s tru c tu re  o n  th e  ra te s  a n d  
p r o d u c t s  o f  a d d it io n  o f  4 - c h lo r o b e n z e n e =  
s u lfe n y l c h lo r id e . 2331 

M o d y ,  N . V .  F a c ile  s y n th e s is  o f  th e  e y c lo =  
h e x y l  c o n s t itu e n ts  o f  th e  b o l l  w e e v il se x  
p h e r o m o n e . 1069

M o d y ,  N . V .  T h e  s tru c tu re s  o f  s ta p h ig in e  
a n d  s ta p h ir in e . T w o  n o v e l  b is d ite r p e n e  
a lk a lo id s  fr o m  D e lp h in iu m  s ta p h isa g r ia . 

3 04 2
M o f f a t t ,  J .  G . H a lo  su g a r  n u c le o s id e s . V . 

S y n th e s is  o f  a n g u s tm y c in  A  a n d  s o m e  
b a s e  a n a lo g u e s . 1836 

M o f f a t t ,  J .  G . C -g ly c o s y l  n u c le o s id e s .  9.
A n  a p p r o a c h  t o  t h e  s y n th e s is  o f  p u r in e - =  
r e la te d  C -g ly c o s id e s .  3 00 0  

M o f f a t t ,  J .  G . 4 ’- S u b s t i t u t e d  n u c le o s id e s .
3. S y n th e s is  o f  s o m e  4 - f lu o r o u r id in e  
d e r iv a t iv e s . 3010

M o n d e r ,  C . S y n th e s is  o f  c o r t ic o s t e r o id  
d e r iv a t iv e s  c o n ta in in g  th e  2 0 /3 -O l -2 1 -a l  
s id e  ch a in . 2477

M o n g ,  G . M . L e a d  te t ra b e n z o a te  o x id a t io n  
o f  t r im e th y ls ily l  e n o l  e th e rs . 1673 

M o n t e v e c c h i ,  P .  C . R e a c t io n  o f  l ,2 ,3 - b e n =  
z o th ia d ia z o le  w ith  a r y lth io  ra d ica ls .
1331

M o n t e v e c c h i ,  P .  C . R e a c t iv i ty  o f  c a r b o n  
d is u l f id e  w ith  a ry l r a d ica ls . 2 63 9  

M o n t g o m e r y ,  F . C . M ig r a t io n  a p t itu d e s  in  
th e  p h o t o ly s is  o f  s o m e  t e r t ia r y  a lk y l 
a z id e s . 2 36 8

M o n t g o m e r y ,  J .  A .  S y n th e s is  o f  im id a z o =  
[4 ,5 -b ]p y r id in e s  a n d  v - t r i a z o l o [4 ,5 - b ] p y =  
r id in e s . P r e p a ra t io n  o f  l - d e a z a - 6 - t h i o g =  
u a n in e  a n a lo g s . 3 78 4

M o n t g o m e r y ,  W . C . S p ir o  p ip e r id in e s . 1. 
S y n th e s is  o f  s p i r o [ i s o b e n z o fu r a n - l (3 H ) ,=  
4 ’- p ip e r i d i n ] -3 - o n e s ,  s p ir o [ i s o b e n z o fu =  
r a n - l ( 3 H ) ,4 '- p ip e r id in e s ] ,  a n d  s p ir o [ i s o =  
b e n z o t e t r a h y d r o t h io p h e n e - l (3 H ) ,4 '- p i=  
p e r id in e s ] .  2 62 8

M o n t i l l i e r ,  J .  P .  O rg a n ic  s u lfu r  ch e m is try . 
P a r t  X X I I .  T h e  r e a c t io n  o f  s u lfin a te  
e s te rs  w ith  G r ig n a rd  a n d  o r g a n o c o p p e r  
lith iu m  re a g e n ts . A  u s e fu l  r o u t e  t o  ch ira l  
s u lfo x id e s . 3987

M o o n ,  S .  V e r s a t i le  in te rm e d ia te s  fo r  h e t e r =  
o a t o m -s u b s t i t u t e d  a d a m a n ta n e  d e r iv a =  
t iv e s . 1899

M o o r e ,  D . W . S te r e o c h e m is tr y  a n d  m e c h a n =  
ism  o f  th e  S c h m itz  d ia z ir id in e  s y n th e s is  
le a d in g  t o  2 ,4 ,6 -t r is u b s t it u t e d  l ,3 ,5 - t r i a =  
z a b ic y c lo [3 .1 .0 ]h e x a n e s .  3221

M o o r e ,  G . G . S t e r e o c h e m ic a l  c o n t r o l  in  th e  
a c y la t io n  o f  2 , 3 ,4 ,6 - t e t r a - 0 - b e n z y l - D - =  
g lu c o p y r a n o s e . A  r o u te  t o  1 - O - a c y l - a -  
a n d  - /1 -D -g lu c o p y r a n o s e s .  2 92 5  

M o o r e ,  J .  A .  H e te r o c y c l ic  s tu d ie s . 44 . 
T h e r m a l  r e a rra n g e m e n t  o f  2 - a c y l - l , 2 - =  
d ia z a b ic y c lo h e p te n o n e s .  3 15 6  

M o o r e ,  L .  L .  S e le c t iv e  c h lo r in a t io n s  in  
s u lfu r ic  a c id . S y n th e s is  o f  s o m e  2 - a m i=  
n o - 5 - c h l o r o - ,  2 - a m in o - 3 - c h l o r o - ,  a n d  
2 -a m in o -3 ,5 -d ic h lo r o p y r id in e s .  93 

M o o r m a n n ,  A .  E . A  c h r o m iu m (I I ) -p r o m o t =  
e d  h e t e r o ly t ic  f ra g m e n ta t io n  r e a c t io n . 
A p p lic a t io n  t o  th e  sy n th e s is  o f  l , 5 - d i =  
en es . 1477

M o o r t h y ,  P .  N . O n e -e le c t r o n  r e d o x  r e a c =  
t io n s  o f  w a t e r -s o lu b le  v ita m in s . II .
P te r in  a n d  f o l i c  a c id . 1607  

M o r e l ,  J .  M e is e n h e im e r  c o m p le x e s .  1,1 
a n d  1,3  A d d u c t s  f r o m  2 ,6 - d in i t r o - 4 - t r i =  
f lu o r o m e t h y ls u l fo n y l -  a n d  4 -m e t h y ls u l f o =  
n y la n iso le s . K in e t ic s  in  m e th a n o l ic  
d im e th y l s u lfo x id e . 3 89 2  

M o r e la n d ,  C . G . C a r b o n -1 3  n u c le a r  m a g =  
n e t ic  r e s o n a n c e  s p e c tr a  o f  m o r p h in e  
a lk a lo id s . 996

M o r e la n d ,  C . G . R in g  C  c o n fo r m a t io n  o f  
6 /3 -n a ltre x o l  a n d  6 « - n a l t r e x o l .  E v id e n c e  
fr o m  p r o t o n  a n d  c a r b o n -1 3  n u c le a r  m a g =  
n e t ic  r e s o n a n c e . 3 44 5  

M o r g a n ,  J .  M .  S y n th e s is  o f  ( ± ) - 3 - m e t h =  
o x y -N -a c e t y ln o r n a n t e n in e .  375  

M o r g a n ,  K .  D . V it a m in  A  sy n th e s is  b y  
s u lfo n e  a lk y la t io n -e l im in a t io n . C i5  h a l=  
id e , C 5 h y d r o x y  s u l fo n e  a p p ro a ch . 3 28 7  

M o r ie o n i ,  E .  J .  R e a c t io n  o f  c h lo r o s u lfo n y l  
is o cy a n a te  w ith  t r ie n e  s y s te m s . 3 58 3  

M o r i t a n i ,  I .  A r o m a t ic  s u b s t itu t io n  o f  o l e =  
fin s . X X V .  R e a c t iv ity  o f  b e n z e n e , n a =  
p h th a le n e , fe r r o c e n e ,  a n d  fu r a n  to w a rd  
s ty re n e , a n d  t h e  s u b s t itu e n t  e f fe c t  o n  
th e  r e a c t io n  o f  m o n o s u b s t itu te d  b e n z e n e s  
w ith  s ty re n e . 1681

M o r i w a k i ,  M .  S e i f - im m o la t iv e  a s y m m e tr ic  
sy n th e s is . I. A l ly l ic  r e a r r a n g e m e n t  o f  
o p t ic a lly  a c t iv e  a m in e  o x id e .  300  

M o r l a c c h i ,  F .  R e a c t io n s  o f  n it ro g e n  c o m =  
p o u n d s  w ith  r u th e n iu m  te t r o x id e .  2. 
O x id a t io n  o f  te r t ia r y  a m in e s  as a  c o n v e n =  
ie n t  a lte rn a t iv e  t o  v o n  B r a u n  d e g r a d a =  
t io n . 2 78 0

M o r r i s o n ,  J .  D .  S te r e o c h e m is tr y  o f  d ip h e =  
n y lp h o s p h id e  d is p la c e m e n t  a t  sa tu ra te d  
c a r b o n . C o n fo r m a t io n  a n d  r e la tiv e  r e a c =  
t iv it y  o f  m e n t h y l -  a n d  n e o m e n t h y ld ip h e =  
n y lp h o s p h in e  h o m o g e n e o u s  h y d r o g e n a =  
t io n  c o m p le x e s .  1545

M o r r o w ,  C . J .  S te r e o c h e m is t r y  o f  d ip h e n y l=  
p h o s p h id e  d is p la c e m e n t  a t  sa tu ra te d  
c a r b o n . C o n fo r m a t io n  a n d  r e la tiv e  r e a c =  
t iv ity  o f  m e n t h y l -  a n d  n e o m e n t h y ld ip h e =  
n y lp h o s p h in e  h o m o g e n e o u s  h y d r o g e n a =  
t io n  c o m p le x e s . 1 54 5

M o r r o w ,  C . J .  C la ise n  r e a r r a n g e m e n t  w ith  
h y d r o x y m e t h y lp y r id in e s  a n d  h y d r o x y m e =  
th y lp y r id o n e s .  535

M o r t o n ,  G . O . S p e c t r a l  a n d  c h e m ic a l  c h a r =  
a c te r iz a t io n  o f  fu n g a l m e t a b o l it e  L L - =  
N 3 1 3 f .  66

M o r t o n ,  J .  F o r m a t io n  o f  a n  u n u su a l s t e r o i=  
d a l  o x e ta n e  a n d  its  t r a n s fo rm a t io n  p r o =  
d u c ts . 3940

M o s c h e l ,  R .  C . F lu o r e s c e n t  m o d i f i c a t io n  o f  
g u a n in e . R e a c t io n  w it h  s u b s t itu te d  
m a lo n d ia ld e h y d e s . 2 9 4  

M o s c o v i c i ,  R .  M e c h a n is m  a n d  ca ta ly s is  f o r  
p h e n y lh y d r a z o n e  fo r m a t io n  f r o m  a r o m a t =  
ic  h e t e r o c y c lic  a ld e h y d e s . 4 0 9 3  

M o s k o w i t z ,  D . W . A n  im p r o v e d  s y n th e s is  
o f  o c t a e t h y lp o r p h y r in .  3857  

M o s s ,  R .  A .  A d d it io n s  o f  d ih a lo c a r b e n e s  t o  
s te r o id a l  a n d  r e la te d  m o d e l  o le f in s .  C a r =  
b e n ic  s e le c t iv ity .  611

M o s s ,  R .  A .  A lk a n e  d ia z o ta te s . X X I .  E t h =  
a n o ly s is  a n d  th io e th a n o ly s is  o f  o c t a n e - =  
2 -d ia z o t a te .  1128

M o t o k i ,  S . R e a c t io n s  o f  a z in e s  w ith  d ip h e =  
n y lk e te n e . 156

M o t o k i ,  S . R e a c t io n s  o f  a c y l  t h io c h lo r o s u l=  
f ite s . 2 75 9

M o u s s e b o i s ,  C . H .  S y n th e s is  o f  N - c h l o r o a =  
c e ty l  d e r iv a t iv e s  o f  a m in o  a c id s  a n d  
th e ir  u se  fo r  t h e  c o n ju g a t io n  o f  p o ly  p e p =  
t id e s  t o  t h io l - c a r r y in g  c o m p o u n d s .  1340  

M o u v i e r ,  G . B r o m in a t io n  o f  e th y le n ic  
c o m p o u n d s .  38. I s o r e a c t iv ity  o f  t r is u b =  
s t itu te d  g e o m e tr ic a l  is o m e rs . 3 86 9  

M o u v i e r ,  G . B r o m in a t io n  o f  e th y le n ic  
c o m p o u n d s .  39 . P r e d o m in a n c e  o f  s te r ic  
e f fe c t s  o n  th e  r e a c t iv it y  o f  t e t r a s u b s t it u t =  
e d  a lk e n e s . 3 87 2

M u e l l e r ,  H . W . B r id g e d  p o ly c y c l i c  c o m =  
p o u n d s . L X X X I I I .  S te r ic  a n d  b r o m in e
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s u b s t itu e n t  a c c e le r a t io n  in  b r o m in a t io n  
re a c t io n s . 1919

M u e l l e r ,  R .  H . E s te r  e n o la te  C la ise n  re a r =  
ra n g e m e n t . C o n s tr u c t io n  o f  t h e  p r o s t a =  
n o id  s k e le to n . 986

M u e l l e r - J o h n s o n ,  M . R e a c t io n s  o f  d im e =  
th y l  /5 -k e to g lu ta r a te  w ith  1 ,2 -d ic a r b o n y l  
c o m p o u n d s .  6. R e a c t io n s  o f  d ic a r b o n y l  
c o m p o u n d s  w ith  d im e th y l  /3 -k e to g lu ta =  
ra te . 4. F o r m a t io n  o f  1:1 a d d u c ts .  4 05 3  

M u i r ,  D .  M .  T h e  E 2 C  m e c h a n is m  in  e l im i=  
n a t io n  r e a c t io n s .  8 . In te r a c t io n  o f  c o n ju =  
g a t in g  s u b s t itu e n ts  w ith  E 2 C -  an d  
E 2 H - l ik e  t r a n s it io n  s ta te s . 3201 

M u l v e y ,  D . M . S y n th e s is  o f  th e  /S -a d re =  
n e r g ic  b lo c k in g  a g e n t  t im o lo l  f r o m  o p t i=  
c a lly  a c t iv e  p r e c u r s o r s . 3121 

M u n a v u ,  R .  M .  S e le c t iv e  fo r m a t io n  o f  2 
e s te rs  o f  s o m e  m e t h y l  a - D - h e x o p y r a n o =  
s id e s  v ia  d ib u t y ls ta n n y le n e  d e r iv a t iv e s . 
1832

M u n d u z z i ,  M .  R e a c t io n  o f  s u b s t itu te d  
b e n z o d io x o le s  w ith  m e th y lm a g n e s iu m  
io d id e  u n d e r  h e te r o g e n e o u s  c o n d it io n s .
5 8 0

M u n d y ,  B .  P .  P r a c t ica l  sy n th e s is  o f  b r e v i=  
c o m in . I V . F o r m a t io n  a n d  h y d r o g e n o ly =  
s is  o f  5 ,7 -d im e t h y l -6 ,8 -d io x a b i c y c lo [3 .2 .=  
1 ]o c t a n e  u n d e r  c a ta ly t ic  h y d r o g e n a t io n  
c o n d it io n s .  371

M u n d y ,  B .  P . P r a c t ica l  s y n th e s is  o f  b r e v i=  
c o m in . V . I s o m e r  e n r ic h m e n t  o f  b ic y c lic  
k e ta ls  in  th e  6 ,8 -d io x a b ic y c l o [3 .2 .1 ] o c =  
ta n e  se r ie s  b y  c o m p le x a t io n  w ith  t ita n iu m  
t e tra ch lo r id e .  373

M u n d y ,  B .  P .  E lu c id a t io n  o f  th e  c o n f o r m a l  
t io n a l  e q u i l ib r iu m s  fo r  t h e  c i s - 8 - o x a b i c y =  
c lo [ 4 .3 .0 ]n o n -3 -e n e  ser ies . 469  

M u r a ,  A .  J .  J r .  P r e p a ra tiv e  m e t h o d s  fo r  
/3 -a cy l  v in y l  a n io n  e q u iv a le n ts  fr o m  
e n o n e s  o r  a lly l s u lfid e s . 2 50 6  

M u r a ,  A .  J .  J r .  R e m o v a l  o f  s u lfu r  g ro u p s  
fr o m  m o le c u le s  b y  c o p p e r ( I ) .  P r e p a ra t io n  
o f  s u l fu r -s u b s t itu te d  1 ,3 -d ie n e s  f o r  th e  
D ie ls -A ld e r  r e a c t io n . 3 21 8  

M u r a t a ,  M . S o m e  t r a n s fo rm a t io n s  o f  d l - =  
p h e n y la la n in e  o r t h o  e s te rs  a n d  N -b e n z y =  
lo x y c a r b o n y l -L -p h e n y la la n in a l.  3317  

M u r d o c k ,  T .  O . P r e p a ra t io n  a n d  r e a c t io n s  
o f  h ig h ly  a c t iv e  c a d m iu m  a n d  z in c  s lu r =  
r ie s  b y  m e ta l  a t o m -s o lv e n t  c o c o n d e n s a =  
t io n s . 1076

M u r r ,  B . L .  J r .  F o r m a t io n  o f  d y e s  d e r iv e d  
fr o m  d i in d o ly lp y r id y lm e th a n e s .  870  

M u r r a y ,  R . J .  M o b i le  k e to  a lly l sy s te m s.
18. S y n th e s is  a n d  c h a r g e - t r a n s fe r  in t e r s  
a c t io n s  o f  2 - ( o r - a m i n o b e n z y l ) - l - i n d e =  
n o n e s . 3 54 0

M u r r a y ,  R .  K . J r .  S y n th e s is  o f  l ,3 - b i s h o =  
m o a d a m a n ta n e . 3 29 4  

M y e r s ,  J .  A .  1 ,3 -D ip o la r  a d d it io n  o f  an 
o x a z o l iu m  5 - o x i d e  t o  c y c lo p e n t a d ie n e q u i=  
n o n e  a n d  t o  a n th r a c e n e q u in o n e  ( c o r r e c t  
t io n ) .  4051

M y h r e ,  P .  C . S o lv o ly s is  in  s t r o n g  a c id s .
I II . T h e  q u e s t io n  o f  a lk y l -o x y g e n  c le a v =  
a g e  in  a lk y l to s y la te  s o lv o ly s is . 1472 

N a d w a r n y ,  H . A . P r o t o n a t e d  c y c lo p r o p a n e  
in te rm e d ia te s  fr o m  th e  d e a m in a t io n  o f
3 -m e t h y l -2 -a m in o b u t a n e .  323  

N a e m u r a ,  K .  S y n th e se s  a n d  c h iro p t ic a l  
p r o p e r t ie s  o f  o p t ic a lly  a c t iv e  d e r iv a t iv e s  
o f  t r ic y c lo [3 .3 .0 .0 3>7]o c t a n e  a n d  o x a t r ic y =  
c lo n o n a n e s .  1229

N a e m u r a ,  K .  S y n th e se s  a n d  a b s o lu te  c o =  
n f ig u r a t io n s  o f  t r ic y c lo [4 .3 .0 .0 3'7] n o n a n e  
("  b r e x a n e " ) ,  3 - o x a t r i c y c l o [4 .3 .0 .0 4-9] n o =  
n a n e  ( " 3 -o x a b r e x a n e " ) ,  a n d  t r ic y c lo [4 .2 .=  
0 .0 3'7] o c t a n - 2 - o n e  ("  n o r b r e x a n - 2 - o n e " ) .  
3 72 5

N a g a i ,  Y .  R a d ic a l  r e a c t io n s  in  t h e  c o o r d in a =  
t io n  sp h e re . I II . R e a c t io n s  o f  d i c h lo r o -  
a n d  t r ic h lo r o a c e t ic  a c id  e s te rs  w ith  l - o l e =  
f in s  c a ta ly z e d  b y  d ic h lo r o t r is ( t r ip h e n y l=  
p h o s p h in e )r u t h e n iu m (I I ) .  396  

N a k a n o ,  H . R e a c t io n s  o f  a z in e s  w ith  d i p h e -  
n y lk e te n e . 156

N a k a t a ,  F . S tu d ie s  o n  r e a c t io n s  o f  is o p r e =  
n o id s . X X I I .  C r o w n  e th e r  c a ta ly z e d  
sy n th e s is  o f  d ia lk y lv in y lid e n e c y c lo p r o =  
p a n e  d e r iv a t iv e s . 2 40 8  

N a k a z a k i ,  M .  S y n th e se s  a n d  c h iro p t ic a l  
p r o p e r t ie s  o f  o p t ic a lly  a c t iv e  d e r iv a t iv e s  
o f  t r ic y c lo [3 .3 .0 .0 3-7]o c t a n e  a n d  o x a t r ic y =  
c lo n o n a n e s . 1229

N a k a z a k i ,  M .  D ir e c t  s y n th e s is  o f  in d o le  b y  
th e  F is c h e r  in d o le  s y n th e s is . 1877 

N a k a z a k i ,  M .  S y n th e se s  a n d  a b s o lu te
c o n f ig u ra t io n s  o f  t r ic y c lo [4 .3 .0 .0 3’7]n o n a n e  
("  b r e x a n e " ) ,  3 - o x a t r ic y c l o  [4 .3 .0 .0 4-9] n o =  
n a n e  ( " 3 -o x a b r e x a n e " ) ,  a n d  t r ic y c lo [4 .2 .=  
0 .0 3>7] o c t a n - 2 - o n e  ("  n o r b r e x a n -2 -o n e " ) .  
3 72 5

N a k a z a k i ,  M . S y n th e se s  o f  [8] [ 8 ] -  a n d

[8 ][1 0 ]p a r a c y c lo p h a n e s .  4081 
N a l l e y ,  E . A .  G e o m e tr ic  is o m e rs  o f  0 - a l =  

k y lb e n z o h y d r o x im o y l  c h lo r id e s . S y n th e =  
sis, id e n t if ic a t io n ,  a n d  a c id -c a t a ly z e d  
is o m e r iz a t io n . 252

N a n n i n i ,  G . C h e m is tr y  o f  th e  d ih y d r c t h ia z =  
in e  r in g  m o ie ty  o f  c e p h a lo s p o r in s . 1. 
R e g io s p e c i f ic it y  a n d  s te r e o se le c t iv ity  in 
th e  b r o m in e  a d d it io n  t o  2 - c e p h e m  d e r i=  
v a tiv e s . A  n e w  ro u te  t o  2 -m e t h o x v  c e =  
p h a lo s p o r in s . 2 15 0

N a r i t a ,  M . P re p a ra t io n  a n d  r e a c t io n s  o f  
b ifu n c t io n a l iz e d  te tra th ia fu lv a le n e s .
2855

N a t a le ,  N . T h e  se le c t iv e  r e d u c t io n  o f  ,* ,/3 -=  
u n s a tu ra te d  e s ters, n itr ile s  a n d  n it ro  
c o m p o u n d s  w ith  s o d iu m  c y a n o b o r c h y =  
d r id e . 3 32 8

N a t a r a ja n ,  S . S id e  re a c t io n s  in  p e p t i c e  
sy n th e s is . III. In te r m o le c u la r  a c y la t io n  
b y  a n  u n p r o t e c t e d  s id e  c h a in  c a r b o x y l 
g ro u p . 1269

N e f f ,  J .  R .  S y n th e s is  o f  4 - t e t r a c y c lo [b .2 .1 .=  
0 2’6.03-8]deCene (2 ,4 -e t h e n o t r ic v c lo [S .3 .0 .=  
0 3’7]o c ta n e ) .  2590

N e g is h i ,  E . A  n o v e l  in te rm o le c u la r  tra n s fe r  
r e a c t io n  o f  a lk e n y ltr ia lk y lb o r a te s  w ith  
a q u e o u s  b a se s  a n d  its  a p p lic a t io n  t o  th e  
p r o to n o ly s is  o f  a lk e n y lb o r o n  d e r iv a t iv e s . 
3484

N e i l a n ,  J .  P .  M o n o t e r p e n e  s y n th e se s  v ia  a 
p a lla d iu m  c a ta ly z e d  is o p r e n e  d im e r iz a =  
t io n . 3 4 5 5

N e ls e n ,  T .  R .  2 H -B e n z o [b ] t h ie t e  l , l - d i o x =  
id e . 3044

N e ls o n ,  D . A . R a d ic a l  a d d it io n s  o f  b r o m o -  
d ic h lo r o n it r o m e th a n e  t o  c y c lic  o le fin s .
155

N e ls o n ,  M . L . R e 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  o f  a  2 - (a r y ls u l fo n y l)a l ly l  s y s =  
tern . 248

N e ls o n ,  V .  C h e m is tr y  o f  N -h a lo  c o m =  
p o u n d s . X X V .  R e g io s p e c i f i c  sy n th e s is  
o f  u n s y m m e tr ic a l  a z o x y  c o m p o u n d s  
(d ia z e n e  N -o x id e s ) .  1751 

N e ls o n ,  V . D ie ls -A ld e r  re a c t io n s  in v o lv in g  
h e t e r o c y c lic  d ie n o p h ile s . S y n th e s is  o f  
s u b s t itu te d  h y d r o q u in a z o lin e s  a n d  1 3 - =  
d ia z a s p ir o [4 .5 ]d e c a d ie n e s . 2124  

N e m o t o ,  H . A  n e w  s y n th e t ic  a p p ro a ch  t o  
th e  3 -b e n z a z e p in e  s k e le to n  th ro u g h  
p in a c o l -p in a c o lo n e  re a rra n g e m e n t . 2 98 8  

N e s ,  W . R . (Z ) -1 7 (2 0 ) -D e h y d r o c h o le s t e r o l .  A  
n ew  s te r o l  w ith  C -2 1  a n d  C - 2 2  s p a t ia lly  
f ix e d . 3 42 9

N e u ,  M . S p ir o  p ip e r id in e s . 1. S y n th e s is  o f  
s p i r o [ i s o b e n z o f u r a n - l ( 3 H ) ,4 '- p :p e r i c i n ] -=
3 -o n e s ,  s p ir o [ i s o b e n z o fu r a n - l (S H ) ,4 T- p i =  
p e r id in e s ], a n d  s p ir o [ is o b e n z o t e t r a h y d r o =  
t h io p h e n e - 1 (3 H ) ,4 '- p ip e r id in e s ] . 2 62 8  

N e u k o m ,  C . V ita m in  A  s y n th e s is  b y  s u lfo n e  
a lk y la t io n -e l im in a t io n . C 15 h a lid e , C>5 
h y d r o x y  s u l fo n e  a p p ro a ch . 3287  

N e u k o m ,  C . S y n th e t ic  s tu d ie s  o n  (2 R ,4 'R ,=  
8 'R ) -o : - t o c o p h e r o l .  A n  a p p r o a c h  u tL iz in g  
s id e  c h a in  s y n th o n s  o f  m ic r o b io lo g ic a l  
o r ig in . 3505

N e u k o m ,  C . S y n th e t ic  s tu d ie s  o n  (2 R ,4  R ,=  
8 'R ) - a - t o c o p h e r o l .  A n  a lte rn a t iv e  s y n =  
th e s is  o f  ( 2 R ,6 R ) - (+ ) -2 ,6 ,1 0 - t r i m e t h y =  
l u n d e c a n - l - o l ,  a k e y  s id e  c h a in  sy n th o n . 
3 51 2

N e v e s ,  E . A .  M e c h a n is m  a n d  ca ta ly s is  fo r  
p h e n y lh y d r a z o n e  fo r m a t io n  fr o m  a r o m a t=  
ic  h e t e r o c y c lic  a ld e h y d e s . 4 09 3  

N e w k o m e ,  G . R .  C h e m is tr y  o f  h e te r o c y c lic  
c o m p o u n d s .  22. C o n d e n s a t io n  re a c t io n s  
o f  2 -s u b s t it u t e d  p y r id in e s . 2 53 6  

N e w m a n ,  M . S . R e a c t io n s  o f  3 -m e t h y lb e n =  
z y n e  w ith  2 - s u b s t it u t e d  fu ra n s . S te r ic  
e f fe c t s .  3 35 6

N e w m a n ,  M . S .  A n  im p ro v e d  ro u te  fo r  th e  
s y n th e s is  o f  l - a m in o - 2 - m e t h y ln a p h t h a l=  
e n e . 3924

N e w m a n ,  M . S . A  c o n v e n ie n t  s y n th e s is  o f
1 ,2 -n a p h t h a l ic  a n h y d r id e . 3 92 5  

N e w t o n ,  B .  N . D is p la c e m e n t  o f  th e  n b r o  
g r o u p  o f  s u b s t itu te d  n it r o b e n z e n e s -a  
s y n th e t ica lly  u s e fu l  p ro ce s s . 1560 

N ie d b a l l a ,  U . S y n th e s is  o f  n u c le o s id e s  17. A  
g e n e ra l s y n th e s is  o f  N -g ly c o s id e s .  6.
O n  th e  m e c h a n is m  o f  th e  s ta n n ic  c h lo r id e  
ca ta ly z e d  s ily l H ilb e r t -J o h n s o n  re a c t io n . 
2084

N ie l s e n ,  A .  T .  g e m -D ife r r o c e n y la lk a n e  
d e r iv a t iv e s . A c id - c a t a ly z e d  c o n d e n s a t io n  
o f  fe r r o c e n e  w ith  m e th y l le v u lin a te  an d
5 -h y d r o x y -2 -p e n t a n o n e .  655  

N ie l s e n ,  A .  T .  S te r e o c h e m is tr y  a n d  m e =  
ch a n is m  o f  th e  S c h m itz  d ia z ir id in e  s y n =  
th e s is  le a d in g  t o  2 ,4 ,6 -t r is u b s t it u t e d
l ,3 ,5 - t r ia z a b ic y c lo [3 .1 .0 ]h e x a n e s .  3221  

N ik a id o ,  T .  R a d ic a l  r e a c t io n s  in  th e  c c o r d i=  
n a t io n  sp h e re . I II . R e a c t io n s  o f  d i c h lo =  
r o -  a n d  t r ic h lo r o a c e t ic  a c id  e s te rs  w ith

1 -o le f in s  c a ta ly z e d  b y  d ic h lo r o t r is ( t r ip h e =  
n y lp h o s p h in e )r u t h e n iu m (I I ) .  396  

N in g ,  R . Y .  Q u in a z o lin e s  a n d  l ,4 - b e n z o =  
d ia z e p in e s . 74 . P h o s p h o r y la t io n  o f  
a m b id e n t  a n io n s . P re p a ra t io n  c f  s o m e  
d i -4 -m o r p h o l in y lp h o s p h in y lo x y  im in e s  
v ia  O -p h o s p h o r y la t io n  o f  a n io n s  o f  la c =  
tarns. 2 72 0

N in g ,  R . Y .  Q u in a z o lin e s  a n d  l ,4 - b e n z o =  
d ia z e p in e s . 76 . R e a c t io n s  o f  s o m e  d i - 4 - =  
m o r p h o l in y lp h o s p h in y lo x y  im in e s . 2724  

N in g ,  R .  Y .  S tr u c tu r e  a n d  r e a c t io n s  o f  an 
u n u su a l t h io n y l  c h lo r id e  o x id a t io n  p r o =  
d u c t .  9 -C h lo r o a c r id in iu m  2 - c h l o r o - l - =  
( c h lo r o s u l f in y l ) -2 - o x o e t h y l id e .  3406 

N i s h i g u c h i ,  T .  T r a n s fe r  h y d r o g e n a t io n  
a n d  tra n s fe r  h y d r o g e n o ly s is . I X .  H y d r o =  
g e n  t r a n s fe r  fr o m  o r g a n ic  c o m p o u n d s  to  
a ld e h y d e s  a n d  k e to n e s  c a ta ly z e d  b y  
d ih y d r id o t e tr a k is ( t r ip h e n y lp h o s p h in e )r u =  
th e n iu m (I I ) .  665

N is h i g u c h i ,  T .  T r a n s fe r  h y d r o g e n a t io n  
a n d  tra n s fe r  h y d r o g e n o ly s is . 11 . F a c ile  
d e h y d r o g e n a t io n  o f  a r o m a t ic  h y d r o c a r =  
b o n s  a n d  th e  m e ch a n is m  o f  th e  h y d r o g e n  
tra n s fe r  fr o m  in d a n , te tra lin , a n d  d io x a n e  
t o  a ld e h y d e s  ca ta ly z e d  b y  d ih y d r id o t e tr a =  
k is (t r ip h e n y lp h o s p h in e )r u th e n iu m (I I ) .

_ 2 68 8
N is h i k a z e ,  N . R e a c t io n  o f  1 -a z ir in e  w ith  

d ip h e n y ld ia z o m e th a n e . O n  t h e  1 :2  a d =  
d u c ts  o f  1 -a z ir in e  a n d  d ip h e n y lc a r b e n e .

. 3(?42
N is h i m u r a ,  T .  N o v e l  s y n th e s is  o f  im id a z o le  

d e r iv a t iv e s  f r o m  l - p h e n y l - l , 2 - p r o p a n e =  
d io n e  a n d  m e th y lg u a n id in e . 1593  

N is h i t a n i ,  K . T e r p e n o id s  a n d  re la te d  a l i=  
c y c lic  c o m p o u n d s .  IV . D im e r iz a t io n  o f  
1 4 -b r o m o -6 -d e h y d r o x y s a n t o n in i c  a c id .

1256
N is h i z a w a ,  M .  O rg a n o s e le n iu m  ch e m is tr y . A  

fa c ile  o n e - s t e p  s y n th e s is  o f  a lk y l ary l 
s e le n id e s  f r o m  a lc o h o ls . 1485 

N iw a ,  M .  I n t r o d u c t io n  o f  a n  a z id e  g ro u p  
in to  s o m e  u r id in e  d e r iv a t iv e s  v ia  2 ' ,3 ' - =  
b e n z o x o n iu m  a n d  2 '-3 '- a z id o n iu m  in =  
te r m e d ia te s . 3 13 8

N o e ls ,  A .  M e ta th e s is  ca ta ly s ts . V . C o m =  
p e t it iv e  c h a ra c te r  o f  m e ta th e s is  a n d  
a lk y la t io n  r e a c t io n s  ca ta ly z e d  b y  tu n g s te n  
h e x a c h lo r id e -e t h y la lu m in u m  d ic h lo r id e . 
1631

N o e ls ,  A .  F .  C a ta ly t ic  r in g  o p e n in g  o f  s u b =  
s t itu te d  2 -o x e t a n o n e s .  2527  

N o e ls ,  A .  F . R e a rr a n g e m e n ts  o f  h e t e r o c y c lic  
c o m p o u n d s .  I V . B a s e -p r o m o t e d  e l im i=  
n a t io n  r e a c t io n s  in  th e  2 -a z a - 5 - r .o r b o r n =  
e n e  sy s te m . S t e r e o s p e c if i c  r in g  o p e n in g  
o f  2 - (p - t o l u e n e s u l f o n y l ) - e x o -3 - ( t r i c h l o =  
r o m e t h y l ) - 2 -a z a b i c y c l o [2 .2 .1 ] h e p t -5 - e n e  
b y  lith iu m  a lk y ls . 1461 

N o g r a d i ,  M . T h a ll iu m  in o r g a n ic  sy n th e s is . 
X L I I .  D ir e c t  o x id a t io n  o f  4 - s u b s t it u t e d  
p h e n o ls  t o  4 ,4 -d is u b s t it u t e d  c y c lo h e x a -=
2 ,5 -d ie n o n e s  u s in g  th a l liu m (I II )  n itra te .
282

N o g u c h i ,  I . E le c t r o c h e m is t r y  o f  n a tu ra l 
p r o d u c ts .  IV . E le c t r o c h e m ic a l  a n d  
c h e m ic a l  o x id a t iv e  d im e r iz a t io n  o f  1 ,2 —d i=  
m e t h y l - 7 - h y d r o x y - 6 - m e t h o x y - l ,2 ,3 ,4 - =  
te t ra h y d r o is o q u in o lin e .  845  

N o g u c h i ,  M .  R e a c t io n s  o f  a -k e t o s u l fe n e s  
w ith  C ,N -d ia r y ln it r o n e s .  2 43 8  

N o r c r o s s ,  B .  E . A  n e w  a c e ty le n e  sy n th e s is . 
J u n ip a l. 3 65 0

N o r d lä n d e r ,  J .  E . S y n th e s is  o f  4 - t e t r a c y =  
c lo [5 .2 .1 .0 2’6.0 3-8]d e c e n e  ( 2 ,4 -e t h e n o t r i c y =  
c lo [3 .3 .0 .0 3-7]o c t a n e ) .  2590  

N o r e e n ,  A .  L . B r id g e d  p o ly c y c l i c  c o m =  
p o u n d s .  84. C a t io n ic  re a rra n g e m e n ts  
a c c o m p a n y in g  a d d it io n  o f  a c e t ic  a c id  to  
th e  c y c lo p r o p a n e  d ib e n z o t r ic y c lo [3 .2 .2 .=  
0 2’4]n o n a d ie n e .  4 01 6  

N o r r i s ,  W .  P .  g e m -D ife r r o c e n y la lk a n e
d e r iv a t iv e s . A c id - c a t a ly z e d  c o n d e n s a t io n  
o f  fe r r o c e n e  w ith  m e th y l le v u lin a te  a n d
5 -h y d r o x y -2 -p e n t a n o n e .  655  

N o t o ,  R . K in e t ic s  o f  th e  re a c t io n s  o f  2 - b r o =  
m o -3 ,5 -d in i t r o t h io p h e n e  w ith  m e t a -  
a n d  p a r a -s u b s t i tu te d  a n ilin e s  in  m e t h a =  
n o l. A p p lic a t io n  o f  H a m m e tt  a n d  I n =  
g o ld -Y u k a w a -T s u n o  e q u a t io n s . £ 6 8  

N o v a k ,  T .  J .  F o r m a t io n  o f  d y e s  d e r iv e d  
fro m  d iin d o ly lp y r id y lm e th a n e s .  8 7 0  

N o v in s o n ,  T .  R in g  o p e n in g  o f  5 ,7 - d :m e =  
t h y l -u - t r ia z o lo [ 1 ,5 -a ]  p y r im id in e  t  y  
h a lo g e n a t in g  a g en ts . 385 

N o y c e ,  D . S . T r a n sm is s io n  o f  s u b s t itu e n t  
e f fe c t s .  C o r r e la t io n  o f  m e th y l t o  h y d r o =  
g e n  ra te  ra t io s  in d iv e rs e  h e t e r o c y c lic  
s y s te m s  w ith  C N D O /2  p a ra m e te rs . 776  

N o y c e ,  D . S . S o lv o ly t ic  r e a c t iv ity  o f  p y r a z o =  
ly le th a n o l a n d  is o x a z o ly le th a n o l d e r iv a =  
t iv e s . 3 64 0
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N o z a k i ,  H . S t e r e o s p e c if i c  1 ,2 -D ia lk y lv in y l=  
s ila n e  s y n th e s is  v ia  r e d u c t iv e  a lk y la t io n  
o f  t r ia lk y ls i ly la c e ty le n e . 2215  

N o z a k i ,  H . R e a c t io n  o f  /3 -k e to s ila n e s  w ith  
a lk y llith iu m . A  s te r e o s e le c t iv e  sy n th e s is  
o f  t r is u b s t itu te d  e th y le n e s . 2 94 0  

N o z a k i ,  H . S t e r e o s e le c t iv e  sy n th e s is  o f
v in y ls ila n e s  fr o m  a lk y n y ls i la n e s  b y  r e d u c e  
t iv e  a lk y la t io n  v ia  h y d r o b o r a t io n  a n d  
c a r b o d e m e t a la t io n .  2941  

N u z z o ,  R .  G . S u b s t it u e n t  e f fe c t s  o n  th e  
e le c t r o n ic  n a tu re  o f  c a r b o n - b o n d e d  f lu o ^  
rir.e. 392

O a e ,  S .  P r e p a r a t io n  a n d  p h y s ic a l  a n d  c h e m =  
ica l  p r o p e r t ie s  o f  " fr e e "  s u lf ilim in e s  
(c o r r e c t io n ) .  4 0 5 2

O a e ,  S . F r e e  s u lfi l im in e s . 5. P r e p a ra t io n  
a n d  p h y s ic a l  a n d  c h e m ic a l  p r o p e r t ie s  o f  
" fr e e "  s u lfi l im in e s . 1728  

O b a y a s h i ,  M .  R e a c t io n  o f  0 -k e t o s ila n e s  
w ith  a lk y llith iu m . A  s te r e o se le c t iv e  
s y n th e s is  o f  t r is u b s t itu te d  e th y le n e s .
2 94 0

O 'B r i e n ,  J .  P .  S e le c t iv e  re m o v a l o f  an 
a r o m a t ic  m e t h y le n e d io x y  g r o u p . 1657 

O c c o l o w i t z ,  J .  L . A lk a lo id s  o f  V in c a  rosea . 
(C a th a r a n th u s  ro se u s ). X X X V I I .  S t r u c =  
tu re  o f  v in c a th ic in e .  1001 

O 'C o n n o r ,  S .  A p ra m y c in ,  a u n iq u e  a m in o ^  
c y c li t o l  a n t ib io t ic .  2087  

O d a ,  J .  S e l f - im m o la t iv e  a s y m m e tr ic  s y n ^  
th e s is . I. A l ly l ic  r e a r r a n g e m e n t  o f  o p t i=  
c a l ly  a c t iv e  a m in e  o x id e .  300 

O d a ,  J .  S e l f - im m o la t iv e  a s y m m e tr ic  s y n =  
th e s is . II. T r a n s fe r  o f  ch ira lity  fro m  
te t ra h e d r a l  c a r b o n  t o  t r ig o n a l c a r b o n  in 
ch ira l  a m in e  o x id e  re a rra n g e m e n t . 303 

O d a i r a ,  Y .  C a r b o x y la t io n  o f  a r o m a t ic  c o m =  
p o u n d s  b y  p a l la d iu m (I I )  ca r b o x y la te s .
2 04 9

O e h l d r i c h ,  J . R e a c t io n  o f  1 ,2 -  a n d  l , 3 - d i =  
c a r b o n y l  c o m p o u n d s  w ith  d im e th y l 0 - k e =  
to g lu ta ra te . I. S y n th e s is  o f  m e th y l 
5 ,6 ,7 ,8 - t e t r a h y d r o -5 -o x o c o u m a r in -A  
4(3H ),«-a c e ta te . 743

O e h l d r i c h ,  J .  R e a c t io n s  o f  d im e th y l /3 -k e ^  
to g lu ta r a te  w ith  1 ,2 -d ic a r b o n y l  c o m ^  
pD unds. 6 . R e a c t io n s  o f  d ic a r b o n y l 
c o m p o u n d s  w ith  d im e th y l  /3 -k e to g lu ta — 
ra te . 4 . F o r m a t io n  o f  1:1 a d d u c ts .  4053  

O f e n b e r g ,  H . P h o to r e d u c t io n  o f  s u b s t itu te d  
b e n z o [b ] fu r a n s  b y  a lip h a t ic  a m in e s . 151 

O g a t a ,  Y .  R a d ic a l  d e c o m p o s it io n  o f  a - h y =  
d r o p e r o x y  k e to n e s . F a c ile  s c is s io n  o f  
b e n z o y l  ra d ica l. 373

O g a t a ,  Y .  /3 S c is s io n  o f  a c y l  ra d ica ls  in th e  
r a d ica l d e c o m p o s it io n  o f  v a r io u s  a - h y ^  
d r o p e r o x y  k e to n e s . 2 34 0  

O g l i a r u s o ,  M .  A .  S y n th e s is , e le c t r o n ic
s p e c tr a , a n d  th e rm a l b e h a v io r  o f  b is (h e p =  
t a p h e n y lc y c lo h e p t a t r ie n e s ) .  3 37 4  

O h ,  3 - W .  S y n th e s is  o f  c o r t ic o s t e r o id  d e r i=  
v a t iv e s  c o n ta in in g  th e  2 0 /3 -O l -2 1 -a l  s id e  
ch a in . 2 47 7

O 'H a l l o r a n ,  J .  K . C o v a le n t  a m in a tio n .
S u b s t it u e n t  e f fe c t s  o n  t h e  s ite  o f  a d d it io n  
o f  a m m o n ia  t o  q u a te r n iz e d  p y r id in e s  
a n d  p y ra z in e s . 1303

O 'H a l l o r a n ,  J .  K . C o m p e t it iv e  a d d it io n  o f  
c a r b o n , su lfu r  a n d  n it ro g e n  n u c le o p h ile s  
t o  q u a te r n iz e d  h e te r o a r o m a t ic  c o m ^  
p o u n d s  in  l iq u id  a m m o n ia . 1308 

O h e ,  Y .  R e s o lu t io n s  o f  a n o m e r ic  e th y l 
2 -a m in o -2 -d e o x y -D -g lu c o p y r a n o s id e  b y  
c a t io n -e x c h a n g e  c h r o m a to g r a p h y , a n d  
its  N -a c y la t io n  w ith  c a r b o x y l ic  a n h y =  
d r id e s . 4 0 3 8

O h k a t a ,  K . S o lv o ly s is  o f  S ^ - b e n z o t r i c y c lo ^  
[4 .3 .1 .0 1’6] d e c - 3 - e n - 2 - y l  p -n it r o b e n z o a t e s  
a n d  its  r e la te d  s y s te m . 2162  

O h n o ,  M .  S tu d ie s  o n  r e a c t io n s  o f  is o p r e ^  
n o id s . X X I I .  C ro w n  e th e r  ca ta ly z e d  
sy n th e s is  o f  d ia lk y lv in y lid e n e c y c lo p r o =  
p a n e  d e r iv a t iv e s . 2 40 8  

O h r ,  J .  P h o to in d u c e d  r e a rra n g e m e n t  a n d  
r e la te d  r e a c t io n s  o f  e th y l  N -p h e n y lc a r b a =  
m a te . 3 68 7

O h s h i r o ,  Y .  R e a c t io n  o f  1 -a z ir in e  w ith  
d ip h e n y ld ia z o m e th a n e . O n  th e  1:2 a d =  
d u c t s  o f  1 -a z ir in e  a n d  d ip h e n y lc a r b e n e . 
3642

O h t a ,  H . I r o n  c h lo r id e - s o d iu m  h y d r id e  
s y s te m  as n e w  r e d u c in g  re a g e n ts  o f  c a r =  
b o n y l  c o m p o u n d s .  1667 

O h t s u k a ,  Y .  C h e m is tr y  o f  d ia m in o m a le o n i^  
tr ile . II. P r e p a ra t io n  o f  th e  o p e n -c h a in  
a d d u c t  w ith  k e to n e  in  p h o s p h o r u s  p e n =  
t o x id e -e t h a n o l  s y s te m . 629  

O h t s u k a ,  Y . C h e m is tr y  o f  d ia m in o m a le o n i=  
tr ile . I. S e le c t iv e  p r e p a r a t io n s  o f  m o n o =  
fo rm y ld ia m in o m a le o n it r i le  a n d  im id a ^  
zo le s  b y  r e a c t io n  w ith  fo r m ic  a c id . 713

O ie n ,  H . T .  A cy la n th ra n ils . II. T h e  p r o b ^  
le m  o f  s e le c t iv ity  in  th e  r e a c t io n  o f  a c e t y -  
la n th ra n il w ith  a n ilin e s . 1765 

O ik a w a ,  Y .  C y c liz a t io n  o f  /S -k e to  s u l fo x =  
id e s . V . N e w  s y n th e t ic  m e th o d  fo r  
c o n d e n s e d  h e te r o c y c le s ,  ca rb a z o le s , in =  
d o le s , a n d  b e n z o th io p h e n e s ,  b a s e d  on  
a c id -c a t a ly z e d  c y c liz a t io n  o f  /3 -k e to  
s u lfo x id e s . 1118

O k a b e ,  T .  R in g  o p e n in g  o f  5 ,7 - d i m e t h y l - -  
u - t r ia z o lo [ l ,5 -a ]p y r im id in e  b y  h a lo g e n a t ^  
in g  a g en ts . 385

O k a d a ,  K . M o le c u la r  d e s ig n  b y  c y c lo a d d i^  
t io n  re a c t io n s . X X V I .  F a c ile  sk e le ta l 
r e a rra n g e m e n t  b y  re a c t io n  o f  p o ly c y c lic  
o le fin s  w ith  le a d ( IV )  a n d  t h a lliu m (I II )  
sa lts . 2231

O k a m o t o ,  T .  E le c t r o ly t ic  d e c a r b o x y la t io n  
r e a c t io n . I II . A n o d ic  a c é t o x y la t io n  o f  
t r ic y c lo [4 .4 .0 .0 .1»5]d e c a n -4 -o n e s .  166 

O k a m o t o ,  Y .  R e a c t io n s  o f  2 ,2 ,2 -t r ip h e n y le :=: 
t h y l  p -t o lu e n e s u lfo n a t e  in  a lc o h o l  s o lu =  
t io n s  in th e  p r e s e n c e  o f  b a se  u n d e r  h ig h  
p re ssu re . E f fe c ts  o f  p re ssu re  o n  S N 1 -  
a n d  S N 2 - t y p e  r e a c t io n s . 1552 

O k r u s z e k ,  A .  N e w  s y n th e s is  o f  S (S e ) -a lk y l  
p h o s p h o r o t h io (s e le n o ) la t e s  fr o m  th e  
c o r r e s p o n d in g  p h o s p h o ro a n il id a te s .  S t e r =  
e o s p e c i f ic  c le a v a g e  o f  th e  p h o s p h o r u s -n i=  
t r o g e n  b o n d  in  ch ira l  p h o s p h o r o a n il i=  
d a te s . 227

O k r u s z e k ,  A .  O rg a n o p h o s p h o r u s  c o m =  
p o u n d s  o f  su lfu r  a n d  s e le n iu m . S t e r e o =  
c h e m is tr y  o f  o x id a t io n  o f  t h i o n o -  a n d  
s e le n o p h o s p h o r y l  c o m p o u n d s  w ith  h y d r o s  
g e n  p e r o x id e .  233

O k u h a r a ,  K . In t r o d u c t io n  a n d  e x te n s io n  
o f  e th y n y l g r o u p  u s in g  l , l - d i c h l o r o - 2 , 2 - ::= 
d iflu o r o e th y le n e .  A  c o n v e n ie n t  r o u te  to  
lith iu m  a c e ty lid e s  a n d  d e r iv e d  a c e ty le n ic  
c o m p o u n d s .  1487

O la h ,  G . A .  O rg a n o m e ta ll ic  ch e m is try .
V I I I .  P r o t o n a t e d  a n is o le ch ro m iu m  t r i=  
c a r b o n y l  a n d  its  c a r b o n -1 3  n u c le a r  m a g ^  
n e t ic  r e s o n a n c e  s p e c t r o s c o p ic  s tu d y . 717 

O la h ,  G . A .  A r o m a t ic  s u b s t itu tio n .
X X X V I I I .  C h lo r o m é t h y la t io n  o f  b e n z e n e  
a n d  a lk y lb e n z e n e s  w ith  b is ic h lo r o m e ^  
th y l)e th e r , M -b is i c h lo r o m e t h o x y l b u ^  
ta n e , l - c h l o r o -4 - c h l o r o m e t h o x y b u ta n e , 
a n d  fo r m a ld e h y d e  d e r iv a t iv e s . 1627 

O la h ,  G . A .  O rg a n o m e ta ll ic  ch e m is tr y . 9. 
C a r b o n -1 3  n u c le a r  m a g n e t ic  r e s o n a n ce  
s t u d y  o f  t h e  c u m y lch ro m iu m  tr ic a r b o n y l 
a n d  o f  c y c lo h e p t a t r ie n y lm o ly b d e n u m  
( -c h r o m iu m , a n d  - tu n g s t e n )  t r ic a r b o n y l 
ca t io n s . 1694

O la h ,  G . A .  O rg a n o m e ta ll ic  ch e m is try .
X I I .  P r o t o n  a n d  c a r b o n - 13 n u c le a r  
m a g n e t ic  r e s o n a n ce  s tu d y  o f  a r e n e m e r c u -  
r in iu m  io n s , th e  in te rm e d ia te  c o m p le x e s  
o f  a r o m a t ic  m e r cu ra tio n . 1983 

O la h ,  G . A .  O rg a n o m e ta ll ic  ch e m is tr y . 11. 
S tr u c tu r e  o f  p r o t o n a t e d  1 ,3 -b u t a d ie n e ir o n  
t r ic a r b o n y l in  f lu o r o s u l fu r ic  a c id -s u lfu r  
d io x id e  s o lu t io n  b a s e d  o n  its  c a r b o n -1 3  
n u c le a r  m a g n e t ic  r e s o n a n c e  s p e c t r o s c o p ic  
s tu d y . 2227

O la h ,  G . A . O rg a n o m e ta ll ic  c h e m is try . 10. 
C a r b o n -1 3  n u c le a r  m a g n e t ic  r e s o n a n ce  
s t u d y  o f  c is -7 r -p e n ta d ie n y l ir o n  t r ic a r b o =  
n y l c a t io n s  a n d  p r o t o n a t e d  n o r b o r n a d ie n ^  
e iro n  t r ic a r b o n y l. 2383  

O la h ,  G . A .  O rg a n o m e ta ll ic  ch e m is tr y . 13. 
P r o t o n a t e d  c y c lo b u t a d ie n e ir o n  t r ic a r b o =  
n y l, a  a-ir b o n d e d  c y c lo b u t a d ie n e  h y d r i^  
d o ir o n  t r ic a r b o n y l c a t io n . 2659  

O la h ,  G . A .  S ta b le  c a r b o c a t io n s .  C C . C a r ^  
b o n - 13 a n d  p r o t o n  N M R  s tu d y  o f  p r o t o =  
n a te d  p e n t a c y c lo [5 .3 .0 .0 2-5.0 3’9.04-8] d e c a n -= :
6 - o n e ,  a  m o d e l  1 ,3 -b is h o m o c u b y l  ca t io n . 
A t t e m p t e d  p r e p a r a t io n  o f  th e  p a r e n t  
a n d  a lk y l -  ( a r y l - )  s u b s t itu te d  io n s  a n d  
th e ir  o p e n in g  t o  3 -s u b s t it u t e d  e n d o - t r i=  
c y c lo [5 .2 .1 .0 2>6] d e c a -4 ,8 - d ie n y 1. 2820  

O la h ,  G . A .  C a rb a n io n s . II . C a r b o n -1 3  
n u c le a r  m a g n e t ic  r e s o n a n c e  s t u d y  o f  
M e is e n h e im e r  c o m p le x e s  a n d  th e ir  ch a rg e  
d is t r ib u t io n  p a tte rn . 3448  

O la h ,  J .  A .  A r o m a t ic  su b s t itu tio n .
X X X V I I I .  C h lo r o m é th y la t io n  o f  b e n z e n e  
a n d  a lk y lb e n z e n e s  w ith  b is (c h lo r o m e =  
th y l)e th e r , M -b is i c h lo r o m e t h o x y J b u ^  
ta n e , l - c h lo r o -4 -c h lo r o m e t h o x y b u t a n e ,  
a n d  fo r m a ld e h y d e  d e r iv a t iv e s . 1627 

O l i v e r ,  J .  E . O le f in  in v e rs io n . 1. R e a c t io n  
o f  a l ip h a t ic  e p o x id e s  w ith  t r ip h e n y lp h o s =  
p h in e  d ih a lid e s . 3 27 9  

O l i v e r ,  J .  E . O le f in  in v e rs io n . 2. S o d iu m  
io d id e  r e d u c t io n s  o f  v i c -b r o m o c h lo r id e s  
a n d  v ic -d ic h lo r id e s .  3284  

O 'L o u g h l i n ,  G . J .  A  b io m im e t ic  s y n th e s is  
o f  th e  c a m p t o t h e c in e  c h r o m o p h o r e .
3 49 3

O ls e n ,  R .  K .  T h e  re a c t io n  o f  d ia lk y lc o p p e r  
lith iu m  re a g e n ts  w ith  3 - h a l o -2 -a c y l a m i = : 
n o a c r y l ic  a c id s . 3 67 4

O ls o n ,  G . L .  V ita m in  A  sy n th e s is  b y  s u l fo n e  
a lk y la t io n -e l im in a t io n . C 15 h a lid e , C s 
h y d r o x y  s u l fo n e  a p p ro a ch . 3 28 7  

O m a t a ,  T .  P r e p a ra t io n  a n d  p h y s ic a l  a n d  
c h e m ic a l  p r o p e r t ie s  o f  " fr e e "  s u lfi l im in e s  
(c o r r e c t io n ) .  4 05 2

O m a t a ,  T .  F re e  su lfi l im in e s . 5. P r e p a ra t io n  
a n d  p h y s ic a l  a n d  c h e m ic a l  p r o p e r t ie s  o f  
" fr e e "  su lfi l im in e s . 1 72 8  

O m u r a ,  K .  O x id a t io n  o f  s te r ica lly  h in d e r e d  
a lc o h o ls  t o  c a r b o n y ls  w ith  d im e th y l 
s u l fo x id e - t r if lu o r a c e t i c  a n h y d r id e . 3 3 2 9  

O m u r a ,  K . D im e t h y l  s u l fo x id e - t r i f lu o r o a =  
c e t ic  a n h y d r id e . N e w  r e a g e n t  f o r  o x id a ^  
t io n  o f  a lc o h o ls  t o  c a r b o n y ls .  9 5 7  

O n a n ,  K . D .  F o r m a t io n  o f  a n  u n u su a l 
s te ro id a l  o x e t a n e  a n d  its  t r a n s fo rm a t io n  
p r o d u c ts . 3940

O n is t o ,  T .  M . S o lv e n t  a n d  s u b s t itu e n t  
e f fe c t s  u p o n  th e  n  —5► ir* t r a n s it io n  o f  
a l ip h a t ic  c a r b o x y l ic  a c id s  a n d  e ste rs .
3 31 2

O o t ,  R .  F .  R e a c t io n  o f  U l - d i b e n z o y H Z ^ - d i ^  
m e th y lh y d r a z in e  w ith  m e th y l p - t o lu e n e ^  
s u lfo n a te . 1555

O r b a u g h ,  B .  D ia n io n  o f  a d ip o in .  M o d e l  
s t u d y  fo r  th e  C  r in g  o f  p h o r b o l .  3 7 8  

O r l o w s k i ,  R .  C . S t u d y  o f  b e n z h y d r y la =  
m in e - t y p e  p o ly m e r s . S y n th e s is  a n d  u se  
o f  p -m e th o x y b e n z h y d r y la m in e  r e s in  in  
th e  s o l id -p h a s e  p r e p a r a t io n  o f  p e p t id e s . 
3701

O r s ,  J .  P h o to c h e m ic a l  t r a n s fo r m a t io n  o f
7 - b e n z o y l -7 ,8 - e p o x y d ib e n z o b ic y c l o [2 .2 .=  
2 ]o c t a -2 ,5 -d ie n e .  2784  

O r t a r ,  G . S u b s t it u t io n  a n d  e lim in a t io n
r e a c t io n s  o f  s te r o id  t e r t ia r y  C - 1 7  t r if lu o r =  
o a ce ta te s . 4 03 6

O s a w a ,  E . T h e  e t h a n o n o ra d a m a n ta n e s .
A n  e x p e r im e n ta l  e v a lu a t io n  o f  e m p ir ic a l  
fo r c e  f ie ld  p r e d ic t io n s .  2596  

O s h im a ,  K .  O s m iu m -c a ta ly z e d  v ic in a l  
o x y a m in a t io n  o f  o le f in s  b y  C h lo r a m in e -=  
T .  177

O s i n s k i ,  P .  S y n th e s is  o f  N -c h lo r o a c e t y l  
d e r iv a t iv e s  o f  a m in o  a c id s  a n d  th e ir  u se  
fo r  th e  c o n ju g a t io n  o f  p o ly p e p t id e s  t o  
th io l- c a r r y in g  c o m p o u n d s .  1340  

O s t r o w ,  R . W . P h e r o m o n e  sy n th e s is . 3. A  
s y n th e s is  o f  ( E ) - 4 ,6 - d i m e t h y l - 4 - o c t e n - = :
3 - o n e  (m a n ic o n e ) .  3625  

O s t r o w ,  R .  W . S te r e o s e le c t iv e  t o t a l  s y n t h e =  
sis  o f  e x o -  a n d  e n d o -b r e v ic o m in .  3 9 8  

O t a ,  Y .  T h e r m a l  a n d  p h o t o c h e m ic a l  b e h a v =  
io r  o f  s te r ic a lly  h in d e r e d  N -v in y l im in o ^  
p y r id in iu m  y lid e s . 1570  

O t t e n b r i t e ,  R .  M .  H o m o c o n ju g a t io n  in t e r =  
a c t io n s  b e tw e e n  o c c u p ie d  a n d  u n o c c u p ie d  
m o le c u la r  o rb ita ls . II . 1635 

O t t e n h e i jm ,  H . C . J .  A p p r o a c h e s  t o  a n a lo g s  
o f  d e h y d r o g lio t o x in .  6 . A n  e f f i c ie n t  
sy n th e s is  o f  a  g l io t o x in  a n a lo g  w ith  a n t i - ^  
re v e rse  t r a n s c r ip ta s e  a c t iv ity . 3 4 3 3  

O t t e r ,  B .  A .  N u c le o s id e s . 101. C o n fo r m a =  
t io n a lly  r e s t r ic te d  a n a lo g s  o f  p y r im id in e  
n u c le o s id e s . 1. S y n th e s is  o f  6 ,5 '( S ) -  
a n d  6 ,5 '(R ) - c y c lo u r id in e .  3 13 3  

O u e l l e t t e ,  R .  J .  F o r m a t io n  o f  n it ra te  este rs  
b y  th e  o x id a t io n  o f  a lk e n e s  a n d  c y c lo p r o ^  
p a n e s  w ith  th a lliu m  (I I I )  n it ra te  in  p e n =  
ta n e . 2 78 2

O v e r m a n ,  L .  E . M e r c u r y (I I ) - c a t a ly z e d
3 .3 -  s ig m a tr o p ic  r e a rra n g e m e n ts  o f  a l ly lic  
N ,N -d im e t h y lc a r b a m a t e s .  A  m ild  m e t h =  
o d  fo r  a lly lic  e q u il ib r a t io n s  a n d  c o n t r a t h =  
e r m o d y n a m ic  a lly lic  is o m e r  e n r ich m e n ts . 
3 33 8

O w e l l e n ,  R .  J .  R e a c t io n s  o f  l - c a r b o e t h o x y =  
t e t ra h y d r o c a r b a z o le  c h lo r o in d o le n in e .
102

O w e n ,  G . R .  4 ’- S u b s t i t u t e d  n u c le o s id e s . 3. 
S y n th e s is  o f  s o m e  4 '- f lu o r o u r id in e  d e r i=  
v a tiv e s . 3010

O x e n r i d e r ,  B .  C . O rg a n ic  r e a c t io n s  o f  
su lfu r  d io x id e .  II. R e a c t io n  w ith  o r t h o  
e s ters. 482

O y le r ,  A .  R . M e t h y la t io n  o f  t h io a n is o le s  
a n d  a n ilin e s  b y  l -m e t h y l - 2 ,5 - d i p h e n y l - = :
1 .4 -  d ith iin iu m  te t ra flu o r o b o r a te .  K in e t =  
ics  a n d  c o r re la t io n s . 2753

O y le r ,  A .  R .  D ir e c t  m e t h o d s  fo r  a - m e t h y l=  
e n e  la c to n e  s y n th e s is  u s in g  i ta c o n ic  a c id  
d e r iv a t iv e s . 4 06 5

O z m a n ,  S .  F e r r o c e n e c a r b o x y l ic  a c id s  fr o m  
s u b s t itu te d  fe r r o c e n e s .  A  c o n v e n ie n t  
a n d  v e rsa tile  o x id a t io n  m e t h o d . 3331 

P a b s t ,  W . E . S y n th e s is  o f  a -a lk o x y a c r y lo n i=  
tr ile s  u s in g  s u b s t itu te d  d ie t h y l  c y a n o m e =  
th y lp h o s p h o n a te s .  2 84 6
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P a c a la ,  L .  M u lt ip le  r e g re s s io n  a n a ly s is  o f  
c a r b o n -1 3  c h e m ic a l  s h ift s  a n d  c a r b o n -1 3  
p r o t o n  c o u p l in g  c o n s ta n ts  in  o r t h o - s u b =  
s t itu te d  a ro m a tic s . 1511 

P a c h t m a n ,  A .  H . T h e r m a l  fra g m e n ta t io n  
o f  /3 -h a lo e s te rs  v ia  c h a in  h a lo g e n o ly s is -=  
d e c a r b o x y la t io n -e l im in a t io n .  329  

P a c i o r e k ,  K .  L .  M o d i f ie d  b e n z o in  c o n d e n =  
s a t io n  o f  t e r e p h t h a la ld e h y d e  w ith  b e n z a l=  
d e h y d e . 2 23 0

P a d e g im a s ,  S .  J .  e n d o - 7 - A m in o m e t h y lb i=  
c y c lo [3 .3 .1 ]n o n a n -3 -o n e s  f r o m  r e a r r a n g e ^  
m e n t  o f  1 - N - s u b s t i t u t e d  N -h a lo a d a m a n =  
t a n a m in e s  b y  a lu m in u m  c h lo r id e  ( c o r r e c t  
t io n ) .  4051

P a d e g im a s ,  S . J .  D ia z o t iz a t io n  o f  e n d o - 7 - =  
a m in o m e t h y lb ic y c lo [3 .3 .1 ]n o n a n -3 -o ls  
a n d  e n d o -7 -a m in o m e t h y lb ic y c lo [3 .3 .1 ]  =  
n o n - 2 - e n e  (c o r r e c t io n ) .  4 05 1  

P a d w a ,  A .  T h e r m a l  re a r r a n g e m e n t  o f  a lly l 
s u b s t itu te d  2 H -a z ir in e s  t o  3 -a z a b i c y c lo — 
[3 .1 .0 ]h e x -2 - e n e s .  180 

P a d w a ,  A .  P h o t o c h e m ic a l  tr a n s fo rm a t io n s  
o f  s m a ll  r in g  h e t e r o c y c l i c  c o m p o u n d s .
71 . I n tr a m o le c u la r  re o r g a n iz a t io n  o f  
s o m e  u n s a tu r a te d  2 H -a z ir in e s .  543  

P a g n o n i ,  U . M .  C o n v e r s io n  o f  c o n ju g a t e d  
p - t o s y lh y d r a z o n e s  t o  t h e  c o r r e s p o n d in g  
e th e r s  b y  s o d iu m  b o r o h y d r id e ,  s o d iu m  
a lk o x id e ,  o r  p o t a s s iu m  c a r b o n a t e  in  
a lc o h o l  s o lv e n ts . 1755

P a i k ,  C . H . R e a c t io n s  o f  c a r b o c a t io n s  w ith  a 
n u c le o p h i l ic  s u r fa c ta n t  a n d  r e la te d  a lk o x =  
id e  io n s . 40

P a i n e ,  J .  B .  I I I .  P y r r o le  c h e m is tr y . T h e  
c y a n o v in y l  a ld e h y d e  p r o t e c t in g  g ro u p s . 
2 82 6

P a in e ,  J . B .  I I I .  A n  im p r o v e d  sy n th e s is  o f  
o c t a e t h y lp o r p h y r in .  3 85 7  

P a k r a s h i ,  S . C . S tu d ie s  o n  4 - q u i n a z o l i "  
n o n e s . 8 . S tu d ie s  o n  In d ia n  m e d ic in a l  
p la n ts . X X X V I I .  M e c h a n is m  o f  c h r o m ic  
a c id  o x id a t io n  o f  a r b o r in e . 2 10 8  

P a lm e r ,  J . R .  T o t a l  s y n th e s is  o f  1 1 0 -m e =  
t h y l -1 9 -n o r s t e r o id s .  531 

P a n d e l l ,  A .  J .  E n z y m ic - l ik e  a r o m a t ic  o x i=  
d a t io n s . M e t a l - c a t a ly z e d  p e r a c e t ic  a c id  
o x id a t io n  o f  p h e n o l  a n d  c a t e c h o l  t o  
c i s ,c is -m u c o n ic  a c id . 3 9 9 2  

P a n d e y ,  P .  N . R e g io s p e c i f i c  B a e y e r -V il l ig e r  
o x id a t io n  o f  p o ly c y c l i c  k e to n e s  w ith  
c e r ic  io n . 9 5 3

P a p a d o p o u l o s ,  E .  P .  F r ie d e l -C r a ft s  t h i o a -  
c y la t io n  w ith  e t h o x y c a r b o n y l  i s o th io c y a 
n a te . O n e -s t e p  s y n th e s is  o f  a r o m a t ic  
t h io a m id e s . 9 6 2

P a p a d o p o u l o s ,  E . P .  H e te r o c y c le s  fr o m  
N -e t h o x y c a r b o n y lt h io a m id e s  a n d  d in u =  
o le o p h i l ic  r e a g e n ts . 1. D ih y d r o - 1 ,2 ,4 -=  
t r ia z o lo n e s  a n d  1 ,2 ,4 -o x a d ia z o lo n e s .
3 23 3

P a p p o ,  R .  T o t a l  s y n th e s is  o f  1 1 /3 - m e t h y l - -
1 9 -n o r s t e r o id s .  531

P a p p o ,  R . S y n th e s is  o f  2 -a z a e s tr a tr ie n e s . 
2 86 4

P a q u e t t e ,  L . A .  U n s a tu r a te d  h e t e r o c y c lic  
s y s te m s . X C I V .  R e s p o n s e  o f  h o m o -  
a n d  b e n z h o m o b a r r e le n e s  t o  u n p a r tic u la te  
e le c t r o p h i l ic  a t ta c k . E f f e c t  o f  a  la te ra l 
c y c lo p r o p a n e  r in g  o n  t h e  d ir e c t io n  a n d  
s t e r e o c h e m is t r y  o f  c h lo r o s u lfo n y l  is o c y a =  
n a te  a d d it io n .  57

P a q u e t t e ,  L .  A .  X - r a y  c r y s ta l  s t r u c tu re  
a n a ly s is  o f  t r iq u in a c e n e  a t  90  K . 2 26 6  

P a q u e t t e ,  L . A .  S y n th e s is  a n d  r e a c t iv ity  
p a t te r n s  o f  m e s o -  a n d  d l - b i s t r iq u in a c -  
e n e . E f f ic ie n t  r o u te  t o  t h e  d ia s te r e o m e r ic  
b iv a lv a n e s . 3 5 2 4

P a r h a m ,  W . E . S e le c t iv e  h a lo g e n - l it h iu m  
e x c h a n g e  in  b r o m o p h e n y la lk y l  h a lid e s . 
1184

P a r h a m ,  W . E . E la b o r a t io n  o f  b r o m o a r y ln i=  
tr ile s . 1187

P a r h a m ,  W . E . P r e p a r a t io n  o f  a r o y lb e n z o ic  
a c id . R e a c t io n  o f  a r y llith iu m  re a g e n ts  
w ith  p h t h a lic  a n h y d r id e .  1 26 8  

P a r h a m ,  W . E . S p ir o  p ip e r id in e s .  1. S y n =  
th e s is  o f  s p i r o [ i s o b e n z o f u r a n - l ( 3 H ) ,4 '- p i=  
p e r id in ] - 3 - o n e s ,  s p ir o  [ i s o b e n z o f u r a n - l=  
(3 H )  ̂ '- p ip e r id in e s ] ,  a n d  s p ir o [ i s o b e n z o =  
t e t r a h y d r o t h io p h e n e - l ( 3 H ) ,4 '- p ip e r i=  
d in e s ] . 2 62 8

P a r h a m ,  W . E . H a lo g e n -m e t a l  e x c h a n g e  in  
e s te rs  o f  h a lo a r y l  a c id s . 2 70 4  

P a r k a n y i ,  C . P h o t o r e d u c t io n  o f  s u b s t itu te d  
b e n z o [b ] fu r a n s  b y  a l ip h a t ic  a m in e s . 151 

P a r k e r ,  A .  J .  T h e  E 2 C  m e c h a n is m  in  e l im i=  
n a t io n  r e a c t io n s . 8. I n t e r a c t io n  o f  c o n ju =  
g a t in g  s u b s t itu e n ts  w ith  E 2 C -  a n d  
E 2 H - l ik e  tr a n s it io n  s ta te s . 3201 

P a r k e r ,  D .  G . O r g a n o m e ta ll ic  c h e m is try .
X I I .  P r o t o n  a n d  c a r b o n -1 3  n u c le a r  
m a g n e t ic  r e s o n a n c e  s tu d y  o f  a r e n e m e r c u =

r in iu m  io n s , th e  in te rm e d ia te  c o m p le x e s  
o f  a r o m a t ic  m e rcu ra tio n . 1983  

P a r k e r ,  R .  C . S te r ic  e f fe c t s  in  th e  b a s e - c a =  
t a ly z e d  h y d r o ly s is  o f  p -n i t r o p h e n y l  e s =  
ters . R e la t iv e  b e h a v io r  o f  b r id g e d  a n d  
n o n b r id g e d  tr ia lk y l  a ce ta te s . 3 20 5  

P a r r i s ,  G . E . A n  u n e x p e c t e d  d e c o m p o s it io n  
o f  t r ip h e n y l  (m e th y l)  s t ib o n iu m  b ro m ic le  
u n d e r  m ild  c o n d it io n s .  1276  

P a r r i s ,  R .  M . A n  u n e x p e c t e d  d e c o m p o s it io n  
o f  t r ip h e n y l (m e t h y l )s t ib o n iu m  b r o m ic e  
u n d e r  m ild  c o n d it io n s .  1276  

P a r t o n ,  R . L .  L it h ia t io n  o f  m e t h o x y in d o le s  

163
P a s c a r d - B i l l y ,  C . E n o l  a ce ta te s  o f  a ld e l iy — 

d o  su g a r  d e r iv a t iv e s . S y n th e s is  a n d  
c r y s ta llo g r a p h ic  d e te r m in a t io n  o f  d o u =  
b l e -b o n d  g e o m e tr y . 2 65 2  

P a s c h a l ,  J .  W . A z e t id in o n e  a n t ib io t ic s .
X V I .  S y n th e s is  o f  3 - h y d r o x y - ,  3 - c h l o -  
r o - ,  a n d  3 - m e t h o x y -3 -c e p h e m s  fr o m  
p e n ic il l in s  v ia  4 -d i t h io -2 -a z e t id in o n e  
in te rm e d ia te s . 2276

P a s c h a l ,  J .  W .  A lk a lo id s  o f  V in c a  ro se a . 
(C a th a ra n th u s  ro se u s ). X X X V I I .  S t r u c t  
tu re  o f  v in c a th ic in e . 1001 

P a s t o ,  D . J .  E le c t r o p h i l ic  a d d it io n  re a c t io n s  
o f  a lk e n y l id e n e c y c lo p r o p a n e s .  F o r m a t io n  
o f  h ig h ly  s u b s t itu te d , n o n p la n a r  b u t a c i=  
e n e s . 4 2 5

P a s t o ,  D .  J .  E le c t r o p h i l i c  a n d  r a d ica l a d d i=  
t io n  r e a c t io n s  o f  a  b is a lk y lid e n e c y c lo p r o ^  
p a n e . 432

P a s t o ,  D . J . C a r b o n -1 3  n u c le a r  m a g n e t ic  
r e s o n a n c e  s p e c tr a l  p r o p e r t ie s  o f  a lk e n y li
d e n e c y c lo p r o p a n e s .  1061 

P a s t o ,  D .  J . R a d ic a l  a d d it io n s  t o  a lk en y la =  
d e n e c y c lo p r o p a n e s .  2 06 8  

P a s t o ,  D . J .  R e a c t io n  o f  p r o p a r g y l  h a lid e s  
w ith  G r ig n a r d  re a g e n ts . I r o n  t r ic h lo r id e  
ca ta ly s is  in  a lle n e  fo rm a t io n . 3496  

P a s t o ,  D . J .  R e in v e s t ig a t io n  o f  th e  th e rm a l 
r e a rra n g e m e n t  o f  a l k e n y l id e n e c y c lo p r c -  
p a n e s . 4 01 2

P a t i l ,  G . V .  M e c h a n is m  o f  b r o m in a t io n  c f  
4 (3 H )-q u in a z o l in o n e ,  its  3 -m e t h y l  an d  
its  1 ,3 -d im e t h y l  d e r iv a t iv e s  in  a q u e o u s  
a c id ic  s o lu t io n s . 838

P a t r i c k ,  T .  B .  F lu o r o x y tr if lu o r o m e th a n e  
r e a c t io n s  w ith  p o ly n u c le a r  a re n e s . A  
n e w  r o u te  t o  f lu o r in a t e d  K -r e g io n  k e =  
to n e s . 3 41 3

P a t t e r s o n ,  J .  M . O x im e  t o  n it r o  c o n v e r t  
s io n . S u p e r io r  s y n th e s is  o f  s e c o n d a r y  
n it ro p a r a ff in s . 733

P a t t e r s o n ,  J .  M .  P y r o g e n e s is  o f  s u c c in ic  
a c id  a n d  d im e th y lm a le ic  a n h y d r id e  fr o m  
a s p a r t ic  a c id . 3697

P a t t e r s o n ,  W . J . R e a c t io n  o f  la c to n e s  a n d  
t h io la c t o n e s  w ith  2 - a m i n o - 2 - m e t h y l - l - =  
p r o p a n o l.  S y n th e s is  a n d  2 - s u b s t it u t e d  
2 -o x a z o l in e s  ( c o r r e c t io n ) .  4 0 5 2  

P a t t e r s o n ,  W . J .  R e a c t io n  o f  la c to n e s  a n d  
t h io la c to n e s  w ith  2 - a m i n o - 2 - m e t h y l - l - — 
p r o p a n o l.  S y n th e s is  o f  2 - s u b s t it u t e d  
2 -o x a z o l in e s .  1642

P a u d l e r ,  W .  W . S y n th e s is  o f  l -a z a c y c l fS -S .^  
2 ]a z in e . 1661

P a u d l e r ,  W . W . T e t r a z o l o [ l , 5 - b ] - 1 ,2 ,4 -=  
tr ia z in e s . S y n th e se s  a n d  s t r u c tu re  d e t e r =  
m in a t io n . 2 86 0

P a u d l e r ,  W . W . N - ( p - B r o m o p h e n y l )  [2 .2 ] 
(2 ,5 )p y r r o lo p h a n e . S y n th e s is  a n d  s e l f - =  
c o n d e n s a t io n . 2 96 3

P a u d l e r ,  W . W . I m id a z o [ l ,2 -a ]p y r id in e s  -  
n o v e l  s u b s t itu t io n  re a c t io n s . 3549  

P a u l ,  D . F . C h lo r in a t io n  o f  a n ilin e s . B im o =  
le cu la r  a c id -c a t a ly z e d  re a rra n g e m e n t  o f  
N -c h lo r o a n i l in e s .  3170  

P a u l ,  I .  C . R e a c t io n  o f  2 ,3 - d ip h e n y l -5 ,6 - =  
d ih y d r o p y r a z in e  a n d  m a lo n o n itr i le  t o  
give. 2 ,6 - d ia m i n o - 3 ,5 -d ic y a n o - 4 ,1 0 - d i =  
p h e n y l-1 ,7 -d ia z a tr i c y c lo [5 .2 .1 .0 4-10 ]d e c a -=
2 ,5 -d ie n e .  A  n o v e l  s y n th e s is  o f  a  su b sta =  
tu t e d  d ia z a d ih y d r o tr iq u in a c e n e . 3 38 9  

P a u l ,  K .  N e w  m e t h o d  fo r  th e  s y n th e s is  o f  
b is c y c lo d o d e c y l id e n e  c y c lo a lk y l id e n e  
t r ip e r o x id e s .  1283

P a u l ,  K . A ir  o x id a t io n  o f  c y c lo p e n t a d e c a r e  
3767

P a u l i n g ,  L . s -T r ia z in e s .  1. R e a c t io n  o f  
c y a n u r ic  c h lo r id e  w ith  u n s a tu ra te d  n it r o =  
g e n  c o m p o u n d s .  2032

P a w s o n ,  B . A .  ( E ) -  a n d  ( Z ) - 4 - M e t h y l - 5 - =  
[ 5 - ( 2 ,6 ,6 - t r i m e t h y l c y c l o h e x e n - l - y l ) - 3 - =  
m e t h y l -2 - t r a n s ,  4 - t r a n s -p e n t a d ie n y l id =  
e n e ] -2 (5 H ) - fu r a n o n e .  S y n th e s is  a n d  
s p e c tr a l  p r o p e r t ie s .  4 1 0 8  

P a z h e n c h e v s k y ,  B .  V in y l  ca r b a n io n s . 2. 
S im u lta n e o u s  h y d r o g e n -d e u te r iu m  e x =  
ch a n g e  a n d  a d d it io n  o f  e th y l  [2H ]a lc o h o l  
t o  t r a n s -c in n a m o n  itr ile  c a ta ly z e d  b y  
s o d iu m  e th o x id e .  3 24 6

P a z h e n c h e v s k y ,  R .  V in y l  c a r b a n io n s . 2. 
S im u lta n e o u s  h y d r o g e n -d e u te r iu m  e x =  
c h a n g e  a n d  a d d it io n  o f  e th y l  [2H ] a lc o h o l  
t o  t r a n s -c in n a m o n it r i le  ca ta ly z e d  b y  
s o d iu m  e th o x id e .  3 24 6  

P e a r c e ,  G . T .  R e g io s p e c i f ie i ty  o f  th e  1 ,4  
c y c lo a d d i t io n  o f  2 - m e t h y l - l - p e n t e n - 3 - =  
o n e  t o  m e t h y l  c r o to n a t e  a n d  t o  m e th y l 
m e th a c r y la te . 603

P e a r c e ,  G . T .  M a ss  s p e c t r o m e t r ic  s tu d ie s  
o f  th e  d io x a b ic y c lo [3 .2 .1 ]o c t a n e s ,  m u lt is =  
tr ia t in , f r o n ta lin ,  a n d  b r e v ic o m in . 607  

P e a r c e ,  G . T .  S y n th e s is  a n d  a b s o lu te  c o =  
n f ig u r a t io n  o f  m u ltis tr ia t in . 2797 

P e a r l ,  H . K . P e r is ë le c t iv e  a d d it io n  o f  n itr ile  
s u ifid e s , n itr i le  o x id e s  a n d  d ip h e n y ld ia z o =  
m e th a n e  t o  te t ra cy a n o e th y le n e .  6 2 0  

P e a r l ,  H . K .  T h e r m o ly s is  o f  l ,3 ,2 ,4 -d io x a =  
th ia z o le  2 -o x id e s .  N it r i le  o x id e  in t e r m e =  
d ia te s . 1296

P e e t ,  N . P .  S y n th e s is  o f  5 H ,1 2 H -q u in a z o l i=  
n o [3 ,2 -a ] [3 , l ] b e n z o x a z in e -5 ,1 2 -d io n e s .  
2 72 8

P e e t ,  N . P .  S y n th e s is  o f  3 , 4 - d i h y d r o - 5 H - l , =
3 . 4 -  b e n z o t r ia z e p in -5 - o n e s .  2 7 3 2  

P e e t ,  N . P .  P r e p a ra t io n  a n d  u t i li ty  o f  l - =
a c e t y l - l -m e t h y lh y d r a z in e .  2733  

P e l l a c a n i ,  L .  C y c lo p r o p a n e  r in g  o p e n in g  
w ith  p y r id in e  h y d r o c h lo r id e .  1282  

P e l l a c a n i ,  L . E th o x y c a r b o n y ln it r e n e  in s e r =  
t io n  s e le c t iv ity . P h o to ly s is  o f  e th y l  
a z id o fo r m a t e  in  b icy c lo [4 .n .O ] a lk a n e s  
a n d  in  a lk y lc y c lo h e x a n e s .  2034  

P e l l e t i e r ,  S . W . F a c ile  s y n th e s is  o f  th e  
c y c lo h e x y l  c o n s t it u e n ts  o f  th e  b o l l  w e e v il  
s e x  p h e r o m o n e . 1069

P e l l e t i e r ,  S . W . C a r b o n -1 3  n u c le a r  m a g n e t=  
i c  r é s o n a n c e  s p e c t r o s c o p y  o f  p o ly c y c l i c  
ô - la c t o n e s .  1219

P e l l e t i e r ,  S .  W . T h e  s tru c tu re s  o f  s t a p h i=  
g in e  a n d  s ta p h ir in e . T w o  n o v e l  b is d i=  
te r p e n e  a lk a lo id s  fr o m  D e lp h in iu m  s t a =  
p h isa g r ia . 3 04 2

P e n n i n g t o n ,  W . R .  A  c o n v e n ie n t  p h o t o =  
c h e m ic a l  sy n th e s is  o f  a  p r e c u r s o r  t o  th e  
sp ir o v e tiv a n e s . 3632

P e p p e r m a n ,  A .  B .  J r .  R e a c t io n  o f  t r is 0  
(h y d r o x y m e t h y l )  p h o s p h in e  w it h  s u b s t i=  
tu t e d  u rea s . 6 7 5

P e p p e r m a n ,  A .  B .  J r .  D e c o m p o s it io n  
re a c t io n s  o f  h y d r o x y a lk y lp h o s p h o r u s  
c o m p o u n d s .  I V . A n  u n u su a l o x i d a t i o n -^  
r e d u c t io n  r e a c t io n  o f  b e n z y lb i s (a -h y =  
d r o x y b e n z y l)p h o s p h in e  o x id e . 2931  

P e r e z  d e  M a r q u e z ,  O . E le c t r o n  s p in  r e s o =  
n a n ce  s t u d y  o f  k in e t ic s  in  th e  S r n I  
r e a c t io n  o f  a ry l h a lid e s  w ith  p o ta s s iu m .
739

P e r k i n s ,  L .  M .  F lu o r o d e s u lfu r iz a t io n .  A  
n e w  r e a c t io n  fo r  th e  fo r m a t io n  o f  c a r =  
b o n - f lu o r in e  b o n d s .  3 10 7  

P e r l m u t t e r ,  H . D . S te r ic  e f fe c t s  in  th e  
b a s e -c a t a ly z e d  h y d r o ly s is  o f  p - n i t r o p h e =  
n y l  e s ters. R e la t iv e  b e h a v io r  o f  b r id g e d  
a n d  n o n b r id g e d  tr ia lk y l  a ce ta te s . 3 20 5  

P e r o l d ,  G . W . C h a r a c te r iz a t io n  o f  s p i r o -b i s =  
la c to n ic  p h e n o lic  m e t a b o l it e s  o f  p r o t e a =  
c e a e  b y  c a r b o n -1 3  n u c le a r  m a g n e t ic  
r e s o n a n ce . 3860

P e r r e t e n ,  J .  T h e  p h o t o c h e m is tr y  o f  a c y c l ic  
a c e ty le n ic  d i - x -m e t h a n e  sy s te m s. 
S y n th e se s  o f  s u b s t itu te d  is o m e r ic  a c e t y l=  
e n ic  c y c lo p r o p a n e s .  3931  

P e r r y ,  D . H . T h a ll iu m  in  o r g a n ic  sy n th e s is . 
X L I I .  D ir e c t  o x id a t io n  o f  4 -s u b s t it u t e d  
p h e n o ls  t o  4 ,4 -d is u b s t i t u t e d  c y c lo h e x a -=
2 .5 -  d ie n o n e s  u s in g  th a l l iu m (I I Î )  n itra te . 
282

P e r r y ,  D . L . M e la m p o d in in ,  le u c a n th in in , 
a n d  m e la m p o lid in ,  th r e e  n e w  m e la m p o =  
l id e s  f r o m  M e la m p o d iu m  (C o m p o s ita e ) .  
3 95 6

P e r r y ,  J .  S . J r .  B r id g e d  p o ly c y c l i c  c o m =  
p o u n d s . L X X X I I .  M u lt ip le  m e c h a n is m s  
fo r  o x y m e r c u r a t io n  o f  s o m e  d ib e n z o b i c y 0  
c lo [2 .2 .2 ]o c t a t r ie n e s .  1912  

P e r s o n ,  H . C o n v e r s io n  o f  s o m e  a z o m e th in e  
y lid e s  d e r iv e d  f r o m  2 - c y a n o - l - i m i d o a z i r =  
id in e s  in to  im in e s . 2141  

P e r u c c i ,  P .  K in e t i c  s t u d y  o f  e l im in a t io n  
r e a c t io n s  p r o m o t e d  b y  c r o w n  e th e r  c o m =  
p le x e d  p o ta s s iu m  t e r t -b u t o x id e  in  t e r t - ^  
b u t y l  a lc o h o l  (c o r r e c t io n ) .  4 0 5 2  

P e r u c c i ,  P .  K in e t i c  s t u d y  o f  e l im in a t io n  
r e a c t io n s  p r o m o t e d  b y  c r o w n  e th e r  c o m =  
p le x e d  p o ta s s iu m  t e r t -b u t o x id e  in  t e r t - =  
b u t y l  a lc o h o l. 2636  

P e s s i n ,  J .  A n h y d r o c h o l in e .  3 77 3  
P e t e r s o n ,  P .  E . P r o t o n  a n d  c a r b o n -1 3  

n u c le a r  m a g n e t ic  r e s o n a n c e  s p e c tr a  o f  
e q u il ib r a t in g  o rg a n ic  c a t io n s . E v id e n ce  
f o r  a  s ix -m e m b e r e d - r in g  h a lo n iu m  io n  
in  e q u i l ib r iu m  w ith  a  t e r t ia r y  c a r b o n iu m  
io n . 362
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P e t r o c i n e ,  D . V .  A  s tu d y  o f  th e  lith iu m  
a lu m in u m  h y d r id e  r e d u c t io n  o f  a  ser ies  
o f  n o n e n o liz a b le  k e to n e s . 2 6 0 8  

P e t t y ,  H . E . N o n b e n z e n o id  a r o m a t ic  s y s 
te m s . X I I .  S y n th e s is  o f  2 - ,  3 - ,  a n d
6 -s u b s t it u t e d  2 - ( l - a z u ly I )e t h a n o ls  a n d  
t h e ir  t o s y la te  e s te rs . 1811  

P e t t y .  J .  D . P r e p a ra t io n  a n d  c o n d e n s a t io n s  
o f  3 - l i t h io m e th y lq u in o l in e .  716  

P e y s e r ,  J .  R .  D e w a r  b e n z e n e  o x id e  i s o m e r i °  
z a t io n . A  fo r b id d e n  r e a c t io n . 2 02 8  

P f e f f e r ,  P .  E . E s t e r i f ic a t io n  b y  a lk y la t io n  
o f  c a r b o x y la t e  sa lts . In f lu e n c e  o f  s te r ic  
fa c to r s  a n d  o th e r  p a r a m e te r s  o n  re a c t io n  
ra te s . 1373

P f e f f e r ,  P .  E . S t e r e o c h e m ic a l  c o n t r o l  in  
t h e  a c y la t io n  o f  2 ,3 ,4 ,6 - t e t r a - 0 - b e n z y l - °  
D -g lu c o p y r a n o s e .  A  r o u t e  t o  1 - O - a c y l - a -  
a n d  - /S -D -g lu c o p y r a n o s e s .  2 92 5  

P f i s t e r ,  O . R .  C h e m is tr y  o f  2 H - 3 , l - b e n z o x °  
a z i n e - 2 ,4 - ( l H ) - d i o n e  ( is a to ic  a n h y d r id e ) .
2 . R e a c t io n s  w ith  th io p s e u d o u r e a s  a n d  
c a r b a n io n s .  825

P h e l p s ,  D . J .  E n t h a lp y -e n t r o p y  r e la tio n s  
in  t h e  r e d u c t io n  o f  h in d e r e d  a n d  u n h in °  
d e r e d  c y c lo h e x a n o n e s  b y  s o d iu m  b o r o h y °  
d r id e . 2 39 6

P h i l l i p s ,  R .  B .  C h e m ilu m in e s c e n t  o x i d a °  
t io n s  o f  4 -  a n d  7 -a m in o p h t h a l id e .  2929  

P h i l l i p s ,  W .  V .  C h e m is tr y  o f  c a r b a n io n s . 
X X V I I I .  C a r b o n -1 3  n u c le a r  m a g n e t ic  
r e s o n a n c e  s p e c tr a  o f  m e ta l  e n o la te s .
1209

P i c c i r i l l i ,  R .  M .  P r e p a r a t io n  o f  a r o y l b e n -  
z o i c  a c id . R e a c t io n  o f  a ry llith iu m  r e a g °  
e n ts  w ith  p h t h a lic  a n h y d r id e . 1268  

P i e r s c h b a c h e r ,  M .  A  p h o s g e n e le s s  s y n t h e °  
s is  o f  d ia ry l  ca r b o n a te s .  2 03 9  

P i e t t a ,  P .  G . C o m p a ra t iv e  a c id ic  c le a v a g e  
o f  m e t h o x y b e n z y l -p r o t e c t e d  a m id e s  o f  
a m in o  a c id s . 703  

P i l e ,  J .  H a lo c y c lo p r o p a n e s .  419  
P i l g r a m ,  K . U n s y m m e tr ic a lly  3 ,6 ~ d is u b s t i°  

t u t e d  s - te t r a z in e s .  S y n th e s is  o f  3 - a r y l - -
6 - (p e r f l u o r o a l k y l ) - l  ,2 ,4 ,5 -te tr a z in e s  a n d
1 ,2 -d ih y d r o  d e r iv a t iv e s . 3 39 2  

P i l l s b u r y ,  D . G . C a r b o n -c a r b o n  b o n d  
fo r m a t io n  v ia  o r g a n o m e ta llic  e le c t r o 0  
ch e m is tr y . 719

P i l o n ,  P .  E le c t r o n  tra n s fe r  o n  p h o t o ly s is  o f
1 -  c h lo r o n a p h t h a le n e  in  a lk a n e  so lv e n ts . 
3023

P i n d e r ,  A .  R .  S y n th e t ic  a p p ro a ch e s  t o  
1 0 -e p ie u d e s m a n e  s e s q u ite rp e n e s . A  
sy n th e s is  o f  in te rm e d e o l .  3 70 5  

P i n e s ,  S . H . R e in v e s t ig a t io n  o f  t h e  a c e t y la 0  
t io n  o f  t h io a n is o le . E f f e c t  o f  th e  m o le  
r a t io  o f  a lu m in u m  c h lo r id e .  8 8 4  

P i n n i c k ,  H . W . D is p la c e m e n t  o f  t h e  n itro  
g r o u p  o f  s u b s t itu te d  n it r o b e n z e n e s -a  
s y n th e t ica lly  u s e fu l  p r o c e s s . 1560  

P i r k l e ,  W . H . H ig h  p re s s u re  th e r m a l a n d  
th e  p h o t o s e n s it iz e d  d im e r iz a t io n s  o f
2 -  p y r o n e s .  2 4 9 5

P i r k l e ,  W . H . C o n fo r m a t io n a l  c o n t r o l  b y  
c a r b in y l  h y d ro g e n s . Im p lic a t io n s  a n d  
a p p lic a t io n s .  801

P i r k l e ,  W . H . S y n th e s is  o f  m o n o s u b s t itu te d
l ,3 ,4 - o x a d ia z o l id in e -2 ,5 -d io n e s .  3763  

P i t c h e r ,  R .  G . ( E ) -  a n d  ( Z ) - 4 - M e t h y l - 5 - -  
[ 5 - ( 2 , 6 , 6 - t r i m e t h y l c y c l c h e x e n - l - y l ) - 3 - °  
m e t h y l -2 - t r a n s ,  4 - t r a n s -p e n t a d ie n y l id °  
e n e ] -2 (5 H ) - fu r a n o n e .  S y n th e s is  a n d  
s p e c tr a l  p r o p e r t ie s . 4 10 8  

P i t t m a n ,  C . U . J r .  P r e p a ra t io n  a n d  r e a c °  
t io n s  o f  b i fu n c t io n a l iz e d  te t ra th ia fu lv a l— 
e n e s . 2855

P i t t m a n ,  C . U . J r .  R e a c t io n  o f  la c to n e s  
a n d  t h io la c t o n e s  w ith  2 - a m i n o - 2 - m e °  
t h y l - l - p r o p a n o l .  S y n th e s is  a n d  2 - s u b  °  
s t it u t e d  2 -o x a z o l in e s  (c o r r e c t io n ) .  4 0 5 2  

P i t t m a n ,  C . U .  J r .  R e a c t io n  o f  la c to n e s  
a n d  t h io la c to n e s  w ith  2 - a m i n o - 2 - m e °  
t h y l - l - p r o p a n o l .  S y n th e s is  o f  2 - s u b s t i °  
t u t e d  2 -o x a z o l in e s .  1642  

P i t t m a n ,  C . U . J r .  A c id - c a t a ly z e d  c y c l i z a -  
t io n  re a c t io n s . X I I .  R e a rr a n g e m e n t  o f  
N -a c y la z ir id in e s  in  s t r o n g  a c id  m e d ia . 
1895

P l a t ,  M .  M .  C a r b o n -1 3  n u c le a r  m a g n e t ic  
r e s o n a n c e  s p e c t r o s c o p y  o f  n a tu ra lly  
o c c u r r in g  su b s ta n c e s . 4 8 . D im e r ic  q u i 
n o l in ic  M e lo d in u s  a lk a lo id s . 3275  

P o h l ,  H .  A .  S y n th e s is  o f  A ^ M o i s i l ^ - b e n z o 0  
d it h io l id e n e )  d e r iv a t iv e s  a n d  c o m p le x  
sa lts  t h e r e fr o m  w ith  7 ,7 ,8 ,8 - t e t r a c y a n o 0  
q u in o d im e t h a n e . 145

P o h l ,  H . A .  S y n th e s is  o f  A ^ ^ b i s U . S - b e n z o -  
d it h io l id in e )  d e r iv a t iv e s  a n d  c o m p le x  
sa lts  t h e r e fr o m  w ith  7 ,^ ,8 ,8 - t e t r a c y a n o °  
q u in o d im e t h a n e  (c o r r e c t io n ) .  4051  

P o i n d e x t e r ,  G . S .  C a r b o n -1 3  c h e m ic a l  
s h i ft s  o f  1 -s u b s t it u t e d  n o r b o r n a n e s .
1215

P o i s s o n ,  J .  V o a ca n g a  a lk a lo id s . 16. C a r °  
b o n - 1 3  n u c le a r  m a g n e t ic  r e s o n a n c e  s p e c 0  
t r o s c o p y  o f  n a tu r a lly  o c c u r r in g  s u b s t a n c e  
es. 43. C a r b o n -1 3  n u c le a r  m a g n e t ic  
r e s o n a n c e  a n a ly s is  o f  b is - in d o l in e  a l k a °  
lo id s  o f  tw o  v o a c a n g a  sp e c ie s . 3270  

P o l a n c ,  S . R e a c t io n  b e tw e e n  6 - a z i d o a z o lo °  
p y r id a z in e s  o r  2 - a z i d o p y r id o [ l ,2 - a ] p y r i °  
m id - 4 - o n e  a n d  s o m e  s e c o n d a r y  a lip h a t ic  
a m in e s . 3 15 2

P o l l a c k ,  R .  M . K in e t ic s  a n d  m e c h a n is m  o f  
th e  h y d r o ly s is  o f  2 ,2 ,2 - t r i f l u o r o - N - ( 3 - °  
m e t h y l -2 -c y c lo h e x e n y l id e n e )e t h y la m in e .  
a , j3 -U n s a tu r a te d  S c h i f f  b a se . 346 

P o l i a k ,  A .  I o d o f lu o r in a t io n  o f  p h e n y l - s u b 0  
s t itu te d  o le f in s  w ith  m e t h y l io d in e ( I I I )  
d if lu o r id e .  2 17 9

P o l i a k ,  A .  F lu o r in a t io n  w ith  x e n o n  d i f l u o r °  
id e . R e a c t io n  w ith  p h e n y ls u b s t itu te d  
o le fin s . 4 00 2

P o l l e y ,  J .  S .  S y n th e s is  o f  1 ,3 - b is h o m o a -  
d a m a n ta n e . 3 29 4

P o l o n s k i ,  T .  N it r o n e s  as in te rm e d ia te s  in 
t h e  s y n th e s is  o f  N -h y d r o x y a m in o  a c id  
e s te rs . 2092

P o l o v s k y ,  S . F o r m a t io n  o f  a n  u n u su a l 
s te r o id a l  o x e ta n e  a n d  its  t r a n s fo rm a t io n  
p r o d u c t s .  3 94 0

P o n a r a s ,  A .  A .  a -A lk y la t io n  a n d  a ry la t io n  
o f  a , /3 -u n s a tu ra te d  k e to n e s . 2937 

P o s e y ,  R .  G . A n  a b e r r a n t  re a r r a n g e m e n t  in 
th e  r e a c t io n  o f  l , 2 - d i b r o m o - 3 ,3 - d i f l u o r o — 
c y c lo p r o p e n e  w ith  a n th ra ce n e . 3 33 3  

P o s n e r ,  G . H . O rg a n ic  r e a c t io n s  a t  a lu m in a  
s u r fa ce s . E l im in a t io n  r e a c t io n s  e f fe c t e d  
b y  d e h y d r a te d  c h r o m a to g r a p h ic  a lu m in a  
5 7 8

P o t e n z a ,  J .  S y n th e s is  a n d  c h e m is tr y  o f  
s o m e  p o ly c h lo r in a t e d  o x e ta n e s . 2943  

P o t i e r ,  P .  S tu d ie s  in  t h e  in d o le  ser ies .
V I I . C a r b o n -1 3  n u c le a r  m a g n e t ic  r e s o °  
n a n ce  s p e c t r o s c o p y  o f  n a tu ra lly  o c c u r r in g  
s u b s ta n ce s . X L .  C a r b o n -1 3  n u c le a r  
m a g n e t ic  r e s o n a n c e  a n a ly s is  o f  v o b a °  
s in e - l ik e  in d o le  a lk a lo id s . 1 87 8  

P o t t s ,  K . T .  T h ia z o lo [3 ,4 -b ] in d a z o le ,  a  
r in g - fu s e d  te t ra v a le n t  su lfu r  th ia z o le  
sy s te m . 129

P o t t s ,  K .  T .  B r id g e h e a d  n it ro g e n  sy ste m s.
X .  C y c lo a d d it io n s  w ith  th ia z o liu m  N - y l °  
id e s . 187

P o t t s ,  K . T .  M e s o io n ic  c o m p o u n d s .
X X X V .  C y c lo a d d i t io n  r e a c t io n s  o f  th e  
a n h y d r o -4 -h y d r o x y t h ia z o l iu m  h y d r o x id e  
a n d  a n h y d r o -5 -h y d r o x y o x a z o l iu m  h y °  
d r o x id e  sy s te m s  w ith  h e te r o c u m u le n e s .
813

P o t t s ,  K . T .  M e s o io n ic  c o m p o u n d s .
X X X V I .  R e a c t io n  o f  m e s o io n ic  sy s te m s  
w ith  d ip h e n y lc y c lo p r o p e n e  d e r iv a t iv e s .
818

P o t t s ,  K .  T .  T h ia z o lo [3 ,4 -b ] in d a z o le ,  a  
r in g - fu s e d  te t ra v a le n t  s u lfu r  th ia z o le  
s y s te m  (c o r r e c t io n ) .  4051  

P o t t s ,  K . T .  M e s o io n ic  c o m p o u n d s .
X X X V I I I .  T h e  a n h y d r o - 2 - a r y l - l , 3 - d i °  
th io liu m  h y d r o x id e  sy s te m . 1724  

P o u w ,  T .  J .  M .  A  J-2 a c id it y  fu n c t io n  fo r  
s o lu t io n s  o f  s o d iu m  h y d r o x id e  in  w a t e r - 0  
e th a n o l a n d  w a t e r -d im e th y l  s u l fo x id e  
m ix tu re s . 1614

P o w e l l ,  R .  G . C ry s ta l a n d  m o le c u la r  s t r u c °  
tu re  o f  c e p h a lo ta x in e . 551 

P r a b h u ,  A .  V .  C h e m is tr y  o f  c a r b a n io n s . 
X X V I I I .  C a r b o n - 13 n u c le a r  m a g n e t ic  
r e s o n a n c e  s p e c tr a  o f  m e ta l  e n o la te s .
1209

P r a b h u ,  A .  V .  R e a c t io n s  in v o lv in g  e le c t r o n  
tra n s fe r . 9. R e a c t io n  o f  lith iu m  d im e 0  
t h y lc u p r a te  w ith  a lk y l  a ry l k e to n e s .
3067

P r a d h a n ,  S .  K . A  s t u d y  o f  th e  S to r k  r e d u c °  
t iv e  c y c liz a t io n  o f  s te r o id a l  a c e ty le n ic  
k e to n e s  in  a p r o t ic  m e d ia  w ith  th e  n a °  
p h th a le n e  a n io n  ra d ica ls . 1943 

P r a k a s h ,  D . R in g  C  c o n fo r m a t io n  o f  6 / ? - °  
n a lt r e x o l  a n d  6 a -n a l t r e x o l .  E v id e n ce  
f r o m  p r o t o n  a n d  c a r b o n -1 3  n u c le a r  m a g °  
n e t ic  r e s o n a n ce . 3 44 5  

P r a k a s h ,  G . K .  S . S ta b le  c a r b o c a t io n s .
C C . C a r b o n -1 3  a n d  p r o t o n  N M R  s tu d y  
o f  p r o t o n a t e d  p e n ta c y c lo [5 .3 .0 .0 2>5.0 3>9. °
0 4-8] d e c a n - 6 -o n e ,  a  m o d e l  l ,3 - b i s h o m o c u °  
b y l  c a t io n . A t t e m p t e d  p r e p a r a t io n  o f  
t h e  p a r e n t  a n d  a lk y l -  ( a r y l - )  s u b s t itu te d  
io n s  a n d  th e ir  o p e n in g  t o  3 - s u b s t it u t e d  
e n d o - t r ic y c lo [5 .2 .1 .0 2>6] d e c a -4 ,8 -d ie n y l .  
2 82 0

P r a s a d ,  K .  U . S e le c t iv e  r e d u c t io n  o f  th e  
a m id e  c a r b o n y l  g r o u p  in  d ip e p t id e s  b y  
b o ra n e . 1260

P r e s t i d g e ,  R .  L .  U se  o f  s u b s t itu te d  b e n z y l  
e s te rs  a s  c a r b o x y l -p r o t e c t in g  g r o u p s  in  
s o l id -p h a s e  p e p t id e  sy n th e s is . 2 57 9

P r e t s c h ,  E . 4 -H o m o a d a m a n t y l  c a t io n .  I II . 
S u l fu r ic  a c id  c a ta ly z e d  r e a r r a n g e m e n t  o f
4 - h o m o a d a m a n t a n o l - 5 - 13C . 6 8 6  

P r i e b a t ,  M .  K .  T h e  c a ta ly t ic  r o le  o f  t h e  
c a r b o x y l  g r o u p  in  t h e  h y d r o ly s is  o f  o - c a r °  
b o x y b e n z y l  b r o m id e .  3 91 4  

P r i s b e ,  E . J .  H a lo  su g a r  n u c le o s id e s . V . 
S y n th e s is  o f  a n g u s tm y c in  A  a n d  s o m e  
b a s e  a n a lo g u e s . 1836

P u r d u m ,  W . R .  S y n th e s is  o f  m o n o e s te r s  o f  
a r y l -  (o r  a lk y l - )  p h o s p h o n ic  a c id s  o f  
s e le c te d  a re n o ls . S t u d y  o f  t h e  e f fe c t  o f  
d im e th y lfo r m a m id e  o n  th e  p r e p a r a t io n  
o f  2 -n a p h th y lp h e n y lp h o s p h o n ic  a c id  v ia  
p r o t o n  a n d  p h o s p h o r u s -3 1  n u c le a r  m a g 
n e t ic  r e s o n a n c e  a n a ly s is . 1 16 0  

Q u in ,  L .  D .  1 -V in y lc y c lo a lk e n e s  in  th e  
M c C o r m a c k  c y c lo a d d i t io n  w ith  p h o s p h o 0  
n o u s  d ih a lid e s . S t e r e o c h e m is t r y  o f  s o m e  
re su lt in g  b ic y c l i c  p h o s p h o le n e  o x id e s .
238

Q u in ,  L . D . S tr u c tu r e  a n d  s te r e o ch e m is tr y  
o f  p h o s p h o le n e  s u lfid e s  fr o m  r e a c t io n  o f  
h y d r o g e n  s u l f id e  w ith  d ie n e -p h o s p h o n o u s  
d ih a lid e  c y c lo a d d u c t s .  1 54 8  

Q u in ,  L .  D . C a r b o n -1 3  n u c le a r  m a g n e t ic  
r e s o n a n c e  s p e c t r o s c o p y  in  th e  s t u d y  o f  
c o n fo r m a t io n a l  e f fe c t s  a m o n g  c y c lo h e x y l  
p h o s p h o ru s  c o m p o u n d s .  1690  

R a b a n ,  M . B a rr ie rs  t o  n it ro g e n  in v e r s io n  
in  c y c l i c  a n d  a c y c l ic  s u b s t itu te d  h y d r o x y 0  
la m in e s . A  t h e o r e t ic a l  s tu d y . 1 74 8  

R a b a n ,  M . S te r e o c h e m is tr y  in  t r iv a le n t  
n itro g e n  c o m p o u n d s .  3 1 . C o n fo r m a t io n 0  
al p r e fe re n ce s  a n d  to r s io n a l  b a r r ie rs  in  
N -a e y lim id a z o le s .  3 78 8  

R a b e r ,  D .  J .  T e t r a b u ty la m m o n iu m  b o r o h y °  
d r id e . B o r o h y d r id e  r e d u c t io n s  in  d i c h l o °  
r o m e th a n e . 6 9 0

R a b id e a u ,  P .  W . M e t a l -a m m o n ia  r e d u c °  
t io n . 15. R e g io s e le c t iv it y  o f  r e d u c t io n  
a n d  r e d u c t iv e  m e t h y la t io n  in  th e  f lu o r e n e  
se r ie s . 2 70 6

R a b id e a u ,  P .  W .  S t e r e o c h e m is t r y  o f  l , 3 - c y °  
c lo h e x a d ie n e s . C o n fo r m a t io n a l  p r e fe r 0  
e n c e s  in  9 -s u b s t it u t e d  9 ,1 0 - d i h y d r o p h e °  
n a n th re n e s . 3722

R a d h a k r i s h n a n ,  T .  V . A  s t u d y  o f  th e  
S to r k  r e d u c t iv e  c y c liz a t io n  o f  s te r o id a l  
a c e ty le n ic  k e to n e s  in  a p r o t ic  m e d ia  w ith  
th e  n a p h th a le n e  a n io n  r a d ica ls . 1943 

R a g g io ,  M .  L .  A  s y n th e s is  o f  p r o g e s te r o n e  
f r o m  d e h y d r o e p ia n d r o s te r o n e .  1873  

R a h m a n ,  A .  T h e r m a l  d e c o m p o s i t io n  o f  th e  
p o ta s s iu m  sa lts  o f  d in itr o a lk a n e s . 122 

R a in v i l l e ,  D . P .  S t e r e o c h e m is t r y  o f  h y d r o 0  
b o r a t io n -o x id a t io n  o f  te r m in a l  a lk e n e s . 
3031

R a m a c h a n d r a n ,  B .  R .  C a ta ly t ic  a c t iv ity  in  
t h e  re v e r s io n  o f  a n  e n e r g y  s to r in g  v a le n c e  
p h o to is o m e r iz a t io n .  7 9 8  

R a m a m u r t h y ,  V .  S ig m a t r o p ic  h y d r o g e n  
m ig ra t io n  a n d  e le c t r o c y c liz a t io n  p r o c e s s e s  
in  c o m p o u n d s  in  th e  v ita m in  A  ser ies . 
P h o to c h e m is t r y  o f  p o ly e n e s .  X .  1862  

R a m i r e z ,  F . C r y s ta l  a n d  m o le c u la r  s t r u c °  
tu r e  o f  a  s p ir o b ic y c l ic  p e n t a o x y p h o s p h o 0  
ra n e , s p i r o d ic a t e c h o lp h e n o x y p h o s p h o r a n °
e. 473

R a m i r e z ,  F . C ry s ta l a n d  m o le c u la r  s t r u c °  
tu r e  o f  b is (d im e t h y lp h o s p h a to v in y l )  
c a r b o n a te  (C 9H 16P 2O 11) .  1152  

R a m i r e z ,  F .  C r y s ta l  a n d  m o le c u la r  s t r u c °  
tu re  o f  t r a n s -b ip h t h a ly l ,  C 16H 8O 4. R e a c °  
t io n  o f  s u b s t itu te d  p h t h a lic  a n h y d r id e s  
w ith  tr ia lk y l  p h o s p h ite s .  3 90 9  

R a n ie r i ,  R .  L . C a ctu s  a lk a lo id s . X X V I I I .  
/3 -P h e n e th y la m in e  a n d  t e t r a h y d r o i s o q u i°  
n o lin e  a lk a lo id s  fr o m  th e  M e x ic a n  c a c tu s  
D o lic h o t h e le  lo n g im a m m a . 319 

R a n s o n ,  R . A c id - c a t a ly z e d  h y d r o ly s is  o f
3 - i s o p r o p y l - 4  a z a s y d n o n e . 3 0 4 0  

R a o ,  Y .  S . R e a c t io n s  in  p o ly p h o s p h o r ic  
a c id . I. N e w  s te r e o s p e c i f ic  sy n th e s is  o f  
th e  E  iso m e rs  o f  2 - p h e n y l - 4 - a r y lm e t h y l °  
e n e - 2 - o x a z o l i n - 5 - o n e s .  7 2 2  

R a p o p o r t ,  H . C la ise n  r e a r r a n g e m e n t  w ith  
h y d r o x y m e t h y lp y r id in e s  a n d  h y d r o x y m e 0  
th y lp y r id o n e s .  535

R a s o a n a i v o ,  P .  C a r b o n -1 3  n u c le a r  m a g n e t 0  
ic  r e s o n a n c e  o f  n a tu ra l a n d  r e la te d  p r o °  
d u c ts . X X I .  R e v is io n  o f  t h e  s tru c tu re  
o f  th e  b is in d o le  a lk a lo id  1 4 ' ,1 5 '- d i h y d r o °  
p y c n a n th in e . C a r b o n -1 3  n u c le a r  m a g °  
n e t ic  r e s o n a n c e  s tu d y . 376  

R a u c k m a n ,  E . J .  S y n th e s is  o f  a  u se fu l
s p in  la b e le d  p r o b e ,  l - o x y l - 4 - c a r b o x y l - 2 , °
2 ,6 ,6 -t e t r a m e t h y ip ip e r id in e .  564  

R a z d a n ,  R . K .  H y d r o x y l  a ss is te d  e p o x id e  
o p e n in g  in  p ic r o t o x in s .  1650  

R e ,  L .  A  t w o - s t e p  sy n th e s is  o f  ( E ) - 4 - c h l o °  
r o -2 -m e t h y lc r o t o n a ld e h y d e  f r o m  i s o p r °  
e n e . A n  u n p r e c e d e n te d  o x id a t iv e  c h l o r i °
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n a t io n  o f  a  1 ,3 -d ie n e  m o n o e p o x id e  b y  
c u p r ic  c h lo r id e . 1648  

R e d m o r e ,  D . P h o s p h o r u s  d e r iv a t iv e s  o f  
n itro g e n  h e te r o c y c le s . 4 . 4 - P y r i d y l p h o s °  
p h o n a te s . 2 14 8

R e e d e r ,  R .  A .  M a c r o c y c l i c  p o ly e t h e r  s u lfid e  
sy n th e s e s . P r e p a ra t io n  o f  t h ia (c r o w n -6, 
- 7 ,  a n d  - 8) c o m p o u n d s .  134 

R e e d e r ,  S . K . I s o la t io n  a n d  s t r u c tu re  d e t e r °  
m in a t io n  o f  th e  s e c o n d  t o x i c  c o n s t itu e n t  
fr o m  T e t r a d y m ia  g la b ra ta . 4 0 7 8  

R e i c h ,  C . J .  S o lv o ly s is  in  s t r o n g  a c id s . I II . 
T h e  q u e s t io n  o f  a lk y l -o x y g e n  c le a v a g e  
in  a lk y l  t o s y la te  s o lv o ly s is . 1472 

R e i c h ,  H . J .  O rg a n o s e le n iu m  ch e m is try . 
I n t r a -  a n d  in te rm o le c u la r  t r a p p in g  o f  
s e le n e n ic  a c id s  fo r m e d  b y  s e le n o x id e  
e l im in a t io n . F o r m a t io n  o f  a  s e le n iu m  
y l id e . 2503

R e i c h m a n ,  U . N u c le o s id e s .  98 . D ir e c t  
in t r o d u c t io n  o f  an  a c e t a m id o  g r o u p  in to  
t h e  su g a r  m o ie t y  o f  n u c le o s id e  e p o x id e s . 
2 04 2

R e i d ,  R .  E . S o l id  p h a se  p e p t id e  sy n th e s is . 
E f f e c t  o f  t r i f lu o r o a c e t ic  a c id  c o n c e n t r a 0 
t io n  o n  th e  r e m o v a l o f  th e  t e r t - b u t y l o x y °  
c a r b o n y l  p r o t e c t in g  g r o u p . 1027 

R e i m a n n ,  R . H . P o ly ( t e r t ia r y  p h o s p h in e s  
a n d  a rs in e s ). X I I I .  N e o p e n t y l  p o l y ( t e r t i °  
a r y  p h o s p h in e s ) .  972

R e i t z ,  R .  R . N o n b e n z e n o id  a r o m a t ic  s y s °  
terns. X I I I .  C e r ta in  s u b s t itu e n t  g r o u p  
e f fe c t s  o n  th e  p K a o f  1-a z u le n e c a r b o x y l ic  
a c id . 1822

R e l e n y i ,  A .  G . A d d it io n  o f  lith iu m  io d id e  
t o  a  s tra in e d  c a r b o n - c a r b o n  a b o n d . In  
s itu  p r o t o n a t io n , m e th y la t io n ,  a n d  b e n z y l  
la t io n  o f  th e  a d d u c t .  1266  

R e m y ,  D . C . T r i f lu o r o m e t h y l th io c o p p e r .  A  
r e a g e n t  fo r  th e  in t r o d u c t io n  o f  t h e  t r i °  
f lu o r o m e t h y lt h io  g r o u p  in t o  a r o m a tic  
n u c le i.  1644

R e n n e k a m p ,  M . E . L o s s  o f  w a te r  fr o m  
k e to n e s  in  is o b u ta n e  c h e m ic a l  io n iz a tio n  
m a ss  s p e c tr o m e tr y .  136 

R e n n e r ,  C . A .  D ia z ir id in o n e s  (2 ,3 -d i a z a c y °  
c lo p r o p a n o n e s ) .  A  c is - fu s e d  e x a m p le . 
L o n e  p a i r - l o n e  p a ir  d e s ta b il iz a t io n .
2813

R e n n e r t s ,  W .  S y n th e s is  o f  N -c h lo r o a c e t y l  
d e r iv a t iv e s  o f  a m in o  a c id s  a n d  th e ir  use 
fo r  th e  c o n ju g a t io n  o f  p o ly p e p t id e s  t o  
t h io l- c a r r y in g  c o m p o u n d s .  1340 

R e s s l e r ,  C . T h io a s p a r a g in e  a n d  d e r iv a t iv e s  
f o r  p e p t id e  sy n th e s is . A  t r i f lu o r o a c e t ic  
a c id  ca ta ly z e d  a n isy l t r a n s fe r  t o  su lfu r. 
1336

R e s s l e r ,  C .  D e r iv a t iv e s  o f  3 ,4 -d ih y d r o x y  °  
p h e n y la la n in e  fo r  p e p t id e  sy n th e s is .
3 05 6

R e t t i g ,  T .  A .  P h o to c h e m is t r y  o f  3 - c y a n o - °
4 ,4 -d im e t h y l -2 ,5 - c y c lo h e x a d ie n o n e .  
E v id e n c e  fo r  s e le c t iv ity  d u r in g  th e  p h o t o 0 
re a r r a n g e m e n t  o f  u n s y m m e tr ic  c y c lo h e x 0 
a d ie n o n e s . 2 95 0

R e y n o ld s ,  G . A .  2 ,2 - B is ( t r i f lu o r o m e t h y l ) - °
1 ,2 -d ih y d r o p y r im id in iu m  sa lts . 2783  

R i b e i r o ,  F . P .  P r o t o n  m a g n e t ic  r e s o n a n ce  
s t u d y  o n  s o lu b i liz a t io n  b y  m ice lla r  a l k y °  
la m m o n iu m  p r o p io n a t e s  in  c a r b o n  t e t r a °  
c h lo r id e .  1365

R i c c i ,  J .  S .  J r .  C r y s ta l  a n d  m o le c u la r  
s t r u c tu re  o f  t r a n s -b ip h t h a ly l ,  C ieH sO -i. 
R e a c t io n  o f  s u b s t itu te d  p h t h a lic  a n h y °  
d r id e s  w ith  tr ia lk y l  p h o s p h ite s .  3909  

R i c h a r d s ,  K . D . T h e  r e a c t io n  o f  d ia lk y lc o p 0 
p e r  lith iu m  re a g e n ts  w ith  3 - h a l o - 2 - a c y °  
la m in o a cr y l ic  a c id s . 3 67 4  

R i c h a r d s o n ,  W . H . T e tr a b e n z y le th y le n e .
A n  u n u su a lly  s te r ic a lly  h in d e r e d  o le fin . 
2 05 4

R i c h a r d s o n ,  W . H . M u l t i - b o n d  f r a g m e n t a l  
t io n  o f  t e r t -b u t y l  2- m e t h y l -2- t e r t - b u t y l °  
p e r o x y p e r p r o p a n o a t e .  3 18 2  

R i c h a r d s o n ,  W . H . L e a d  te t ra a c e ta te  o x i °  
d a t io n  o f  2- m e t h y l -2- t e r t - b u t y l p e r o x y °  
p r o p a n o ic  a c id . 3 18 8

R i c h m o n d ,  J .  M .  N o n b e n z e n o id  a r o m a t ic  
s y s te m s . X I I .  S y n th e s is  o f  2 - ,  3 - ,  a n d
6- s u b s t it u t e d  2- ( l - a z u ly l ) e t h a n o l s  a n d  
th e ir  t o s y la te  e s te rs . 1811 

R i c h m o n d ,  J .  M .  N o n b e n z e n o id  a r o m a t ic  
sy s te m s. X I I I .  C e r ta in  s u b s t itu e n t

fr o u p  e f fe c t s  o n  th e  p K a o f  l - a z u le n e c a r °  
o x y l ic  a c id . 1822

R i c h o n ,  A . B .  S y n th e s is  o f  o p t ic a lly  a ct iv e
S -n -h e x a d e c a la c t o n e ,  th e  p r o p o s e d  p h e r °  
o m o n e  f r o m  V e s p a  o r ie n ta lis . 3516  

R i c h t e r ,  R .  N -A r e n e s u lf o n y l  is o cy a n u ra te s  
3 40 9

R i c h t e r ,  S . S e c o n d a r y  d e u te r iu m  is o to p e  
e f fe c t s  in th e  s o lv o ly s is  o f  c i s -  a n d  
t r a n s -2- a c e t o x y c y c l o h e x y l  2,2,2- t r i f l u o °  
r o e th a n e s u lfo n a te s . 785

R i c h t e r ,  T .  L . R in g  e n la rg e m e n t  o f  g e m in a l 
d ib r o m o c y c lo p r o p a n e s  w ith  s i lv e r  t o s y °  
la te . A p p r o a c h  t o  m e d iu m  s ize d  rin gs .

# 384
R i g b y ,  J .  H . S e c o s u lfe n y la t io n  o f  c y c lo b u t a 0 

n o n e s . 3217
R i g u e r a ,  R .  C a r b o n -1 3  c h e m ic a l  sh ifts  in 

b ic y c lo [2 .2 .2 ]o c t a n e s .  465  
R i n e h a r t ,  K . L . J r .  C h e m is tr y  a n d  b i o °  

c h e m is tr y  o f  th e  s t r e p to v a r ic in s . X I I I .  
C a r b o n -1 3  n u c le a r  m a g n e t ic  r e s o n a n c e  
s p e c tr a  o f  th e  s t r e p to v a r ic in s  a n d  re la te d  
c o m p o u n d s .  1358

R i s s l e r ,  W .  S u r v e y  o f  c a r b o n -1 3 -h y d r o g e n  
s p lit t in g s  in a lk e n e s . 3863 

R i t t l e ,  K . E . T r i f lu o r o m e t h y lth io c o p p e r .  A  
r e a g e n t  fo r  th e  in t r o d u c t io n  o f  th e  t r _ °  
f lu o r o m e t h y lt h io  g r o u p  in t o  a r o m a t ic  
n u c le i.  1644

R i v e r s ,  G . T .  E f f ic ie n t  s y n th e s e s  c f  b a r r e l0 
e n e  a n d  N e n itz e s c u 's  h y d r o c a r b o n . 887 

R o b b e n ,  W . M . M . R in g  e n la r g e m e n t  o f  
g e m in a l d ib r o m o c y c lo p r o p a n e s  w ith  
s ilv e r  t o s y la te . A p p r o a c h  t o  m e d iu m  
s ize d  rin gs . 384

R o b e r t s ,  D . D . C y c lo b u t y lc a r b in y l  p - b r o °  
m o b e n z e n e s u lfo n a te  so lv o ly s is . 1 -A r y l  
s u b s t itu e n t  e f fe c t  u p o n  p r o d u c t  d i s t r :b u °  
t io n . 486

R o b e r t s ,  J .  D . C o u p lin g  o f  n o n e q u iv a le n t  
a r o m a t ic  r in g s  b y  s o lu b le  n ick e l  c a t a °  
lysts . A  g e n e ra l r o u te  t o  th e  l ,8- d i a r y l °  
n a p h th a le n e s . 2252

R o b e r t s ,  J . D . S tr u c tu r a l  a n a ly s is  o f  in t e r =  
n a lly  c r o w d e d  n a p h th a le n e  d e r iv a tiv e s . 
p e r i -D ip h e n y la c e n a p h t h e n e . 3603  

R o b e r t s ,  R .  M . N e w  F r ie d e l -C r a ft s  c h e m is °  
try . X X X I .  A lk y la t io n s  a n d  c o m p e r in g  
re a rra n g e m e n ts  in  th e  a lu m in u m  c h lo r id e  
ca ta ly z e d  r e a c t io n s  o f  s e c o n d a r y  a lk y l 
c h lo r id e s  w ith  a re n e s . 659  

R o b e r t s ,  R .  M . N e w  F r ie d e l -C r a ft s  c h e m is e  
try . X X X I I .  F r ie d e l -C r a ft s  a lk y la t io n s  
w ith  v in y l h a lid e s . V in y l  c a t io n s  a n d  
s p ir o b iin d a n s . 1698

R o b in s ,  M .  J .  N u c le ic  a c id  r e la te d  c o m °  
p o u n d s .  19. C o n ce r n in g  th e  m e ch a n is m  
o f  fo r m a t io n  o f  " 2 , 3 '- i m i n o - l - ( / 5 - D - l y x o °  
fu r a n o s y l)u r a c il"  [ 2 - a m i n o - l - ( 3 - d e o x y - °  
0 - D - ly x o fu r a n o s y l ) - 4 -p y r im id in o n e  N 2 —
3 -a n h y d r o n u c le o s id e ]  fr o m  O 2 -*■ 2 ' - c y °  
c lo n u c le o s id e s  a n d  "a m m o n iu m  a z id e 1. 
1886

R o b in s ,  R .  K . 6- O x a  a n a lo g s  o f  p y r im id in e s  
a n d  p y r im id in e  n u c le o s id e s . S y n th e s is  
o f  5 - a m in o ~ 6 H - l ,2 ,4 - o x a d i a z in - 3 ( 2 H ) - °  
o n e , 2 - /3 -D - r i b o f u r a n o s y l -6 H - l ,2 ,4 - o x a °  
d ia z in e -3 ,5 (2 H ,4 H ) -d io n e ,  a n d  re la te d  
d e r iv a t iv e s . 3 12 8

R o b in s o n ,  C . H . S y n th e s is  o f  0,7-a c e t y le n ic
3 - o x o  s te r o id s  o f  th e  5 ,1 0 -s e c o  series.
313

R o b in s o n ,  J .  M . C h e m is tr y  o f  h e te r o c y c lic  
c o m p o u n d s .  22. C o n d e n s a t io n  r e a c t io n s  
o f  2 -s u b s t it u t e d  p y r id in e s . 2536  

R o d e b a u g h ,  R . K .  In tr a m o le c u la r  D i e l s - °  
A ld e r  re a c t io n s . S y n th e s is  o f  3 a - p h e n y l i °  
s o in d o lin e s  as a n a lg e t ic  te m p la te s . 1C 4 

R o d r i g u e s ,  J .  A .  R . C y c lo a d d it io n  r e a c t io n s  
o f  c y c lo p r o p e n o n e s .  4 . R e a c t io n  o f  
s o m e  2- a m in o p y r id in e s  w ith  m e t h y lp h e0 
n y lc y c lo p r o p e n o n e . 3 54 6  

R o d r i g u e z ,  H . R . O r t h o - l it h ia t io n .  A  
r e g io s p e c i f ic  r o u te  t o  o r t h o -s u b s t i t u t e d  
a ry l k e to n e s . 3651

R o e s k e ,  R .  W . S e le c t iv e  r e d u c t io n  o f  th e  
a m id e  c a r b o n y l  g r o u p  in d ip e p t id e s  b y  
b o ra n e . 1260

R o g e r s ,  T .  E . C a ta ly s is  o f  th e  re a c t io n  o f  
m o r p h o l in e  w ith  p h e n y l b e n z e n e t h io ls u l0 
fo n a te  b y  h a lid e  io n s  a n d  th io cy a n a te  
P o s s ib le  e v id e n c e  fo r  an  in te rm e d ia te  on  
th e  r e a c t io n  c o o r d in a t e  in  a  s u b s t itu tio n  
a t  s u lfe n y l su lfu r . 225 

R o g i c ,  M . M . O rg a n ic  r e a c t io n s  o f  su lfu r  
d io x id e .  II. R e a c t io n  w ith  o r th o  esters. 

482
R o h w e d d e r ,  W . K . C e lo r b ic o l ,  is o ce lo r b ico l ,  

a n d  th e ir  e s ters: n ew  s e s q u ite rp e n o id s  
fr o m  C e la s tru s  o r b icu la tu s . 3 26 4  

R o ld ,  K .  D . I o n ic  a d d it io n  o f  c h lo r in e  t o  
c o n ju g a te d  d ie n e s . 334  

R o l d ,  K . D . C h lo r in a t io n  o f  c y c lo p e n ta d ie n e  
a n d  1 ,3 - c y c lo h e x a d ie n e  w ith  io d o b e n z e n e  
d ic h lo r id e  a n d  tr ich lo ra m in e . 1287 

R o l d ,  K . D . C h lo r in a t io n s  o f  o le f in s  a n d  
d ie n e s  w ith  a n t im o n y  p e n ta c h lo r id e .
3997

R o l d ,  T .  L .  B r o m in a t io n  o f  n itro a lk a n e s  
w ith  a lk y l h y p o b r o m it e s .  1285  

R o l l a n d ,  Y .  V o a ca n g a  a lk a lo id s . 16. C a r °  
b o n - 1 3  n u c le a r  m a g n e t ic  r e s o n a n c e  s p e c0 
t r o s c o p y  o f  n a tu ra lly  o c c u r r in g  s u b s t a n c e

es. 43. C a r b o n - 13 n u c le a r  m a g n e t ic  
r e s o n a n c e  a n a ly s is  o f  b is - in d o l in e  a lk a 
lo id s  o f  t w o  v o a c a n g a  s p e c ie s . 3270  

R o l l i n ,  A .  J .  O x id a t io n  o f  s e c o n d a r y  a l c o °  
h o ls  w ith  o z o n e . 889

R o m a n o ,  L .  J .  S u b s t it u e n t  e f fe c t s  o n  th e  
e le c t r o n ic  n a tu re  o f  c a r b o n -b o n d e d  f l u o °  
r in e . 392

R o m a n o ,  L .  J .  C le a v a g e  o f  e s te rs  b y  s u p e r0 
o x id e .  586

R o m e o ,  A .  S u b s t it u t io n  a n d  e lim in a t io n  
r e a c t io n s  o f  s te r o id  te r t ia r y  C - 1 7  t r i f l u o r °  
o a ce ta te s . 4 03 6

R o m s t e d ,  L .  S . T h e  e f fe c t  o f  su b s tra te  
m ic e ll iz a t io n  o n  th e  h y d r o ly s is  o f  n - d e c y l  
p h o s p h a te .  3037

R o n d e s t v e d t ,  C . S . J r .  N e w  sy n th e s e s  o f  
a r o m a t ic  a c id  c h lo r id e s  fr o m  t r ic h lo r o m e — 
th y la re n e s . 1. R e a c t io n  w ith  su lfu r  
d io x id e .  3 56 9

R o n d e s t v e d t ,  C . S . J r .  N e w  s y n th e se s  o f  
a r o m a t ic  a c id  c h lo r id e s  fr o m  t r ic h lo r o m e =  
th y la re n e s . 2. R e a c t io n  w ith  su lfu r  
t r io x id e ,  p h o s p h o r u s  p e n t o x id e ,  a n d  
o th e r  n o n m e ta l  o x id e s .  3574  

R o n d e s t v e d t ,  C .  S . J r .  N e w  sy n th e s e s  o f  
a r o m a t ic  a c id  c h lo r id e s  fr o m  t r ic h lo r o m e0 
th y la re n e s . 3 . O x id a tiv e  c h lo r in a t io n  o f  
m e th y la r e n e s  w ith  t h io n y l c h lo r id e  a n d  
su lfu r  d io x id e .  3577

R o n d e s t v e d t ,  C . S .  J r .  N e w  sy n th e s e s  o f  
a r o m a t ic  a c id  c h lo r id e s  fr o m  t r ic h lo r o m e0 
th y la re n e s . 4. R in g  c h lo r in a t io n  o f  
m -x y le n e ,  is o p h th a lo y l  c h lo r id e ,  a n d  
h e x a c h lo r o -m -x y le n e .  3580  

R o p e r ,  D . L .  E lu c id a t io n  o f  th e  ro le  o f  
s y n -  a n d  a n t i -a r y la z o  a lk y l e th e rs  in  th e  
¿ e d ia z o n ia t io n  o f  a r y ld ia z o n iu m  sa lts  in 
b a s ic  a l c o h o li c  s o lv e n ts . 2157  

R o s a z z a ,  J .  P .  M ic r o b ia l  t r a n s fo rm a t io n s  
o f  n a tu ra l a n t itu m o r  a g en ts . 2. S tu d ie s  
w ith  d - t e t r a n d r in e  a n d  la u d a n o s in e .
2548

R o s e n ,  G . M .  S y n th e s is  o f  a  u s e fu l  sp in  
la b e le d  p r o b e ,  l - o x y l - 4 - c a r b o x y l - 2 , 2 ,6 , °
6- t e t r a m e t h y lp ip e r id in e .  564  

R o s e n q u i s t ,  N . R .  A  g e n e ra l m e t h o d  fo r  
th e  s y n th e s is  o f  r e a c t iv e  a ,0-u n s a t u r a t e d  
d ia z o m e t h y l  k e to n e s : a l le n y l  d ia z o m e0 
th y l  k e to n e  a n d  v in y l  d ia z o m e t h y l  k e °  
to n e . 3 32 6

R o s e n t h a l ,  T .  C . R e a c t io n  o f  l , l - d i b e n z o °  
y l - 2,2-d im e t h y lh y d r a z in e  w ith  m e th y l 
p - t o lu e n e s u lfo n a t e .  1555  

R o s o w s k y ,  A .  T h e  u se  o f  1 ,3 -d it h ia n e  in  a 
r e g io se le c t iv e  sy n th e s is  o f  a  n o v e l  2- a l °  
k y l -2 -d e o x y -D -a r a b in o fu r a n o s e  
b r a n c h e d -c h a in  su g a r . 3 42 2  

R o s s i .  R .  A .  R e a c t io n  o f  2 ,4 - d in i t r o k a lo °  
b e n z e n e s  w ith  im id a z o le  in  n o n p o la r  
a p r o t ic  s o lv e n ts . 3163  

R o s s i ,  R .  A . A  m o le c u la r  o r b ita l  a p p r o a c h  
t o  th e  S R N l  m e ch a n is m  o f  a r o m a t ic  
s u b s t itu t io n . 3367

R o s s i ,  R .  A .  P h o to s t im u la te d  a r y la t io n  o f  
c y a n o m e th y l  a n io n  b y  th e  S R N l  m e °  
c h a n is m  o f  a r o m a t ic  s u b s t itu t io n . 3371 

R o t h ,  R . R e a c t io n  o f  m e t h y lb e n z a n t h r a c0 
en e s  a n d  p y r id in e  b y  o n e -e le c t r o n  o x i d a °  
t io n . A  m o d e l  f o r  m e t a b o l ic  a c t iv a t io n  
a n d  b in d in g  o f  c a r c in o g e n ic  a r o m a t ic  
h y d r o c a r b o n s .  2 67 9

R o t h m a n ,  E . S . S t e r e o c h e m ic a l  c o n t r o l  in 
th e  a c y la t io n  o f  2 , 3 ,4 ,6 - t e t r a - 0 - b e n z y l - °  
D -g lu c o p y r a n o s e .  A  ro u te  t o  1 - O - a c y l - a -  
a n d  -0 -D -g lu c o p y r a n o s e s .  2 92 5  

R o t s t e i n ,  D . T h e  se le c t iv e  r e d u c t io n  o f  
a ,/iJ -u n sa tu ra ted  e s te rs , n itr ile s  a n d  n itro  
c o m p o u n d s  w ith  s o d iu m  c y a n o b o r o h y 0 
d r id e . 3 32 8

R u b o t t o m ,  G . M .  L e a d  t e t r a b e n z o a te  o x i d a °  
t io n  o f  t r im e th y ls ily l  e n o l  e th e rs . 1673  

R u d in s k a s ,  A . J .  P h o s p h o n ic  a c id  c h e m is °  
try . 1. S y n th e s is  a n d  d ie n o p h i l ic  p r o p e r0 
t ies  o f  d ie t h y l  2- fo r m y lv in y lp h o s p h o n a t e  
a n d  d ie th y l  2- f o r m y le t h y n y lp h o s p h o °  
n a te . 2411

R u e h le ,  P . H . S o d iu m -e t h y le n e d ia m in e  
re d u c t iv e  d im e r iz a t io n  o f  n a p h th a le n e  to  
5 .6 ,7 ,1 2 ,1 3 ,1 4 -h e x a h y d r o -5 ,1 3 :6 ,1 2 -d i °  
m e t h a n o d ib e n z o [a ,f ] c y c lo d e c e n e .  2910 

R u e n i t z ,  P .  C . A n a lo g u e s  o f  s p a r te in e . II. 
S y n th e s is  o f  N -m o n o a lk y lb is p id in e s  a n d  
N ,N '-d ia lk y lb is p id in e s .  1593 

R u f f n e r ,  R .  J .  R e m o v a l  o f  s u lfu r  g r o u p s  
fr o m  m o le c u le s  b y  c o p p e r ( I ) .  P r e p a ra t io n  
o f  s u l fu r -s u b s t itu te d  1 ,3 -d ie n e s  fo r  th e  
D ie ls -A ld e r  r e a c t io n . 3 21 8  

R u p p e r t ,  J . F .  R e a c t io n  o f  a l ly lz in c  b r o m °  
id e s  w ith  c a r b o n y l  c o m p o u n d s  in  a  c o n t i °  
n u o u s  f lo w  sy s te m . E f f ic ie n t  s y n th e s is  
o f  h o m o a lly l  a lc o h o ls  in c lu d in g  a rte m is ia  
a lc o h o l. 550
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R u s s ,  P .  L . S y n th e s is  o f  t e r n a r y  a m in e s  b y  
s e le c t iv e  d ib o r a n e  r e d u c t io n .  149 

R u s s e l l ,  C .  S .  R e a c t io n  o f  7 ,7 ,8 ,8 - t e t r a =  
c y a n o q u in o d im e t h a n e  w ith  s o d iu m  b e n =  
z o a t e  a n d  a c e to n e .  571 

R u z o ,  L .  O . E le c t r o n  t r a n s fe r  o n  p h o to ly s is  
o f  1 - c h lo r o n a p h t h a le n e  in  a lk a n e  s o l=  
v e n ts . 3 0 2 3

R y a n g ,  H - S .  P h o to c h e m ic a l  c o d im e r iz a t io n  
o f  b e n z o fu r a n s .  541

R y k o w s k i ,  M . C . a E f f e c t  a n d  r in g - in d u c e d  
a c c e le r a t io n  o f  h y d r o ly s is  a t  a  s u lfin y l  
c e n te r . B u ffe r  a n d  n u c le o p h i le  e f fe c ts  
o n  th e  h y d r o ly s is  o f  d ip h e n y l  s u lfite .
141

R y z l a k ,  M .  T .  2 0 -M e t h y lc h o le s t e r o l .  2 28 8  
S a a ,  J .  M . K ru k o v in e ,  a  n e w  b is  (b e n z y l is o =  

q u in o l in e )  a lk a lo id  fr o m  A b u t a  sp le n d ia . 
317

S a e g u s a ,  T .  R e a c t io n  o f  l - s i ly lo x y b ic y c l o =
[n  1 .0 ]a lk a n e s  w ith  ir o n (I I I )  c h lo r id e s . A  
fa c i le  s y n th e s is  o f  2 - c y c lo a lk e n o n e s  v ia  
r in g  e n la r g e m e n t  o f  c y c l i c  k e to n e s . 2073  

S t . - J a c q u e s ,  M .  T h e  s t e r e o d e p e n d e n t  
e f fe c t  o f  o x y g e n  o n  th e  c h e m ic a l  sh ifts  
a n d  v ic in a l  c o u p l in g  c o n s ta n ts  o f  t e t r a h y =  
d r o p y r a n . 1380

S a k a k i b a r a ,  T .  P h a s e  t r a n s fe r  ca ta ly z e d  
r e a c t io n s . II. R e a c t io n s  o f  m e th y l 3 - d e =  
o x y -3 -n it r o - /3 -D -h e x o p y r a n o s id e s  w ith  
a c t iv e  m e th y le n e  c o m p o u n d s .  736  

S a k a k i b a r a ,  T .  C a r b o x y la t io n  o f  a r o m a t ic  
c o m p o u n d s  b y  p a l la d iu m (I I )  c a r b o x y =  
la tes . 2049

S a k a n o ,  I .  S y n th e s is  o f  c u a u h te m o n e .
2095'

S a k u r a i ,  H . P h o to c h e m ic a l  c o d im e r iz a t io n  
o f  b e n z o fu r a n s . 541

S a l a u n ,  J .  P r e p a ra t io n  a n d  su b s t itu e n t  
e f fe c t  in  t h e  s o lv o ly s is  o f  l - e t h y n y l c y c l o =  
p r o p y l  t o s y la te s . 1237  

S a l o m o n ,  M . F . A  s y n th e s is  o f  m ix e d  d ia l=  
k y lp e r o x id e s  v ia  r e a c t io n  o f  an  a lk y lh y =  
d r o p e r o x id e  w ith  a lk y l  t r if lu o r o m e th a n e  
s u lfo n a te s . 3 98 3

S a l o m o n ,  R . G . Z e r o  b r id g e  c le a v a g e  a n d  a 
n e ig h b o r in g  h y d r o x y l  g r o u p  e f fe c t  in  th e  
o x y m e r c u r a t io n  o f  b icy cL o [3 .1 .0 ]h e x a n e s . 
1529

S a l o m o n ,  R .  G . C a r b o n y l -a lk y n e  e x ch a n g e  
o f  2 H -p y r a n s .  A  n e w  a ry l a n n e la t io n  
m e t h o d . 2 91 8

S a l o m o n ,  R . G . A  s y n th e s is  o f  m ix e d  d ia l=  
k y lp e r o x id e s  v ia  r e a c t io n  o f  an  a lk y lh y =  
d r o p e r o x id e  w ith  a lk y l t r if lu o r o m e th a n e  
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ra d ica ls . C o m p a r is o n  o f  r e a c t iv ity  w ith  
o r g a n ic  p e r o x y  r a d ica ls . 3 1 7 9  

S c h u g a r ,  H . J .  S y n th e s is  a n d  c h e m is tr y  o f  
s o m e  p o ly c h lo r in a t e d  o x e ta n e s . 2943  

S c h u l t z ,  A .  G . S y n th e s is  o f  a : - c a r b a lk o x y -=
7 - a l k y l id e n e -A a-0 -b u te n o lid e s .  561 

S c h u l t z ,  A .  G . F r a g m e n t a t io n -r e c o m b in a 
t io n  o f  m e t h o x y m e t h y l  e s te r  e n o la te s . A  
n o v e l  m e t h o d  f o r  p r e p a r a t io n  o f  h y d r a c r =  
y l ic  a n d  g ly c id ic  e s te rs . 585  

S c h u l t z ,  A .  G . H e te r o a t o m  d ir e c t e d  p h o t o =  
a r y la t io n . S t e r e o c h e m is t r y  o f  a r y lo x y e =  
n o n e  p h o t o c y c l iz a t io n .  1483 

S c h u l t z ,  A .  G . A n  a n n e la t io n  a p p r o a c h  t o  
t h e  e u d e s m a n e  a n d  ce r ta in  e le m a n e  
s e s q u ite rp e n e s . 3 49 4

S c h u l t z ,  A .  G . C o n ju g a te  a n d  d ir e c t  a d d i=  
t io n  o f  e s te r  e n o la te s  t o  c y c lo h e x e n o n e s .  
S e le c t iv e  c o n t r o l  o f  r e a c t io n  c o m p o s it io n  
4 04 4

S c h u l z ,  D . N . A d d it io n a l  e v id e n c e  o f  a 
n e w  t y p e  o f  a n c h im e r ic  a ss is ta n ce  in  
q u a te r n iz a t io n  r e a c t io n s  o f  p h o s p h in e s  
a n d  a rs in es . 1684

S c h u m a k e r ,  R .  R . S y n th e s is  o f  th e  A B C  
r in g  s y s te m  o f  b a t r a c h o t o x in  a n d  se v e ra l 
r e la te d  h ig h ly  fu n c t io n a liz e d  c h o la n e  
d e r iv a t iv e s . 3 84 0

S c h w a r t z ,  A .  L . V e r s a t i le  in te rm e d ia te s  
fo r  h e t e r o a t o m -s u b s t i t u t e d  a d a m a n ta n e  
d e r iv a t iv e s . 1899

S c h w a r t z ,  M . A . A  c o n v e n ie n t  s y n th e s is  
o f  o -  a n d  p - h y d r o x y  s u b s t itu te d  p h e n y =  
la c e to n it r i le s  a n d  p h e n e th y la m in e s .
2 50 2

S c h w e i g e r ,  R .  G . N it r i te  e s te rs  o f  p o =  
ly h y d r o x y  p o ly m e r s .  90  

S c h w e i z e r ,  E . E . C o n fo r m a t io n  a n d  e le c =  
t r o n ic  s t r u c tu re  o f  th e  lith iu m  a d d u c t  o f  
m e th y le n e p h o s p h o r a n e s .  1168 

S c h w e i z e r ,  E .  E . N u c le a r  m a g n e t ic  r e s o =  
n a n ce  s tu d ie s . 6 . P r o p e r t ie s  o f  p h o s p h o r  
r u s -n it r o g e n  y l id e s .  2 71 6  

S c o p e s ,  D . I . C .  S t u d ie s  in  /3 -la c ta m s . 
S y n th e s is  o f  /3 -la c ta m s  v ia  c y c lo a d d i t io n  
o f  im in o d it h io c a r b o n a t e  e s te rs  w ith  
a z id o k e te n e .  1112

S c o p e s ,  D . I . C .  N it r o g e n - 1 5 - c a r b o n - 13 
c o u p l in g  f o r  d e t e r m in a t io n  o f  th e  s ite  o f  
N -a lk y la t io n  o f  n it ro g e n  h e t e r o c y c le s . 
l in e a r -B e n z o p u r in e s .  3051  

S c o t t ,  B .  A .  H ig h  p re s s u re  th e r m a l a n d  
t h e  p h o to s e n s it iz e d  d im e r iz a t io n s  o f  
2 -p y r o n e s .  2 49 5

S c o t t ,  C .  G . D ir e c t  d e te r m in a t io n s  o f  R / 'S  
e n a n t io m e r  ra t io s  o f  c it r o n e l l ic  a c id  a n d  
re la te d  s u b s ta n c e s  b y  n u c le a r  m a g n e t ic  
r e s o n a n c e  s p e c t r o s c o p y  a n d  h ig h  p re ssu re  
l iq u id  c h r o m a t o g r a p h y . 62  

S c o t t ,  W . A d d it io n  o f  t e t r a c h lo r o - o -q u i=  
n o n e  t o  2 -b u t e n e s .  2 2 2 3  

S c o t t ,  W . J .  N u c le o p h il ic  a d d it io n s  t o  
a ld e h y d e s  a n d  k e to n e s . 2. R e a c t io n s  t o  
h e t e r o c y c lic  a ld e h y d e s  w ith  h y d r o x id e  
io n s . 1952

S c r i b n e r ,  J .  D . N -A r y l -N -a c e t y ln i t r e n iu m  
io n s  in a r o m a t ic  a m in e  ca rc in o g e n e s is .
4. 3 8 2 0

S e c o r ,  H . V .  S y n th e s is  o f  2 ,3 -d is u b s t it u t e d  
p y r id in e s . o - F o r m y la t i o n  a n d  o -a c y la t io n  
o f  2 -a lk y lp y r id in e s .  2 6 5 8  

S e d o n ,  J .  H . N u c le o p h il i c  a d d it io n s  t o  
a ld e h y d e s  a n d  k e to n e s . 3. R e a c t io n s  o f  
o r t h o -s u b s t i t u t e d  b e n z a ld e h y d e s  a n d  
th e ir  p o la r o g r a p h ic  o x id a t io n s .  1957  

S e e m a n ,  J .  I . T h e  c o n f ig u r a t io n  o f  n i c o =  
t in e . A  n u c le a r  m a g n e t ic  r e s o n a n c e  
s tu d y . 1585

S e e m a n ,  J .  I . S y n th e s is  o f  2 ,3 -d is u b s t it u t e d  
p y r id in e s . o - F o r m y la t i o n  a n d  o -a c y la t io n  
o f  2 -a lk y lp y r id in e s .  2 65 8  

S e e m a n ,  J .  I .  T h e  io d o m e th y la t io n  o f  n ic o =  
t in e . A n  u n u su a l e x a m p le  o f  c o m p e t it iv e  
n itro g e n  a lk y la t io n . 3 8 2 4  

S e g a l l ,  Y .  C h e m ic a l  c o n s e q u e n c e s  o f  h y =  
d r id e  a d d it io n  t o  a r o m a t ic  o le f in s .  3 68 2  

S e i t e r ,  W . C r o s s - c y c l i z a t io n s  o f  a lk y la c e t y l=  
e n e s  t o  c y c lo b u t a n e  c o m p o u n d s  v ia  v in y l 
c a t io n s  a s  in te rm e d ia te s . 9 3 7  

S e r i a n z ,  A .  C h e m is tr y  o f  N -h a lo  c o m =  
p o u n d s .  X X V .  R e g io s p e c i f i c  s y n th e s is  
o f  u n s y m m e tr ic a l  a z o x y  c o m p o u n d s  
(d ia z e n e  N -o x id e s ) .  1751 

S h a ,  C - K .  A lk y la t io n -r e d u c t io n  o f  c a r b o n y l 
sy s te m s. V I I . S y n th e s is  o f  a - e y c l o p r o =  
p y l  a r o m a t ic  h y d r o c a r b o n s  b y  c y c lo p r o =  
p y la t io n -r e d u c t io n  o f  a r o m a t ic  a ld e h y d e s  
a n d  k e to n e s . P a ra m e te r s  o f  c y c lo p r o p y l  
a,0, a n d  y  c a r b o n - 13 s h ie ld in g s  in c y c lo =  
p r o p y l  a r o m a t ic  h y d r o c a r b o n s .  1494

S h a ,  C - K .  A lk y la t io n -r e d u c t io n  o f  c a r b o n y l  
s y s te m s. V I I I .  S y n th e s is  o f  /3 ,7 ~ u n sa tu =  
ra te d  a r o m a t ic  h y d r o c a r b o n s  b y  ta n d e m  
p h e n y la t io n -r e d u c t io n  o f  a ,/3 -u n s a tu ra te d  
a ld e h y d e s  a n d  k e to n e s . P r o d u c t  p r e d i c t  
t io n  a n d  s y n th e t ic  u t i lity . 3 46 5  

S h a l i g r a m ,  A . W . S y n th e s is  o f  in te rm e d e o l  
a n d  r e la te d  s e s q u ite rp e n o id  s tu d ie s .
3 71 0

S h a m m a ,  M . T h e  p o s it io n  o f  th e  ph en c-lic  
fu n c t io n  in t il ia c o r in e  a n d  re la te d  a lk a 
lo id s . 1293

S h a n d ,  C . A z a in d o liz in e s . 3 . F o r m y la t io n  
s tu d ie s  o n  6 -a z a in d o l iz in e s .  351 

S h a p i r o ,  B .  L . B e n z o b ie y c l o [3 .3 .1 ]n o n -2 -=  
en es . I. S y n th e s is  a n d  p r o t o n  m a g n e t ic  
r e s o n a n c e  s tu d ie s  o f  7 -s u b s t it u t e d  1 ,3 ,5 ,=
5 - t e t r a m e t h y l -4 '- c h lo r o b e n z o b ic y c l o  3 .3 . =  
l jn o n e n e s .  1522

S h a p i r o ,  E . L . F o r m a t io n  o f  an  u n u su a l 
s te r o id a l  o x e t a n e  a n d  its  t r a n s fo rm a t io n  
p r o d u c t s .  3 94 0

S h a p i r o ,  M . J .  a -S u b s t i t u t e d  to lu e n e s  an d
3 - s u b s t it u t e d  p r o p e n e s . E v a lu a t io n  o f  
s u b s t itu e n t  e f fe c t s  v ia  c a r b o n -1 3  n u c le a r  
m a g n e t ic  r e s o n a n c e  s p e c t r o s c o p y . 3 19 7  

S h a p i r o ,  M .  J .  B e n z o b ic y c l o [3 .3 .1 ] n o n - 2 -=  
e n e s . I . S y n th e s is  a n d  p r o t o n  m a g n e t ic  
r e s o n a n c e  s tu d ie s  o f  7 -s u b s t it u t e d  1 ,3 ,5 ,=
5 - t e t r a m e t h y l -4 '- c h lo r o b e n z o b ic y c l o [3 .3 .=  
l jn o n e n e s .  1522

S h a p i r o ,  R .  R e a c t io n s  o f  c y t id in e  w ith
7 -b r o m o m e t h y lb e n z [a ]  a n th r a c e n e , b e n zy l 
b r o m id e ,  a n d  p -m e t h o x y b e n z y l  b r o m id e . 
R a t io  o f  a m in o  t o  3  s u b s t itu t io n . 1597 

S h a r m a ,  A . K . D im e th y l  s u l fo x id e - t r i f lu o =  
r o a c e t ic  a n h y d r id e . N e w  re a g e n t  fo r  
o x id a t io n  o f  a lc o h o ls  t o  c a r b o n y ls . 957 

S h a r m a ,  R .  P .  S e s q u it e r p e n e  la c to n e s  c f  
E u p a to r iu m  h y s s o p i fo liu m . G e r m a c r a n o =  
l id e  w ith  an  u n u su a l l ip id  e s te r  s id e  
ch a in . 1015

S h a r m a ,  R . P . N e w  h y d r o x y la t e d  e n t -k a u =  
r a n o ic  a c id s  fr o m  E u p a to r iu m  a lb u m .
1021

S h a r m a ,  R .  P .  C o n s t itu e n ts  o f  L ia tr is
sp e c ie s . X I .  P y c n o l id e ,  a  s e c o -g e r m a c r a =  
d ie n o l id e  fr o m  L ia tr is  p y c n o s t a c h y a , an d  
o th e r  a n t itu m o r  c o n s t itu e n ts  o f  L ia tr is  
sp e c ie s . 1248

S h a r p le s s ,  K . B . A l ly l ic  a m in a t io n  o f  o .e =  
f in s  a n d  a c e ty le n e s  b y  im id o  s u lfu r  c o m =  
p o u n d s .  176

S h a r p le s s ,  K . B . O s m iu m -c a ta ly z e d  v ic in a l 
o x y a m in a t io n  o f  o le f in s  b y  C h lo r a m in e -=  
T .  177

S h a r p le s s ,  K . B . 1 ,2 -D ia m in a t io n  o f  1 ,3 -=  
d ie n e s  b y  im id o  se le n iu m  c o m p o u n d s .
2504

S h a w ,  J .  E . N u c le o p h il ic  a r o m a t ic  s u b s~ itu =  
t io n  r e a c t io n s  o f  u n a c t iv a te d  a ry l c h !o =  
r id e s  w ith  m e t h o x id e  io n  in  h e x a m e t h y l=  
p h o s p h o r a m id e .  7 3 2

S h e c h t e r ,  H . C a rb e n ic  p r o c e s s e s  in d e c o m =  
p o s it io n  o f  s p ir o [ f lu o r e n e -9 ,3 '- in d a z o le ] .  
S im p le  r o u te  t o  th e  f lu o r a d e n e  sy ste m . 

2 12 0S h e c h t e r ,  H . S te r e o c h e m is tr y  o f  th e rm a l 
is o m e r iz a t io n  o f  l ,3 - d i n i t r o - 2 ,4 - d ip h e =  
n y lc y c lo b u te n e s  a n d  l ,3 - d i n i t r o - 2 , 4 - d i =  
p h e n y lb u ta d ie n e s .  C is , t ra n s  is o m e r is m  
o f  jd -n itro s ty re n e s . 2 11 2  

S h e e p y ,  J .  M . I n te r a c t io n  o f  a lk a li m e ta ls  
w ith  u n s a tu ra te d  h e t e r o c y c lic  c o m =  
p o u n d s .  II. 2 ,4 -D ip h e n y lq u in a z o l in e .
497

S h e f f y ,  F . K . M u lt ip le  r e g re ss io n  a n a ly s is  
o f  c a r b o n -1 3  c h e m ic a l  s h ift s  a n d  c a r =  
b o n - 1 3  p r o t o n  c o u p l in g  c o n s ta n ts  in  
o r t h o -s u b s t i t u t e d  a ro m a tic s . 1511 

S h e l l h a m e r ,  D . F . T h e  a d d it io n  o f  h a lo =  
g e n s  t o  v in y lc y c lo p r o p a n e s .  1972 

S h e p a r d ,  D . K in e t ic  s a lt  e f fe c t s  o n  th e  
h y d r o ly s is  o f  b e n z a ld e h y d e  d im e th y l 
a ce ta l . 2 34 4

S h e p h e r d ,  R . A . N e w  ( C H ) i2 h y d r o c a r b o n s :  
S y n th e s is  a n d  u n u su a l r e a rra n g e m e n ts .
742

S h e p p a r d ,  W . A . F lu o r in e -1 9  n u c le a r  m a g =  
n e t ic  r e s o n a n c e  s tu d ie s  o f  n it r o g e n -s u b =  
s t itu te d  f lu o r o b e n z e n e s .  4 00 6  

S h e w ,  D . C . D it e r p e n o id  to ta l  sy n th e s is , 
a n  A  - *  B  - »  C  a p p ro a ch . V I I I .  I n t r o =  
d u c t io n  o f  o x y g e n  a t  c a r b o n -1 1 .  T o t a l  
sy n th e s is  o f  ( ± ) - c a r n o s i c  a c id  d im e th y l 
e th e r  a n d  ( ± ) - c a r n o s o l  d im e th y l e th er . 
1005

S h i a u ,  W . I . A d d it io n a l  e v id e n c e  o f  a  n ew  
t y p e  o f  a n c h im e r ic  a ss is ta n ce  in  q u a te r n i=  
z a t io n  r e a c t io n s  o f  p h o s p h in e s  a n d  a r=  
s in e s . 1684

S h i h ,  E - M .  O n  th e  p h o t o c h e m is tr y  o f  
h e x a m e t h y l -2 ,4 -c y c lo h e x a d ie n o n e  4 ,5 - =

E p o x id e  a n d  o n  s u b s e q u e n t  r e a rra n g e =  
m e n ts  o f  its  p h o t o is o m e r ,  e n d o - 5 - a c e =  
t y l - l ,3 ,3 ,4 ,5 -p e n t a m e t h y lb ic y c lo [2 .1 .0 ]=  
p e n t a n -2 - o n e .  3 37 7

S h im ,  J .  L .  P y r id o [2 ,3 -d ]p y r im id in e s .  IV . 
S y n th e t ic  s tu d ie s  le a d in g  t o  va r io u s  
o x o p y r id o [2 ,3 -d ]  p y r im id in e s . 1095 

S h i m a o k a ,  Y .  P r e p a ra t io n  o f  n e w  n it r o =  
g e n -b r id g e d  h e te r o c y c le s .  R e a c t io n  o f  
p y r id in iu m  N - im in e s  w ith  a z ir in e  d e r iv a =  
t iv e s . 2 73 9

S h i m i z u ,  M . F u lly  a u to m a te d  s o l id  p h a se  
s y n th e s is  o f  p r o t e c te d  p e p t id e  h y d ra z id e s  
o n  r e c y c lin g  h y d r o x y m e t h y l  r e s in  3 25 5  

S h i m i z u ,  Y .  S y n th e s is  o f  s a m a n d a r .n e - t y p e  
a lk a lo id s  a n d  a n a lo g u e s . 1930  

S h i m o n i s h i ,  Y .  S tu d ie s  o n  c y c lic  p e p t id e s .
5 . C o n fo r m a t io n  a n d  in te ra c t io n  w ith  
sm a ll m o le c u le s  o f  c y c l i c  h e x a p e p t id e s  
c o n t a in in g  g lu ta m ic  a c id  o r  a s p a r t ic  a c id  
re s id u e . 2 58 4

S h i o t a n i ,  S . N o v e l  fo r m a t io n  o f  a n t i -B r e d t  
o le fin s  fr o m  2 ,3 ,4 ,5 ,6 ,7 -h e x a h y d r c - - l ,6 -=  
m e t h a n o - lH - 4 - b e n z a z o n i n - 7 - o l s .  4 10 6  

S h i r a i ,  H . R in g  e x p a n s io n  re a c t io n  o f  1 ,2 - =  
d ih y d r o q u in o l in e s  t o  1 -b e n z a z e p in e s .

.19?
S h i r a i ,  H . R e a c t io n  o f  N ,N - d im e t h y l - 2 - =  

t r io r g a n o s ily le th y la m in e s  w ith  b e n z y n e . 
1962

S h i r a i ,  H . R in g  e x p a n s io n  r e a c t io n  o f  1 ,2 - =  
d ih y d r o q u in o l in e s  t o  1 -b e n z a z e p in e s .  2. 
3325

S h i r a i ,  H . R e a c t io n  o f  N -( t r io r g a n o s i ly lm e =  
th y l )d ia lk y la m in e s  w ith  b e n z y n e . 3 55 9  

S h i u e ,  C - Y .  A  n e w  a lk y la t io n  r e a g e n t  fo r  
s e l e n o -  a n d  t h io -s u b s t i t u t e d  n u c le o s id e s  
a n d  re la te d  c o m p o u n d s .  1847 

S h i u e ,  C - Y .  1 ,3 -D ip o la r  c y c lo a d d i t io n  o f  
n itr i le  o x id e s  t o  c a r v o n e  a n d  r e la te d  
c o m p o u n d s .  2 2 1 0

S h i u e y ,  S - J .  R e a c t io n s  o f  c y t id in e  w ith
7 -b r o m o m e t h y lb e n z [a ]a n t h r a c e n e ,  b e n z y l  
b r o m id e ,  a n d  p -m e t h o x y b e n z y l  b r o m id e . 
R a t io  o f  a m in o  t o  3  s u b s t itu t io n .  1597 

S h i z u r i ,  Y .  T u m o r  in h ib ito r s . 117 . T h e  
is o la t io n  a n d  s tr u c tu ra l  e lu c id a t io n  o f  
n ew  p o t e n t  a n t i le u k e m ic  d it e r p e n o id  
e s te rs  fr o m  G n id ia  sp e c ie s . 3 85 0  

S h u ,  P .  S tu d ie s  o f  m ix e d -v a le n c e  d i fe r r o c e =  
n y ls e le n id e  a n d  d i fe r r o c e n y ld is e le n id e .  
1849

S h u l g i n ,  A .  T .  A  c o n v e n ie n t  sy n th e s is  o f  
q u in o n e s  f r o m  h y d r o q u in o n e  d im e th y l  
e th e rs . O x id a t iv e  d e m e t h y la t io n  w ith  
c e r ic  a m m o n iu m  n itra te . 3627  

S h u l l ,  D . W . R e m o v a l  o f  s u lfu r  g r o u p s  
fr o m  m o le c u le s  b y  c o p p e r ( I ) .  P r e p a ra t io n  
o f  s u l fu r -s u b s t itu te d  1 ,3 -d ie n e s  f o r  th e  
D ie ls -A ld e r  r e a c t io n .  3 21 8  

S h u l t s ,  R .  H . R e a c t io n  o f  p r o p a r g y l  h a lid e s  
w ith  G r ig n a rd  re a g e n ts . I r o n  t r ic h lo r id e  
ca ta ly s is  in  a lle n e  fo r m a t io n . 3 49 6  

S h v o ,  Y . A  r e a c t io n  o f  a - p y r o n e  a n d  n i t r o =  
s o b e n z e n e . 2 49 6

S i c k l e s ,  B .  R . T u m o r  in h ib ito r s .  117.
T h e  is o la t io n  a n d  s tr u c tu ra l  e lu c id a t io n  
c f  n e w  p o t e n t  a n t ile u k e m ic  d ite r p e n o id  
es ters  fr o m  G n id ia  s p e c ie s . 3 85 0  

S i d d a l l ,  T .  H . I I I .  D e c o m p o s i t io n  r e a c t io n s  
c f  h y d r o x y a lk y lp h o s p h o r u s  c o m p o u n d s .
IV . A n  u n u su a l o x id a t io n -r e d u c t io n  
r e a c t io n  o f  b e n z y lb i s (a -h y d r o x y b e n z y l )=  
p h o s p h in e  o x id e .  2931  

S ie g e l ,  S .  S t r u c tu r e  a n d  r e a c t iv ity  in  th e  
r e d u c t io n  o f  c y c lo a lk e n e s  a n d  c y c lo a lk a =  
d ie n e s  b y  d i im id e .  3 92 2  

S i k l o s i ,  M . P .  T h e  f ir s t  d o c u m e n t e d  r e v e r =  
s ib le  a d d it io n  o f  a l ly lm a g n e s iu m  b r o m id e  
t o  a  k e to n e . 3 21 2

S i l b e r t ,  L . S . E s t e r i f ic a t io n  b y  a lk y la t io n  
o f  c a r b o x y la t e  sa lts . In f lu e n c e  o f  s te r ic  
fa c to r s  a n d  o th e r  p a ra m e te rs  o n  re a c t io n  
ra tes . 1373

S i l v e r ,  E . H . R e a c t io n  o f  p h o s p h o ra n e s  
w ith  fo r m a te  e s te rs . A  n e w  m e t h o d  fo r  
sy n th e s is  o f  v in y l  e th e r s  (c o r r e c t io n ) .
4051

S i l v e r ,  E . H . R e a c t io n  o f  p h o s p h o ra n e s  
w ith  fo r m a te  e s te rs . N e w  m e t h o d  fo r  
sy n th e s is  o f  v in y l  e th e rs . 1272 

S i l v e r ,  M . S . P r o t o n a t e d  c y c lo p r o p a n e  
in te rm e d ia te s  fr o m  th e  d e a m in a t io n  o f
3 -m e t h y l -2 -a m in o b u t a n e .  323  

S i l v e r s t e i n ,  R . M . R e g io s p e c i f i c it y  o f  th e
1,4 c y c lo a d d i t io n  o f  2 - m e t h y l - l - p e n t e n - =  
3 - o n e  t o  m e th y l c r o to n a t e  a n d  t o  m e th y l 
m e th a c r y la te . 603

S i l v e r s t e i n ,  R . M . M a ss  s p e c t r o m e t r ic  
s tu d ie s  o f  th e  d io x a b ic y c lo [3 .2 .1 ]o c t a n e s ,  
m u ltis tr ia t in , f r o n ta lin ,  a n d  b r e v ic o m in . 
607
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S i l v e r s t e i n ,  R .  M .  S y n th e s is  a n d  a b s o lu te  
c o n f ig u r a t io n  o f  m u ltis t r ia t in . 2 79 7  

S i l v e r  t o n ,  J .  V .  C r y s ta l  s t r u c tu re  a n d  
a b s o lu t e  c o n f ig u r a t io n  o f  a s t r o c a s in e  
m e t h o b r o m id e .  2 45 4

S i l v e s t r i ,  M .  G . T o t a l  sy n th e s is  o f  ( ± ) - =  
c is - s a t iv e n e d io l .  3 95 3  

S i m o n e l l i ,  A .  P .  T h e  S n I h y d r o ly s is  o f  
is o th io u r e a s . 1. 3 11 4  

S i m o n e l l i ,  A .  P .  T h e  S n I h y d r o ly s is  o f  
is c th io u r e a s .  2. 3 1 1 8  

S i m p s o n ,  G . E . F . A c y la t io n  o f  v ic in a l 
d ia n io n s . F u r th e r  o b s e r v a t io n s  c o n c e r n ^  
in g  p r o t o n  t r a n s fe r  a n d  re a rra n g e m e n ts  
d u r in g  r e a c t io n . 2 8 7 8

S i n c l a i r ,  J . A .  S y n th e s is  o f  u n s y m m e tr ic a l  
c o n ju g a t e d  d iy n e s  v ia  th e  r e a c t io n  o f  
lith iu m  d ia lk y n y ld ia lk y lb o ra te s  w ith  
io d in e . 1078

S i n g e r ,  G . M . R e a c t io n  o f  p y r id in e  1 -o x id e s  
a n d  N - im in o p y r id in iu m  y lid e s  w ith  
d ia z o n iu m  sa lts . N -A r y lo x y p y r id in iu m  
sa lts  a n d  th e ir  b a s e -c a t a ly z e d  r e a rra n g e =  
m e n t . 1717

S i n g e r ,  L .  A .  C h e m ilu m in e s c e n c e  fr o m  th e  
r e a c t io n  o f  s in g le t  o x y g e n  w ith  10,10'—d i=  
m e t h y l -9 ,9 '-b ia c r id y l id e n e .  A  r e a c t iv e
1 .2 -  d io x e ta n e . 2 68 5

S i n g e r ,  S . P .  1 ,2 -D ia m in a t io n  o f  1 ,3 -d ie n e s  
b y  im id o  s e le n iu m  c o m p o u n d s .  2 50 4  

S i n g e r ,  S .  S .  S t e r e o c h e m is t r y  o f  n u c le o =  
p h i l ic  a d d it io n  re a c t io n s . A d d it io n  o f  
t h io p h e n o l  t o  e t h y l  4 - t e r t - b u t y l c y c lo h e x =  
e r e - l - e a r b o x y l a t e .  1712 

S i n g h ,  R . K . T h e  c y c lo p r o p a n e  r o u te  t o  
t r a n s - fu s e d  7- la c t o n e s .  1668 

S i n g h ,  R . K . C o n ju g a te  a n d  D ie ls -A ld e r  
r e a c t io n s  o f  an  a c t iv a te d  a l ly l id e n e d it h i=  
a n e . 2 93 4

S i n g h ,  S . P . M o le c u la r  r e a rra n g e m e n ts  
w ith  e t h o x y c a r b o n y l  g r o u p  m ig ra tio n s .
2 . R e a rr a n g e m e n t  o f  1 ,2 -g ly c o ls ,  h a lo h =  
y d r in s , a n d  a z id o h y d r in s . 2 35 5  

S i n g h ,  U . P . M e s o io n ic  c o m p o u n d s .
X X X V I I I .  T h e  a n h y d r o - 2 - a r y l - l , 3 - d i =  
th io liu m  h y d r o x id e  s y s te m . 1724 

S i n s h e i m e r ,  J .  E .  A n  e x a m p le  o f  t h e  a m in e  
c a ta ly z e d  r e t r o -a ld o l  r e a c t io n . D e h y d r a =  
t io n  a n d  c le a v a g e  o f  l - ( 3 - c h l o r o p h e n y l ) - =
1 - m e t h y l -2- p h e n y l -2- ( 2-p y r id in e )  e t h a =  
n o l . A  c a s e  o f  k in e t ic  a n d  th e r m o d y n a m 
ic  c o m p e t it io n .  3 55 6

S i s t i ,  A .  J . L o n d o n  fo r c e  a n d  r e la te d  c o u =  
lo m b ic  in te ra c t io n s  in th e  d is p la c e m e n t  
r e a c t io n  w ith  s u b s t itu te d  b e n z y l  c h lo =  
r id e s . 2 74 6

S i u ,  T - W .  A  c o n v e n ie n t  sy n th e s is  o f  2 ,3 ,=
1 2 ,1 3 - t e t r a th ia [4 .4 ]m e t a c y c lo p h a n e s  a n d
2 3 ,1 2 ,1 3 - t e t r a t h ia  [ 4 .4 ] p a r a c y c lo p h a n e s .

,1289
S k i b o ,  E . B .  C h e m is tr y  o f  t h e  s u l fu r -n i t r o =  

g e n  b o n d . X I .  S y n th e s is  a n d  th e rm a l 
d e c o m p o s i t io n  o f  N ,N '- t h io d ia m in e s .
1333

S k i d g e l ,  R . A .  I o n ic  a n d  ra d ic a l  a d d it io n  
o f  m e t h y l  h y p o c h lo r ite  t o  d ie n e s . 644 

S k i l e s ,  R .  D . U n s y m m e tr ic a lly  3 ,6 -d is u b s t i=  
t i t e d  s - te t r a z in e s .  S y n th e s is  o f  3 - a r y l - =
6 - (p e r f lu o r o a lk y l ) - l ,2 ,4 .5 - t e t r a z in e s  an d
1 .2 -  d ih y d r o  d e r iv a t iv e s . 3 39 2  

S l a s i n s k i ,  F . M . A  s u r v e y  o f  s tru c tu ra l
e f fe c t s  o n  fo r m a t io n  c o n s ta n ts  in  C - H  
h y d r o g e n  b o n d in g . 2693  

S l a t e r ,  C . D . P r o t o n  tra n s fe r  fr o m  th e  
m o n o a n io n  o f  l , l - c y c l o p r o p a n e d i c a r b o x =  
y l ic  a c id . 1 65 8

S l i w a ,  H . I s o la t io n  a n d  a lk a lin e  d e c o m p o s i=  
t io n  o f  th e  in te rm e d ia te d  p y r id in iu m  
sa lts  o c c u r r in g  in  th e  p y r id in e  N -o x id e  
o x id a t io n  o f  a - h a l o  e s te rs  o r  a c id s . 160 

S l o a n ,  K . B .  O -A c y la t io n  o f  a c id ic  e th y le n e  
c o m p o u n d s .  165

S l o c u m ,  D . W . D ir e c te d  m e ta la t io n  r e a c =  
t io n s . 6. C o m p e t i t io n  o f  s u b s t itu e n ts  
f o r  o r t h o  d ir e c t io n  o f  m e ta la t io n  in  s u b =  
s t itu te d  a n iso le s . 3 65 3  

S l o c u m ,  D . W . D ir e c t e d  m e ta la t io n  r e a c =  
t io n s . 7 . D ir e c t e d  m e ta la tio n  o f  m e t h o x =  
y m e t h y l fe r r o c e n e :  2-  a n d  l '-m e t a la t e d  
fe r r o c e n e  in te rm e d ia te s . 3664  

S l o c u m ,  D . W . D ir e c t e d  m e ta la tio n  r e a c =  
t io n s . 8. D ir e c t e d  m e ta la t io n  o f  3 - =  
m o n o -  a n d  2 ,5 -d is u b s t it u t e d  t h io p h e n e s  
3 6 6 8

S l u b o s k i ,  B .  C . Q u in a z o lin e s  a n d  l , 4 - b e n =  
z o d ia z e p in e s . 74. P h o s p h o r y la t io n  o f  
a m b id e n t  a n io n s . P r e p a ra t io n  o f  s o m e  
d i -4 -m o r p h o l in y lp h o s p h in y lo x y  im in e s  
v ia  O -p h o s p h o r y la t io n  o f  a n io n s  o f  la c =  
tarns. 2 72 0

S l u b o s k i ,  B .  C . Q u in a z o lin e s  a n d  l , 4 - b e n =  
z o d ia z e p in e s .  76. R e a c t io n s  o f  s o m e  
d i -4 -m o r p h o l in y lp h o s p h in y lo x y  im in es . 
2724

S l u t s k y ,  J .  G a s  p h a se , u n c a ta ly z e d  t h e r m o =  
ly s is  o f  3 -h o m o a d a m a n ty l  a ce ta te . 1429 

S m a l l ,  R .  P y r o g e n e s is  o f  s u c c in ic  a c id  an d  
d im e th y im a le ic  a n h y d r id e  fr o m  a s p a r t ic  
a c id . 3 69 7

S m a r t ,  B .  E . A  n o v e l  r e a c t io n  o f  su lfu r  
t r io x id e  w ith  f lu o r o  o le fin s . 2 35 3  

S m a r t ,  B .  E . F lu o r in a te d  c y c lo p r o p e n y l  
m e th y l e th e rs . N e w  s ta b le  c y c lo p r o p e n i=  
u m  ca t io n s . 2 37 7

S m e jk a l ,  J .  H a lo  su g a r  n u c le o s id e s . V . 
S y n th e s is  o f  a n g u s tm y c in  A  a n d  s o m e  
b a s e  a n a lo g u e s . 1836 

S m i r z ,  J .  C .  S te r e o c h e m is tr y  o f  B o c k =  
m u e h l 's  s y n th e s is  o f  m e th a d o n e . 710  

S m is s m a n ,  E . E . S y n th e s is  o f  k a v a in , d ih y =  
d r o k a v a in , a n d  a n a lo g s . 4 0 7 0  

S m is s m a n ,  E . E . R e a c t io n  o f  2 - ( l , 2 - e p o x y =  
c y c lo h e x - l - y l ) c y c lo h e x a n o n e  k e ta l w ith  
b o r o n  tr if lu o r id e  e th e ra te . 169 

S m is s m a n ,  E . E . A n a lo g u e s  o f  sp a rte in e .
II . S y n th e s is  o f  N -m o n o a lk y lb is p id in e s  
a n d  N ,N '-d ia lk y lb is p id in e s .  1593 

S m i t h ,  B . H . S y n th e s is  o f  im id a z o [4 ,5 -b ]  =  
p y r id in e s  a n d  v - t r ia z o lo [4 ,5 -b ]p y r id in e s .  
P r e p a ra t io n  o f  l - d e a z a -6 - t h io g u a n in e  
a n a lo g s . 3784

S m it h ,  C . A .  R a p id  h y d r io d ic  a c id  c le a v a g e  
o f  e th e rs  a n d  k e ta ls  in  a c e to n itr i le  c a t a ly =  
s is  b y  1 .1 -d iio d o d im e t h y l  e th e r  a n d  
p r e p a r a t io n  o f  fo rm a te s . 367  

S m i t h ,  C . R . J r .  P o t a m o g e t o n in ,  a  n ew  
fu r a n o id  d ite rp e n e . S tr u c tu r a l  a s s ig n =  
m e n t  b y  c a r b o n -1 3  a n d  p r o t o n  m a g n e t ic  
r e s o n a n c e . 593

S m i t h ,  C . R .  J r .  C e lo r b ic o l ,  is o c e lo r b ic o l ,  
a n d  th e ir  e s te rs : n e w  s e s q u ite rp e n o id s  
f r o m  C e la s tru s  o r b icu la tu s . 3264  

S m i t h ,  D . H . N it r o s a t io n  o f  1 -s u b s t it u t e d  
a z ir id in e s . 1578

S m i t h ,  E . C . S y n th e se s  o f  th e  p e n t a c y c lo =  
[6 .3 .0 .0 2>6.0 3>10.0 5*9]u n d e c y l  ( t r i s h o m o c u =  
b y l )  a n d  te t r a c y c lo [6 .3 .0 .0 4’ n .05>9]u n d e =  
c a - 2 ,6 -d ie n y l  (h o m o h y p o s t r o p h e n y l)  
sy s te m s. 1433

S m i t h ,  G . D . C ry s ta l a n d  m o le c u la r  s t r u c =  
tu re  o f  b is (d im e t h y lp h o s p h a to v in y l )  
c a r b o n a te  (C 9H 16P 2O 11) .  1152  

S m i t h ,  G . D . X - r a y  a n a ly s is  o f  c i s - l - i o d o =  
m e t h y l -3 -m e t h y l - l -p h e n y lp h o s p h o la n iu m  
io d id e  a n d  a s s ig n m e n t  o f  c o n f ig u ra t io n  
t o  s te r e o ch e m ic a l ly  r e la te d  p h o s p h o la n e  
d e r iv a t iv e s . 1155

S m it h ,  H . E . O p t ic a l ly  a c t iv e  a m in e s .
X X I .  A p p lic a t io n  o f  th e  s a lic y l id e n im in o  
c h ira lity  ru le  t o  c y c l i c  s te r o id a l  a m in e s . 
704

S m i t h ,  J .  C h e m is tr y  o f  2 - ( t r i f lu o r o m e =  
t h y l ) - 2 - h y d r o x y - 3 ,3 - t r i f lu o r o p r o p io n i=  
tr ile . 1567

S m i t h ,  J .  G . I n te r a c t io n  o f  a lk a li m e ta ls  
w ith  u n s a tu r a te d  h e t e r o c y c lic  c o m =  
p o u n d s . II. 2 ,4 -D ip h e n y lq u in a z o l in e .
497

S m i t h ,  J .  G . A c y la t io n  o f  v ic in a l  d ia n io n s . 
F u rth e r  o b s e r v a t io n s  c o n c e r n in g  p r o t o n  
tra n s fe r  a n d  r e a rra n g e m e n ts  d u r in g  
r e a c t io n .  2 87 8

S m i t h ,  K . R . C o m p e t it iv e  s ig m a tr o p ic  
h y d r o g e n  s h ift s  in  b i c y c lo [ 3 .1 .0 ] h e x - 2 - =  
e n e -6 - e n d o - c a r b o x a ld e h y d e s .  3 88 3  

S m i t h ,  M . S y n th e s is  o f  in te rm e d e o l  a n d  
re la te d  s e s q u ite rp e n o id  s tu d ie s . 3710  

S m i t h ,  P .  A . S .  P r o t o t r o p ic  e q u i l ib r iu m  o f  
im in e s . N -B e n z y l id e n e  b e n z y la m in e s . 
2 01 3

S m i t h ,  R . F . T h e rm a l  a n d  b a s e -c a t a ly z e d  
d e c o m p o s it io n  o f  e s te r  a n d  n itr i le  d e r iv a =  
t iv e s  o f  2 - ( 2 ,2 - d i c a r b o x y v i n y l ) - l , l , l - t r i =  
m e th y lh y d r a z in iu m  h y d r o x id e  in n e r  sa lt. 
395

S m i t h ,  R . F . R e a c t io n  o f  l , l - d i b e n z o y l - 2 , =  
2 -d im e t h y lh y d r a z in e  w ith  m e th y l p - t o =  
lu e n e s u lfo n a te . 1555  

S m i t h ,  R . G . D is p la c e m e n t  o f  t h e  n it ro  
g r o u p  o f  s u b s t itu te d  n it r o b e n z e n e s -a  
s y n th e t ica lly  u se fu l p ro ce s s . 1560 

S m i t h ,  R . L . N e w  p r e c u r s o r s  fo r  a r y lc a r b =  
e n e s . P h o to c y c lo e lim in a t io n  r e a c t io n s  o f  
c y c l i c  ca rb o n a te s . 3 3 8  

S m i t h ,  R .  S . M e c h a n is t ic  s tu d ie s  o f  iro n  
ca ta ly s is  in  th e  c r o s s  c o u p l in g  o f  a lk e n y l 
h a lid e s  a n d  G r ig n a rd  re a g e n ts . 5 0 2  

S m i t h ,  S . G . K in e t ic s  o f  th e  r e a c t io n  o f  
n -b u t y l l i t h iu m  w ith  4 -m e t h y lm e r c a p t o a =  
c e t o p h e n o n e  in  b e n z e n e . 8 0 8  

S m i t h ,  T .  H . D a u n o m y c in o n e  a n a lo g u e s  
v ia  th e  D ie ls -A ld e r  re a c t io n . S y n th e s is  
a n d  c h e m is tr y  o f  s o m e  6 , l l - d i h y d r o x y - =  
5 ,1 2 -n a p h t h a c e n e d io n e s .  2 2 9 6  

S m i t h ,  W . T .  J r .  P y r o g e n e s is  o f  s u c c in ic  
a c id  a n d  d im e th y im a le ic  a n h y d r id e  fro m  
a s p a r t ic  a c id . 3697

S m o l a n o f f ,  J .  P h o to c h e m ic a l  t r a n s fo r m a =  
t io n s  o f  sm a ll r in g  h e t e r o c y c lic  c o m =  
p o u n d s . 71 . I n tr a m o le c u la r  r e o r g a n iz a =  
t io n  o f  s o m e  u n s a tu ra te d  2 H -a z ir in e s .
543

S m o r a d a ,  R .  L . E le c t r o p h i l i c  a n d  r a d ica l 
a d d it io n  r e a c t io n s  o f  a  b is a lk y lid e n e c y =  
c lo p r o p a n e . 4 3 2

S m u d i n ,  D . J .  A d d it io n s  o f  d ih a lo c a r b e n e s  
t o  s te ro id a l  a n d  re la te d  m o d e l o le f in s .  
C a rb e n ic  s e le c t iv ity . 611 

S n a v e ly ,  C . M . A n  e le c t r o n  s p in  r e s o n a n c e  
s t u d y  o f  th e  r a d ica l a n io n  o f  7 ,8 - d im e =  
t h y le n e -1 ,3 ,5 - c y c lo o c t a t r ie n e .  2071  

S n i d e r ,  B .  B . T h e  s t e r e o s p e c i f ic  a lu m in u m  
c h lo r id e  c a ta ly z e d  [2  +  2 ] c y c lo a d d it io n  
o f  p r o p io la te  e s te rs  w ith  u n a c t iv a te d  
a lk e n e s . 3061

S n i e g o s k i ,  P .  J .  A  m e th o d  f o r  r e la tin g  
e s te r if ic a t io n  ra tes  a n d  s t r u c tu re s  o f  
a lk y l -s u b s t it u t e d  a c e t ic  a c id s . 2 05 8  

S n o b le ,  K . A . J .  R e a c t io n s  in v o lv in g  e l e c =  
t r o n  tra n s fe r . 10. T h e  u se  o f  /3 - c y c lo p r o =  
p y l  a ,0 -u n s a t u r a t e d  k e to n e s  t o  d e t e c t  
a n io n  r a d ica l in te rm e d ia te s . 3 07 6  

S o b t i ,  A .  C o n fig u r a t io n  a n d  c o n fo r m a t io n  
o f  c i s -  a n d  t r a n s -3 ,5 -d im e t h y lv a le r o la c =  
to n e s  ( c o r r e c t io n ) .  4051  

S o ja ,  P .  S u l fe n y la t io n  a n d  s e le n e n y la t io n  
o f  la c ta m s . 3587

S o k o l o s k i ,  E . A . C h a r a c te r iz a t io n  o f  s p i r o - =  
b is la c to n ic  p h e n o lic  m e t a b o l it e s  o f  p r o =  
te a ce a e  b y  c a r b o n - 13 n u c le a r  m a g n e t ic  
r e s o n a n ce . 3 86 0

S o l o d a r ,  J . S te r e o s e le c t iv e  r e d u c t io n  o f  
m e n th o n e  a n d  is o m e n th o n e  b y  d is s o lv in g  
a lk a li m e ta ls  a n d  b y  h y d r o g e n  w ith  
G ro u p  V I I I  m e ta ls  o n  c a r b o n . 3461  

S o l o m o n ,  I .  J .  S y n th e s is  o f  s p e c i f i c  p o l y =  
c h lo r in a te d  d ib e n z o fu r a n s .  2 4 2 8  

S o l o m o n ,  I .  J .  S y n th e s is  o f  s p e c i f i c  p o l y =  
c h lo r in a te d  d ib e n z o - p - d io x in s .  2 4 3 5  

S o l o v 'y o v ,  A . A . P o ly s a c c h a r id e  s e q u e n c in g  
b y  m a ss  s p e c t r o m e t r y :  c h e m ic a l  io n iz a =  
t io n  s p e c tr a  o f  p e r m e th y l g ly c o s y la ld i=  
to ls . 3425

S o l o w a y ,  A . H . R e a c t io n  o f  p h o s p h o ra n e s  
w ith  fo rm a te  e s te rs . A  n e w  m e t h o d  fo r  
sy n th e s is  o f  v in y l  e th e rs  ( c o r r e c t io n ) .
4 05 1

S o l o w a y ,  A . H . R e a c t io n  o f  p h o s p h o ra n e s  
w ith  fo rm a te  e s te rs . N e w  m e t h o d  fo r  
s y n th e s is  o f  v in y l  e th e rs . 1272  

S o n n e t ,  P . E . O le f in  in v e rs io n . 1. R e a c t io n  
o f  a l ip h a t ic  e p o x id e s  w ith  t r ip h e n y lp h o s =  
p h in e  d ih a lid e s . 3 27 9

S o n n e t ,  P . E . O le f in  in v e r s io n . 2 . S o d iu m  
io d id e  r e d u c t io n s  o f  v i c -b r o m o c h lo r id e s  
a n d  v i c -d ic h lo r id e s .  3 2 8 4  

S o p c h i k ,  A . S u r v e y  o f  ca r  b o n -1 3 -h y d r o g e n  
s p lit t in g s  in  a lk e n e s . 3 86 3  

S o u l e n ,  R . L . I m p r o v e d  sy n th e s is  o f
d ic h lo r o m e t h y le n e t r ip h e n y lp h o s p h o r a n e .
5 5 6

S o u t h w i c k ,  P .  L .  P h e n y lc in n a m a lo n e s .  3. 
B a s ic  h y d r o ly s is  o f  p h e n y lc in n a m a lo n e .
3 62 2

S p a n d e ,  T .  F . A p p r o a c h e s  t o  a n a lo g s  o f  
d e h y d r o g lio t o x in .  6 . A n  e f f i c ie n t  s y n t h e =  
s is  o f  a  g l io t o x in  a n a lo g  w ith  a n t i -r e v e r s e  
t ra n s cr ip ta s e  a c t iv ity . 3 43 3  

S p a r r o w ,  J . T .  A n  im p ro v e d  p o ly s t y r e n e  
s u p p o r t  f o r  s o l id  p h a se  p e p t id e  s y n th e s is  

1850
S p e c i a n ,  A .  C . J r .  S y n th e t ic  s tu d ie s  o n  

(2 R ,4 'R ,8 'R ) - a - t o c o p h e r o l .  F a c i le  
s y n th e se s  o f  o p t ic a lly  a c t iv e , sa tu ra te d , 
a c y c l ic  is o p r e n o id s  v ia  s te r e o s p e c i f ic
[3 ,3 ] s ig m a tr o p ic  re a rra n g e m e n ts . 3 4 9 7  

S p e i e r ,  J .  L . D is p la c e m e n t  o f  a n  a lk y l 
g r o u p  fro m  q u a te r n a ry  a m m o n iu m  c h lo =  
r id e s  b y  ce r ta in  n e u tra l n u c le o p h ile s .
2714

S p e n c e r ,  H . K . O rg a n ic  m e ta ls . N o v e l  
r o u te  t o  cy c lo a lk e n o te tr a th ia fu lv a le n e s .  
730

S p e n c e r ,  H . K . A s y m m e t r ic  in d u c t io n  in  
th e  p y r o ly s is  o f  /3 -h y d r o x y o le f in s .  2 48 5  

S p i n e l l i ,  D . K in e t ic s  o f  th e  r e a c t io n s  o f  
2 -b r o m o -3 ,5 - d in i t r o t h io p h e n e  w ith  
m e t a -  a n d  p a r a -s u b s t i tu te d  a n ilin e s  in  
m e th a n o l. A p p lic a t io n  o f  H a m m e t t  a n d  
I n g o ld -Y u k a w a -T s u n o  e q u a t io n s . 9 6 8  

S p i n i c e l l i ,  L . F . A lk y l  n it ra te  n it ra t io n  o f  
a c t iv e  m e th y le n e  c o m p o u n d s .  N it r a t io n  
o f  a ry lid e n e  a n d  o f  a lk y lid e n e  p h e n y lh y =  
d ra z in e s . 2981

S p i t z e r ,  U . A . T h e  o x id a t io n  o f  m e th y l 
c in n a m a te  b y  r u th e n iu m  te t r o x id e .  3644  

S p r i n g e r ,  J .  M . A  c o n v e n ie n t  s y n th e s is  o f
1 ,2 -n a p h t h a l ic  a n h y d r id e . 3 9 2 5  

S p r i n g f i e l d ,  J .  R .  G e o m e t r ic  is o m e r s  o f
O -a lk y lb e n z o h y d r o x im o y l  c h lo r id e s .
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S y n th e s is , id e n t if ic a t io n ,  a n d  a c i d - c a t a 
ly z e d  is o m e r iz a t io n . 252  

S p r i n g s ,  B .  A  o n e - s t e p  s y n th e s is  o f  e p o x y ^  
p h o s p h o n a te s .  1165

S p r i n g s t e e n ,  A .  W . A  t h io p h e n e  a n a lo g  o f  
7 ,1 2 -d ih y d r o p le ia d e n e .  3046  

S p u r l o c k ,  L .  A . T h e  n a tu re  o f  th e  c a r b o n i=  
u m  io n . X I I .  T h e  N -p - t o l u e n e s u l f o =  
n y l - 2 -a z a -5 - n o r b o r n y l  c a t io n .  1313 

S r i n i v a s a n ,  A .  T h e  r e a c t io n  o f  d ia lk y lc o p =  
p e r  l ith iu m  re a g e n ts  w it h  3 - h a l o - 2 - a c y =  
la m in o a c r y l ic  a c id s . 3 6 7 4  

S r i n i v a s a n ,  R .  P h o t o c h e m ic a l  t r a n s fo r m a 
t io n  o f  7 - b e n z o y l -7 ,8 - e p o x y d ib e n z o b ic y =  
c lo [2 .2 .2 ]o c t a -2 ,5 -d ie n e .  2 78 4  

S t a l l a r d ,  M . O . S o m e  c h e m ic a l  c o n s t itu e n ts  
o f  th e  d ig e s t iv e  g la n d  o f  th e  se a  h a re  
A p ly s ia  c a l ifo r n ic a .  2461  

S t a m m e r ,  C . H . F o r m a t io n  o f  s t y r y lg ly c in e  
a n d  d e r iv a t iv e s  f r o m  e y c lo p r o p y lo g s  o f  
p h e n y la la n in e  a n d  d ih y d r o x y p h e n y la la ^  
n in e . A u th e n t ic  s t y r y lg ly c in e . 1466 

S t a m m e r ,  C . H . S y n th e s is  o f  s o m e  d e h y =  
d r o p h e n y la la n in e  p e p t id e s .  1344  

S t a n b e r r y ,  T .  E . S y n th e s is  o f  4 - l i t h i o - 2 - :=: 
m e t h y l -2 -p e n t e n e .  A  n e w  t y p e  o f  a l ly lic  
o r g a n o m e t a l l ic  c o m p o u n d .  2 0 5 2  

S t a n g ,  P .  J .  H a m m e t t  a n d  T a f t  s u b s t itu e n t  
c o n s ta n ts  fo r  t h e  m e s y la te , t o s y la te , a n d  
tr if la te  g r o u p s . 781

S t a n g ,  P .  J .  A  c o n v e n ie n t  t w o - s t e p  s y n t h e =  
s is  o f  2 ,6 - d i - t e r t - b u t y l - 4 -m e t h y l p y r i =  
d in e , a  s te r ic a l ly  h in d e r e d  n o n n u c le o p h i l=  
ic  b a se . 3 03 4

S t a n g ,  P .  J .  O n  a t te m p ts  a t  s o lv o ly t ic  
g e n e r a t io n  o f  a ry l c a t io n s . 4 0 9 9  

S t a n o v n ik ,  B .  R e a c t io n  b e tw e e n  O -a z id o a ^  
z o lo p y r id a z in e s  o r  2 - a z i d o p y r id o [ l ,2 -a ] = : 
p y r i m id - 4 - o n e  a n d  s o m e  s e c o n d a r y  
a l ip h a t ic  a m in e s . 3 15 2  

S t a n s f i e l d ,  R .  E . P h e n y lc in n a m a lo n e s .  3. 
B a s ic  h y d r o ly s is  o f  p h e n y lc in n a m a lo n e .  
3 62 2

S t a s k u n ,  B . H e t e r o c y c l ic  s tu d ie s . 44. 
T h e r m a l  re a r r a n g e m e n t  o f  2 - a c y I - l , 2 - =  
d ia z a b ic y c lo h e p te n o n e s .  3 15 6  

S t e c ,  W .  J .  P r o t i c  a c id  c a ta ly z e d  t h i o n o - ^  
t h io lo  r e a r r a n g e m e n ts  o f  p h o s p h o ru s  
e s te rs  ( c o r r e c t io n ) .  4051  

S t e c ,  W .  J .  N e w  sy n th e s is  o f  S (S e ) -a lk y l  
p h o s p h o r o t h io (s e le n o ) la t e s  fr o m  th e  
c o r r e s p o n d in g  p h o s p h o r o a n il id a te s .  S t e r =  
e o s p e c i f ic  c le a v a g e  o f  t h e  p h o s p h o r u s -n i^  
t r o g e n  b o n d  in  c h ira l p h o s p h o r o a n il i^  
d a te s . 227

S t e c ,  W .  J .  O r g a n o p h o s p h o r u s  c o m p o u n d s  
o f  s u lfu r  a n d  s e le n iu m . S te r e o c h e m is tr y  
o f  o x id a t io n  o f  t h i o n o -  a n d  s e le n o p h o s ^  
p h o r y l  c o m p o u n d s  w ith  h y d r o g e n  p e r o x =  
id e . 233

S t e c ,  W .  J .  P r o t i c  a c id  c a ta ly z e d  t h i o n o - ^  
t h io lo  r e a r r a n g e m e n ts  o f  p h o s p h o r u s  
e s te rs . 1291

S t e c ,  W .  J .  A  n o v e l  r o u te  t o  l - a m in o a lk y lp ^  
h o s p h o n ic  a c id . 3757

S t e f a n c h i k ,  M .  F . P r e p a r a t io n  o f  v i n y l k e t -  
e n e  b y  1 ,4 -e l im in a t io n . C y c lo a d d it io n  
a n d  is o m e r iz a t io n  t o  fo r m  a - e t h y l id e n e ^  
c y c lo b u t a n o n e s .  3 30 3  

S t e g e l ,  F .  O n  th e  r o le  o f  e le c t r o n ic  a n d  
s te r ic  fa c to r s  u p o n  th e  fo r m a t io n  o f  
M e is e n h e im e r - t y p e  a d d u c ts .  2 15 3  

S t e g e l ,  F . N u c le o p h il i c  s u b s t itu t io n  a t  th e  
p y r r o le  r in g . C o m p a r is o n  w ith  fu ra n , 
t h io p h e n e , a n d  b e n z e n e  r in g s  in  p i p e r id i -  
n o d e n it r a t io n .  2 82 4

S t e i n ,  A .  R .  R a c e m iz a t io n  a n d  b r o m id e  
e x c h a n g e  s tu d ie s  o n  l -p h e n y l b r o m o e =  
th a n e  a n d  t h e  q u e s t io n  o f  th e  i o n -p a ir  
m e c h a n is m  f o r  b im o le c u la r  n u c le o p h i l ic  
s u b s t itu t io n s  a t  sa tu r a te d  c a r b o n . 519  

S t e p h e n s o n ,  L . M . H y d r o g e n a t io n  o f  c y c l ic  
u n s a tu r a te d  o x y p h o s p h o r a n e s .  A  n o v e l  
m e t h o d  fo r  r e d u c t io n  o f  a d ik e to n e s  t o  
k e to n e s . 2 92 8

S t e p h e n s o n ,  L .  M .  S t e r e o c h e m is t r y  o f  an  
e n e  r e a c t io n  o f  d im e th y l  a z o d ic a r b o x y ^  
la te . 3 61 4

S t e p h e n s o n ,  R .  W . T h e  r e a c t io n  o f  d ia lk y l=  
c o p p e r  l ith iu m  re a g e n ts  w ith  3 - h a l o - 2 - =  
a c y la m in o a c r y l ic  a c id s . 3 67 4  

S t e r n b a c h ,  L . H . S y n th e s is  o f  « - d e h y d r o =  
b io t in .  3 85 3

S t e v e n s ,  E . D . X - r a y  c r y s ta l  s tru c tu re  
a n a ly s is  o f  t r iq u in a c e n e  a t  90  K . 2 26 6  

S t e w a r t ,  I .  I s o la t io n  a n d  id e n t if ic a t io n  o f  
j8 -c it ra u r o l, a  C 30 c a r o t e n o id  in  c itru s .
891

S t i l l ,  W . C . C o n ju g a te  a d d it io n  o f  t r im e t h y =  
s i ly l l ith iu m . A  p r e p a r a t io n  o f  3 - s i ly l  
k e to n e s . 3 06 3

S t i l l ,  W .  C . A l ly lo x y c a r b a n io n s .  A  s y n t h e 
s is  o f  3 ,4 - d ih y d r o x y -1 - o l e f in s  f r o m  c a r =  
b o n y l  c o m p o u n d s .  3 62 0

S t i l l e ,  J .  K . T h e  p a l la d iu m (I I ) - c a t a ly z e d  
o le f in  c a r b o n y la t io n  r e a c t io n . IV . C a r =  
b o n - 1 3  n u c le a r  m a g n e t ic  r e s o n a n c e  a n a =

_ ly s is  o f  th e  r e a c t io n  p r o d u c t s .  1504  
S t i l l e ,  J .  K . P h o to c h e m is t r y  o f  3 - c y a n o - 4 ,=

4 -d im e t h y l -2 ,5 - c y c lo h e x a d ie n o n e .  E v i— 
d e n c e  fo r  s e le c t iv ity  d u r in g  th e  p h o t o r e 
a r ra n g e m e n t  o f  u n s y m m e tr ic  c y c lo h e x a =  
d ie n o n e s . 2 95 0

S t i p a n o v i c ,  R .  D . P e n ta k e t id e  m e ta b o lite s  
o f  V e r t ic il liu m  d a h lia e . 3 . I d e n t i f ic a t io n  
o f  ( - ) - 3 ,4 - d i h y d r o - 3 ,8 - d i h y d r o x y - l ( 2 H ) = : 
n a p h t h a le n o n e [ ( - ) - v e r m e lo n e ]  as a  p r e =  
c u r s o r  t o  m e la n in . 2468  

S t o c k ,  L . M . P r e p a ra t io n  o f  9 , 1 0 - d i f l u o -  
ro a n th ra ce n e . 1660

S t o r k ,  G . a -A lk y la t io n  a n d  a r y la t io n  o f  
a ,/3 -u n s a tu ra te d  k e to n e s . 2937  

S t o r k ,  G . A lk y la t io n  a n d  M ic h a e l  a d d it io n s  
o f  g ly c in e  e t h y l  es ter . U se  in  a -a m in o  
a c id  sy n th e s is  a n d  as a c y l  ca r b a n io n  
e q u iv a le n t . 3491

S t o r y ,  P .  R . N e w  m e t h o d  fo r  t h e  sy n th e s is  
o f  b is c y c lo d o d e c y l id e n e  c y c lo a lk y l id e n e  
t r ip e r o x id e s .  1283

S t o r y ,  P .  R . M a c r o c y c le s .  S y n th e s is  a n d  
th e rm a l d e c o m p o s i t io n  o f  3 -b e n z o s u b e r =  
o n e  d ip e r o x id e .  2 31 4

S t o w e l l ,  J .  C .  N e w  y - k e t o  A ld e h y d e  s y n ^  
th e s is . 560

S t r a s s b u r g e r ,  P .  S u l f in ic  a c id  c a ta ly z e d  
is o m e r iz a t io n  o f  o le fin s . 791 

S t r a u s s ,  M . J .  M e t a  b r id g in g  r e a c t io n s  o f  
e le c t r o n -d e f ic ie n t  a ro m a tic s . 3. Is o m e r ic  
b r id g in g  o f  d i - ,  t r i—, a n d  t e t ra n it r o n a ^  
p h th a le n e s  t o  2 -  a n d  3 -b e n z a z o c in e s .
2421

S t r e e l m a n ,  D . R .  Q u a ss im a r in , a  n e w  a n t i^  
le u k e m ic  q u a ss in o id  fr o m  Q u a ss ia  a m a ra  
3481

S t r i c k l a n d ,  D .  K . I o n ic  a d d it io n  o f  c h lo r in e  
t o  c o n ju g a t e d  d ie n e s . 334  

S t r i c k l a n d ,  R .  C . P e r h y d ro in d a n  d e r iv a =  
t iv e s . 17. A p p lic a t io n  o f  th e  r e d u c t io n - — 
m e th y la t io n  s e q u e n c e  t o  7 -m e t h o x y h e x ^  
a h y d r o f lu o r e n e  d e r iv a t iv e s . 2401 

S t r u n k ,  J .  O r g a n o c o p p e r  in te rm e d ia te s . 
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h o s p h in e a c e ty im e th y le n e .  509  

T a y l o r ,  K .  G . A l ip h a t ic  a z o x y  c o m p o u n d s .
I II . R e d u c t io n  o f  n it ro s o a lk a n e  d im e rs  
as a n  a p p r o a c h  t o  s y m m e tr ic a l  a z o x y a l °  
k a n e  sy n th e s is . 1131

T a y l o r ,  K .  G . A lip h a t ic  a z o x y  c o m p o u n d s .
IV . R e a c t io n  o f  n it ro s o a lk a n e s  w ith  
h y d r o x y la m in e s . S y n th e s is  o f  u n s y m m e0

t r ic a l  p r im a ry  a n d  s e c o n d a r y  a z o x y a l °  
k a n e s  b y  n it r o g e n -n it r o g e n  b o n d  fo r m a 0 
t io n . 1135

T a y l o r ,  K .  G . A l ip h a t ic  a z o x y  c o m p o u n d s .
V . F u n c t io n a l iz a t io n  o f  ( Z ) - p h e n y lm e °  
t h y ld ia z e n e  1 -o x id e .  1141

T a y l o r ,  K . G . A lip h a t ic  a z o x y  c o m p o u n d s .
V I . P h o t o ly t i c  is o m e r iz a t io n  o f  a z o x y a l °  
k a n e s  a n d  th e  th e rm a l r in g  o p e n in g  o f
2 -c y c lo h e x y l -3 -m e t h y lo x a d ia z ir id in e .
1146

T e e ,  O . S . M e c h a n is m  o f  b r o m in a t io n  o f  
4 (3 H )-q u in a z o l in o n e ,  its  3 -m e t h y l  a n d  
its  1 ,3 -d im e t h y l  d e r iv a t iv e s  in  a q u e o u s  
a c id ic  s o lu t io n s . 838

T e e ,  O . S .  M e c h a n is m  o f  b r o m in a t io n  o f
6-  a z a u ra c il in  a q u e o u s  a c id  s o lu t io n s .
4 00 4

T e i t e l ,  S .  S e le c t iv e  re m o v a l o f  a n  a r o m a t ic  
m e t h y le n e d io x y  g ro u p . 1657 

T e l l i e r ,  S .  A  s p e c ia l- s a l t  e f fe c t  u p o n  th e  
h y d r id e  s h i ft  d u r in g  th e  a c e to ly s is  o f  
c y c lo h e x y l  t o s y la te . 3920  

T e l s c h o w ,  J .  E . S y n th e s is  o f  c y a n o h y d r in s  
f r o m  cy a n id e s . T r a n s it io n  m e ta l  p e r o x id e  
r e a c t io n s . 740

T e m p l e ,  C . J r .  S y n th e s is  o f  i m i d a z o [ 4 ,5 - b ] °  
p y r id in e s  a n d  v - t r ia z o lo [4 ,5 -b ]p y r id in e s .  
P r e p a ra t io n  o f  l - d e a z a -6- th io g u a n in e  
a n a lo g s . 3784

T e n  B r o e k e ,  J .  A  sy m m e tr ic a l  d ia z a d itw is0 
ta n e . 2 ,9 - D i c y a n o - 5 ,1 l - d i m e t h y l - 5 , 1 1 - °  
d ia z a t e t r a c y c lo [6.2.2.02’7.04>9]d o d e c a n e . 
3 15 9

T e n g i ,  J .  P .  F lu o r o m e t r ic  re a g e n ts  fo r  
p r im a ry  a m in e s . S y n th e se s  o f  2 - a l k o x y -  
a n d  2 -a c y lo x y -3 (2 H ) - fu r a n o n e s .  388 

T e n g i ,  J .  P .  Z w it te r io n ic  2 ,4 - d io x o p y r r o l i °  
d in e s . 390

T e n p a s ,  C . J .  E s t im a t io n s  o f  v a n  d e r  W a a ls  
s tr a in  in  h y d r o c a r b o n s .  2009  

T e p l e y ,  L .  B . In te r a c t io n s  o f  s o m e  a ro m a tic  
sa lts  w ith  h e x a d e cy lt r im e th y la m m o n iu m  
b r o m id e  m ice lle s . V is c o s it y ,  c o u n t e r io n  
b in d in g , a n d  c a lo r im e tr ic  o b s e rv a t io n s . 
2 96 8

T e r a m u r a ,  K .  R e d u c t io n  o f  l , 3 - d i p h e n y l - °
2,2-d ih a lo a z ir id in e s  w ith  t r i - n - b u t y l t in  
h y d r id e . 3 79 4

T e r a n i s h i ,  S . A r o m a t ic  s u b s t itu t io n  o f  
o le f in s .  X X V .  R e a c t iv i ty  o f  b e n z e n e , 
n a p h th a le n e , fe r r o c e n e ,  a n d  fu r a n  to w a rd  
s ty re n e , a n d  th e  s u b s t itu e n t  e f fe c t  o n  
t h e  r e a c t io n  o f  m o n o s u b s t itu te d  b e n z e n e s  
w ith  s ty re n e . 1681

T e r n a i ,  B .  N u c le a r  m a g n e t ic  r e s o n a n c e  
d e te r m in a t io n  o f  r o ta t io n a l b a rr ie rs  in  
f iv e -m e m b e r e d  h e te r o c y c le s . 3591 

T e r r i e r ,  F . M e is e n h e im e r  c o m p le x e s .  1,1 
a n d  1,3  A d d u c t s  fr o m  2 , 6 - d i n i t r o - 4 - t r i °  
f lu o r o m e t h y ls u l fo n y l -  a n d  4 - m e t h y l s u l f o °  
n y la n iso le s . K in e t ic s  in  m e th a n o l ic  
d im e th y l  s u l fo x id e .  3 89 2  

T e s t a f e r r i ,  L . M e t h o x y c a r b o n y la t io n  o f  
s u b s t itu te d  b e n z e n e s . E f f e c t  o f  th e  
e le c t r o n ic  c o n f ig u r a t io n  o f  c a r b o n  r a d i °  
ca ls  in  h o m o ly t ic  s u b s t itu tio n s . 173 

T e y s s i e ,  P .  C a ta ly t ic  r in g  o p e n in g  o f  s u b s t i °  
tu t e d  2 -o x e t a n o n e s .  2527 

T e y s s i e ,  P .  M e ta th e s is  c a ta ly s ts . V .  C o m °  
p e t it iv e  c h a ra c te r  o f  m e ta th e s is  a n d  
a lk y la t io n  re a c t io n s  c a ta ly z e d  b y  tu n g s te n  
h e x a c h lo r id e -e t h y la lu m in u m  d ic h lo r id e .  
1631

T h e i s s e n ,  R . J . R in g  c le a v a g e  re a r r a n g e0 
m e n ts  o f  2 -b ic y c lo [3 .2 .0 ]h e p t y l  a n d  
r e la te d  G r ig n a rd  re a g e n ts . 1191 

T h i a g a r a ja n ,  V .  S tru c tu ra l  e f fe c t s  o n  
ra te s  a n d  e q u il ib r iu m s . X X .  R a te s  a n d  
e q u il ib r iu m s  in h y d r a t io n  a n d  b is u lfa te  
a d d it io n  b y  1 ,3 -d im e t h o x y a c e t o n e .  3343  

T h i c h ,  J .  A .  S y n th e s is  a n d  c h e m is tr y  o f  
s o m e  p o ly c h lo r in a t e d  o x e ta n e s . 2 94 3  

T h i e l ,  P .  A .  R e a r r a n g e m e n t -s u b s t it u t io n  
r e a c t io n s  o f  a  2- (a r y ls u l fo n y l )a l ly l  s y s °  
tern . 248

T h ie s ,  R .  W . T h e r m a l  r e a rra n g e m e n ts  o f  
t r a n s - l - t r i m e t h y l s i l o x y - l - v i n y l c y c l o t r i °  
d e c - 3 - e n e .  1233

T h o m a s ,  M .  J .  F a c ile  in tra m o le c u la r  d i s °  
p la c e m e n t  o f  f lu o r id e  in  r e a c t io n  o f
7-  f lu o r o b u ty r o n it r i le  w ith  p h e n y lm a g n e0 
s iu m  b r o m id e .  1294

T h o m a s ,  R .  C . S tu d ie s  d ir e c t e d  to w a rd  th e  
sy n th e s is  o f  p ro s ta g la n d in s . U s e fu l  
b o r o n -m e d ia t e d  o le f in  sy n th e s e s . 3 94 7  

T h o m p s o n ,  H . W . S t e r e o c h e m ic a l  c o n t r o l  
o f  r e d u c t io n s . 5. E f fe c ts  o f  e le c t r o n  
d e n s ity  a n d  s o lv e n t  o n  g r o u p  h a p to p h il ic0 
ity . 2903

T h o m p s o n ,  M . D . M a c r o c y c l ic  p o ly e th e r  
s u l f id e  sy n th e se s . P r e p a ra t io n  o f  t h i a °  
( c r o w n -6, - 7 ,  a n d  - 8) c o m p o u n d s .  134

T h o m p s o n ,  R .  M . S e le c t iv e  r e d u c t io n  o f  
th e  a m id e  c a r b o n y l  g r o u p  in  d ip e p t id e s  
b y  b o ra n e . 1260

T h o r e n ,  S . F u n g a l e x tra c t iv e s . 10. A n
a lte rn a t iv e  s y n th e s is  o f  th e  v e lle ra l  s k e l e °  
t o n . 3 51 8

T h o r s t e n s o n ,  P .  C . A lk y l id e n e c a r b e n e s
fr o m  a c y c l ic  v in y l  b r o m id e s  a n d  p o ta s s iu m  
t e r t -b u t o x id e .  745

T h r a i k i l l ,  R .  W . S p ir o  p ip e r id in e s .  1.
S y n th e s is  o f  s p i r o [ i s o b e n z o f u r a n - l ( 3 H ) , °  
4 '- p i p e r i d i n ] - 3 - o n e s ,  s p i r o [ i s o b e n z o f u °  
r a n - l ( 3 H ) ,4 - p i p e r id in e s ] ,  a n d  s p i r o [ i s o °  
b e n z o t e t r a h y a r o t h i o p h e n e - l ( 3 H ) ,4 '- p i °  
p e r id in e s ]. 2 62 8

T h u r b e r ,  T .  C . R in g  c o n t r a c t io n s  o f  5 - d i a °  
z o u ra c ils . I . C o n v e r s io n s  o f  5 - d i a z o u r a °  
c ils  in t o  1 ,2 ,3 -t r ia z o le s  b y  h y d r o ly s is  a n d  
m e th a n o ly s is . 1041

T h y e s ,  M .  C y c lo b u t a n o n e s  fr o m  c y c lo p r o 0 
p a n o n e  p re cu rs o rs . A d d it io n  o f  n i t r o a l °  
k a n es  t o  c y c lo p r o p a n o n e  a m in a ls . 153 

T i e c c o ,  M . M e t h o x y c a r b o n y la t io n  o f  s u b s t i °  
t u t e d  b e n z e n e s . E f f e c t  o f  t h e  e le c t r o n ic  
c o n f ig u ra t io n  o f  c a r b o n  r a d ic a ls  in  h o m o °  
ly t ic  s u b s t itu tio n s . 173 

T i l l e t t ,  J . G . A c id - c a t a ly z e d  h y d r o ly s is  o f  
3 - i s o p r o p y l - 4  a z a s y d n o n e . 3 0 4 0  

T i m b e r la k e ,  J .  W . S te r ic  a c c e le r a t io n  in  
d ia lk y Id ia z e n e  (a z o a lk a n e )  d e c o m p o s i °  
t io n s . 2. 1666

T i n g ,  P .  L .  H a lo g e n a te d  k e te n e s . 29.
F u rth e r  s tu d ie s  o n  m ix e d  d im e r iz a t io n s .
2336

T i s h l e r ,  M .  A g a r id o x in ,  a  m u s h r o o m  m e t a °  
b o l it e .  I s o la t io n , s t r u c tu re , a n d  s y n t h e °  
sis. 1603

T i s l e r ,  M .  R e a c t io n  b e tw e e n  6- a z i d o a z o l o °  
p y r id a z in e s  o r  2- a z id o p y r id o [ l ,2- a ] p y r i °  
m id -4 - o n e  a n d  s o m e  s e c o n d a r y  a lip h a t ic  
a m in e s . 3 15 2

T i t t e r i n g t o n ,  D . R . B r o m in a t io n  o f  n i t r o a l °  
k a n es  w ith  a lk y l h y p o b r o m it e s .  1285  

T i t t e r i n g t o n ,  D . R .  C h lo r in a t io n s  o f  o le f in s  
a n d  d ie n e s  w ith  a n t im o n y  p e n ta c h lo r id e .  
3997

T o g a s h i ,  A .  M e c h a n is m  a n d  s t e r e o c h e m is0 
t r y  in  a d d it io n  o f  a c e t ic  a c id  t o  q u a d r ic y °  
c la n e . 2169

T o g a s h i ,  S . D e o x y g e n a t io n  o f  e p o x id e s  b y  
m e ta l  a to m  c o -c o n d e n s a t io n .  3 64 7  

T o g n o l i ,  J .  O . M e c h a n is m  a n d  ca ta ly s is  
f o r  p h e n y lh y d r a z o n e  fo r m a t io n  fr o m  
a r o m a t ic  h e t e r o c y c lic  a ld e h y d e s . 4 09 3  

T o l e r ,  J .  R .  F o r m a t io n  o f  v in y ls ila n e s  a n d  
a lly ls ila n e s  in  th e rm a l e l im in a t io n  r e a c °  
t io n s  o f  e s te rs  o f  0- h y d r o x y a lk y l t r im e °  
th y ls ila n e s . 1966

T o n a c h i n i ,  G . H M O  c a lc u la t io n  o f  th e  
f ir s t  t r a n s it io n  e n e r g y  o f  th e  se le n iu m  
c a t io n  a n d  its  b e n z o lo g s . 1474 

T o n g ,  W . P .  N u c le o p h il i c  d is p la c e m e n ts  o n  
h a lo g e n  a to m s . V I I . R e a c t io n s  o f  a - h a l o  
s u lfo n e s  w ith  s o d iu m  a r e n e su lf in a te s .
1557

T o n n i s ,  J .  A .  D ia z o t iz a t io n  o f  e n d o - 7 - a m i °  
n o m e t h y lb ic y c lo [3 .3 .1 ]n o n a n -3 -o ls  a n d  
e n d o -7 -a m in o m e t h y lb i c y c lo  [3 .3 .1  ] n o n - °  
2 - e n e  (c o r r e c t io n ) .  4051  

T o n n i s ,  J . A .  B e h a v io r  o f  e n d o - 7 - a m i n o °  
m e t h y lb ic y c lo  [ 3 .3 .1 ] - n o n a n - 3 - o n e  u n d e r  
r e d u c in g  c o n d it io n s  (c o r r e c t io n ) .  4051  

T o p p e t ,  S .  S y n th e s is  o f  1 ,4 -d is u b s t it u t e d  
t e t r a z o l in e -5 -t h io n e s .  1875  

T o p p e t ,  S .  P r e p a ra t io n  a n d  s te r e o ch e m ic a l  
a n a ly s is  o f  5 -e p ib e n z y lp e n ic i l l in  ( S ) -  
a n d  (R ) -s u l f o x id e  e s te rs . 3 05 4  

T o p p e t ,  S . T r a p p in g  o f  th ia z ir id in im in e s  
w ith  im in e s  a n d  n itr ile s . 3 40 3  

T o r i i ,  S . E le c t r o ly t ic  d e c a r b o x y la t io n  r e a c °  
t io n . I II . A n o d ic  a c e t o x y la t io n  o f  t r i c y °
c lo ^ A O .O .b S jd e c a n ^ -o n e s .  166

T o r i i ,  S . A  c o n v e n ie n t  p r e p a r a t io n  o f  m e °  
th y l  ( E ) -  a n d  ( Z ) - 4 , 4 - d i m e t h o x y - 2 - b u t e °  
n o a te s  b y  e le c t r o ly s e s  o f  fu r fu r y l  a lc o h o l,  
fu r fu ra l, a n d  2 - fu r o i c  a c id . 3 48 2  

T o r r a n c e ,  S . J .  U v a r e t in , a  n e w  a n t itu m o r  
a g e n t  f r o m  U v a r ia  a c u m in a ta  ( A n n o n a °  
c e a e ) . 1852

T o r r a n c e ,  S . J . A n t it u m o r  a g e n ts  fr o m  
J a tr o p h a  m a c r o rh iz a  (E u p h o r b ia c e a e ) .
II. I s o la t io n  a n d  c h a r a c te r iz a t io n  o f  
ja t r o p h a t r io n e .  1855

T o r t o r e l l a ,  V .  R e a c t io n s  o f  n it ro g e n  c o m °  
p o u n d s  w ith  r u th e n iu m  te t r o x id e .  2. 
O x id a t io n  o f  te r t ia r y  a m in e s  as a  c o n v e n °  
ie n t  a lte rn a t iv e  t o  v o n  B r a u n  d e g r a d a 0 
t io n . 2780

T o r t o r e l l o ,  A .  J .  R e g io s e le c t iv it y  in  th e  
c y c liz a t io n  o f  0, 7- e p o x y  ca r b a n io n s . 
A p p lic a t io n  t o  th e  to ta l  sy n th e s is  o f  
t r a n s -c h r y s a n t h e m ic  a c id . 885
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T o t h ,  K . D ir e c t  d e te r m in a t io n s  o f  R / S  
e n a n t io m e r  ra t io s  o f  c it r o n e l l ic  a c id  a n d  
re la te d  s u b s ta n c e s  b y  n u c le a r  m a g n e t ic  
r e s o n a n c e  s p e c t r o s c o p y  a n d  h ig h  p re ssu re  
l iq u id  c h r o m a to g r a p h y . 62  

T o u z i n ,  A .  M . A lk y la t io n  a n d  M ic h a e l  
a d d it io n s  o f  g ly c in e  e th y l  e s te r . U se  in 
a - a m in o  a c id  sy n th e s is  a n d  as a c y l  e a r °  
b a n io n  e q u iv a le n t . 3491 

T o w n s ,  R .  L .  R .  T h e  x - r a y  cry s ta l  a n d  
m o le c u la r  s t r u c tu re  o f  a n  u n u su a lly  
s t a b le  c y c l i c  o r g a n ic  p e r o x id e .  3756  

T o w n s e n d ,  L . B .  R in g  c o n t r a c t io n s  o f
5 -d ia z o u r a c ils .  I. C o n v e r s io n s  o f  5 - d i a °  
z o u r a c ils  in t o  1 ,2 ,3 -t r ia z o le s  b y  h y d r o ly 0  
s is  a n d  m e th a n o ly s is . 1041 

T o w n s e n d ,  L . B .  S y n th e s is  o f  u - t r ia z o lo [4 ,°
5 - c ]p y r id in e  n u c le o s id e s  a n d  4 - ( / 3 - D - r i °  
b o fu r a n o s y  1) a m i n o - 1,2 ,3 - t h ia d ia z o lo  [ 5 , °
4 -b ]p y r id in e  v ia  a  r e a rra n g e m e n t . 1449  

T o y o o k a ,  T .  R e a c t io n  o f  N - ( t r io r g a n o s i l y l °  
m e t h y l )d ia lk y la m in e s  w ith  b e n z y n e .
3 55 9

T r a b e r ,  R .  P .  S o lv e n ts  f o r  a r o m a t ic  S r n I  
r e a c t io n s . 3 6 7 7

T r a h a n o v s k y ,  W . S .  F o r m a t io n  o f  t r o p o °  
lo n e  d e r iv a t iv e s  ( 2 H - c y c l o h e p t a [ b ] f u °  
r a n - 2 - o n e s )  b y  th e  p y r o ly s is  o f  a ry l 
p r o p io la te s .  4 0 4 3

T r a m m e l l ,  M . H . S y n th e s is  o f  ( ± ) - n o n a c t i c  
a c id . 2075

T r a v e ,  R .  C o n v e r s io n  o f  c o n ju g a t e d  p - t o s y l °  
h y d r a z o n e s  t o  t h e  c o r r e s p o n d in g  e th e rs  
b y  s o d iu m  b o r o h y d r id e ,  s o d iu m  a lk o x id e , 
o r  p o ta s s iu m  c a r b o n a te  in  a lc o h o l  s o l °  
v e n ts . 1755

T r e b l o w ,  M .  D .  C o n s e c u t iv e  d e c o m p o s it io n  
m o d e s  f o r  m -t r i f lu o r o m e t h y lp h e n y lc o p 0  
p e r  in  e th e r . 1986

T r e m p e r ,  A .  P h o to c h e m ic a l  t r a n s fo r m a 
t io n s  o f  s m a ll r in g  h e t e r o c y c lic  c o m 
p o u n d s .  71 . I n tr a m o le c u la r  r e o r g a n iz a °  
t io n  o f  s o m e  u n s a tu r a te d  2 H -a z ir in e s .
543

T r e n d ,  J .  E . O rg a n o s e le n iu m  ch e m is tr y . 
I n t r a -  a n d  in te rm o le c u la r  t r a p p in g  o f  
s e le n e n ic  a c id s  f o r m e d  b y  s e le n o x id e  
e l im in a t io n . F o r m a t io n  o f  a  s e le n iu m  
y l id e . 2 50 3

T r e p a n i e r ,  D . L . S y n th e s is  o f  3 , 4 - d i h y °  
d r o - 5 H - l ,3 ,4 - b e n z o t r ia z e p in - 5 - o n e s .
2 73 2

T r i m m e r ,  R .  W . M e c h a n is t ic  s tu d ie s  o n  
t h e  p h o t o c h e m ic a l  r e a c t io n s  o f  is o x a — 
z o le s . 13

T r i m m e r ,  R . W . C h e m ic a l  e v o lu t io n . 
X X V I I I .  P h o to c h e m ic a l  c o n v e r s io n  o f  
e n a m in o n it r i le s  t o  im id a z o le s . S c o p e  
a n d  m e c h a n is m . 19

T r i n h  T o a n  S o l id -s t a t e  c o n fo r m a t io n s  o f  
v ita m in  D 3. 3 4 7 6

T r o i s i ,  L . M e t h o x y c a r b o n y la t io n  o f  s u b s t i °  
t u t e d  b e n z e n e s . E f f e c t  o f  th e  e le c t r o n ic  
c o n f ig u r a t io n  o f  c a r b o n  ra d ica ls  in  h o m o 0  
ly t ic  s u b s t itu t io n s . 173  

T r o m b i n i ,  C .  H e te r o b e n z y l  q u a te r n a ry  
a m m o n iu m  sa lts . I V . 2 - T h e n y l  g r o u p  
a s  t e r m in u s  a n d  m ig ra t in g  m o ie t y  in  th e  
S te v e n s  a n d  S o m m e le t  r e a rra n g e m e n ts  
o f  a q u a te r n a ry  a m m o n iu m  io n . 2187  

T r o s t ,  B .  M .  A l ly l ic  s u b s t itu t io n s  w ith  
r e t e n t io n  o f  s te r e o ch e m is tr y .  3 21 5  

T r o s t ,  B .  M .  S e c o s u l fe n y la t io n  o f  c y c lo b u 0  
t a n o n e s .  3 21 7

T r o u p ,  J .  M .  H y p e r v a le n t  o r g a n o io d in e . 
C r y s ta l  s t r u c tu re  o f  p h e n y lh y d r o x y t o s y 0  
lo x y io d in e .  3 60 9

T r u c e ,  W . E . O r g a n o c o p p e r  ch e m is tr y . 
C o u p lin g  o f  ( E ) - 2 - i o d o - l - a l k e n y l  s u l °  
fo n e s  w ith  m o n o c o p p e r ( I )  re a g e n ts . 401 

T r u e s d a l e ,  L . K . C a r b o n y l  in s e r tio n  r e a c °  
t io n s  o f  e t h y l  a - t r im e t h y l s i l y ld ia z o a c e °  
ta te . A n  im p r o v e d  r o u te  t o  d ia z o a c e ta te  
a ld o l  p r o d u c t s .  3 33 5

T s a i ,  A .  I .  M .  In d o l iz id in e s ,  a - a r y l t h io h e m °  
ia m in a ls , a n d  « -a r y ls u l fo n y lh e m ia m in a ls  
f r o m  a q u in o l iz id in e  e n a m in e  a n d  an  
a r e n e s u lfo n y l c h lo r id e .  2 51 4  

T s a i ,  M .  F u n c t io n a l iz e d  a la n e s  fo r  th e  
c o n v e r s io n  o f  e p o x id e s  t o  t r a n s - fu s e d
7- la c t o n e s .  1669

T s u b o i ,  H . C r y s ta l  a n d  m o le c u la r  s t r u c tu re  
o f  t r a n s -b ip h t h a ly l ,  C 16H 8O 4. R e a c t io n  
o f  s u b s t itu te d  p h t h a lic  a n h y d r id e s  w ith  
tr ia lk y l  p h o s p h it e s .  3 9 0 9  

T s u c h i h a s h i ,  K .  H y d r id e  t r a n s fe r  r e d u c °  
t io n -r e a r r a n g e m e n t s  o f  t r i c y c l o d e c y lc a r °  
b in o ls  a n d  t r ic y c lo u n d e c a n o ls .  F o r m a t io n  
o f  t r ic y e lo [6 .2 .1 .0 2-6] u n d e c - 2 (6 ) - e n e  
u n d e r  p h o s p h o r ic  a c id  ca ta ly s is . 771  

T s u g e ,  O . R e a c t io n s  o f  « -k e t o s u l f e n e s  w ith  
C ,N -d ia r y ln it r o n e s .  2 43 8

T s u i ,  F .  P .  T h e rm a l  « -d e o x y s i l y la t io n  o f  
N ,0 - b i s ( t r i m e t h y ls i ly l ) -N - p h e n y l h y d r °  
o x y la m in e . 3381

T s u j i ,  J .  C o p p e r -c a t a ly z e d  o x id a t io n  o f
0 -  p h e n y le n e d ia m in e s  t o  e is ,c i s -m i :c o n o n 0  
itr ile s . 1389

T u c k e r ,  J .  R .  S t e r e o s e le c t iv e  sy n th e s is  o f  
c i s -  a n d  t r a n s -2 -s u b s t i t u t e d  1 ,3 -d it h ia n e
1-  o x id e s .  3 97 5

T u l l ,  R .  S y n th e s is  o f  th e  /^ -a d re n e rg ic  
b lo c k in g  a g e n t  t im o lo l  f r o m  o p t ica lly  
a c t iv e  p re cu rso rs . 3121 

T u n c a y ,  A .  A n  im p ro v e d  r o u te  fo r  th e  
sy n th e s is  o f  l - a m i n o - 2 - m e t h y l n a p h t h a l -  
e n e . 3 92 4

T u n d o ,  A .  R e a c t io n  o f  l ,2 ,3 - b e n z o t h i a d i a °  
z o le  w ith  a r y lth io  ra d ica ls . 1331 

T u n g ,  C . C . D e r iv a t iv e s  o f  4 - c h l o r o - 3 , 5 - °  
d in i tr o b e n z o tr i f lu o r id e .  1. S y n th e s is  o f  
S ,S '- [ 2 ,2 '- d i t h io b i s ( 6 -n i t r o - a ,a ,a i - t r i f l u o 0: 
r o - p - t o l y l ) ]  b i s (N ,N - d i m e t h y l c a r b o n o t h °  
io a te )  a n d  r e la te d  c o m p o u n d s .  3 56 4  

T u r b i n i ,  L . J .  V a le n c e  p h o to is o m e r iz a t io n  
o f  1 - e t h o x y c a r b o n y l - lH -a z e p in e  a n d  its  
th e rm a l re v e rs io n . Q u a n t ita t iv e  a sp e c ts  
in c lu d in g  e n e r g y  su r fa c e  re la tio n s . 2362  

T u r i n i ,  B .  L . E le c t r o p h i l ic  a n d  ra d ica l 
a d d it io n  r e a c t io n s  o f  a  b is a lk y lid e n e c y 0  
c lo p r o p a n e . 4 3 2

T u r n e r ,  W . V . H ig h  p re s s u re  th e r m a l a n d  
th e  p h o t o s e n s it iz e d  d im e r iz a t io n s  o f
2 -  p y r o n e s . 2495

T u s t i n ,  J .  M . A  s u r v e y  o f  s tr u c tu ra l  e f fe c t s  
o n  fo r m a t io n  c o n s ta n ts  in  C - H  h y d ro g e n  
b o n d in g . 2693

T w i e g ,  R . J .  E f f ic ie n t  sy n th e s e s  o f  b a r r e l0  
e n e  a n d  N e n itz e s c u 's  h y d r o c a r b o n . 887 

T y m a n ,  J .  H . P .  S y n th e s is  o f  6 - [ 8 ' - ( Z ) - °  
p e n t a d e c e n y l] s a l ic y l ic  a c id , " a n a c a r d ic  
a c id  m o n o e n e "  (g in k g o lic  a c id ). 894 

T z o d i k o v ,  N . R . A  c o n v e n ie n t  r o u te  t o  th e  
d ih y d r o x y a c e t o n e  s u b s t itu e n t . 2 31 2  

T z o d i k o v ,  N . R .  R e a c t io n s  o f  m e t h o x y v i °  
n y ll ith iu m . S y n th e s is  a n d  re a rra n g e m e n t  
o f  4 -h y d r o x y is o p y r a z o le s .  2 87 4  

U a p r a s e r t ,  V .  A c id - c a t a ly z e d  h y d r a t io n  o f  
d ie n e s . II. C h a n g e s  in  a c t iv it y  c o e : f i °  
c ie n t  r a t io s , e n th a lp y , a n d  e n t r o p y  as a 
fu n c t io n  o f  s u lfu r ic  a c id  c o n c e n tr a t io n .  
1675

U a p r a s e r t ,  V .  A c id - c a t a ly z e d  h y d r a t io n  o f  
d ie n e s . I II . E f fe c ts  o f  r in g  s tra in  on  
ra te , e n th a lp y , a n d  e n t r o p y  fo r  h y d r a t io n  
o f  1 ,3 -c y c lo a lk a d ie n e s .  649  

U c h id a ,  K .  S t e r e o s p e c if ic  1 ,2 -D ia lk y lv in y l°  
s ila n e  sy n th e s is  v ia  r e d u c t iv e  a lk y la t io n  
o f  t r ia lk y ls i ly la c e ty le n e . 2215  

U c h id a ,  K . S te r e o s e le c t iv e  s y n th e s is  o f
v in y ls ila n e s  fr o m  a lk y n y ls i la n e s  b y  r e d u c °  
t iv e  a lk y la t io n  v ia  h y d r o b o r a t io n  a n d  
c a r b o d e m e ta la t io n .  2941 

U lm a n ,  A .  H y d r o x y la t io n  w ith  o z o n e  on  
s i lic a  g e l. T h e  s y n th e s is  o f  l « , 2 5 - d i h y °  
d r o x y v it a m in  D 3. 2651  

U l r i c h ,  H . N -A r e n e s u lfo n y l  is o cy a n u ra te s . 
3409

U m a n s ,  J .  G . R e d u c t io n  o f  6 -k e t o n e s  o f  
th e  m o r p h in e  se r ie s  w ith  fo r m a m id .n e 0  
s u l f in ic  a c id . S te r e o s e le c t iv ity  o p p o s it e  
t o  t h a t  o f  h y d r id e  r e d u c t io n s . 3 62 4  

U m b r e i t ,  M .  A .  S tr u c tu r a l  e f fe c ts  o n  e x c i t °  
e d  s ta te  p r o d u c t io n  b y  d io x e ta n e s . 3 , 4 - °  
D im e t h y l -3 ,4 -d ip h e n y ld io x e t a n e  a n d
3 -  m e t h y l -3 -p h e n y ld io x e t a n e .  4 7 9  

U n g e r m a n n ,  T .  R e a c t io n  o f  t e r t -b u t y l
h y d r o p e r o x id e  a n io n  w ith  d im e th y l  s u l °  
fo x id e .  O n  t h e  p a th w a y  o f  th e  s u p e r o x °  
id e -a lk y l  h a lid e  r e a c t io n . 2 50 0  

U n g e r m a n n ,  T .  S . I o n ic  a d d it io n  o f  c h l o °  
r in e  t o  c o n ju g a t e d  d ie n e s . 334  

U p s o n ,  D . A . S y n th e s is  o f  s p e c i f ic a lly  d e u °  
te r a te d  S -b e n z y lc y s t e in e s  a n d  o f  c x y t o c in  
a n d  r e la te d  d ia s te r e o m e r s  d e u te r a te d  in 
t h e  h a l f -c y s t in e  p o s it io n s . 1353 

U p t o n ,  C . J .  H e te r o p h il ic  a d d it io n s  t o  
c a r b o n y ls  a n d  t h io c a r b o n y ls .  S c o p e  a n d  
s te r e o ch e m is tr y  (c o r r e c t io n ) .  4051  

U p t o n ,  C . J .  B im o le c u la r  h o m o ly t ic  s u b s t i °  
t u t io n  a t  c a r b o n . S t e r e o c h e m ic a l  in v e s t i0  
g a t io n . 523

U t i m o t o ,  K . S t e r e o s p e c if i c  1 ,2 -D ia lk y iv in y l°  
s ila n e  s y n th e s is  v ia  r e d u c t iv e  a lk y la t io n  
o f  t r ia lk y ls i ly la c e ty le n e . 2 21 5  

U t i m o t o ,  K .  R e a c t io n  o f  jS -k e to s ila n e s  w ith  
a lk y llith iu m . A  s t e r e o se le c t iv e  sy n th e s is  
o f  t r is u b s t itu te d  e th y le n e s . 2940  

U t i m o t o ,  K .  S te r e o s e le c t iv e  sy n th e s is  o f  
v in y ls ila n e s  f r o m  a lk y n y ls i la n e s  b y  r e d u c °  
t iv e  a lk y la t io n  v ia  h y d r o b o r a t io n  a n d  
c a r b o d e m e ta la t io n .  2941  

U z n a n s k i ,  B .  P r o t i c  a c id  c a ta ly z e d  t k i o n o - °  
t h io lo  r e a rra n g e m e n ts  o f  p h o s p h o ru s  
e s te rs  (c o r r e c t io n ) .  4051

U z n a n s k i ,  B .  N e w  s y n th e s is  o f  S (3 e ) -a lk y l  
p h o s p h o r o t h io (s e le n o ) la t e s  f r o m  th e  
c o r r e s p o n d in g  p h o s p h o ro a n il id a te s .  S t e r °  
e o s p e c i f i c  c le a v a g e  o f  t h e  p h o s p h o r u s -n i °  
tr o g e n  b o n d  in  c h ira l p h o s p h o r c a n i l i °  
d a te s . 227

U z n a n s k i ,  B .  P r o t i c  a c id  c a ta ly z e d  t h i o n o - °  
t h io lo  r e a rra n g e m e n ts  o f  p h o s p h o ru s  
e s ters. 1291

V a i l ,  S . L . R e a c t io n  o f  t r  is  (h y d r o x y  m e t h y l )0  
p h o s p h in e  w ith  s u b s t itu te d  u re a s . 6 7 5  

V a la s i n a s ,  A .  P r e p a ra t io n  o f  in te rm e d ia te s  
fo r  u r o p o r p h y r in  sy n th e s is . 29S1 

V a le n t i n e ,  D .  J r .  D ir e c t  d e te r m in a t io n s  o f  
R / S  e n a n t io m e r  ra t io s  o f  c it r o n e l l ic  a c id  
a n d  r e la te d  s u b s ta n c e s  b y  n u c le a r  m a g °  
n e t ic  r e s o n a n c e  s p e c t r o s c o p y  a n d  h ig h  
p re ssu re  l iq u id  c h r o m a to g r a p h y . 62  

V a le n t i n e ,  J .  S . C le a v a g e  o f  e s te rs  b y  
s u p e r o x id e .  586

V a le n t i n e ,  J .  S . O x id a t iv e  c le a v a g e  o f  
a - k e t o ,  « - h y d r o x y ,  a n d  « - h a l o  k e to n e s , 
e s te rs , a n d  c a r b o x y l ic  a c id s  b y  s u p e r o x °  
id e . 1077

V a le n z u e l a ,  O . T h e  e f fe c t  o f  s u b s tra te  
m ic e ll iz a t io n  o n  th e  h y d r o ly s is  o f  n - d e c y l  
p h o s p h a te . 3037

V a lk a n a s ,  G . N . I n te r a c t io n  o f  « - p in e n e  
w ith  c a r b o x y l ic  a c id s . 1179 

V a n A n t w e r p ,  C . L .  C a r b o n -1 3  n u c le a r  
m a g n e t ic  r e s o n a n c e  s p e c tr a  o f  h y d r o x y  
s te r o id s  (c o r r e c t io n ) .  4051  

V a n A n t w e r p ,  C . L .  C a r b o n -1 3  n u c le a r  
m a g n e t ic  r e s o n a n c e  s p e c tr a  o f  h y d r o x y  
s te ro id s . 71

V a n d e r a h ,  D . J .  M a r in e  n a tu ra l p r o d u c ts :  
is o d a c ty ly n e ,  a  h a lo g e n a te d  a c e ty le n ic  
e th e r  f r o m  th e  se a  h a re  A p ly s ia  d a c t y l0  
o m e la . 3 48 0

V a n d e r h a e g h e ,  H . D e te r m in a t io n  o f  th e  
c o n f ig u ra t io n  o f  th e  fo u r  D -b e n z y lp e n ic i l °  
lo a te s . 2 5 5 6

V a n d e r h a e g h e ,  H . P r e p a ra t io n  a n d  is o m e r 0  
iz a t io n  o f  5 - e p ib e n z y lp e n ic i l l in s .  2561 

V a n d e r h a e g h e ,  H . P r e p a ra t io n  a n d  s t e r e o 0  
c h e m ic a l  a n a ly s is  o f  5 -e p ib e n z y ip e n ic i l lm  
( S ) -  a n d  (R ) - s u l f o x id e  e s te rs . 3 05 4  

V a n  d e r  H e lm , D .  S y n th e s is  o f  t e t r a c y c l o °  
[O .S .O .O ^ i .O ^ lu n d e c a ^ ,  6 -d ie n e ,  1 0 - o x a °  
te t r a c y c lo [6 .3 .0 .0 4-n .0 5-9] u n d e c a - 2 , 6 - d i °  
e n e , a n d  h e x a c y c lo lh ^ .O .O ^ .O 4’11^ 5-9^ 8’10]^  
u n d e ca n e . S tr u c tu r e  o f  s y n -4 ,  s y n - 7 - d i °  
io d o p e n t a c y c lo [6 .3 .0 .0 2-6.03'10 .0 5 ,9 ]u n d e °  
ca n e . S y n th e s is  a n d  r h o d i u m ( I ) - p r o m o t °  
e d  re a rra n g e m e n t . 1438 

V a n  d e r  H e lm , D . S o d iu m -e t h y le n e d ia m in e  
r e d u c t iv e  d im e r iz a t io n  o f  n a p h th a le n e  t o  
5 ,6 ,7 ,1 2 ,1 3 ,1 4 -h e x a h y d r o -5 ,1 3 :6 .1 2 -d i °  
m e t h a n o d ib e n z o [a , f ] c y c lo d e c e n e .  2 91 0  

V a n  d e r  P u y ,  M .  C a r b o n  a c id s . 8 . T h e  
t r im e t h y la m m o n io  g r o u p  as a  m o d e l  fo r  
a sse ss in g  th e  p o la r  e f fe c t s  o f  e l e c t r o n - 0  
w ith d r a w in g  g ro u p s . 1883 

V a n  d e r  P u y ,  M . C a rb o n  a c id s . 9. T h e  
e f fe c t s  o f  d iv a le n t  s u lfu r  a n d  d iv a le n t  
o x y g e n  o n  c a r b a n io n  s ta b ilit ie s . 1885  

V a n  E i k e r e n ,  P .  A  fa c i le  s y n th e s is  o f  ( + ) - °  
p in o l  f r o m  ( - ) - c a r v o n e .  2 77 3  

V a n  E l s w y k ,  J .  E .  E v id e n c e  f o r  f r e e - r a d i °  
ca l r e d u c t iv e  d e h a lo g e n a t io n  in  r e a c t io n  
o f  z in c  a n d  a c id  w ith  l - p e r f l u o r o a l k y l - °  
2 - io d o a lk a n e s  a n d  w ith  l - p e r f l u o r o a l °  
k y l -2 - io d o a lk e n e s .  766  

V a n ie r ,  N . R .  C a r b o n  a c id s . 8 . T h e  t r im e °  
t h y la m m o n io  g r o u p  as a  m o d e l  f o r  a s se ss0  
in g  th e  p o la r  e f fe c t s  o f  e l e c t r o n - w i t h °  
d ra w in g  g ro u p s . 1883

V a n ie r ,  N . R .  C a r b o n  a c id s . 9 . T h e  e f fe c t s  
o f  d iv a le n t  s u lfu r  a n d  d iv a le n t  o x y g e n  
o n  c a r b a n io n  s ta b ilit ie s . 1 88 5  

V a n  L e u s e n ,  A .  M .  C h e m is tr y  o f  s u l f o n y l °  
m e th y l is o cy a n id e s . 11. S y n th e s is  o f
1 ,2 ,4 - t r ia z o le s  f r o m  to s y lm e t h y l  i s o c y a n °  
id e  a n d  a r y ld ia z o n iu m  c o m p o u n d s .  711 
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cine 3041
Acylal cyclopropane solvolysis trans lactone 

1668
Acylaminoacrylate halo substitution reaction 

3674
Acylaminomercuration olefin 192 
Acylation ale NMR conformation 801 
Acylation benzophenone anil dianion 2878 
Acylation pyridine 2658 
Acylation stereochem tetrabenzylglucose 

2925
Acylaziridine stereochem rearrangement 

i895
Acylide ammonium 390 
Acylindole alkaloid stereochem 1878 
Acylmethyl benzoate ester 1673 
Acyloin condensation bicycloalkenedicarb= 

oxylate 1221
Acyloin condensation enediolate adipoin 

378
Acylphenylbutazone 165 
Adamantane bishomo 3294 
Adamantane oxa 1899 
Adamantanone nor oxime Beckmann rear̂  

rangement 1803
Adamantanone reductive coupling 896 
Adamantyl mesylate bromo fragmentation 

1477
Addn acetamido nucleoside epoxide 2042 
Addn acetic acid dibenzotricyclononadiene 

4016
Addn alkyne chlorobenzenesulfenyl chloride

2331
Addn ammonia pyrazinium pyridinium 

1303
Addn anisole metalation benzophenone 

3653
Addn arenesulfinate diazenedicarboxylate 

116
Addn bisulfite dimethoxyacetone equil

3343
Addn bisulfite methallyl ether 2647 
Addn conjugate acrylate methide 114 
Addn conjugate cyclopropylcuprate cyclcalk= 

enone 3629
Addn conjugate organocopper 1986 
Addn conjugate trimethylsilyllithium 3063 
Addn cuprate enone enolate 4031 
Addn cyclohexene nitrotrihalomethane pho= 

tochem 155
Addn cyclohexenone vinylcuprate 726 
Addn cyclopentadienylmetal benzene 1995 
Addn diene methyl hypochlorite 644 
Addn dihalocarbene olefin 611 
Addn dimethylcuprate alkyl aryl ketone 

3067
Addn dimethylcuprate diaryl ketone 3083 
Addn electrophilic isobutenylidenecycloprô  
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2157
Alkyl halide polarog redn 54 
Alkyl halide reaction dianion 509 
Alkyl hypobromite bromination nitroalkane 

1285
Alkyl iodide methylpentadienyl lithium 

addn 3209
Alkyl nitrophenyl phosphate 1261 
Alkyl pentafluorosulfur peroxide 1407 
Alkyl perchlorate 1663 
Alkyl peroxy radical reactivity 3179 
Alkyl phenyl ketone 1176 
Alkyl silyl ether oxidn mechanism 1479 
Alkyl substituent Taft relation 2786 
Alkyl tosylate redn 3065 
Alkyl vinyl ether 1272 
Alkylaeetic acid esterification rate 2058 
Alkylacetylene cross cycloaddn 937 
Alkylamine dihalo condensation nitrosobenz= 

ene 1751
Alkylaminopyridylthiotetrazole Smiles rear= 

rangement 3395
Alkylation acetylacetone catalyst 2772 
Alkylation alkynylsilane 2941

Alkylation aminouracil acetylenedicarboxy= 
late 1095

Alkylation arylsulfonylbutenol 3287 
Alkylation benzylidene ethyl glycinate 3491 
Alkylation cytidine bromomethylbenzanth= 

racene 1597
Alkylation diphenylquinazoline 497 
Alkylation esterification carboxylate salt 

1373
Alkylation Friedel Crafts 1698 
Alkylation Friedel Crafts isomerization 659 
Alkylation indole chloropentanone ketal

633
Alkylation ketone dilithium oxime 439 
Alkylation nicotine 3824 
Alkylation peptide urethane cleavage 2015 
Alkylation redn methoxybenzoic acid 2649 
Alkylation reductive alkynylsilane 2941 
Alkylation reductive stereospecific acetylene 

2214
Alkylation silyloctyne 2215 
Alkylation solvent olefin metathesis 1631 
Alkylation thio seleno nucleoside 1847 
Alkylation thioasparagine methoxybenzylium 

1336
Alkylation unsaturated ketone 2937 
Alkylbenzene chlorométhylation chlorome- 

thyl ether formaldehyde 1627 
Alkylbispidine 1593
Alkylcyclohexane insertion ethoxycarbonyl= 

nitrene stereochem 2034 
Alkylglutarimide photochem ring enlarge= 

ment 400
Alkylhalocyclobutanedione 2336 
Alkylhydroxylamine condensation nitrosoal= 

kane 1135
Alkylidenecarbene 745 
Alkylidenephenylhydrazine nitration 2981 
Alkylidenephosphorane Wittig ethyl formate 

1272
Alkyllithium detn 1879 
Alkylmethyl substituent effect fluorene 

acidity 2786
Alkylphosphine reaction halo sulfone 2182 
Alkylsulfamoyl chloride 4028 
Alkylsulfonyl substituent effect fluorene 

acidity 2786
Alkylthio substituent effect fluorene acidity 

2786
Alkylthiooxazoline metalated reaction 1735 
Alkylthiophthalimide reaction benzylamine

2498
Alkyne 2640
Alkyne addn chlorobenzenesulfenyl chloride 

2331
Alkyne hdroboration 3484 
Alkyne phosphono formyl dienophile 2411 
Alkyne reaction trichlorocyclopropenium 

2258
Alkyne stereoselective redn organocopper 

4089
Alkynyl halide Grignard catalyst 3496 
Alkynylsilane reductive alkylation 2941 
Aliéné 3496
Aliéné bromo solvolysis kinetics mechanism 

681
Aliéné phenoxy pieryl azide 678 
Allenic phosphonic acid cyclization 3191 
Allenyl diazomethyl ketone 3326 
Allyl ale ketone isomerization 3092 
Allyl organometal compd 2052 
Allylandrostanol cleavage 1254 
Allylazirine ring closure mechanism 180 
Allylbenzene deriv 3465 
Allylic acetate substitution stereochem 

3215
Allylic ale aryl halide 1206 
Allylic ale arylation catalyst 265 
Allylic ale isomerization mechanism 3020 
Allylic ale phénylation catalyst 273 
Allylic amination olefin sulfur diimide 176 
Allylic dimethylcarbamate rearrangement 

mechanism 3338 
Allylic ether rearrangement 3026 
Allylic halide vinylcuprate 726 
Allylic isothiourea hydrolysis kinetics 3118 
Allylic rearrangement butenylguanine 568 
Allylic rearrangement crotyltoluidine oxide 

300
Allylic rearrangement tertiary vinyl carbinol

1262
Allylmagnesium reversible addn ketone

3212
Allyloxycarbanion carbonyl compd reaction

3620
Allylsilane 1966
Allylzinc reaction carbonyl compd 550 
Alpha effect hydrolysis diphenyl sulfite 141 
Alpha pinene esterification 1179 
Alpha tocopherol 3505 
Alpha tocopherol intermediate 3497 
Alumina catalyst dehydration ferrocenylbu  ̂

tanol 2774
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Alumina catalyst elimination reaction 578 
Alumina Cope rearrangement diphenylhexa= 

diene 2048
Aluminum chloride aminomethylbicyclo

4q51
Aluminum dichloroethyl metathesis alkyla0 

tion 1631
Aluminum hydride redn diester 1470 
Amidation benzene catalyst 148 
Amidation glycinamide toluidine 2029 
Amide arom aliph 3769 
Amide dihalo aliph condensation nitroso0 

benzene 1751
Amide heterocycle rotation barrier 3591 
Amide hydrolysis steric effect 2906 
Amide méthylation 725 
Amide photolysis dioxane cyclohexane 1279 
Amide pyrazolylbenzoic acid 110 
Amide redn dipeptide ester 1260 
Amidine arylacyl 1763 
Amidine nitronaphthalene cyclization 2421 
Amidophosphonate stereochem cleavage 

227
Amination conjugated cycloalkadiene 2504 
Amination hydroxylation chloramine T 

catalyst 177
Amination olefin allylic sulfur diimide 176 
Amine aliph reaction azidoazoloazine 3152 
Amine benzofuran UV irradn 151 
Amine bore decarbalkoxylation 208 
Amine cleavage ethylthiocyclobutenedione 

3904
Amine cyclic ruthenium tetroxide oxidn 

2780
Amine isatoic anhydride 2646 
Amine liq crystal 2566 
Amine oxide rearrangement chirality transfer 

303
Amine oxidn 2742 
Amine polyfluorodi 1469 
Amine reagent fluorogenic furanone 388 
Amine silyl benzyne reaction 3559 
Amine silylethyl benzyne reaction 1962 
Amine substitution arylsulfonylcinnamyl 

bromide 248
Amine substitution bromomethylcinnamoni  ̂

trile 3241
Amine substitution fluoronitro arene 44 
Amine tertiary diborane redn 149 
Amine tetramethylethylenedi metalation 

cumene 1870
Aminimide hydroxyalkyl rearrangement 

catalyst 715 .
Amino acid alkylation 3491 
Amino acid deblocking anisyl transfer 1336 
Amino acid fluoro 3107 
Amino acid hydroxy nitrone 2092 
Amino acid imidazolylcarbonyl kinetics 

coupling 3041
Amino acid methoxybenzyl amide stability 

703
Amino group oxidn 3521 
Amino group release 2029 
Amino imino tautomerism NMR 2491 
Amino methyl propanol reaction lactones 

thiolactones 4052
Aminoalkylcyclopropane deamination ring 

enlargement 153
Aminoalkylmercuric chloride acyl thermoly  ̂

sis 192
Aminoalkylphosphonic acid 3757 
Aminoamide chymotrypsin specificity 2269 
Aminobenzoylhydrazine cyclization ortho 

ester 2732
Aminobenzylindenone charge transfer 3540 
Aminobiphenyl 2661 
Aminobutanethiol ligand 489 
Aminocyanopyrazine oxide cyclization guani

dine 1299
Aminocyclopropanoylcycloalkanoindole

3775
Aminodeoxyglucopyranoside resolution 

4038
Aminoethylleucine 1260 
Aminomethylbicyclo diazotization 4051 
Aminomethylbicyclo rearrangement haloada= 

mantanamines 4051
Aminomethylbicylo behavior reducing condi= 

tions 4051
Aminomethylbutane deamination protonated 

cyclopropane 323
Aminomethylferrocene autoxidn 3331 
Aminomethylnaphthalene 3924 
Aminonitrosoacetonitrite hydrolysis kinetics 

mechanism 3752
Aminooxalylaminopropionic acid 159 
Aminophenol adipoin condensation 4026 
Aminopropanol cyclization lactone 1642 
Aminopyrazole reaction benzoyl isothiocya  ̂

nate 3781
Aminopyridine chlorination sulfuric acid 93 
Aminopyridine cyclopropenone cycloaddn 

3546

Aminopyridylthiotetrazole alkyl Smiles 
rearrangement 3395

Aminopyrimidinecarboxaldehyde reaĉ  on 
cyclohexanedione 1058 

Aminotropic rearrangement arylsulfonylvi  ̂
nylbenzylamine 248

Aminouracil cyclization acetylenedicarboxŷ  
late 1095

Ammonia addn pyrazinium pyridinium 
1303

Ammonia lithium redn halonorbornane 
2711

Ammonium acylide 390 
Ammonium propionate micelle org soh_bili= 

zation 1365
Amyrin beta intermediate 2670 
Anacardic acid monoene 894 
Analgetic isoindoline template 104 
Anchimeric assistance quaternization .684 
Androstadienyl acetate 4036 
Androstaneacetic acid lactone 1254 
Androstanol hydroxy NMR 71 
Androsteneacetaldehyde 2477 
Androstenyl trifluoroacetate solvolysis 4036 
Androstenyloxathiin 2292 
Angustmycin A analog 1836 
Anhydrocholine choline solvent 3773 
Anhydropenicillin 3048 
Anilidate carbon disulfide reaction 22" 
Aniline benzoxazinone 1763 1765 
Aniline benzylation kinetics mechanism 

3364
Aniline benzylidene dihalocarbene addn 

3794
Aniline chlorination mechanism rearrangê  

ment 3170
Aniline diallyl cyclization phenylborane 

2803
Aniline imidazolyl diazotization 158 
Aniline méthylation methyldithiinium 2753 
Aniline phenoxy diazotization cyclization 

2428
Aniline reaction trichloromethyl chloroform 

mate 2070 
Aniline silyl 1962
Aniline substitution bromodinitrothiophene 

968
Aniline sulfinyl ketone copper reaction 

3811
Aniline sulfoxide hypochlorite reaction

2207
Anilinobutanethiol 489 
Anilinopyrrolinone 2496 
Anilinothiopiperidine 1333 
Animal cell inhibitor fragment 2469 
Anion acetylphosphonium ylide 509 
Anion adipoin 378
Anion benzodioxolanylmethyl Michael addn

3772
Anion radical cyclopropyl unsatd ketore

3076
Anion radical dimethylenecyclooctatriene 

ESR 2071
Anisole dinitro Meisenheimer complex NMR 

3448
Anisole metalation addn benzophenone

3653
Anisole méthylation diarylethylene 3682 
Anisole sulfonyldinitro Meisenheimer netham 

nol 3892
Anisoletricarbonylchromium profanation 

NMR 717
Anisotropy phenylnorbornane 1215 
Anisyl transfer deblocking amino acid 1336 
Anisylmethyl cation decompn surfactant 40 
Annélation dithiin 3053 
Annulation divinylcyclopropane 3490 
Annulation methylcyclopentanedione cnlorom 

pentanone 3767
Anodic acétoxylation carbonyl compd 166 
Anomeric effect hydrogen abstraction me= 

thoxytetrahydropyran 2222 
Anthonomus sex pheromone 1069 
Anthracene cycloaddn halocyclopropene 

rearrangement 3333 
Anthracene difluoro 1660 
Anthracene dihydro 1184 
Anthracene diphenyl electrochem chlcrina= 

tion 516
Anthracene hydride redn 3682 
Anthracenequinone dipolar addn 4051 
Anthramycin long range NMR 2932 
Anthranilamide phosphorylation 2720 
Anthranilate cyclization chloral 737 
Anthranilic acid benzoxazinone 1765 
Anthraquinonecarboxylate trimethoxy 3018 
Antiaromaticity cyclobutadiene 3058 
Anticancer oxazolidinepropionate 1768 
Antihistamine conformation ir x ray 2283 
Antimicrobial alkyldeaminocephalospo"in 

1574
Antimony pentachloride chlorination otefin 

mechanism 3997

Antineoplastic vernolepin intermediate 
3144

Antiobiotic biosynthesis NMR long range 
2932

Antiviral azaestratriene 2864 
Aphylline Lupinus 3441 
Aplysia digestive gland compn 2461 
Aplysia isodactylyne 3480 
Apocarotenediol structure 891 
Aporphine 4049
Aporphine alkaloid spirodienone rearrangê  

ment 3210
Aporphini alkaloid prepn 375 
Apramycin NMR carbon 701 
Apramycin structure mol crystal 2087 
Arabinofuranose alkyl deoxy 3422 
Arabinofuranosylcytosine 1828 
Aralkylation ethylnitrosolate 2985 
Arborine oxidn chromate mechanism 2108 
Arene sulfonate mechanism solvolysis 2520 
Arenemercurinium NMR exchange 1983 
Arenesulfinate addn diazenedicarboxylate 

116
Arenesulfinate displacement halo sulfone 

1557
Arenesulfonyl isocyanurate 3409 
Arndt Eistert unsatd acid 3326 
Arom aliph halide dimerization 719 
Arom compd carboxylation 2049 
Arom compd reaction trichlorocyclopropeni= 

um 2258
Arom hydrocarbon cyclopropyl 1494 
Arom hydrocarbon dehydrogenation aldeh= 

yde ruthenium 2688 
Arom nitrile hydrolysis 3769 
Arom olefin hydride redn 3682 
Arom ortho substituted NMR 1511 
Arom substitution MO 3367 
Arom substitution styrene benzene 1681 
Arom sulfone 401
Aromatic nucleophilic substitution reaction 

3360
Aromaticity nucleophilic substitution hetero  ̂

cycle 2824
Aromaticity stereochem Favorskii rearrange= 

ment 3730
Aromoline Abuta alkaloid 317 
Artemisia ale 550
Aryl chloride substitution methoxide 732 
Aryl halide allylic ale 1206 
Aryl halide coupling aryl Grignard 2252 
Aryl ketone alkene redn 3328 
Aryl radical carbon disulfide 2639 
Arylation allylic ale catalyst 265 
Arylation photo cyanomethyl anion 3371 
Arylation photochem heteroatom directed 

1483
Arylation unsatd ketone 2935 
Arylation unsaturated ketone 2937 
Arylbicyclohexanol configuration NMR 

1273
Arylbromoethane elimination kinetics me= 

chanism 2636
Aryldiazo alkyl ether kinetics ionization 

2157
Arylmercuric coupling salt 2661 
Aryloxyenone photocyclization stereochem 

1483
Arylphosphine halo sulfone kinetics 2182 
Arylpinacol carbonate photoelimination 

arylcarbene 338 
Arylselenadiazole cleavage 729 
Arylsulfonylbutenol alkylation 3287 
Arylsulfonylcinnamyl bromide substitution 

amine 248
Arylsulfonylmethyl perchlorate solvolysis 

kinetics 3101
Aryltetrazole aminopyridylthio rearrange

ment 3395
Aryne reaction fluoroanisole 894 
Aspartate contg cyclic peptide 2584 
Aspartate phenacyl protecting group 1032 
Aspartic acid pyrolysis 3697 
Aspartic acid thioamide 1336 
Aspartyl peptide phenacyl protecting group 

1032
Aspartyl tetrapeptide active ester coupling 

1269
Astrocasine structure configuration 2454 
Asym hydrogenation rhodium phosphine 

1.545
Asym induction pyrolysis phenylpentenol 

2485
Asym synthesis phenyl sulfoxide 3987 
Asymmetric adsorption alanine quartz 2225 
Asymmetric synthesis secbutylhydroxylamine 

300
Ate copper Grignard reagent 2750 
Atropisomeric oxide thiaparacyclophane 

2509
Attachment electrophile allyl organometal 

2052
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Augustine 2542
Autooxidn mechanism thiobenzophenone 

2971
Autoxidn aminomethylferrocene 3331 
Autoxidn coumarin hydroxy 2920 
Autoxidn cyclohexane kinetics mechanism 

1
Azabicycloheptadiene 1245 
Azabicycloheptene elimination reaction 

1461
Azabicyclohexene 180 
Azabicyclononadienone 3583 
Azabicyclononane mass spectra 1774 
Azabicyclononanone 1277 
Azabicyclooctenecarboxylate 894 
Azaborabicyclooctane 2803 
Azaborolidine 2803 
Azacyclazine 1661
Azacycloheptanone hydroxy redn 1768 
Azadeazathioguanine rearrangement 3784 
Azaestratriene 2864 
Azahomoandrostane epoxy 1930 
Azaindclizine Vilsmeier formylation 351 
Azaketcbenzobicyclononene 2808 
Azaketcbenzotricyclononene ring enlarge  ̂

ment photochem 2808 
Azanorbornene elimination 1461 
Azanorbornyl brosylate acetolysis 1313 
Azaprotoadamantanone fragmentation 1803 
Azasiloline 1962 
Azasultane cyclic 2438 
Azasydnone isopropyl hydrolysis kinetics 

3040
Azathiabicyclooctenedione cleavage 818 
Azauracil bromination kinetics mechanism 

4004
Azepine isomerization valence photochem

2362
Azepinone hydroxy redn 1768 
Azetidinone benzylamino 156 
Azetidinone dithio cyclization 2276 
Azide butyl photolysis 2368 
Azide cycloaddn imidoyl chloride 1073 
Azide ferrocenedisulfonyl photolysis 491 
Azide nucleoside reaction 1100 
Azide picryl cyclization phenoxyallene 678 
Azide pivaloyl safety 96 
Azide ring expansion ethylidenequinoline 

3325
Azidoazoloazine reaction aliph amine 3152 
Azidofcrmate photodecompn solvent effect 

2034
Azidohydrin rearrangement 2355 
Azidoketene cycloaddn iminodithiocarbonate 

1H2
Azidotriazine cyclization 2860 
Azidouridine 3138
Azine chloromethylene cyclization hydrazine

3392
Azine cyclization diphenylketene 156 
Azine thiirane oxide 3925 
Aziridine cyanoimido thermolysis 2141 
Aziridine halo redn 3794 
Aziridine nitrosation 1578 
Aziridinone cleavage Grignard reagent 3798 
Aziridinyl phosphonate ring opening 2273 
Azirine allyl thermal ring closure 180 
Azirine cycloaddn 1724 
Azirine intermediate rearrangement benzi  ̂

sox azole 13
Azirine phenyl diphenylcarbene 3642 
Azirine photochem rearrangement expansion

543
Azirine thermal decompn 831 
Azlactone peptide coupling 1344 
Azodicarboxylate ene reaction stereochem 

3614
Azome'hine ylide conversion imine 2141 
Azoxy :ompd unsym phenyl 1751 
Azoxyalkane sym 1131 
Azoxyalkane unsym 1135 
Azoxyisopropane photolysis ring closure 

1146
Azoxymethane unsym functionalization 

1141
Azulene hydroxyethylation 1811 
Azulenecarboxylate ionization substituent 

effect 1822 
Azulenofuranone 4043 
Azulylethanol UV substituent effect 1811 
B nitrogen cannivonine 3321 
Baeyer Villiger oxidn ketone polycyclic 953 
Barrelene 887
Barrier rotation dicyclopropylacetylene MO

3207
Barrier rotation heterocycle amide 3591 
Barrier rotation imidazole acyl 3788 
Barrier rotation tautomer stability 3599 
Barrier rotational tolylbutylcarbinol 3033 
Base catalysis chlorodinitrobenzene imidazole 

3163
Base catalyzed hydration ketone 3299

Basicity lactam lactone urea carbonate 49 
Batrachotoxin intermediate 3840 
Beckmann rearrangement noradamantanone 

oxime 1803
Behrend rearrangement substitutent effect 

2013Benzal chloride oxidative chlorination 3577 
Benzalacetophenone decompn fluoromethyl= 

phenylcopper 1986
Benzalaniline cyclization pyrrolecarbonyl 

chloride 3050 
Benzaldehyde 957 2485 
Benzaldehyde addn hydroxide acidity func= 

tion 1614
Benzaldehyde benzoin condensation tere  ̂

phthalaldehyde 2230
Benzaldehyde benzophenone Horner Wittig 

2846
Benzaldehyde condensation deoxybenzoin 

2536
Benzaldehyde cyclopropylation redn 1494 
Benzaldehyde dimethyl acetal kinetics hy  ̂

drolysis 2344
Benzaldehyde methanol salt effect 2349 
Benzaldehyde phenylhydrazone nitration 

2981
Benzaldehyde thioacetal 2770 
Benzamide 148 3769 
Benzamide benzoyl oxymethyl 2029 
Benzamide organolithium electrophile 3651 
Benzanilide acylamino 1763 
Benzanthracene methyl deuteration kinetics 

2676
Benzanthracene oxide solvolysis mechanism 

3487
Benzanthracene radical cation trapping 

pyridine 2679 
Benzazepine 195 
Benzazepine alkaloid 2988 
Benzazepine imino 3325 
Benzazepinedione 3229 
Benzazocine meta bridging 2421 
Benzazocinone benzyl hydrogenolysis 2545 
Benzene addn cyclopentadienylmetal 1995 
Benzene amidation catalyst 148 
Benzene arom substitution styrene 1681 
Benzene carboxylation 2049 
Benzene dimethoxy oxidn 3627 
Benzene Friedel Crafts alkylation 1698 
Benzene Friedel Crafts isomerization 659 
Benzene methoxycarbonylation mechanism 

173
Benzene nitro substitution 1560 
Benzene oxide Dewar isomerization 2028 
Benzene substitution nucleophilic kinetics 

2824
Benzene thioacylation catalyst 962 
Benzene trifluoromethyl thio 1644 
Benzenediazonium fluoroborate photochem 

decompn 2373
Benzenediazonium tetrafluoroborate reaction

1717
Benzenesulfenic acid nitro trapping 897 
Benzenesulfenyl addn isobutenylidenecyclo0 

propane 425
Benzenesulfinate addn diazenedicarboxamide 

kinetics 116
Benzenesulfinate lithium organocuprate 

3987
Benzenesulfonic acid 2061 
Benzenethiolsulfonate reaction morpholine 

halide thiocyanate 225 
Benzenoid compd reaction trichlorocyclopro= 

penium 2258
Benzhydrylamine polymer peptide 3701 
Benzhydrylhydrazine 3805 
Benzhydrylpyridazine 1245 
Benzil adduct oxoglutarate 4053 
Benzil oxidative cleavage catalyst 1077 
Benzil redn selective 2928 
Benzimidazolecarboxylate amino cyclization 

cyanamide 3529
Benzimidazolone phosphorylation 2720 
Benzindole 2571
Benzisothiazolinone rearrangement mechan

ism 1325
Benzisoxazole photorearrangement benzoxa  ̂

zole 13
Benzoate acylmethyl ester 1673 
Benzoate ester 2918 
Benzoate hydrazinylylideneacetylamino 

cyclization 737
Benzoate reaction dianion 509 
Benzoate sodium acetone reaction TCNQ 

571
Benzoazasiloline 1962 
Benzobicyclononene tetramethyl NMR 

1522
Benzobicyclooctenylmethyl tosylate acetoly= 

sis kinetics 1807
Benzocycloalkene fluoro carbon NMR 751 
Benzocyclobutene 1184

Benzodiazepine 737
Benzodiazepine dimorpholinylphosphinyloxy 

nucleophile 2724
Benzodiazepine rearrangement mechanism 

1743
Benzodiazepinone phosphorylation 2720 
Benzodiazocinedione 3229 
Benzodioxin tetrachloro dimethyl 2223 
Benzodioxolanylmethyl anion Michael addn 

3772
Benzodioxole cleavage méthylmagnésium 

iodide 580
Benzodioxolecarboxaldehyde cyclohexylimine 

lithio 1564
Benzodithiolethione 730 
Benzodithiolidene bis 145 
Benzodithiophene 3668 
Benzofluorenone carboxyphenyl phenyl

3622
Benzofuran 2531
Benzofuran photochem codimerization 541 
Benzofuran spiropiperidine 2628 
Benzofuran UV irradn amine 151 
Benzoguanine fluorescence 3529 
Benzohomobarrelene reaction chlorosulfonyl 

isocyanate 57
Benzohydroximate isomerization 252 
Benzohydroximoyl chloride alkyl isomeriza  ̂

tion 252
Benzoic acid 1077
Benzoic acid acetamidobenzamido 1765 
Benzoic acid aroyl 1268 
Benzoic acid hydrazide cyclization orthofor= 

mate 2736
Benzoic acid methoxy redn 2649 
Benzoic acid phenylthienyl 1320 
Benzoic acid pyrazolyl 110 
Benzoic acid reaction organolithium 1176 
Benzoin condensation terephthalaldehyde 

benzaldehyde 2230
Benzoin oxidative cleavage catalyst 1077 
Benzoindenofluorenone hydrolysis mechanism 

3622
Benzolog selenium UV MO 1474 
Benzomorphanone 2545 
Benzonitrile lithio reaction electrophile 

1187
Benzonitrile oxide addn monoterpene 2210 
Benzonitrile oxide furan cycloaddn 3349 
Benzonorbornadienyl Grignard reagent 

1998Benzonorbornene methylene stereoselective 
hydrochlorination 4023 

Benzonorbornene nitration kinetics 2006 
Benzophenanthrenone fluoro 3413 
Benzophenone 966 3651 
Benzophenone anil dianion acylation 2878 
Benzophenone benzaldehyde Horner Wittig 

2846Benzophenone dicarbethoxy 706 
Benzophenone hydrogen abstraction methox= 

ytetrahydropyran irradn 2222 
Benzophenone oxime photochem oxidn 

1476
Benzopyrancarboxaldehyde condensation 

acetoacetate 706 
Benzopyrandione vinyl 3144 
Benzopyranoquinolizine alkaloid analog 

3714
Benzopyrene hydroxy 977 
Benzoquinoline hydro NMR 199 
Benzoquinolizineacetate hydroxyethyl cy= 

cloaddn formate 3714
Benzoquinone cycloaddn dibenzofurotropone 

1425
Benzoquinone Diels Alder 3468 
Benzoquinone Diels Alder butadiene 1081 
Benzoquinone manuf 3627 
Benzoquinone monoketal 282 
Benzoquinone Wittig fluorenylidenephospho  ̂

rane 214
Benzoselenophene oxide thermal decompn 

2503
Benzosuberone diperoxide pyrolysis 2314 
Benzothiadiazole reaction phenylthio radical 

1331
Benzothiazinedicarboxylate 1328 
Benzothiazinone benzoyl 1325 
Benzothiazole dimedonyl 125 
Benzothiazole ring enlargement 1328 
Benzothienotriazine 1733 
Benzothiete dioxide 3044 
Benzothiopene 1118 
Benzothiophene 3399 
Benzothiophene spiropiperidine 2628 
Benzothiophenecarbonitrile amino diazotiza  ̂

tion cyclization 1733 
Benzotriazepinone 2732 2736 
Benzotriazine imidazo 158 
Benzotrichloride sulfur dioxide reaction 

3569
Benzotrichloride sulfur trioxide 3574
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Benzotricyclodecenyl nitrobenzoate solvolysis 
kinetics 2162

Benzotricyclooctene nitration kinetics 2006 
Benzotropone 509 
Benzoxathiazepine dioxide 2438 
Benzoxathiole tetrahydro 125 
Benzoxazine 1079 
Benzoxazine hydrazonomethyl 737 
Benzoxazinedione quinazolino 2728 
Benzoxazinedione thiopseuodourea 825 
Benzoxazinone aniline 1763 1765 
Benzoxazole photorearrangement benzisoxa= 

zole 13
Benzoxazolinone phosphorylation 2720 
Benzoyl chloride 3569 3574 
Benzoyl chloride cyanato reaction 2728 
Benzoyl chlorothiosulfite reaction 2759 
Benzoyl isothiocyanate reaction pyrazole 

3781
Benzoyl nitrate xylene mechanism 2443 
Benzoyl oxymethyl benzamide 2029 
Benzoyl radical scission hydroperoxy ketone

373
Benzoylation Schotten Baumann 2029 
Benzoylbenzoic acid 1268 
Benzoyldiphenylcyclopropane reaction hy= 

drazine 1245 
Benzoylhydrazine 2733 
Benzoylhydrazine cyclization ortho ester 

2732
Benzoylhydrazine reaction methyl tosylate 

1555
Benzyl ale oxidn catalyst 957 
Benzyl ale sodium cyanide 2502 
Benzyl alkoxide redn 1494 
Benzyl bromide carboxy hydrolysis median= 

ism 3914
Benzyl bromide coupling 1184 
Benzyl bromide cytidine alkylation 1597 
Benzyl chloride nucleophile substitution 

2746
Benzyl chloride oxidative chlorination 3577 
Benzyl diselenite photochem deselenation 

3204Benzyl halide cyclization ethylnitrosolate 
2985

Benzyl nitrophenyl phosphate 1261 
Benzyl phenyl ketone methylenation 2650 
Benzyl protective group peptide 2579 
Benzyl silyl ether oxidn 1479 
Benzyl sulfoxide dichloroacetyl chloride 

2770
Benzylamine arylsulfonylvinyl rearrangement 

aminotropic 248
Benzylamine formaldehyde piperidone cy  ̂

cloaddn 1593
Benzylamine reaction carbomethoxymethylt  ̂

hiophthalimide 2498
Benzylaminopurine glucoside mass spectra 

3959Benzylation aniline kinetics mechanism 
3364

Benzylation butoxycarbonylserine 2352 
Benzylation lithium deriv quadricyclenecarb̂  

oxylate 1266
Benzylbishydroxybenzylphosphine oxide 

oxidn redn 2931 
Benzylhydrazine 3805 
Benzylidene ethyl glycinate alkylation 3491 
Benzylidene thiolactone rearrangement 

3743
Benzylideneaniline configuration photoisom  ̂

er 3322
Benzylidenebenzylamine prototropic isomeri= 

zation 2013
Benzylidenephenylhydrazine nitration 2981 
Benzylisoquinoline oxidative coupling 4047 
Benzylmethanobenzazocinone hydrogenolysis 

2545
Benzyloxycarbonylmethylalanylprolyltrypto= 

phan hydrogenolysis 1653 
Benzylpiperidine oxidn stereochem 2780 
Benzylthiol lithio cyclization piperidone 

2628
Benzyne methyl Diels Alder furan 3356 
Benzyne oxadiazinone oxide 2531 
Benzyne silylamine reaction 3559 
Benzyne silylethylamine reaction 1962 
Berbine oxo photocyclization enamide 2201 
Beta amyrin intermediate 2670 
Beta vetivone 3208
Biacrylidene reaction oxygen chemilumines  ̂

cence 2685
Bicyclic diketone 3767 
Bicyclic ketone 3490 
Bicyclic ketone unsatd equil 2959 
Bicyclic phospholene oxide stereochem 238 
Bicycloalkane insertion ethoxycarbonylnitr  ̂

ene stereochem 2034
Bicycloalkanol ether ring enlargement 2073 
Bicycloalkene propionyl 2955 
Bicycloheptadiene carboxamidium 183

Bicycloheptanone cyclopropane ring cleavage 
1282

Bicycloheptenone ethylidene 3303 
Bicycloheptyl Grignard reagent rearrangê  

ment 1191
Bicyclohexane oxymercuration neighboring 

hydroxyl 1529
Bicyclohexanol aryl configuration NMR 

1273
Bicyclohexanone chloro 1416 
Bicyclohexanone chloro dehydrochlorir.ation 

1421
Bicyclohexenecarboxaldehyde rearrangement 

mechanism 3883
Bicyclononadiene acetoxy heteroadamantane 

intermediate 1899 
Bicyclononene methylene 1477 
Bicyclononene oxa NMR conformation com= 

puter 469
Bicyclooctane NMR configuration 465 
Bicyclooctanone enamine cycloaddn 3518 
Bicyclooctanone Favorskii rearrangement 

stereochem 3730 
Bicyclooctatriene 887 
Bicyclooctenecarboxylate 3061 
Bicyclopentanone acetyl photolysis 3377 
Biferrocene analogue ESR UV 2700 
Bifunctionalized tetrathiafulvalene monomer 

2855
Bifuran 2661
Binaphthalene 2661
Biotin dehydro 3853
Biphenol ditosylate cyclization 2428
Biphenyl 24
Biphenyl cyanohalo 1071 
Biphenyl deriv 2661
Biphenyl halo reaction potassium ESR 739 
Biphenyl steric hindrance 557 
Biphthalyl structure 3909 
Bisabolene isomer stereochem 697 
Bisdinitrophenyldimethylurea PMR 2134 
Bisditerpene alkaloid Delphinium 3042 
Bishomoadmanantane 3294 
Bishomoantiaromaticity stereochem Favors 

skii rearrangement 3730 
Bishomocubanone photoisomerization tricy= 

clodecadienone 798
Bishomocubyl cation attempted prepn 2820 
Bisindole alkaloid Gonioma 376 
Bismethylbenzodithiolidene 145 
Bispidine alkyl 1593
Bistriquinacene Diels Alder triazolinedione 

3324Bistritolyl ethylenebistritolyl phosphite 
nickel 3020

Bisulfite addn dimethoxyacetone equil 3343 
Bisulfite addn methallyl ether 2647 
Bithiophene 2661 
Bivalvane diastereomer 3524 
Bockmuehl prepn methadone stereochem 

710
Boll weevil sex pheromone 1069 
Bond angle diphenylacenaphthene 3603 
Bond carbon fluorine formation 3107 
Bond carbon hydrogen insertion fluoro olefin 

1980
Bond carbon organometallic electrorecn 

719
Bond force vector diphenylacenaphthene

3603
Bond length diphenylacenaphthene 3633 
Bond phosphorus nitrogen cleavage 227 
Bond sigma pi cyclobutadiene iron 2659 
Borabicyclononane redn org 1778 
Borane phenyl cyclization diallylaniline 

2803
Borane redn glycylleucine ester 1260 
Borane silyl vinyl carbodemetalation 2941 
Boranediyl galactitol 2316 
Borate alkenyltrialkyl hydrolysis 3484 
Borneol oxidn pyruvate fragmentation 3030 
Borohydride lithiumtriethyl redn ale tosylate 

3065
Borohydride nucleoside redn 3827 
Borohydride redn cyclohexanone kinetics 

2396
Borohydride tetrabutylammonium redr. 

carbonyl 690
Boron organo coupling acetylene 3947 
Boron trifluoride etherate reaction 169 
Boronate cyclopentyl coupling vinyllithium 

3947
Boryl galactitol 2316
Bovate dialkynyl iodination 1078
Branched chain sugar 3422
Branched sugar nitro catalyst 736
Bredts rule anti methanobenzazoninol 4106
Brevicomin 398
Brevicomin analog isomer enrichment 373 
Brevicomin mass spectra 607 
Brexane 3725
Bridged polycyclic bromination 1919

Bridgehead ketone photolysis kinetics 1907 
Bridging meta nitronaphthalene 2421 
Bromide alkyl optically active 1071 
Bromide alkyl zinc slurry reaction 1076 
Bromide cyclohexyl tetrabutylammonium 

chloride 2173
Bromide methyl phenyl stibonium decompn 

1276
Bromination alkene steric effect 3872 
Bromination azacyclazine 1661 
Bromination azauracil kinetics mechanism 

4004
Bromination bridged polycyclic 1919 
Bromination cephem 2150 
Bromination chiral ale 1071 
Bromination kinetics alkene 3869 
Bromination lithiation polystyrene 3877 
Bromination methylpyridone 2065 
Bromination nitroalkane alkyl hypobromite 

1285Bromination photochem chlorocyclopropane
523

Bromination quinazolinone quinazolinium 
kinetics 838

Bromination tetrabenzylethylene kinetics 
2054

Bromine reaction dimethylcyclopropane 
inhibition 671

Bromine stability diphenyldinitrocyclobutene 
diphenyldinitrobutadiene 2112 

Bromine substituent effect bromination 
polycyclic 1919

Brominolysis phenylcyclopropane substituent 
effect 2262

Bromoadamantyl mesylate fragmentation 
catalyst 1477

Bromoalkanoic acid oxidative cleavage cata  ̂
lyst 1077

Bromoaliene solvolysis kinetics mechanism 
681

Bromobenzene trifluoromethylthiocopper 
1644

Bromobenzoate reaction butyllithium 2704 
Bromobenzobicyclononene rearrangement 

1522
Bromobenzonitrile butyllithium 1187 
Bromobicyclononane methylation mechanism 

2965
Bromobutyramide reaction Grignard reagent 

3798
Bromocyclononenyl tosylate 384 
Bromocyclopropane solvolysis silver ion 

mechanism 419
Bromodinitrothiophene substitution aniline 

968
Bromoglutaric acid methylene 4035 
Bromohydroxycyclooctatrienone 3760 
Bromomethyl substituent effect NMR 760 
Bromomethylbenzanthracene cytidine alkyla= 

tion 1597
Bromomethylcinnamonitrile substitution 

amine 3241
Bromomethylnaphthalene 2670 
Bromomethylpyrimidine 385 
Bromophenylethane exchange racemization 

519
Bromophenylpyrrolophane 2963 
Bromopropene Grignard reagent cross cou= 

pling 502
Bromosantoninic acid dimerization 1256 
Butadiene cyclization thiete dioxide 3044 
Butadiene cyclohexadiene cooxidn kinetics 

3179
Butadiene deriv 2241 
Butadiene diacetoxy cycloaddn olefin 1655 
Butadiene Diels Alder benzoquinone 1081 
Butadiene iron carbonyl protonation 2227 
Butadiene substituted conformation 425 
Butadienyl phenyl sulfide 3218 
Butanamide dimethyl 3798 
Butane ferrocenyl 655 
Butane trisphenylthio elimination catalyst 

3218
Butanedione selective redn 2928 
Butanone 2928 
Butazone acylphenyl 165 
Butenal acetoxy methyl acetylation 2625 
Butene cycloaddn tetrachloroquinone 2223 
Butene propiolate 3061 
Butenoic acid diphenyl 2038 
Butenolide benzodioxolanyl anion addn 

3772
Butenolide carbalkoxy alkylidene 561 
Butenolide phosphonium salt Wittig conden= 

sation 4108
Butenone addn vinylcuprate 726 
Butenylaminocyclohexenone irradn 1277 
Butenyloxycyclohexenone irradn 1277 
Butnesulfinate lithium organocuprate 3987 
Butoxycarbonyl group trifluoroacetate cleav= 

age 1027
Butyl hydroperoxide methyl sulfoxide reac= 

tion 2500
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Butyl lithium methylmethoxyir.dole 163 
Butyl peroxide 3983 
Butyl peroxyperpropanoate thermolysis 

3182
Butylammonium acetate cyclohexyl tosylate 

2173Butylammonium chloride cholesteryl iodide 
reaction 381

Butylcopper substitution haloacrylate 3674 
Butylcyclohexyl xanthate pyrolysis 3917 
Butylideneamine phenylhydroxy crystal 

structure 3798
Butyllithium bromobenzonitrile 1187 
Butyllithium exchange halophenylalkyl 

halide 1184
Butyllithium methylmercaptoâ etophenone 

kinetics reaction 808
Butylperoxyisobutyric acid oxidn mechanism 

3188
Butynone addn methanol 3765 
Butyramide 3769 
Butyramide dimethyl 3798 
Butyrate bisphenylthio 3217 
Butyric acid pinene esterification 1179 
Butyrolactone carboxy methylene 4065 
Butyrolactone methylene cycloalkane 3213 
Butyronitrile fluoro cyclization Grignard 

reagent 1294
C nucleoside triazolopyridine 3124 
Cacalol axidn 4103 
Cacalone structure 4103 
Cactus alkaloid 319 
Cadmium catalyst poison hydrogenation 

933
Cadmium slurry alkyl iodide reaction 1076 
Calciferol epiprechole 1067 
Calorimetry aecyltrimethylammonium salt 

effect 2968
Camphcr bromo oxidative cleavage 1077 
Camphcrquinone adduct oxoglutarate 4053 
Camphorquinone oxidative cleavage catalyst 

1()77
Camptothcine chromophore 3493 
Camptotheca alkaloid prepn 699 
Camptothecine prepn 699 
Canadine demethylenedioxylation 1657 
Cancer drug chlorophenyl chloroethane 

structure 554
Cancer inhibitor microbial transformation 

2548
Cannabinoid carboxylic analog 3415 
Cannivonine B nitrogen inversion 3321 
Carbamate hydroxy sulfinyl chloride 143 
Carbamate phenyl ester photolysis 3687 
Carbamothioate dithiobisnitrotolyl 3564 
Carbamylimidazole nucleophile acyl transfer 

3041
Carbanion acetylphosphonium ylide 509 
Carbanion benzoxazinedione 825 
Carbanion dihaloalkane cycloaddn 1620 
Carbanion epoxy cyclization 885 
Carbanion stability oxygen sulfur 1885 
Carbazole 1118 
Carbazolecarboxylate 102 
Carbene alkylidene 745 
Carbene dihalo addn benzylideneaniline 

3794
Carbene dihalo addn olefin 611 
Carbene diphenyl azirine 3642 
Carbene precursor cyclic carbonate 338 
Carbene reaction methylphenvldiazopropane 

1464
Carbenoid cyclopropyl disrotatory ring open  ̂

ing 2965
Carbethoxybenzophenone 706 
Carbethoxycyclohexyl sulfone NMR 1712 
Carbinol tertiary vinyl allylic rearrangement 

1262
Carbinyl hydrogen conformation NMR 801 
Carbobenzyloxyhydrazinecarbonyl chloride 

cyclization 3763
Carbodemetalation silylvinylborane 2941 
Carbohydrate thioortho ester 4110 
Carbon acid equil acidity 1883 
Carbon bond organometallic electroredn 

719
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Carbon dioxide Nicotiana carbon 13 3438 
Carbon disulfide anilidate reaction 227 
Carbon disulfide aryl radical 2639 
Carbon fluorine bond formation 3107 
Carbon hydrogen donor hydrogen bond 

2693
Carbon hydrogen splitting NMR alkene

3863
Carbon nitration benzaldehyde hydrazone 

2981
Carbon NMR alkenylidenecyclopropane 

1061Carbon NMR apramycin 701
Carbon NMR arom substituent effect 1511
Carbon NMR benzocycloalkene fluoro 751

Carbon NMR chloropentacyclodecane 462 
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phorus 1690
Carbon NMR cyclohexane 3036 
Carbon NMR decahydroquinoline 199 
Carbon NMR dibenzobicyclooctadiene sub  ̂

stituent effect 2055 
Carbon NMR electronic effect 1498 
Carbon NMR enolate 1209 
Carbon NMR ester 1504 
Carbon NMR iron diene 2383 
Carbon NMR methyl Group IVA 1671 
Carbon NMR phenazine 2104 
Carbon NMR phenol hydrogen bond 1881 
Carbon NMR phosphabicyclononane 589 
Carbon NMR phosphinazine phosphinimine 

2716
Carbon NMR polyphenolic acid 449 
Carbon NMR pyridine oxide 3589 
Carbon NMR spectra hydroxy steroids 

4051
Carbon NMR streptovaricin 1358 
Carbon NMR substituent effect 1215 
Carbon NMR thiabieyclononane 1518 
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oarom 1308
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Carbon 13 NMR cyclohexyl sulfide 3899 
Carbon 13 NMR morphine 996 
Carbon 13 NMR naltrexol 3445 
Carbon 14 nicotine Nicotiana 3438 
Carbonate basicity 49 
Carbonate cesium hydrolysis ester 3419 
Carbonate diphenyl 2039 
Carbonate phosphatovinyl x ray 1152 
Carbonate pinacol photoelimination aryl= 

carbene 338
Carbonium charge localization methylben= 

zanthracene 2676
Carbonium equil cyclic chloronium 362 
Carbonium ion decompn surfactant 40 
Carbonium ion reaction cyanide 221 
Carbonyl compd allyloxycarbanion reaction 

3620
Carbonyl compd anodic acétoxylation 166 
Carbonyl compd lithiopentene reaction

2052
Carbonyl compd pinacolic coupling 260 
Carbonyl compd reaction allylzinc 550 
Carbonyl compd reaction dilithium oxime 

439
Carbonyl compd reductive coupling 896 
Carbonyl exchange propiolate ester 2918 
Carbonyl group electronegativity hybridiza= 

tion 49
Carbonyl insertion silyldiazoacetate 3335 
Carbonyl iron butadiene protonation 2227 
Carbonyl reaction pyrazolidinone 3775 
Carbonyl redn tetrabutylammonium borohy= 

dride 690
Carbonyl stretching frequency carboxylate 

1623
Carbonyl ylide cycloaddn alkene 2654 
Carbonylation alkene 2885 
Carbonylation olefin catalyst 793 
Carbonylbiscyclopentene cyclization 2238 
Carbonyls thiocarbonyls heterophilic addi= 

tions 4051
Carboxamide reaction phosphite ester 28 
Carboxamide resonance acidity 2507 
Carboxamide sulfonamide kinetic acidity 

2507
Carboxamidium methylenecyclohexadiene 

183
Carboxybenzyl bromide hydrolysis mechanism 

3914Carboxybutyrolactone methylene 4065 
Carboxyglutamic acid 3634 
Carboxyhexenoic acid pyrroloquinolinone 

condensation 699
Carboxylate carbonyl stretching frequency 

1623
Carboxylate ester UV 3312 
Carboxylate imidazole 158 
Carboxylate salt alkylation esterification 

1373
Carboxylate silver pyrolysis photolysis 916 
Carboxylate unsatd perruthenate oxidn 

3644
Carboxylation arom compd 2049 
Carboxylic acid hydroperoxy 370 
Carboxylic acid linear 2885 
Carboxylic acid thianaphthene 3743 
Carboxypentanorprostaglandin urinary meta= 

bolite 4045
Carcinogenesis stilbenylacetamide nitrenium 

ion 3820
Carnosic acid dimethyl ether 1005 
Carnosol dimethyl ether 1005 
Carvone nitrile oxide addn 2210 
Carvone redn pinol 2773 
Carvone redn trialkylborohydride 2194

Catalysis acid methyl sulfoxide 2762 
Catalysis amine substitution fluoronitro 

arene 44
Catalysis base chlorodinitrobenzene imida° 

zole 3163
Catalysis phenylhydrazine reaction aldehyde 

4093Catalyst alkene propiolate 3061 
Catalyst alkylation ace ty lace tone 2772 
Catalyst alumina dehydration ferrocenylbu= 

tanol 2774
Catalyst alumina elimination reaction 578 
Catalyst arylation allylic ale 265 
Catalyst benzotrichloride sulfur dioxide 

reaction 3569
Catalyst carbonylation olefin 793 
Catalyst carbonylation palladium complex

2885
Catalyst dimerization vinylmercuric chloride 

2241
Catalyst ether cleavage diiodomethyl ether

367
Catalyst hydrogenation ruthenium phosphine 

complex 665
Catalyst hydrolysis cationic micelle 36 
Catalyst hydrolysis micelle 33 
Catalyst isomerization palladium salt 3452 
Catalyst isomerization sulfinic acid 791 
Catalyst melittin hydrolysis 2020 
Catalyst nickel isomerization hexenal 3020 
Catalyst oxidn phenylenediamine 1389 
Catalyst poison hydrogenation 933 
Catalyst polychloroacetate addn olefin 396 
Catalyst rearrangement hexacycloundecane 

1438
Catalyst redn menthone 3461 
Catalyst ring cleavage palladium salt 2527 
Catalyst stearate hydrogenation cyclohexene 

attempted 3332
Catalyst support ratio effect hydrogenation 

920
Catalytic hydrogenation studies 4051 
Catalytic mechanism epoxide rearrangement 

3611
Catalyzed acid hydrolysis isopropylazasyd  ̂

none 3040
Catalyzed acid rearrangement acylaziridine 

1895
Catalyzed acid rearrangement kinetics nitro  ̂

methylaniline 3166
Catalyzed arom substitution palladium di= 

acetate 1681
Catalyzed base hydration ketone 3299 
Catechol chloro cycloaddn chloronitrobenz  ̂

ene 2435
Catharanthus alkaloid vincathicine 1001 
Cation radical benzanthracene trapping 

pyridine 2679
Cation triphenylmethane dye cyanide reac= 

tion 221
CD hydroxyneothiobinupharidine 291 
CD Mannich base 2913 
CD salicylidenimino steroid 704 
CD tetrahydroisoquinoline configuration 

850
CD tolyldialkylsulfonium 3096 
Cellulose trinitrite 90 
Celorbicol 3264
Cephalosporin bromo stereochem 2150 
Cephalosporin deamino alkyl 1574 
Cephalosporin NMR nitrogen 582 
Cephalotaxine skeleton prepn 875 
Cephalotaxine structure 551 
Cephem bromination 2150 
Cephem hydroxy 2276 
Cerium compd oxidn dimethoxybenzene 

3627
Cesium carbonate hydrolysis ester 3419 
Chalcone hydroxydihydro 1852 
Chalcone methyl 806 
Chamigrene bromo 597 
Charge localization carbonium methylben= 

zanthracene 2676
Charge transfer aminobenzylindenone 3540 
Charge transfer polyurethane semiconductor 

1412
Charge transfer salt bisbenzodithiolidene 

145
Charge transfer salt cyclohexenothiafulvalene

730
Chelate copper cycloaddn acetylenedicarb0 

oxylate 1079
Chelate metal hydroxypyrazole 2871 
Chelate nitrogen sulfur nickel 489 
Chem ionization alditol permethyl spectra 

3425Chem ionization mass spectra ketone 136 
Chemical properties sulfilimines prepn phy= 

sical 4052
Chemiluminescence aminophthalide oxidn

2929
Chemiluminescence biacrylidene reaction 

oxygen 2685
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Chichibabin reaction halo ketone 351 
Chiral ale bromination 1071 
Chiral cleavage phosphoroanilidate 227 
Chirality transfer 300 
Chirality transfer rearrangement amine 

oxide 303
Chiroptical tricyclooctane 1229 
Chloramine aldehyde Schmitz reaction 

3221
Chloramine chlorination cycloalkadiene 

1287
Chloramine T oxyamination olefin catalyst 

177
Chloride tetrabutylammonium cyclohexyl 

bromide 2173
Chlorination aminopyridine sulfuric acid 93 
Chlorination aniline mechanism rearrange= 

ment 3170
Chlorination aziridinyl phosphonate 2273 
Chlorination cyclohexadiene mechanism 

1287
Chlorination diene stereochem 334 
Chlorination electrochem anthracene diphe= 

nyl 516
Chlorination hydroxy oxo steroid 78 
Chlorination methylenepregnadienedione 

3940
Chlorination olefin antimony pentachloride 

mechanism 3997
Chlorination oxidative diene monoepoxide 

1648
Chlorination oxidative toluene 3577 
Chlorination photo tetracyclooctane 949 
Chlorination photochem chlorocyclopropane 

523
Chlorination ring xylene 3580 
Chlorination sulfide 2769 
Chlorine oxide reaction alkene 1663 
Chloroacetate phenyl oxidative cleavage 

2039Chloroacetic acid addn quadricyclane 2169 
Chloroacetic acid pinene esterification 1179 
Chloroacetyllysine peptide polymn 1340 
Chloroalkane Friedel Crafts benzene 659 
Chlorobenzenesulfenyl chloride addn alkyne 

2331
Chlorobenzyl protective group peptide 2579 
Chlorobicyclohexanone 1416 
Chlorobicyclohexanone dehydrochlorination 

cyclization 1421 
Chlorocyclohexenone 636 
Chlorocyclopropane photochem chlorination 

bromination 523
Chlorodifluoromethane insertion hexafluoro= 

ethylene 1980
Chlorodinitrobenzene kinetics substitution 

imidazole 3163
Chlorodinitrobenzotrifluoride dithiocarba= 

mate 3564
Chloroformate substitution cyanide catalyst 

3486
Chloroformate trichloromethyl reaction 

amine 2070
Chloroheptanol aryne reaction 894 
Chlorohexadienone intramol photocycloaddn 

1416
Chlorohydroxypregnenone 3532 
Chloroindolenine carboethoxytetrahydrocar= 

bazole 102
Chloroketone thiocarboxamide reaction 

4074
Chloromethyl chloroformate reaction amine 

2070
Chloromethyl ether chlorométhylation alkyl= 

benzene 1627
Chloromethyl ether hydrolysis 1976 
Chloromethyl sulfide substitution acetamido  ̂

malonate 1353
Chlorométhylation alkylbenzene chlorome= 

thyl ether formaldehyde 1627 
Chloromethylenephosphorane cyanide reac= 

tion 556
Chloromethylpyrimidine 385 
Chloronitrobenzene chlorocatechol cycloaddn 

2435
Chloronium cyclic equil carbonium 362 
Chloropentacyclodecane NMR carbon 462 
Chloropentanone annulation methylcyclo0 

pentanedione 3767
Chloropentanone ketal indole alkylation

633
Chlorophenyl chloroethane structure 554 
Chloropropyne reaction alkylmagnesium 

halide 3496
Chlorosilane uridine 2995 
Chlorosulfonyl isocyanate reaction homobar= 

relene 57
Chlorosulfonyl isocyanate triene 3583 
Chlorosulfonyl isocyanate tritylaminopenicil- 

lanic acid 3048
Cholanediol osmate cleavage 3840 
Choiestadiene 381

Cholestadiene oxygenation photochem 3847 
Cholestadienol 3429 
Cholestane epoxide ethoxyethynylalane 

reaction 1669
Cholestanediol hydroxylation regioselective 

2651
Choies tanol 1064 
Cholestanol hydroxy NMR 71 
Cholestanone acetone coupling 3929 
Cholestanone reductive coupling 896 
Cholestene oxyamination chloramine T 

catalyst 177
Cholestenediol mesylate ring closure 3713 
Cholestenol 1064
Cholestenone dihalocarbene addn 611 
Cholesterol dehydro configuration 3429 
Cholesterol epimer 1064 
Cholesterol methyl 2288 
Cholesterol oxidn pyruvate fragmentation 

3030
Cholesteryl iodide reaction kinetics 381 
Choline anhydrocholine solvent 3773 
Choline conformation ir x ray 2283 
Choline nitrobenzoyl hydrolysis kinetics 36 
Chondria cyclic polysulfide 2465 
Chromate oxidn arborine mechanism 21C8 
Chromatog citronellate enantiomer ratio 62 
Chromatog tolylbutylcarbinol 3033 
Chromium carbonyl anisole protonation 

NMR 717
Chromium cumyl tricarbonyl NMR 1694 
Chromone benzyl 1852 
Chromophore camptothcine 3493 
Chrysanthemic acid intermediate 885 
Chymotrypsin aminoamide specificity 2239 
CIDNP tertbutylsulfonylcarbamate 143 
Cinnamaldéhyde 957 
Cinnamaldéhyde cyanohydrin dihydro 740 
Cinnamaldéhyde reductive deoxygenation 

_ 574
Cinnamaldéhyde Reformatskii bromoethoxy  ̂

crotonate 4070
Cinnamalone phenyl hydrolysis mechanism

3622
Cinnamamide cinnamyl Diels Alder 2571 
Cinnamamide phenylpropargyl intramol 

cycloaddn 3813 
Cinnamamide pyridyl 3546 
Cinnamate asym hydrogenation 1545 
Cinnamate ester redn trialkylborohydride 

2194
Cinnamate oxidn ruthenium tetroxide 3644 
Cinnamic acid cyclization 3399 
Cinnamonitrile addn exchange 3246 
Cinnamonitrile alkoxy 2846 
Cinnamonitrile bromomethyl reaction amine 

3241
Cinnamonitrile cyano 1389 
Cinnamylamine arylsulfonyl 248 
Citraurol citrus peel 891 
Citronellate enantiomer ratio NMR chroma“  

tog 62
Citrus peel citraurol 891 
Claisen rearrangement enolate ester 986 
Claisen rearrangement ether 3026 
Claisen rearrangement hydroxymethylpyr:0 

dine 535
Clavorubin ester 3018 
Cleavage allylandrostanol 1254 
Cleavage arylselenadiazole 729 
Cleavage azathiabicyclooctenedione 818 
Cleavage aziridinone Grignard reagent 3798 
Cleavage benzodioxole méthylmagnésium 

iodide 580
Cleavage benzyloxycarbonyl peptide redn

1653
Cleavage chiral phosphoroanilidate 227 
Cleavage chlorotrialkylcyclobutanedione

2036
Cleavage cholanediol osmate 3840 
Cleavage diphenyldinitrocyclobutene stereo  ̂

chem 2112
Cleavage ester superoxide mechanism 586 
Cleavage ether hydriodic acid 367 
Cleavage ethylthiocyelobutenedione amine 

3904
Cleavage expoyethylsilane mechanism 2615 
Cleavage imidazoisoquinolinedione 836 
Cleavage nucleophilic ring pyrazoloisoindo0 

lone 110
Cleavage oxidative phenyl dichloroacetate 

2039
Cleavage phenol ether 170 
Cleavage pyrazolidine Meerwein salt 1244 
Cleavage pyrazolinone stereochem 3625 
Cleavage resorcinol dibenzoate 3419 
Cleavage ring aziridinyl phosphonate 2273 
Cleavage ring epoxypicrotoxinin 1650 
Cleavage ring oxetanone mechanism 2527 
Cleavage stereospecific dithiane oxide 3975 
Cleavage sulfonium ring 3853 
Cleavage tosylsulfilimine 1728

Cleavage trifluoroacetate butoxycarbonyl 
group 1027

Clemmensen redn acetylfluorene 1935 
Cobalt acetylacetonate epoxidn olefin 1384 
Codimerization alkylhaloketene dialkylketene

2336
Codimerization photochem benzofuran 541 
Complex Meisenheimer sulfonyldinitroanî  

sole methanol 3892
Complex salts synthesis benzodithiolidine 

deriv 4051
Complexing preferential titanium tetrachlo

ride 373
Computer NMR conformation oxabicyclo- 

nonene 469
Condensation acetoacetate benzopyrancar  ̂

boxaldehyde 706
Condensation acyloin enediolate adipoin 

378
Condensation adipoin aminophenol 4026 
Condensation benzoin terephthalaldehyde 

benzaldehyde 2230 
Condensation cyanogen cyanide 1889 
Condensation cycloalkanedione oxoglutarate 

1903
Condensation dehalogenation haloacetophe= 

none catalyst 806
Condensation levulinate ferrocene 655 
Condensation malondialdehyde guanine 

294
Condensation malononitrile oximinoaldehyde 

1299
Condensation nitrosoalkane alkylhydroxyla0 

mine 1135
Condensation nitrosobenzene dihaloamine 

catalyst 1751
Condensation pyridinecarboxaldehyde pyri= 

dineacetate 2536
Condensation uracil propenone 3149 
Condensation vinylcyclohexene methylphos0 

phonous dichloride 238 
Condensation vinylnicotinonitrile oxalate 

2542
Condensation Wittig ionylideneacetaldehyde 

4108
Configuration abs celorbicol 3264 
Configuration abs cyclohexylamine bromo= 

phenyl 1640
Configuration arylbicyclohexanol NMR 

1273
Configuration astrocasine 2454 
Configuration benzylideneaniline photoisom  ̂

er 3322
Configuration benzylpenicilloate 2556 
Configuration CD tetrahydroisoquinoline 

850
Configuration conformation dimethylvalero= 

lactones 4051
Configuration conformation loganin 2045 
Configuration dehydrocholesterol 3429 
Configuration deoxyhydroxylcorticosterone 

2552
Configuration dimethylpiperidone oxime 

3637
Configuration morphine ethanothebaine 

996
Configuration multistriatin NMR 1926 
Configuration nicotine NMR 1585 
Configuration NMR bicyclooctane 465 
Configuration NMR carbon 3054 
Configuration retention dihaloaziridine redn 

3794
Configuration retention reaction silacyclobu  ̂

tane 1534
Configuration retention silyl cleavage 3975 
Configuration secologanin 2045 
Configuration substitution dioxaphosphori3 

nane 1264
Configuration tricyclooctane 1229 
Configuration vincoside 2045 
Conformation ale NMR acylation 801 
Conformation configuration loganin 2045 
Conformation coumarin hydroxy radical 

anion 2920
Conformation dihydrophenanthrene deriv 

NMR 3722
Conformation dimethylpiperidone oxime 

3637
Conformation energy methylsulfonyl group 

3899
Conformation histamine ir x ray 2283 
Conformation hydroxythioxanthene oxide 

NMR 3111
Conformation Mannich base solvent effect 

2913Conformation methylenetriphenylphospho-  
rane adduct lithium 1168 

Conformation naltrexol NMR 3445 
Conformation nitrophenyldimethylurea 

2134
Conformation NMR carbon cycloalkyl phos  ̂

phorus 1690
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Conformation NMR fluorobenzene 4006 
Conformation NMR oxabicyclononene com  ̂

puter 469
Conformation peptide cyclic 2584 
Conformation phenylacenaohthene PMR 

3693
Conformation phosphabicyclononane 589 
Conformation phosphinazine phosphinimine 

2716
Conformation pyran pyridine thiopyran 

NMR 455
Conformation substituent chloride cumyl 

1792
Conformation substituted butadiene 425 
Conformation tetrahydropvran NMR 1380 
Conformation tetramethylbenzobicyclonon  ̂

ene 1522
Conformation tolylbutylcarbinol 3033 
Conformation transition state phenylpenten= 

ol pyrolysis 2485 
Conformation vitamin D3 3476 
Conformational restriction nucleoside 3133 
Conjugate addn acrylate merhide 114 
Conjugate addn cyclopropylcuprate cycloalk  ̂

er.one 3629
Conjugate addn enolate cyclohexenone 

4044
Conjugate addn methanol 3765 
Conjugate addn organocopper 1986 
Conjugated double bond redn 3328 
Conjugated hydrocarbon energy total 2488 
Contraction ring diazouracil 1041 
Cooxidn cyclohexadiene Tetralin kinetics 

3179
Copaeamphene synthesis 3261 
Cope rearrangement diphenylhexadiene 

alumina 2048
Copper ate Grignard reagent 2750 
Copper chelate cycloaddn acetylenedicarb= 

oxylate 1079
Copper dialkyl substitution haloacrylate 

3674Copper dimethylsulfoxonium methylide 
olefin 4033

Copper isopropenyl addn epoxycycloalkene 
3213

Copper reagent coupling iodoalkenyl sulfone 
401

Copper tin couple debromination 4035 
Copper trifluoromethylphenyl decompn 

e~her 1986
Copper vinyl addn cyclohexenone 726 
Copyrolysis disilane furan 1799 
Corticosterone deoxyhydroxy 2552 
Cotton effect salicylidenimino steroid 704 
Cotton effect tetrahydroisoquinoline 850 
Coumarin hydroxy autoxidn 2920 
Coumarinacetate oxo 743 
Counter ion binding micelle 2968 
Counterion effect substitution reaction tri  ̂

chlorocyclopropenium 2258 
Coupling aryl halide aryl Grignard 2252 
Coupling arylmercuric salt 2661 
Coupling benzyl bromide 1184 
Coupling const aziridinyl phosphonate 2273 
Coupling halonorbornane redn 2711 
Coupling iodoalkenyl sulfone copper reagent 

401
Coupling ketone titanium mechanism 3929 
Coupling kinetics imidazclylcarbonyl amino 

acid 3041
Coupling organoboron acetylene 3947 
Coupling oxidative benzylisoquinoline 4047 
Coupling oxidative phenylalkylisoquinoline 

4049
Coupling phthalic anhydride 3909 
Coupling pinacolic carbonyl compd 260 
Coupling reductive ketone aldehyde 896 
Coupling xylene deriv dimethylenedihydrofu- 

ran 4081
Cross coupling Grignard reagent bromoprop- 

ene 502
Cross cycloaddn alkylacetylene 937 
Crotonaldehyde chloromethyl 1648 
Crotonaldehyde electrochem redn methyl 

2611
Crotonate cycloaddn methylpentenone 603 
Crotyltoluidine oxide allylie rearrangement 

300
Crown ether complexes potassium butoxide 

alcohol 4052 
Crown ether dithia 134 
Crown ether potassium butoxide complex 

2636
Crystal octalone ethylene crystal structure 

4096
Crystal structure acridinium chlorosulfiny= 

loxoethylide 3406 
Crystal structure apramycin 2087 
Crystal structure biphthalyl 3909 
Crystal structure cyclic peroxide 3756 
Crystal structure cyclohexylamine bromo- 

phenyl 1640

Crystal structure diazatricyclodecadiene 
3389

Crystal structure diiodopentacycloundecane 
1438Crystal structure diphenylacenaphthene 
3603

Crystal structure dithiobistoluenethiol dicar= 
bamothioate 3564

Crystal structure ethylene octalone photoad= 
duct 4096

Crystal structure homooxaandrostadienê  
dione 3940

Crystal structure hydrazonomethylbenzoxa -  
zine 737

Crystal structure iminothiadiazoline 3403 
Crystal structure iodine phenylhydroxytosyl0 

oxy 3609
Crystal structure jatrophatrione 1855 
Crystal structure nitrophenyldimethylurea 

2134
Crystal structure phenoxazine hydroxy 

4026
Crystal structure phenylhydroxybutanal 

imine 3798
Crystal structure phosphatovinyl carbonate 

1152
Crystal structure pyrroloquinoline 1743 
Crystal structure sellowin B 2458 
Crystal structure spirocyclopropylbicyclohep= 

tene 2129
Crystal structure spirodicatecholphenoxyph  ̂

osphorane 473
Crystal structure sulfurane arylimino 2137 
Crystal structure tetrazolotriazine 2860 
Crystal structure uvaretin 1852 
Crystal structure vitamin D3 3476 
Crystallog methanodibenzocyclodecene 

2910
Crystallog pyrrolinium acylide 390 
Crystallog structure nortricyclonone 2943 
Crystallog x ray diazatetracyclotetradecatrie= 

ne 2963
Crystalog aldehydo sugar enol 2652 
Cuauhtemone 2095 
Cumene metalation 1870 
Cumyl chloride solvolysis kinetics 1792 
Cumylchromium tricarbonyl NMR 1694 
Cumylsodium 1870 
Cuprate addn enone enolate 4031 
Cuprate dimethyl addn ketone 3067 
Cuprate vinyl addn cyclohexenone 726 
Cyanatobenzoyl chloride reaction 2728 
Cyanide chloromethylenephosphorane reac= 

tion 556
Cyanide condensation cyanogen 1889 
Cyanide reaction triphenylmethane dye 

cation 221
Cyanide substitution chloromethylfuran 

2835Cyanoalanine thioamidation 1336 
Cyanoalkene redn 3328 
Cyanocyclohexadienone photorearrangement 

2950
Cyanoethylidenation dehydroepiandrosterone 

1873
Cyanoformate ester 3486 
Cyanogen condensation cyanide 1889 
Cyanohalobiphenyl 1071 
Cyanohexafluoroisopropanol ester pyrolysis 

1567
Cyanohydrin hydrocinnamaldehyde 740 
Cyanoimidoaziridine thermolysis 2141 
Cyanomethyl anion arylation photo 3371 
Cyanomethylpyridinium iodide electroredn 

dimerization 3967 
Cyanovinylpyrrole 2826 
Cyanuric chloride imine 2032 
Cyclic ale oxidn reagent 3329 
Cyclic carbonate carbene precursor 338 
Cyclic carbonate dihydroxy steroid 78 
Cyclic chloronium equil carbonium 362 
Cyclic hemiketal configuration 2552 
Cyclic onium salt nucleophilic displacement 

1052
Cyclic peroxide mol structure 3756 
Cyclic polysulfide Chondria 2465 
Cyclic triperoxide biscyclododecylidene 

cycloalkylidene 1283
Cyclization acetoxybicyclononadiene 1899 
Cyclization acetylacetone diaminohexafluoro  ̂

propane 2783
Cyclization acetylenedicarboxylate triseleno= 

carbonate 882
Cyclization acylchloronorbornene 2943 
Cyclization ale dihydroxypropanone 2642 
Cyclization aldol diketone 4059 
Cyclization aldol oxohexylcycloalkanone 

2955
Cyclization alkenylhydroxylamine 855 863 
Cyclization allenic phosphonic acid 3191 
Cyclization aminophenylethanediol 2988 
Cyclization aminouracil acetylenedicarboxy= 

late 1095

Cyclization azidotriazine 2860 
Cyclization azine diphenylketene 156 
Cyclization benzodioxolanylmethyl lactone 

3772
Cyclization benzoic acid hydrazide orthofor= 

mate 2736
Cyclization benzylcyclohexanol 1522 
Cyclization benzylideneisoquinoline ethylide— 

neisoquinoline photochem 2201 
Cyclization benzylthiol lithio piperidone

2628
Cyclization carbobenzyloxyhydrazinecarbon- 

yl chloride 3763
Cyclization earbonylbiscyclopentene 2238 
Cyclization carboxythenylnaphthalene 3046 
Cyclization chlorobicyclohexanone dehydro  ̂

chlorination 1421
Cyclization chlorodiazacycloheptanone 2813 
Cyclization chlorophenoxyaniline diazotiza= 

tion 2428
Cyclization chlorosulfonyl isocyanate triene 

3583
Cyclization cyanide cyanogen 1889 
Cyclization cyclohexanedione oxoglutarate 

743
Cyclization deiodination perfluoroalkylio  ̂

doalkene 766
Cyclization diallylaniline phenylborane

2803Cyclization diaminoquinazolone formic acid 
3529

Cyclization diazotization aminobenzothioph= 
enecarbonitrile 1733 

Cyclization dicyano enamine 629 
Cyclization dihaloalkane Grignard 2882 
Cyclization dimethylsulfoxonium methylide 

olefin 4033
Cyclization diphenylcyelopropenone thiazoli0 

um hydroxide 818 
Cyclization dipyrrylmethane 2991 
Cyclization dithioazetidinone 2276 
Cyclization divinylcyclopropane 3490 
Cyclization epoxy carbanion 885 
Cyclization epoxy sulfone 3648 
Cyclization epoxyoctane 2797 
Cyclization ethoxycarbonylthioamide 3233 
Cyclization ethylnitrosolate benzyl halide 

2985
Cyclization fluorobutyronitrile Grignard 

reagent 1294
Cyclization formic acid diaminomaleonitrile 

713
Cyclization guanidine aminocyanopyrazine 

oxide 1299
Cyclization hexatriene sulfur dioxide 242 
Cyclization hydrazine azine 3392 
Cyclization hydrazinylylideneacetylaminobe- 

nzoate 737
Cyclization hydroxyethylbenzoquinolizineac  ̂

etate 3714
Cyclization imidazolylcarbonylglycine 3041 
Cyclization imidazopyridine DMF 1661 
Cyclization indoleninecarboxamide pyruvate 

3433
Cyclization intramol carboxycyclohexenone- 

propionic diester 563
Cyclization ionylideneacetonitrile photochem 

1862Cyclization isocyanide diazonium 711 
Cyclization keto sulfoxide 1118 
Cyclization kinetics diphenyldinitrobutadiene 

2112
Cyclization lactone aminopropanol 1642 
Cyclization lithiobenzonitrile electrophile 

1187
Cyclization lithiophenylpropyl bromide 

ii84
Cyclization methylpentenylnorbornanone 

3261
Cyclization nitrile oxide acetylenedicarboxy= 

late 1296
Cyclization nitronaphthalene amidine 2421 
Cyclization nitrone oxosulfene 2438 
Cyclization pentanedione hydrazine 2874 
Cyclization phenethylindanone 1601 
Cyclization phenethylpyrrolecarboxylate 

875
Cyclization phenylalkenylphosphine 1403 
Cyclization phenylhydrazone 1877 
Cyclization phosgene oxime diamine 3253 
Cyclization photo tetracycloundecadiene 

1438
Cyclization photochem 2947 
Cyclization photochem enamino nitrile 19 
Cyclization phthaloyl dichloride imidazole 

836
Cyclization picryl azide phenoxyallene 678 
Cyclization pivaloyl chloride triflic acid 

3034
Cyclization propanedione quanidine 1590 
Cyclization propiolate 4043 
Cyclization pyrazine malononitrile 3389
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Cyclization pyrrolecarbonyl chloride benzala  ̂
niline 3050

Cyclization pyrrolecarboxaldehyde isocyan= 
oacetate 1482

Cyclization pyrrolidinedione hydrazine 
2031

Cyclization secoandrostanenitrile 1930 
Cyclization secosteroid 1943 
Cyclization secovestratetraenone 707 
Cyclization serine propionimidate 3219 
Cyclization thiaziridinimine imine nitrile 

3403
Cyclization thiete dioxide butadiene 3044 
Cyclization thiirane oxide azine 3925 
Cyclization thiophene deriv 3668 
Cyclization thioureidopyrazole 3781 
Cyclization triaminopyridinone 3784 
Cyclization uracil propenone 3149 
Cyclization ynamine oxadiazinone oxide 

3970
Cycloaddition enamine activated cyclopro— 

pane 4051
Cycloaddn alkene vinylidenecarbene 2408 
Cycloaddn azide imidoyl chloride 1073 
Cycloaddn benzyne cyclopentadienylmetal 

1995
Cycloaddn benzyne silylethylamine 1962 
Cycloaddn bicyclooctanone enamine 3518 
Cycloaddn butadiene olefin 1655 
Cycloaddn butene tetrachloroquinone 2223 
Cycloaddn carbonyl ylide alkene 2654 
Cycloaddn chlorocatechol chloronitrobenzene 

2435
Cycloaddn copper chelate acetylenedicarb  ̂

oxylate 1079
Cycloaddn cross alkylacetylene 937 
Cycloaddn crotonate methylpentenone 603 
Cycloaddn cyclopropenone aminopyridine 

3546
Cycloaddn dehydrocholesterol triazolinedione 

1067
Cycloaddn diazacyclopentadienone oxide 

ynamine 1887
Cycloaddn diazomethane vinyl ether 2212 
Cycloaddn dicarbanion dihaloalkane 1620 
Cycloaddn dipolar mechanism review 403 
Cycloaddn enamine cyclopropane 10 
Cycloaddn furan nitrile oxide 3349 
Cycloaddn iminodithiocarbonate azidoketene 

1112
Cycloaddn intramol phenylpropargyl cinna  ̂

mamide 3813
Cycloaddn isocyanate thiazolium hydroxide 

813
Cycloaddn McCormack 238 
Cycloaddn mesoionic ring 1724 
Cycloaddn nitrile sulfide tetracyanoethylene 

620
Cycloaddn nucleoside 84 
Cycloaddn oxoglutarate ethanedione 4053 
Cycloaddn phencyclone olefin 1105 
Cycloaddn photochem ethylene octalone 

4096
Cycloaddn piperidone benzylamine formal  ̂

dehyde 1593
Cycloaddn propiolamidium cyclopentadiene 

183
Cycloaddn propiolate olefin 3061 
Cycloaddn pyridinium tolylsulfonylmethylide 

acetylenedicarboxylate 2144 
Cycloaddn rearrangement halocyclopropene 

anthracene 3333
Cycloaddn thiazolium ylide acetylenedicarb̂  

oxylate 187
Cycloaddn thiazoloindazole 129 
Cycloaddn triazolinedione 2102 
Cycloaddn vinylketene acetal halonaphtho  ̂

quinone 3018
Cycloaddn vinylketene cyclopentadiene 

3303
Cycloadduct methylphosphonous dichloride 

reaction sulfide 1548 
Cycloaliph ale oxidn ozone 889 
Cycloaliph nitro compd 733 
Cycloalkadiene conjugated amination 2504 
Cycloalkadiene hydration kinetics mechanism 

649 1675
Cycloalkadiene redn diimide reactivity 3922 
Cycloalkane 2882
Cycloalkane halo redn catalyst 1393 
Cycloalkane macrocyclic 1283 
Cycloalkane vinyl 1620 
Cycloalkanedione 2073 
Cycloalkanedione condensation oxoglutarate 

1903
Cycloalkanedione dimerization 3059 
Cycloalkanoindole aminopropanoyl 3775 
Cycloalkanol oxidn catalyst 957 
Cycloalkanol tosylate redn 3065 
Cycloalkanone chloro oxidative cleavage 

1077
Cycloalkanone enamine reaction oxomalonate 

561

Cycloalkanone oxohexyl aldol cyclization 
2955

Cycloalkene bisphenylthio 2506 
Cycloalkene epoxy addn isopropenylcopper 

3213
Cycloalkene redn diimide reactivity 3922 
Cycloalkenone 2073
Cycloalkenone conjugate addn cycloprop yl= 

cuprate 3629
Cycloalkenyl silyl ether oxidn 1673 
Cycloalkyl phosphorus conformation NMR 

carbon 1690 
Cycloazaisoguanine 1100 
Cycloazaxan thine 1100 
Cyclobutadiene iron sigma pi bond 2659 
Cyclobutadiene iron tricarbonyl substitution 

styrene 1681
Cyclobutadiene resonance energy 3058 
Cyclobutane dialkyl dichloro 937 
Cyclobutanedione alkyl halo 2336 
Cyclobutanedione chlorotrialkyl reaction 

2036
Cyclobutanobisbenzofuran 541 
Cyclobutanol deriv 3648 
Cyclobutanone 153 
Cyclobutanone secosulfenylation 3217 
Cyclobutene methyl metathesis 3928 
Cyclobutene polyfluoro sulfur trioxide 2353 
Cyclobutenedione thiolate ion 3904 
Cyclobutylcarbinyl brosylate acetolysis aryl 

effect 486
Cyclobutylmethylepoxyhydroxymorphinan

3624
Cyclocholestenol hydroboration stereochem 

1064
Cyclocosanetetrone 2314 
Cyclodecene bromo tosyloxy 384 
Cyclodehydration rearrangement

isopentylhydroxycyclopentanone 2605 
Cyclododecylidene cycloalkylidene cyclic 

peroxide 1283 
Cyclododecyne 2640
Cycloelimination pinacol carbonate arylcarb̂  

ene 338
Cycloheptafuranone 4043 
Cycloheptane deriv 3490 
Cycloheptanone 966
Cycloheptatriene cyclization chlorosulfonyl 

isocyanate 3583
Cycloheptatriene heptaphenyl DTA UV 

3374
Cycloheptatrienylmetal carbonyl NMR 

1694
Cyclohexadiene chlorination mechanism 

1287
Cyclohexadiene cooxidn Tetralin kinetics 

3179
Cyclohexadiene deriv 1655 
Cyclohexadienone acetoxy 1646 
Cyclohexadienone alkyl alkoxy 282 
Cyclohexadienone epoxide photolysis 3377 
Cyclohexadithiin 3053 
Cyclohexane autoxidn kinetics mechanism 

1
Cyclohexane azoxy sym 1131 
Cyclohexane diepoxy 355 
Cyclohexane epoxide ethoxyethynylalane 

reaction 1669
Cyclohexane NMR deuteration 3036 
Cyclohexane photolysis amide 1279 
Cyclohexaneacetate oxido 1081 
Cyclohexanecarbonitrile attempted hydrcxy= 

lation catalyst 740
Cyclohexanecarboxaldehyde oxobutyl spi  ̂

roannelation 3337
Cyclohexanedione cyclization oxoglutarate 

743
Cyclohexanedione oxidative cleavage catalyst 

1077
Cyclohexanedione reaction aminopyrimidine  ̂

carboxaldehyde 1058 
Cyclohexanedione reaction oxalyl chloride 

636
Cyclohexanedione sulfinylaniline copper 

reaction 3811
Cyclohexanedione sulfur ylide 125 
Cyclohexanol benzyl cyclization 1522 
Cyclohexanol oxidn pyruvate fragmentation 

3030
Cyclohexanone alkyl stereoselective redn 

1939Cyclohexanone autoxidn kinetics mechanism 
1

Cyclohexanone ketal epoxycyclohexy'. reac= 
tion 169

Cyclohexanone methoxyvinyllithium react.on 
2312Cyclohexanone redn borohydride kinetics 
2396

Cyclohexanone reductive coupling 896 
Cyclohexanone silyloxyallyllithium reaction 

3620

Cyclohexanonylhydroxymalonate lactoniza= 
tion 561

Cyclohexene acetyl reductive deoxygenation 
574

Cyclohexene addn nitrotrihalomethane pho= 
tochem 155

Cyclohexene dihalocarbene addn 611 
Cyclohexene hydrogenation stearate catalyst 

attempted 3332
Cyclohexene oxide deoxygenation 3647 
Cyclohexene oxidn thallium trinitrate 2782 
Cyclohexene oxyamination chloramine T 

catalyst 177
Cyclohexene propiolate 3061 
Cyclohexeneacetate 3215 
Cyclohexenecarboxylate addn thiophenoxide 

stereochem 1712 
Cyclohexenol isomerization 3020 
Cyclohexenone addn enolate 4044 
Cyclohexenone addn vinylcuprate 726 
Cyclohexenone alkyl 2649 
Cyclohexenone brevicomin intermediate 

398
Cyclohexenone carbomethoxy carbomethoxy— 

ethyl cyclization 563 
Cyclohexenone chloro 636 
Cyclohexenone ethylene electroredn 4087 
Cyclohexenone reaction triphenyl trithiobo= 

rate 2506
Cyclohexenone reductive alkylation trialkyl= 

borohydride 2194 
Cyclohexenone silyl 3063 
Cyclohexenothiadiazole thermolysis 730 
Cyclohexenotrithiocarbonate 730 
Cyclohexenyl acetate nucleophilic substitu= 

tion 3215
Cyclohexenylpentadienylidenefuranone

4108
Cyclohexyl benzenesulfinate rearrangement

2312
Cyclohexyl chloroformate substitution cyan= 

ide 3486
Cyclohexyl phenylacetate photoelimination 

stereochem 171
Cyclohexyl silyl ether oxidn 1479 
Cyclohexyl sulfide carbon 13 NMR 3899 
Cyclohexyl tosylate acetolysis salt effect 

3920
Cyclohexyl tosylate butylammonium acetate 

2173
Cyclohexyl xanthate mass spectra 3917 
Cyclohexylalkyne 1078 
Cyclohexylamine bromophenyl abs configu= 

ration 1640
Cyclohexyldiazene oxide unsym isomerization 

1146
Cyclohexylhydrazine 3805 
Cyclohexylimine piperonal metalation lithium 

1564
Cyclohexylmethyl cyclohexanecarboxylate 

fluorinated 2256 
Cyclononenyl tosylate bromo 384 
Cyclooctadiene reaction sulfur dioxide saftey 

242Cyclooctaquinoxaline 3760 
Cyclooctatetraene Diels Alder 887 
Cyclooctatrienedione 3760 
Cyclopentadecane oxidn catalyst 3767 
Cyclopentadiene chlorination mechanism 

1287
Cyclopentadiene cycloaddn propiolamidium

183
Cyclopentadiene cycloaddn vinylketene 

3303
Cyclopentadiene Diels Alder maleimide 

stereochem 394
Cyclopentadienequinone dipolar addn 4051 
Cyclopentadienone cyclic ketal 2236 
Cyclopentadienone dialkylamino 1887 
Cyclopentadienylmetal addn benzene 1995 
Cyclopentadienylpalladium methanolysis 

1990
Cyclopentane octenyl 3947 
Cyclopentanediol diperoxide 3983 
Cyclopentanedione ring closure chloropenta  ̂

none 3767
Cyclopentanone isopentyl hydroxy cyclodeh= 

ydration 2605
Cyclopentene carbonylbis cyclization 2238 
Cyclopentene ethynyl 1461 
Cyclopentenone acetyl photolysis 3377 
Cyclopentenone ethoxy reaction lithiocyclo  ̂

propane 3490
Cyclopentenotetrathiafulvalene 730 
Cyclophane para 4081 
Cyclophane tetrathia 1289 
Cyclophane thiapara 2509 
Cyclopodocarpatrienone 1089 
Cyclopregnanecarboxaldehyde Wittig 2288 
Cyclopropanation silylated enediolate adipoin 

378
Cyclopropane acetylenic 3931
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Cyclopropane acrylvinyl 3629 
Cyclopropane acylal solvolysis trans lactone 

1668
Cyclopropane addn acetic acid 4016 
Cyclopropane alkenylidene NMR carbon 

1061
Cyclopropane alkenylidene rearrangement 

4012
Cyclopropane aminoalkyl ring enlargement 

153
Cyclopropane benzoyl phenyl 4033 
Cyclopropane bisalkylidene addn reaction 

432
Cyclopropane dibenzoyldiphenyl reaction 

hydrazine 1245
Cyclopropane dichloro photochem bromina0 

tion chlorination 523 
Cyclopropane dimethyl reaction bromine 

671
Cyclopropane dimethylvinylidene 2408 
Cyclopropane divinyl 3490 
Cyclopropane hydroxymethyl 885 
Cyclopropane isobutenylidene electrophilic 

addn 425
Cyclopropane protonated deamination ami° 

nomethylbutane 323
Cyclopropane ring cleavage bieycloheptanone 

1282
Cyclopropane vinyl halogen addn 1972 
Cyclopropanedicarbonitrile dimethyl cy° 

cloaddn enamine 10
Cycbpropanedicarboxylate proton transfer 

kinetics 1658
Cyclopropanedicarboxylic anhydride photo0 

lysis 2038
Cyclopropanemethanol 3648 
Cyclopropaneperoxycarboxylate thermolysis 

mechanism 940
Cyclopropene cycloaddn anthracene rear° 

rangement 3333
Cyclopropene methylene trapping 3771 
Cyclopropenium stabilization guaiazulene 

2379
Cyclopropenone cycloaddn aminopyridine 

3546Cyclopropenone stabilization guaiazulene 
2379

Cyclopropenyl fluoro ether 2377 
Cyclopropyl arom hydrocarbon 1494 
Cyclopropyl carbenoid disrotatory ring open° 

ing 2965
Cyclopropyl conformation chloride cumyl 

1792
Cyclopropyl lithium oxygenation mechanism 

1459
Cyclopropyl phenylalanine analog hydrolysis 

1466
Cyclopropyl radical stability 940 
Cyclopropyl triflate acetolysis 3734 
Cyclopropyl triflate solvolysis kinetics 3740 
Cyclopropyl unsatd ketone radical anion 

3076
Cyclopropylcuprate conjugate addn cycloalk° 

enone 3629
Cyclosecoestratriene 1601 
Cyclosecopregnatrienyne 1601 
Cyclotridecene siloxyvinyl rearrangement 

1233
Cyclouridine epimer 3133 
Cysteine deuterated 1353 
Cytidine alkylation bromomethylbenzanth0 

racene 1597
Cytokinin metabolite mass spectra 3959 
Cytosine acetamidodeoxyarabinosyl 2042 
Cytosine arabinofuranosyl 1828 
Cytosine dideoxyhexosyl 600 
Cytosine psicofuranosyl 1836 
Dealkoxycarbonylation diester 208 
Deamination aminoalkylcyclopropane ring 

enlargement 153
Deamination aminomethylbutane protonated 

cyclopropane 323
Deamination deoxybenzoin Mannich meth° 

anediamine 2650 
Deazaadenosylcysteine 565 
Deazaguanine amino 3784 
Débenzoylation dibenzoylhydrazine tosylate 

methyl 1555
Débenzylation phosphoric acid 3853 
Debromination tin copper couple 4035 
Decahydroquinoline carbon NMR 199 
Decalone oxa oxido 1081 
Decanal oxo 560
Decarbalkoxylation amine bore 208 
Decarboxylation cyclopropanedicarboxylic 

anhydride 2038
Decarboxylation electrochem tetrahydroisoq0 

uinolinecarboxylic acid 443 
Decarboxylation hydrazone 3805 
Decarboxylation maleic anhydride adduct 

887
Decarboxylation oxaloacetic acid 3593

Decene oxidn thallium trinitrate 2782 
Dechlorination chlorotrialkylcyclobutanedio- 

ne 2036
Decompn diazabicycloheptanone kinetics 

2813
Decompn hydroperoxy ketone mechanism 

2340
Decompn methyl phenyl stibonium bromide 

1276
Decompn pyridinium ferrocene ylide 491 
Decompn radical hydroperoxy ketone 373 
Decompn spirofluoreneindazole 2120 
Decompn thermal benzoselenophene oxide 

2503
Decompn thermal phenylmethylpyridyletha0 

nol mechanism 3556
Décyanation oxidative unsatd nitrile 2939 
Decyl phosphate micellization kinetics hy° 

drolysis 3037
Decyltrimethylammonium viscosity salt 

effect 2968
Dediazoniation kinetics ale diazonium salt 

2157
Degradation nicotine 3438 
Degrdn pyridiniooxyalkanoate catalyst 160 
Dehalogenation condensation haloacetophe° 

none catalyst 806 
Dehalogenation dihaloalkane 3279 
Dehydration ferrocenylbutanol 2774 
Dehydration hydroxycholesterol 3429 
Dehydration kinetics aldol 3299 
Dehydration kinetics tolylbutylcarbinol 

3033
Dehydration mass spectra ketone 136 
Dehydration methanobenzazoninol 4106 
Dehydration phenylmethylpyridylethanol 

mechanism 3556 
Dehydrobiotin 3853
Dehydrochlorination chlorobicyclohexanone 

cyclization 1421 
Dehydrocholesterol 3716 
Dehydrocholesterol configuration 3429 
Dehydrocholesterol cycloaddn triazolinedione 

1067Dehydrodeoxynupharidine reaction tosyl 
chloride 2514

Dehydroepiandrosterone cyanoethylidenation 
1873

Dehydrofluorination polyfluoroalkane 1980 
Dehydrogenation arom hydrocarbon aldeh° 

yde ruthenium 2688
Dehydrogenation difluorooctahydroanthrac0 

ene 1660
Dehydrophenylalanine peptide 1344 
Dehydroxysantonin dimer 1256 
Deiodination cyclization perfluoroalkylio0 

doalkene 766
Delphinium bisditerpene alkaloid 3042 
Demetalation carbo silylvinylborane 2941 
Déméthylation pyridinium triphenylphos- 

phine substituent effect 2621 
Déméthylation tetrandrine microbial 2548 
Demethylenedioxylation methylenedioxyiso0 

quinoline 1657 
Deoxy nucleoside 3827 
Deoxybenzoin 2928
Deoxybenzoin condensation benzaldehyde 

2536
Deoxybenzoin Mannich methanediamine 

deamination 2650
Deoxycorticosterone functionalization 3532 
Deoxygenation epoxide 3647 
Deoxygenation reductive isophorone 574 
Deoxygenation stereochem epoxide 3611 
Deoxygulosyladenine 306 
Deoxyribonuclease A fragment glycopeptide 

2480
Deoxysilylation thermal silylhydroxylamine 

3381
Deoxythiopentofuranoside methyl 3831 
Deprotonation pyridinium trifluoromethane° 

sulfonate 2144
Derivatization thiophene 3668 
Deselenation photochem benzyl diselenite 

3204
Deuterated cysteine 1353 
Deuteration benzanthracene methyl kinetics 

2676
Deuteration cyclohexane NMR 3036 
Deuteration nicotinamide 2066 
Deuterium isotope effect hydrolysis 33 
Deuterium isotope effect solvolysis triflate 

3740
Deuterium alpha position ketone redn 3834 
Dewar benzene oxide isomerization 2028 
Diamine cyclization phosgene oxime 3253 
Diamine fluorinated 1469 
Diaminohexafluoropropane cyclization acety- 

lacetone 2783
Diaminomaleonitrile formic acid 713 
Diaminomaleonitrile ketone 629 
Diastereoisomer cyanomethylpyridinium 

iodide electroredn 3967

Diazabicycloheptadiene 1245 
Diazabicycloheptanone 2813 
Diazabicyclononene decarbalkoxylation 

diester 208
Diazabicyclononene reaction halo sulfone 

1557
Diazabicyclooctane decarbalkoxylation dies° 

ter 208
Diazacyclohexane 2813 
Diazacyclopentadienone 2871 
Diazacyclopentadienone oxide cycloaddn 

ynamine 1887
Diazadihydrotriquinacene 3389 
Diazaditwistane 3159 
Diazaoxabicycloheptanedione 813 
Diazaspirodecadiene 2124 
Diazatetracyclododecane 3159 
Diazatetracyclotetradecatriene x ray crystal0 

log 2963
Diazathiabicycloheptanedione 813 
Diazatricyclodecadiene 3389 
Diazene oxide cyclohexyl alkyl 1146 
Diazene oxide methyl phenyl 1141 
Diazene oxide unsym phenyl 1751 
Diazene thermolysis kinetics mechanism 

1666
Diazenedicarboxamide addn benzenesulfinate 

kinetics 116
Diazenedicarboxamide sulfonyl 116 
Diazenedicarboxylate addn arenesulfinate 

H6
Diazepine dicyano 629 
Diaziridinobenzodiazocine isomerization 

rearrangement 3229 
Diaziridinone bicyclo 2813 
Diazoacetate aldol 3335 
Diazoacetate diazomethane ribofuranosylpro0 

piolate 84
Diazohexofuranosidulose thiourea reaction 

4074
Diazomethane cycloaddn vinyl ether 2212 
Diazomethane diazoacetate ribofuranosylpro0 

piolate 84
Diazomethane diphenyl azirine 3642 
Diazomethyl vinyl ketone 3326 
Diazonium cyclization isocyanide 711 
Diazonium salt dediazoniation kinetics ale 

2157
Diazonium tetrafluoroborate reaction 1717 
Diazopropane methylphenyl carbene reaction 

1464
Diazotate octane ethanolysis 1128 
Diazotization aminomethylbicyclo 4051 
Diazotization cyclization aminobenzothiophe0 

necarbonitrile 1733 
Diazotization imidazolylaniline 158 
Diazotization octahydroanthracenediamine 

fluorination 1660 
Diazouracil ring contraction 1041 
Dibenzazonine alkaloid spirodienone rear0 

rangement 3210
Dibenzobicyclooctadiene NMR carbon sub° 

stituent effect 2055
Dibenzobicyclooctatriene oxymercuration 

mechanism 1912 
Dibenzocyclooctadiene 3772 
Dibenzodioxacyclooctane 3756 
Dibenzodioxin polychloro 2435 
Dibenzodithiin 1331
Dibenzofuran dithianylidenemethyl 2934 
Dibenzofuran hydro 169 
Dibenzofuran polychloro 2428 
Dibenzofurotropone cycloaddn dienophile 

1425Dibenzotricyclononadiene addn acetic acid 
4016

Dibenzoylmethido iron complex catalyst 
502

Diborane redn tertiary amine 149 
Dibromonorbornane electroredn 2711 
Dibutylstannylene selective esterification 

glycoside 1832
Dicarbonyl compd adduct ketoglutarate 

4053
Dicyclohexylcarbodiimide cyanuric chloride 

2032
Dicyclopropylacetylene rotation barrier MO 

3207
Dideoxyhexosylcytosine 600 
Diels Alder allylidenedithiane 2934 
Diels Alder benzoquinone 3468 
Diels Alder benzoquinone butadiene 1081 
Diels Alder bistriquinacene triazolinedione 

3524
Diels Alder cyclooctatetraene 887 
Diels Alder cyclopentadienone ketal 2236 
Diels Alder furan methylbenzyne 3356 
Diels Alder intramolecular cinnamylcinna0 

mamide 2571
Diels Alder isodicyclopentadiene stereochem 

1457
Diels Alder phenylthiobutadiene 3218
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Diels Alder propenylaminomethylfuran 104 
Diels Alder Pyrimidine 2124 
Diels Alder pyrimidoneglyoxylate 2850 
Diels Alder pyrone 2495 
Diels Alder quinizarinquinone butadiene 

2296
Diels Alder reaction diacetoxybutadiene 

1655
Diels Alder reaction intramol 3813 
Diels Alder secondary orbital steric 394 
Diels Alder tetrachloroquinone butene 2223 
Diels alder thiopheneacrylate butadiene 

1320
Diene adduct methylphosphonous dichloride 

sulfide 1548
Diene chlorination mechanism antimony 

pentachloride 3997 
Diene chlorination stereochem 334 
Diene conjugated 2241 
Diene iron NMR carbon 2383 
Diene methyl hypochlorite addn 644 
Diene monoepoxide oxidative chlorination 

1648
Dienone rearrangement photochem 2950 
Dienophile cycloaddn dibenzofurotropone 

1425.Dienophile formylvinylphosphonate formy= 
lethynylphosphonate 2411 

Diepoxide redn 355 
Diester redn aluminum hydride 1470 
Diferrocenyl diselenide electrochem spectra 

1849Digestive gland compn Aplysia 2461 
Dihalide vicinal stereochem elimination 

3284
Dihalocarbene addn olefin 611 
Dihomooxaandrostadienedione 3940 
Dihydrobenzofuran 151 
Dihydrokavain 4070
Dihydrophenanthrene deriv conformation 

NMR 3722
Dihydrophenophosphazine ring system 

4051
Dihydrophthalate epoxidn stereospecific 

355
Dihydropycnanthine structure 376 
Dihydropyrroloindole 2031 
Dihydrothianaphthenecarboxylic acid 3743 
Dihydroxyacetone substituent 2312 
Dihydroxyphenylalanine 3056 
Dihydroxypropanone cyclization ale 2642 
Dihydroxyvitamin D3 2651 
Diimide redn cycloalkene cycloalkadiene 

reactivity 3922
Diindolopyrimidinedione 3050 
Diindolylpyridylmethane deriv dye 870 
Diketene thermolysis isotope effect 3176 
Diketone aldol cyclization 4059 
Dimedonyliodone phenyl reaction isothiocya  ̂

nate 125
Dimer dehydroxysantonin 1256 
Dimer triquinacene sepn isomer 3524 
Dimercaptan xylylene 1289 
Dimerization aliph arom halide 719 
Dimerization benzofuran photochem 541 
Dimerization cycloalkanedione 3059 
Dimerization electroredn cyanomethylpyridî  

nium iodide 3967
Dimerization indolecarbonyl chloride 3050 
Dimerization photochem benzofuran 151 
Dimerization pyrone photochem thermal 

2495Dimerization reductive naphthalene stereo  ̂
chem 2910

Dimerization tetrahydroisoquinoline deriv 
845

Dimerization vinylmercuric chloride catalyst 
2241Dimethoxybutenate methyl electroprepn 
isomerism 3482

Dimethyl acetal benzaldehyde kinetics hy= 
drolysis 2344

Dimethyl sulfoxide catalyzed hydrogen chlo= 
ride 4051

Dimethylallylmethanobenzazocinone reduc= 
tive cleavage 2545

Dimethylbutene stereochem hydroboration 
oxidn 3031

Dimethylcarbamate allylic rearrangement 
mechanism 3338

Dimethylcuprate addn alkyl aryl ketone 
3067

Dimethylcuprate addn diaryl ketone 3083 
Dimethylenecyclooctatriene radical anion 

ESR 2071
Dimethyloctanoic acid 3497 
Dimethylsulfoxonium methylide copper 

olefin 4033
Dimethylvalerolactones configuration conform 

mation 4051
Dimorpholinylphosphinic chloride phosphor 

rylation 2720

Dinitroalkane potassium thermolysis alkene 
122

Dinitroanisole Meisenheimer complex NMR 
3448

Dinitrogen tetraoxide polysaccharide 90 
Dinorpregnenynone ethyl 531 
Diol redn 896
Dioxaazatetracycloundecanone 104 
Dioxabicyclooctane 603 
Dioxabicyclooctane dimethyl ethyl 2787 
Dioxabicyclooctane hydrogenolysis stereochem 

37!
Dioxabicyclooctane isomer enrichment 373 
Dioxane oxononyl hydrolysis 560 
Dioxane photolysis amide 1279 
Dioxaphospholene hydrogenation monoke  ̂

tone 2928
Dioxaphosphorin oxidn stereochem 233 
Dioxaphosphorinane substitution configurâ  

tion 1264
Dioxasilacycloheptadiene 1799 
Dioxathiazole oxide thermolysis 1296 
Dioxene 2223
Dioxetane biacrylidene chemiluminescence 

2685
Dioxetane thermolysis 479 
Dioxinodioxin 2642 
Dioxolane 2642
Dioxolane heptenyl brevicomin intermediate 

398
Dioxolane multistriatin intermediate 2475 
Dipentene nitrile oxide addn 2210 
Dipeptide ester redn amide 1260 
Diphenoquinone tetramethyl 1646 
Diphenyl anthracene electrochem chlorina= 

tion 516
Diphenyl disulfide 1331 
Diphenylamine electrochem oxidn methoxide 

731
Diphenylcyclopropenone cyclization thiazoli- 

um hydroxide 818
Diphenyldiazomethane cycloaddn tetracya= 

noethylene 620
Diphenylketene cyclization azine 156 
Diphenylmethylene thiopyran rearrangement 

photo 2279
Dipolar addn oxazolium oxide 4051 
Dipolar aprotic solvents cycloaddition reac= 

tions protic 4051 
Dipolarophile cycloaddn 1724 
Dipole moment alkylbenzohydroximoyl 

chloride 252
Dipole moment arylimino sulfurane 2137 
Dipole moment guaiazulenylcyclopropenone 

2379
Dipyrrolopyrimidinedione 3050 
Dipyrrylmethane cyclization 2991 
Diselenide alkylation nucleoside 1847 
Diselenite benzyl photochem deselenaticn 

32°4
Disilane furan copyrolysis 1799 
Displacement halo sulfoné arenesulfinate 

1557
Displacement nucleophilic alkyl quaternary 

salt 2714
Displacement nucleophilic cyclic onium salt 

1052
Disrotatory ring opening cyclopropyl carbe  ̂

noid 2965
Dissocn const pyridylphosphonic acid 2148 
Dissocn heterocyclic aldehyde 1952 
Disulfide alkyl oxidn catalyst 2061 
Disulfide alkylation nucleoside 1847 
Disulfide diphenyl 1331 
Disulfide Schiff base redn 489 
Disulfoxides prepn 4051 
Diterpene alkaloid bis Delphinium 3042 
Diterpene Potamogeton structure 593 
Diterpenoid alkaloid intermediate 1089 
Diterpenoid Gnidia leukemia inhibitor £850 
Diterpenoid total synthesis 1005 
Dithia crown ether 134 
Dithiane 2769
Dithiane allylidene Diels Alder 2934 
Dithiane oxide stereospecific synthesis £975 
Dithiane ribofuranoside adduct 3422 
Dithiin cycloalkane 3053 
Dithiinium méthylation aniline thioanisole 

2753
Dithiinodithiin 1484 
Dithiocarbonate thioiditol 1125 
Dithiolane 2769 
Dithiolanenelone 879 
Dithiolium hydroxide inner salt 1724 
Dithiolodithiin 1484
Divinylbenzene styrene polymer functional  ̂

zation 3877
DMF cyclization imidazopyridine 1661 
DMF effect esterification 1160 
Dodecanoate nitrophenyl hydrolysis 2023 
Dolichothele isoquinoline alkaloid 319 
DOPA peptide 3056

Dopamine fluoro 2373 
Double bond conjugated redn 3328 
Double bond migration reductive deoxygena  ̂

tion 574
Double decompn alkene catalyst 2633 
Doxyl nitroxide 3237 
Drug amine protective group 2029 
Drug cancer chlorophenyl chloroethane 

structure 554
DTA heptaphenylcycloheptatriene 3374 
Dulcitol diethylboryl ethylboranediyl 2316 
Dye triphenylmethane cation cyanide reac= 

tion 221
Electrochem chlorination anthracene diphe

nyl 516
Electrochem decarboxylation tetrahydroisoq  ̂

uinolinecarboxylic acid 443 
Electrochem oxidn biferrocene analogue 

2700
Electrochem oxidn diphenylamine methoxide 

731
Electrochem oxidn tetrahydroisoquinoline 

deriv 845
Electrochem redn ethylene thiocarbonate 

626
Electrochem redn ethylenebismethylcyclohe  ̂

xenone 4087
Electrochem redn unsatd aldehyde 2611 
Electron adduct acrylic acid 2320 
Electron configuration Meisenheimer com= 

plex 3448
Electron configuration methylenetripheny 1= 

phosphorane adduct lithium 1168 
Electron configuration phosphinazine phos= 

phinimine 2716
Electron transfer chloronaphthalene photo= 

redn 3023
Electron transfer cyclopropyl unsatd ketone 

3076
Electronegativety Pauling Walsh 940 
Electronic effect carbon NMR 1498 
Electronic effect Meisenheimer adduct 

2153
Electrooxidn furan deriv méthoxylation 

3482
Electrooxidn heterocyclic aldehyde 1952 
Electrophile attachment allyl organometal 

2052
Electrophile lithiobenzonitrile 1187 
Electrophile lithiodithiane oxide reaction 

3979
Electrophile reaction lithioacetyl phosphoni= 

um ylide 509
Electrophile reaction lithiomethylquinoline 

716
Electrophile reaction lithiophenylalkyl halide 

1184
Electrophile reaction oxadiazoline 3229 
Electrophile substitution lithiophenyl ketone 

3651
Electrophilic addn isobutenylidenecycloprô  

pane 425
Electrophilic addn pentafluorosulfur perox= 

y hypochlorite 1407
Electroprepn methyl dimethoxybutenate 

isomerism 3482
Electroredn dibromonorbornane 2711 
Electroredn dimerization cyanomethylpyridi= 

nium iodide 3967
Electroredn organometallic carbon bond 

719
Elimination androstenyl trifluoroacetate 

4036
Elimination arylbromoethane kinetics me= 

chanism 2636
Elimination cyclohexyl xanthate stereochem 

3917Elimination hydrazinium inner salt 395 
Elimination isocyanate 116 
Elimination phenoxythiolpropionate kinetics 

mechanism 1369
Elimination phenylacetate irradn stereochem 

171
Elimination pinacol carbonate arylcarbene

338
Elimination propene azaborabicyclooctane 

2803
Elimination reaction azabicycloheptene 

1461
Elimination reaction catalyst alumina 578 
Elimination reaction secondary isotope effect 

2173
Elimination stereochem vicinal dihalide 

3284
Elimination thermal silylalkyl ester 1966 
Elimination tosylate 3201 
Elimination trisphenylthiobutane catalyst 

3218
Elm bark beetle pheromone 2475 
Empirical force field ethanonoradamantane 

2596
Enamide photocyclization 2201
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Enamine activated cyclopropane cycloaddi= 
tion 4051

Enamine alkanone lactonization oxomalonate 
561

Enamine bicyclooctanone cycloaddn 3518 
Enamine cyclization pyrrolecarbonyl chloride

3050
Enamine cycloaddn cyclopropane 10 
Enamine dicyano cyclization 629 
Enamine nitroso 1578 
Enamino nitrile photochem cyclization 19 
Enantiomer ratio citronellate NMR chroma  ̂

tog 62
Enantiomer redn optically active solvent

4040
Endocrocin methyl ester 3018 
Ene adduct 3061
Ene reaction azodicarboxylate stereochem 

3614
Enediolate adipoin acyloin condensation 

378
Enehydrazine thermal rearrangement 3775 
Energy conformation methylsulfonyl group

3899
Energy resonance cyclobutadiene 3058 
Energy storage photoisomerization tricyclo= 

decadienone 798 
Energy strain hydrocarbon 2009 
Energy total conjugated hydrocarbon 2488 
Enlargement bicycloalkyl silyl ether 2073 
Enlargement ring benzothiazole 1328 
Enol keto tautomerization 3599 
Enol silyl ether oxidn 1673 
Enolate addn cuprate enone 4031 
Enolate addn cyclohexenone 4044 
Enolate ester Claisen rearrangement 986 
Enolate ester fragmentation recombination 

585
Enolate indenoindenedione halogenation

4041
Enolate ketone phenylation photochem 

1702
Enolate NMR carbon 1209 
Enone addn cuprate enolate 4031 
Enrichment isomer brevicomin analog 373 
Enthalpy formation hydrocarbon 2009 
Epiaphylline Lupinus 3441 
Epibenzyl penicillin sulfoxide ester 3054 
Epibenzylpenicillin isomerization 2561 
Epicholecaleiferol isomerization 1067 
Epicholesteryl chloride 381 
Epicyperone redn 3705 
Epidehydrocholesterol photolysis 1067 
Epideoxynupharidinol 2514 
Epieudesmadiene epoxidn 3705 
Epieudesmane sesquiterpene 3705 
Epimer cyclouridine 3133 
Epimerization oximation dimethylpiperidone 

3637
Epiprechole calciferol rearrangement 1067 
Episcandomeline alkaloid Melodinus 3275 
Episcandomelonine alkaloid Melodinus

3275
Epoxide addn nucleoside acetamido 2042 
Epoxide aliph phenol sulfur 1710 
Epoxide deoxygenation 3647 
Epoxide halogenation phosphine halide

3279
Epoxide hexamethylcyclohexadienone photo= 

chem 3377
Epoxide ketone hydrazone alkylation 2937 
Epoxide naphthalene 908 
Epoxide perfluorodi 1470 
Epoxide photochem 2656 
Epoxide rearrangement mechanism catalytic 

3611
Epoxidn dihydrophthalate stereospecific

355
Epox.dn olefin cobalt acetylacetonate 1384 
Epoxy carbanion cyclization 885 
Epoxy phosphonate 1165 
Epoxy sulfone cyclization 3648 
Epoxy unsatd ester redn 986 
Epoxyandrostadienone ozonolysis 2864 
Epoxyandrostane ring cleavage 1254 
Epoxyazahomoandrostane 1930 
Epoxycholenoate 3840 
Epoxycholesterol synthesis stereochem 

3716
Epoxycycloalkene addn isopropenylcopper 

3213
Epoxycyclohexylcyclohexanone ketal reaction 

169
Epoxydibenzobicyclooctadiene benzoyl isom= 

erization photo 2784 
Epoxyisoindole 104
Epoxymethylbutene oxidative chlorination 

1648
Epoxynaphthalene 3356 
Epoxyoctane cyclization 2797 
Epoxypregnadienedione 3940 
Equil acidity carbon acid 1883

Equil const Schiff base 2013 
Equil dimethoxyacetone hydration addn 

3343
Equil hydroxide furancarboxaldehyde 1952 
ESR biferrocene analogue 2700 
ESR coumarin hydroxy radical anion 2920 
ESR dimethylenecyclooctatriene radical 

anion 2071
ESR fluorenylideneeyclohexadienylidene 

triplet 2120
ESR halobiphenyl reaction potassium 739 
ESR phenylfluorenyl radical 214 
Ester aliph 482 
Ester alkene redn 3328 
Ester carboxylate UV 3312 
Ester cleavage superoxide mechanism 586 
Ester di decarbalkoxylation 208 
Ester enolate Claisen rearrangement 986 
Ester enolate fragmentation recombination 

585
Ester fluorinated 2256 
Ester glyceric rearrangement pinacol 2355 
Ester halogen metal exchange 2704 
Ester heterocyclic solvolysis 3640 
Ester hydrolysis cesium carbonate 3419 
Ester hydrolysis papain 1240 
Ester nitrophenyl hydrolysis kinetics 3205 
Ester NMR carbon 1504 
Ester NMR europium conformation 801 
Ester ortho cyclization benzoylhydrazine 

2732
Ester phosphate hydrolysis kinetics 33 
Ester phosphite sulfonamide reaction 28 
Ester phosphorus rearrangement mechanics 

1291
Ester pyrazolylbenzoic acid 110 
Ester reaction vinyllithium 2874 
Ester silylalkyl thermolysis 1966 
Ester sulfoxide penicillin epibenzyl 3054 
Esterification alkylation carboxylate salt 

1373
Esterification alpha pinene 1179 
Esterification phosphonic dichloride 1160 
Esterification rate alkylacetic acid 2058 
Esterification selective glycoside dibutylstan= 

nylene 1832
Esterification steric effect 2217 
Estn rate esterification alkanoic acid 2058 
Estradiol methyl 531 
Estratrienone dihydroxymethoxy 707 
Estrone methoxyvinyllithium reaction 2312 
Ethanediol aminoethylphenyl cyclization 

2988
Ethanedione cycloaddn oxoglutarate 4053 
Ethanol deuterated 1353 
Ethanol diaminomaleonitrile ketone 629 
Ethanol phenylmethylpyridyl dehydration 

decompn 3556
Ethanolysis octanediazotate 1128 
Ethanonoradamantane empirical force field 

2596
Ethanothebaine morphine configuration 

996
Ethenotricyclooctane 2590 
Ether acetylene halo deriv Aplysia 3480 
Ether alkyl aryldiazo kinetics ionization 

2157
Ether alkyl silyl oxidn 1479 
Ether alkyl vinyl 1272 
Ether benzyl cleavage 2545 
Ether bicycloalkanol ring enlargement 2073 
Ether chloromethyl chlorométhylation alkyl= 

benzene 1627
Ether Claisen rearrangement 3026 
Ether cleavage hydriodic acid 367 
Ether enol oxygen atomic reaction 513 
Ether enol silyl oxidn 1673 
Ether fluorocyclopropenyl methyl 2377 
Ether fluoromethyl methyl hydrolysis kinet= 

ics 1976
Ether phenol cleavage 170 
Ether phenyl methallyl addn 2647 
Ether terpene 1755
Ether vinyl cycloaddn diazomethane 2212 
Etherification phloroglucinol benzyl chloride

3769
Etherification regioselective phenanthrene= 

diol diacetate 3415 
Ethoxide addn cinnamonitrile 3246 
Ethoxycarbonylnitrene insertion stereochem 

bicycloalkane 2034
Ethoxycarbonylthioamide cyclization 3233 
Ethoxycyclopentenone lithiocyclopropane 

3490
Ethoxyethynylalane oxirane reaction 1669 
Ethoxymethylpyrimidine 385 
Ethylamine cyclohexenylidene hydrolysis 

346
Ethylene di bromide alkylation acetylacetone 

2772
Ethylene dihalocarbene addn 611 
Ethylene diphenyl hydride redn 3682

Ethylene octalone photoadduct crystal struct 
ture 4096

Ethylene phenyl iodofluorination 2179 
Ethylene polyfluoro insertion isobutane 

1980
Ethylene tetrabenzyl bromination kinetics 

2054
Ethylene thiocarbonate electrochem redn 

626
Ethylenebistritolyl bistritolyl phosphite 

nickel isomerization catalyst 3020 
Ethylenediamine sodium redn naphthalene 

2910
Ethylenediamine tetramethyl metalation 

cumene 1870
Ethylnitrosolate aralkylation 2985 
Ethylnitrosolate cyclization benzyl halide 

2985
Ethylsulfonylnaphthalenesulfonamide 883 
Ethylthiocyclobutenedione cleavage amine 

3904
Ethynylcyclopropyl tosylate kinetics solvoly  ̂

sis 1237
Ethynylphosphonate formyl dienophile 

2411
Eudesmol synthesis 3710 
Eupassofilin Eupatorium 1015 
Eupassopilin Eupatorium 1015 
Eupassopin Eupatorium 1015 
Eupatorium germacranolide 1015 
Eupatorium kauranoic acid 1021 
Europium NMR ester conformation 801 
Exchange addn cinnamonitrile 3246 
Exchange arenemercurinium NMR 1983 
Exchange bromophenylethane racemization 

519
Exchange halogen metal ester 2704 
Exchange halophenylalkyl halide butyllithium 

1184
Exchange phenyl acetate hydrolysis 2776 
Exchange pyran propiolate ester 2918 
Expansion rearrangement azirine photochem 

543
Farnesal electrochem redn 2611 
Farnesol acetate 3928 
Favorskii rearrangement stereochem bisho  ̂

moantiaromaticity 3730 
Ferrocene arom substitution styrene 1681 
Ferrocene condensation levulinate 655 
Ferrocene methoxymethyl metalation 3664 
Ferrocene polyurethane semiconductor 

1412
Ferrocenecarboxylic acid 3331 
Ferrocenedisulfonyl azide photolysis 491 
Ferrocenyl diselenide electrochem spectra 

1849
Ferrocenylbutanol dehydration 2774 
Fischer indole flow synthesis 1877 
Fluoradene 2120
Fluorene acetyl Clemmensen redn 1935 
Fluorene acidity Taft relation 2786 
Fluorene redn méthylation 2706 
Fluorene resonance satn 2391 
Fluorenedicarboxylic acid redn méthylation 

2401
Fluorenespiroindazole decompn 2120 
Fluorenone benzo indeno hydrolysis 3622 
Fluorenylidenecyclohexadienone substitution 

reaction 214
Fluorescence benzoguanine 3529 
Fluorescence bistrifluoromethylpyrimidinium

2783
Fluorescence photoredn chloronaphthalene

3023
Fluorinated diamine 1469 
Fluorinated ester 2256 
Fluorination diphenylethylene 4002 
Fluorine carbon bond formation 3107 
Fluoro olefin insertion carbon hydrogen 

bond 1980
Fluoroacetic anhydride oxidn agent 957 
Fluoroacetoxynortricyclene 583 
Fluoroalkane NMR ytterbium substituent 

effect 392
Fluoroanisole aryne reaction 894 
Fluoroanthracene 1660 
Fluorobenzene nitrogen substituted NMR 

4006
FluorobutyTonitrile cyclization Grignard 

reagent 1294
Fluorocyclopropenyl methyl ether 2377 
Fluorodesulfurization 3107 
Fluorodialdehyde 1470 
Fluorodinitrobenzene kinetics substitution 

imidazole 3163
Fluorodinitrobenzene substitution amine 44 
Fluorodinitroethoxyacetate reaction Friedel 

Crafts catalyst 2064 
Fluorodiphenylethane 4002 
Fluorodopamine 2373 
Fluorogenic amine reagent furanone 388 
Fluoromethyl methyl ether hydrolysis kinet- 

ics 1976
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Fluoromethylphenylcopper decompn benza= 
lacetophenone 1986

Fluoromethylsulfonyl nitroanisole Meisen= 
heimer methanol 3892 

Fluoromethythiobenzene deriv 1644 
Fluoronitronaphthalene substitution amine 

44
Fluorooxovanadium oxidant 4047 
Fluoropropyl tosylate solvolysis stereochem 

1472
Fluorosulfur alkyl peroxide 1407 
Fluorouridine 3010
Fluoroxytrifluoromethane phenanthrene 

deriv 3413
Folic acid redox reaction 1607 
Folicangine NMR 3270 
Force field empirical ethanonoradamantane 

2596
Formaldehyde chlorométhylation alkylbenz=

ene 1627
Formaldehyde ketene methoxide recombina

tion 585
Formaldehyde piperidone benzylamine cy^ 

cloaddn 1593
Formaldehyde reaction amide 725 
Formamidinesulfinate redn oxomorphine 

3624
Formamidinium chloride reaction hydroxyla= 

mine 3253
Formate esters reaction phosphoranes 4051 
Formate ethyl Wittig alkylidenephosphorane 

1272
Formic acid addn quadricyclane 2169 
Formic acid diaminomaleonitrile 713 
Formylation propanedione 388 
Formylation pyridine 2658 
Formylation Vilsmeier azaindolizine 351 
Formylethynylphosphonate dienophile 2411 
Formylferrocene autoxidn 3331 
Formylvinylphosphonate dienophile 2411 
Fragmentation bromoadamantyl mesylate 

catalyst 1477
Fragmentation methallyl ether bisulfite 

2647
Fragmentation noradamantanone oxime 

azaprotoadamantanone 1803 
Fragmentation recombination ester enolate 

585
Friedel Crafts alkylation isomerization 659 
Friedel Crafts alkylation vinyl halide 1698 
Friedel Crafts catalyst reaction fluorodini= 

troethoxyacetate 2064
Friedel Crafts reaction trichlorocyclopropenî  

um 2258
Fries rearrangement photo phenylcarbamate 

3687
Frontalin mass spectra 607 
Frontier orbital phencyclone cycloaddn 

1105
Fulvalene tetrathia bifunctionalized monom= 

er 2855
Fulvalene tetrathia polyurethane semicon= 

ductor 1412
Fumarate cycloaddn diacetoxybutadiene 

1655
Fumaric aminimide rearrangement catalyst

71.5
Fumaric aspartic acid pyrolysis 3697 
Functionalization deoxycorticosterone 3532 
Functionalization styrene divinylbenzene 

polymer 3877
Functionalization unsym methyldiazene 

oxide 1141
Fungicide Sporormia 66 
Furan amide rotation barrier 3591 
Furan arom substitution styrene 1681 
Furan carboxylation 2049 
Furan chloromethyl substitution cyanide 

2835
Furan conversion nonactate 2075 
Furan deriv electrooxidn méthoxylation 

3482
Furan Diels Alder methylbenzyne 3356 
Furan dimethyl silylene reaction 1799 
Furan dimethylenedihydro coupling xylene 

4081Furan hydrodibenzo 169 
Furan nitrile oxide cycloaddn 3349 
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2485

Hydrogenation asym rhodium phosphine 
1545Hydrogenation catalyst nucleophile poison 
928

Hydrogenation catalyst poison 933 
Hydrogenation catalyst solvent effect 920 
Hydrogenation cyclohexene stearate catalyst 

attempted 3332 
Hydrogenation hydrazone 3805 
Hydrogenation nitrobenzene catalyst me

chanism 1200
Hydrogenation nitrosoalkane dimer catalyst 

1131
Hydrogenation stereochemistry hexahydro= 
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13
Keto sulfoxide cyclization 1118 
Ketoglutarate adduct dicarbonyl compd

4053
Ketone 2742
Ketone addn lithiavinyl methyl ether 2312 
Ketone aliph alicyclic 3329 
Ketone aliph cycloaliph 889 
Ketone alkyl aryl addn dimethylcuprate 

3067
Ketone allylmagnesium reversible addn 

3212
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Ketone aralkyl 265 1206 
Ketone attachment lithiopentene 2052 
Ketone benzyl phenyl methylenation 2650 
Ketone bicyclic 3490 
Ketone bicyclic unsatd equil 2959 
Ketone bridgehead photolysis kinetics 1907 
Ketone chem ionization mass spectra 136 
Ketone copper ate 2750 
Ketone coupling titanium mechanism 3929 
Ketone cyclopropylation redn 1494 
Ketone di aldol cyclization 4059 
Ketone di diaminouracil 310 
Ketone diaminomaleonitrile 629 
Ketone diaryl addn dimethvlcuprate 3083 
Ketone diisopropyl 966 
Ketone enolate phénylation photochem 

1702
Ketone halo Chichibabin reaction 351 
Ketone hydrogenation transfer 665 
Ketone hydroperoxy decomnn mechanism 

2340
Ketone hydroperoxy radical decompn 373 
Ketone isomerization allyl ale 3092 
Ketone naphthalene Verticillium melanin 

2468
Ketone phenyl 3651 
Ketone phenyl alkyl 1176 
Ketone pinacolic coupling 260 
Ketone polycyclic Baeyer Villiger oxidn 953 
Ketone prepn 3030 
Ketone reaction allylzinc 550 
Ketone reaction dianion 5C9 
Ketone reaction metalated alkylthiooxazoline 

1735
Ketone redn 1667
Ketone redn deuterium alpha position 3834 
Ketone redn hydride stereochem 2608 
Ketone reductive coupling 896 
Ketone sesquiterpene prepn 3632 
Ketone silyl 3063 
Ketone stereochem redn 2890 
Ketone triplet prodn 479 
Ketone unsatd 2939 
Ketone unsatd addn vinylcuprate 726 
Ketone unsatd arylation 2935 
Ketcne unsatd cyclopropyl radical anion 

3076
Ketcne unsatd kinetics hydration 3299 
Ketcne unsatd reductive deoxygenation 

isomerization 574
Ketone unsaturated alkylation arylation 

2937
Ketone vinyl diazomethyl 3326 
Ketone vinyl phénylation redn 3465 
Ketosilane alkyllithium 2940 
Kinetic acidity carboxamide sulfonamide 

2507
Kinetic brominolysis phenylcyclopropane

2262
Kinetic study reactions 4052 
Kinetics acetolysis benzobicyclooctenylme  ̂

thyl tosylate 1807 
Kinetics acetylene addn 2331 
Kinetics acid base catalyzed equil water 

4051-
Kinetics addn acetic acid quadricyclane 

2169
Kinetics addn benzenesulfinate diazenedicar= 

boxamide 116
Kinetics addn fragmentation bisulfite 2647 
Kinetics aniline benzylation 3364 
Kinetics arom substitution styrene 1681 
Kinetics autooxidn thiobenzophenone 2971 
Kinetics autoxidn cyclohexane mechanism 

1
Kinetics benzaldehyde methanol 2349 
Kinetics bromination alkene 3869 
Kinetics bromination tetrahenzylethylene 

2054
Kinetics bromination tetrasubstituted alkene 

3872
Kinetics chlorination phosphonate aziridinyl

_ 2273
Kinetics cooxidn cyclohexadiene Tetralin 

3179
Kinetics cyclization perfluoroalkyliodoalkene 

deiodination 766
Kinetics decompn diazabicycloheptanone 

2813
Kinetics dehydration tolylbutylcarbinol

3033
Kinetics deuteration benzanthracene methyl 

2676
Kinetics diazene thermolysis mechanism 

1666
Kinetics electrochem chlorination dipheny= 

lanthracene 516
Kinetics elimination arylbromoethane me= 

chanism 2636
Kinetics elimination phenexythiolpropionate 

mechanism 1369
Kinetics elimination reaction cyclohexyl 

tosylate 2173

Kinetics fragmentation silylhydroxyamine 
3381

Kinetics halo sulfone arylphosphine 2182 _ 
Kinetics hydration cycloalkadiene mechanism 

649
Kinetics hydration unsatd ketone 3299 
Kinetics hydrolysis benzaldehyde dimethyl 

acetal 2344
Kinetics hydrolysis choline nitrobenzoyl 36 
Kinetics hydrolysis decyl phosphate micelli0 

zation 3037
Kinetics hydrolysis fluoromethyl methyl 

ether 1976
Kinetics hydrolysis hydroxamic acid 3297 
Kinetics hydrolysis isopropylazasydnone 

3040Kinetics hydrolysis isothiuronium salt 3118 
Kinetics hydrolysis nitrophenyl carbonate 

1868Kinetics hydrolysis nitrophenyl ester 3205 
Kinetics hydrolysis phosphate ester 33 
Kinetics imidazolylcarbonyl amino acid 

coupling 3041
Kinetics ionization aryldiazo alkyl ether 

2157Kinetics isomerization nitrodiphenylcyclo- 
butene 2112

Kinetics mechanism hydration cycloalkadi= 
ene 1675

Kinetics mechanism thermolysis haloester 
329

Kinetics nitration benzonorbornene 2006 
Kinetics nucleophile substitution 2746 
Kinetics nucleophilic substitution furan 

2824
Kinetics oxidn butylperoxyisobutyric acid

. 3188Kinetics oxidn phenol 3992 
Kinetics phosphine aryl quaternization 

1684
Kinetics reaction butyllithium methylmer- 

captoacetophenone 808 
Kinetics reaction cholesteryl iodide 381 
Kinetics rearrangement alkenylidenecyclo— 

propane 4012
Kinetics rearrangement hexacycloundecane 

catalyst 1438
Kinetics rearrangement nitromethylaniline 

viscosity 3166
Kinetics redn alkyl halide 54 
Kinetics redn cyclohexanone borohydride 

2396
Kinetics relative esterification estn 2058 
Kinetics retroaldol condensation pentanolone 

3299
Kinetics ring cleavage cyclohexyloxadiazirî  

dine 1146
Kinetics solvolysis arylsulfonylmethyl per— 

chlorate 3101
Kinetics solvolysis benzanthracene oxide 

3487
Kinetics solvolysis benzotricyclodecenyl 

nitrobenzoate 2162 
Kinetics solvolysis bromoallene 681 
Kinetics solvolysis bromocyclopropane silver 

ion 419
Kinetics solvolysis cumyl chloride 1792 
Kinetics solvolysis ethynylcyclopropyl tosy  ̂

late 1237
Kinetics Stevens rearrangement thenyldime  ̂

thylammonium 2187
Kinetics substitution chlorodinitrobenzene 

imidazole 3163
Kinetics triphenylmethane cation reaction 

221
Knoevenagel reaction thiophenecarboxaldeh= 

yde 1320
Koenigs Knorr bromorhamnose glucofura  ̂

nose 3478
Kojic acid carbon NMR 2777
Krukovine Abuta alkaloid 317
Labeling nicotinamide radioisotope 2066
Lactam aliph cleavage Grignard 3798
Lactam basicity 49
Lactam méthylation 725
Lactam oxohexanoic 400
Lactam phosphorylation 2720
Lactam propionic azido bismethylthio 1112
Lactam sulfenylation selenenyiation 3587
Lactone 1669
Lactone alkene redn 3328
Lactone basicity 49
Lactone cyclization aminopropanol 1642 
Lactone cyclization benzodioxolanylmethyl 

3772
Lactone fluorinated 2256 
Lactone hydroxypregnenoic acid 3532 
Lactone macrocyclic 1283 
Lactone sesquiterpene Liatris 1248 
Lactone sesquiterpene Melampodium 3956 
Lactone steroid polycyclic NMR 1219 
Lactone trans cyclopropane acylal solvolysis 

1668

Lactones thiolactones amino methyl propa
nol reaction 4052

Lactonization alkanone enamine oxomalonate 
561

Lanthanide induced chem shift multistriatin 
1926

Lathyrus neurotoxin synthesis 159 
Laudanosine cleavage 2988 
Laudanosine microbial déméthylation 2548 
Lead tetrabenzoate oxidn enol ether 1673 
Lead tricyclodecadiene mechanism 2231 
Leucanthinin structure 3956 
Leucylleucine boran redn 1260 
Leudrin structure NMR 3860 
Leukemia inhibition Uvaria acuminata 

1852
Leukemia inhibitor Gnidia diterpenoid 

3850
Leurosine rearrangement 1001 
Levulinate condensation ferrocene 655 
Lewis basicity 49 
Liatris pycnolide 1248 
Ligand aminobutanethiol 489 
Linalool hydroboration 278 
Linear free energy relation 1240 
Liq crystal phenol amine 2566 
Liriodendron alkaloid prepn 375 
Lithiation acetophenone 3307 
Lithiation anisole addn benzophenone 3653 
Lithiation bromination polystyrene 3877 
Lithiation dithiane oxide 3979 
Lithiation itaconate addn aldehyde 4065 
Lithiation methoxymethylferrocene 3664 
Lithiation methylmethoxyindole 163 
Lithiation methylpentenyl ester 2052 
Lithiation thiobenzamide 4029 
Lithiation thiophene substituent effect 

3668
Lithiavinyl methyl ether addn ketone 2312 
Lithio carboxylic acid oxidn 370 
Lithioacetyl phosphonium ylide reaction 

electrophile 509
Lithiobenzonitrile electrophile 1187 
Lithiocyclopropane ethoxycyclopentenone 

3490
Lithiodithiane oxide electrophile reaction 

3979
Lithiomethylquinoline reaction electrophile 

716
Lithiopentene carbonyl compd reaction 

2052
Lithiophenyl ketone substitution electrophile 

3651Lithiophenylalkyl halide reaction electrophile 
1184

Lithium acetylide 1487 
Lithium adduct methylenetriphenylphospho= 

rane 1168
Lithium alkyl detn 1879 
Lithium alkyl ketosilane 2940 
Lithium ammonia redn halonorbornane 

2711Lithium butyl methylmethoxyindole 163 
Lithium butyl reaction bromobenzoate 

2704
Lithium chloride cholesteryl iodide reaction 

381Lithium iodide addn quadrieyclenecarboxy= 
late 1266

Lithium metalation phosphine imide 1173 
Lithium metalation piperonal cyclohexylî  

mine 1564
Lithium methylpentadienyl addn 3209 
Lithium oxime reaction electrophile 439 
Lithium phenyl cleavage aziridinone 3798 
Lithium redn catalyst 3461 
Lithium silyloxy cyclohexanone reaction 

3620
Lithium vinyl coupling boronate 3947 
Lithium vinylsilyl 1480 
Lithospermic acid carbon NMR 449 
Locust bean gum trinitrite 90 
Loganin configuration conformation 2045 
Long range NMR antiobiotic biosynthesis 

2932
Longemammamine Dolichothele alkaloid 

319
Longimammatine Dolichothele alkaloid 319 
Longimammidine Dolichothele alkaloid 319 
Longimammine Dolichothele alkaloid 319 
Longimammosine Dolichothele alkaloid 319 
Lupanine Lupinus 3441 
Lupinus aphylline gramine lupanine 3441 
Lutidinium salt Grignard reaction 3250 
Lyxofuranosyl nucleoside anhydro acetami  ̂

dation 2042
Lyxofuranosyluracil imino mechanism 1886 
Macrocyclic polyether sulfide 134 
Malachite green decompn surfactant 40 
Maleic anhydride adduct decarboxylation 

887Maleic anhydride dimethyl pyrogenesis 
3697
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Maleimide cycloaddn dibenzofurotropone 
1425

Maleimide Diels Alder cyclopentadiene 
stereochem 394

Maleonitrile diamino formic acid 713 
Maleonitrile diamino ketone 629 
Malonate hydrazinomethylene salt elimina= 

tion 395
Malondialdehyde condensation guanine 294 
Malononitrile condensation oximinoaldehyde 

1299
Malononitrile cyclization pyrazine 3389 
Mandelic acid 3635
Mandelic acid oxidative cleavage catalyst 

1077
Manganese catalyst poison hydrogenation 

933
Manicone synthesis 3625 
Mannich acetamidomalonate methylenedi= 

acetate 1353
Mannich deoxybenzoin methanediamine 

deamination 2650
Mass spectra azabicyclononane 1774 
Mass spectra chem ionization ketone 136 
Mass spectra cyclohexyl xanthate 3917 
Mass spectra dioxabicyclooctane 607 
Mass spectra phosphine oxide 2417 
Mass spectra polysaccharide structure 3425 
Mass spectra pyridine deriv 2973 
Mass spectra tetrahydroisoquinolinecarboxy  ̂

lie acid 443
Mass spectra zeatin benzylaminopurine 

glucoside 3959
Maytansinoid fragment stereo synthesis 

2469
McCormack cycloaddn 238 
Mechanics rearrangement phosphorus ester 

1291
Mechanism acetolysis benzobicyclooctenyl  ̂

methyl tosylate 1807 
Mechanism acetolysis cyclohexyl tosylate 

3920
Mechanism acetylene addn 2331 
Mechanism addn acetic acid quadricyclane 

2169
Mechanism addn exchange cinnamonitrile 

3246
Mechanism aniline benzylation 3364 
Mechanism arene sulfonate solvolysis 2520 
Mechanism aryl radical carbon disulfide 

2639
Mechanism autooxidn thiobenzophenone 

2971
Mechanism autoxidn cyclohexane kinetics 1 
Mechanism benzisothiazolinone rearrange= 

ment 1325
Mechanism benzodiazepine rearrangement 

1743
Mechanism benzotricyclodecenyl nitroben= 

zoate solvolysis 2162 
Mechanism bromination azauracil 4004 
Mechanism catalytic epoxide rearrangement 

3611
Mechanism chlorination olefin antimony 

pentachloride 3997
Mechanism cleavage ester superoxide 586 
Mechanism Clemmensen redn acetylfluorene 

1935
Mechanism cyclization epoxy sulfone 3648 
Mechanism cycloaddn dipolar review 403 
Mechanism cycloaddn MO 3349 
Mechanism cycloaddn vinylketene cyclopen= 

tadiene 3303
Mechanism dediazoniation ale diazonium 

salt 2157
Mechanism diazene thermolysis kinetics 

1666
Mechanism elimination arylbromoethane 

kinetics 2636
Mechanism elimination phenoxythiolpro= 

pionate kinetics 1369 
Mechanism esterification 1160 
Mechanism ethynylcyclopropyl tosylate 

solvolysis 1237
Mechanism halogen addn vinylcyclopropane 

1972
Mechanism homoadamantanol rearrange= 

ment redn 686
Mechanism hydration cycloalkadiene kinetics 

649
Mechanism hydration unsatd ketone 3299 
Mechanism hydrazone formation aldehyde 

4093
Mechanism hydrolysis carboxybenzyl brom= 

ide 3914
Mechanism hydrolysis hydroxamic acid 

3297
Mechanism hydrolysis isopropylazasydnone 

3040
Mechanism hydrolysis isothiourea 3114 
Mechanism hydrolysis isothiuronium salt 

3118

Mechanism hydrolysis nitrophenyl carbonate 
1868

Mechanism hydrolysis nitrophenyl ester 
3205

Mechanism hydrolysis nitrosomethylaminoa  ̂
cetonitrile 3752

Mechanism hydroperoxy ketone decompn 
2340

Mechanism hypobromite bromination ni= 
troalkane 1285

Mechanism isomerization acylaziridine 
1895

Mechanism kinetics hydration cycloalkadiene 
1675

Mechanism kinetics thermolysis haloester 
329

Mechanism methanolysis cyclopentad :enyl= 
palladium 1990

Mechanism methoxycarbonylation benzene 
173

Mechanism methylation bromobicyclor.onane 
2965

Mechanism nucleophile substitution 2746 
Mechanism olefin formation 3201 
Mechanism oxetanone ring cleavage 2527 
Mechanism oxidn butylperoxyisobutyric 

acid 3188
Mechanism oxygenation cyclopropyl lithium 

1459
Mechanism oxymercuration dibenzobicy  ̂

clooctatriene 1912
Mechanism oxyplumbation tricyclodecadiene

2231
Mechanism phenoxycholestenone phozocyclî  

zation rearrangement 1483 
Mechanism phenylpentenol pyrolysis 2485 
Mechanism phosphine halo sulfone reaction 

2182
Mechanism photoarylation cyanomethyl 

anion 3371
Mechanism photochem hexamethylcyclohex= 

adienone epoxide 3377 
Mechanism photocyclization methallylcyclo= 

pentenone 2947
Mechanism photoisomerization benzov.epox= 

ydibenzobicyclooctadiene 2784 
Mechanism photoisomerization glycidate 

3747
Mechanism pyrolysis aspartic acid 3697 
Mechanism quaternization aryl phosphine 

1684
Mechanism radical addn alkenylidenecyclo0 

propane 2068
Mechanism reaction nitrosyl chloride oxime 

2024
Mechanism rearrangement alkenylidenecy  ̂

clopropane 4012
Mechanism rearrangement allylic dimethyl= 

carbamate 3338
Mechanism rearrangement bicyclohexenecar= 

boxaldehyde 3883
Mechanism rearrangement chlorination 

aniline 3170
Mechanism rearrangement silane epox̂ ethyl 

2615
Mechanism redox benzylbishyroxybenzylpho= 

sphine oxide 2931
Mechanism ring closure allylazirine 180 
Mechanism Schmitz reaction 3221 
Mechanism solvolysis arylsulfonylmetnyl 

perchlorate 3101
Mechanism solvolysis benzanthracene oxide 

3487
Mechanism solvolysis bromoallene 681 
Mechanism solvolysis phenyl sulfonate 

4099
Mechanism Sommelet rearrangement either 

nyldimethylammonium 2187 
Mechanism substitution aryl chloride me= 

thoxide 732
Mechanism thermolysis cyclopropaneperoxy= 

carboxylate 940
Mechanism thermolysis silylalkyl ester 

1966
Mechanism vinyl halide substitution 1707 
Mechanism xylene benzoyl nitrate 2443 
Meerwein salt cleavage pyrazolidine 1244 
Meisenheimer adduct nitrothiophenecarboni= 

trile kinetics equil 2153 
Meisenheimer complex dinitroanisole NMR 

3448
Meisenheimer complex sulfonyldinitroanisole 

methanol 3892 
Melampodinin structure 3956 
Melampodium sesquiterpene lactone 3956 
Melampolidin structure 3956 
Melanin Verticillium naphthalene ketene 

2468
Melittin catalyst hydrolysis 2020 
Melodinus alkaloid NMR carbon 13 3275 
Meloscandonine dimeric alkaloid 3275 
Menthone redn 3461

Menthyl chloride substitution diphenylphos= 
phide stereochem 1545 

Mercuration arene complex NMR 1983 
Mercuration naphthalene kinetics 2247 
Mercuric chloride acylaminoalkyl thermolysis 

192
Mercuric nitrate nitrile reaction olefin 192 
Mercuric salt aryl coupling 2661 
Mercury ferrocenyl 3664 
Merrifield synthesis automated 3255 
Mesityl oxide reductive deoxygenation 574 
Mesoionic compd cyclization cyclopropenone 

818
Mesoionic ring cycloaddn 1724 
Mesylate group substituent const 781 
Meta bridging nitronaphthalene 2421 
Metabolite acetylmethadol prepn 3521 
Metabolite urinary carboxypentanorprosta  ̂

glandin 4045
Metacyclophane salt dithionia Sommelet 

rearrangement 2509 
Metacyclophane tetrathia 1289 
Metal ammonia redn stereochem 3524 
Metal carrier ratio reaction rates 4051 
Metal chelate hydroxypyrazole 2871 
Metal cyclopentadienyl addn benzyne 1995 
Metal deoxygenation epoxide 3647 
Metal halogen exchange ester 2704 
Metal hydride redn stereochem 2890 
Metalated alkylthiooxazoline reaction 1735 
Metalation anisole addn benzophenone 

3653
Metalation cumene 1870 
Metalation lithium piperonal cyclohexylimine 

1564
Metalation methoxymethylferrocene 3664 
Metalation methylquinoline 716 
Metalation phenylphosphine imide 1173 
Metalation thiophene substituent effect 

3668
Metathesis methylcyclobutene 3928 
Metathesis olefin solvent alkylation 1631 
Metathesis terminal alkene catalyst 2633 
Methacrylate cycloaddn methylpenzenone 

603
Methadol acetyl metabolite prepn 3521 
Methadone prepn stereochem 710 
Methallyl phenyl ether addn 2647 
Methallylcyclopentenone photocyclization 

mechanism 2947
Methanediamine tetramethyl methylenation 

agent 2650
Methanesulfonate sugar 3474 
Methanesulfonic acid oxidn catalyse 2762 
Methanobenzazocinepropanol 894 
Methanobenzazocinone benzyl hydrogenoly  ̂

sis 2545
Methanobenzazoninol anti Bredts rule 4106 
Methanobenzoquinoline ring cleavage 894 
Methanodibenzocyclodecene crystallog 2910 
Methanol addn propynoate butynone 3765 
Methanol benzaldehyde salt effect 2349 
Methanol Meisenheimer complex sulfonyldi  ̂

nitroanisole 3892
Methanol solubilization micelle 1365 
Methanolysis cyclopentadienylpalladium 

1990Methanotwistane isomerization 2596 
Methide conjugate addn acrylate 114 
Methide diphenyl addn acrylate 114 
Methoxide electrochem oxidn diphenylamine 

731
Methoxide ketene formaldehyde recombina= 

tion 585
Methoxide substitution aryl chloride 732 
Methoxy tetrahydroquinoline oxidn 845 
Methoxyacetone hydration bisulfite addn 

3343
Methoxybenzoic acid redn alkylation 2649 
Methoxybenzyl protective group peptide 

703
Methoxybenzylium thioasparagine alkylation 

1336Methoxycarbonylation benzene mechanism 
173

Méthoxylation furan deriv electrooxidn 
3482

Methoxymethyl ester conversion hydracry— 
late glycidate 585

Methoxymethylferrocene metalation 3664 
Methoxytetrahydropyran hydrogen abstract 

tion photochem 2222
Methoxyvinyllithium estrone reaction 2312 
Methyl acetal benzaldehyde kinetics 2349 
Methyl crotonaldehyde electrochem redn 

2611
Methyl dimethoxybutenate isomerism elec— 

troprepn 3482
Methyl effect solvolysis heteroarylethyl MO 

776
Methyl fluoromethyl ether hydrolysis kinet= 

ics 1976
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Methyl Group IVA carbon NMR 1671 
Methyl isothiourea hydrolysis kinetics 3118 
Methyl norsteroid 531 
Methyl phenyl stibonium bromide decompn 

1276
Methyl sulfoxide acid catalysis 2762 
Methyl sulfoxide aniline hypochlorite 2207 
Methyl sulfoxide oxidn agent 957 
Methyl sulfoxide reaction butyl hydroperox= 

ide 2500
Methylamino group oxidn 3521 
Méthylation amide lactam urea 725 
Méthylation aniline thioanisole methyldithi= 

inium 2753
Méthylation bromobicyclononane mechanism 

2965
Méthylation diarylethylene anisole 3682 
Méthylation lithiodithiane oxide 3979 
Méthylation lithium deriv quadricyclene= 

carboxylate 1266 
Méthylation nicotine 3824 
Méthylation nucleic acid base 3691 
Méthylation redn fluorene 2706 
Méthylation redn hydrofluorenedicarboxylic 

acid 2401
Methylbicyclononene NMR conformation 

1522
Methylbisbenzodithiolidene 145 
Methylcholesterol 2288 
Methylcopper substitution haloacrylate 

3674
Methylcyanopyridinium iodide electroredn 

dimerization 3967
Methylcyclooctatetraene radical anion ESR 

2071Methyldiazene oxide unsym functionalization 
1141

Methyldioxolanylpropyl bromide Wittig 
pregnenolone 3759 

Methylenation deoxybenzoin 2650 
Methylene dibromide alkylation acetylace— 

tone 2772
Methylenebicyclononene 1477 
Methylenebutyrolactone carboxy 4065 
Methylenecycloalkane 1620 
Methylenecyclohexadiene carboxamidium 

183Methylenecyclopropene trapping 3771 
Methylenediacetate acetamidomalonate 

Mannieh 1353
Methylenedioxy group cleavage 1657 
Methylenedioxyisoquinoline demethylenedi  ̂

oxylation 1657
Methylenenorbornane steroselective hydro

chlorination 4023 
Methylenenorcholestanol 1943 
Methyleneoxetanone 2336 
Methylenepregnadienedione chlorination 

3940
Methylenetriphenylphosphorane adduct 

lithium 1168
Methylfluorenedicarboxylie acid octahydro 

2401Methylhydrazine reaction isamic anhydride 
2732

Methylide dimethylsulfoxonium copper 
olefin 4033

Methylide pyridinium tolylsulfonyl cycloaddn 
2144

Methylindole Fischer indole synthesis 1877 
Methylisopropylethylene ozonide redn tri= 

phenylphosphine 892
Méthylmagnésium iodide cleavage benzodi  ̂

oxole 580
Methylmercaptoacetophenone butyllithium 

kinetics reaction 808 
Methylnaphthalenenitrile 1862 
Methylnaphthalenone rearrangement photo- 

chem 3632
Methylneospirinedienone rearrangement 

3210
Methyloctadienal 3209 
Methyloctratrienol 3209 
Methylol redn 725
Methylpentadienyl lithium addn 3209 
Methylpentenone cycloaddn crotonate 603 
Methylpentenylnorbornanone cyclization 

3261
Methylphosphonous dichloride vinylcyclo— 

hexene condensation 238 
Methylproerythrinadienone rearrangement 

3210
Methylpyridone bromination 2065 
Methylquinoline metalation 716 
Methylsulfinyl group energy conformation 

3899
Methylsulfonyl group energy conformation 

3899
Methylthio group energy conformation 

3899
Micelle catalyst hydrolysis 33 
Micelle decompn carbonium ion 40 
Micelle interaction salt effect 2968

Micelle solubilization org compd 1365 
Micellization kinetics hydrolysis decyl 

phosphate 3037
Michael addn benzodioxolanylmethyl anion 

3772
Michael addn ethyl glycinate 3491 
Michael tetrazolinethione alkene 1875 
Migration acyl rearrangement aminimide 

715
Migration aptitude ethyl methyl group 

2368
Migration double bond reductive deoxygena

tion 574
Migration thexyl group 3947 
MO arom substitution mechanism 3367 
MO ionization azulenecarboxylate 1822 
MO mechanism cycloaddn 3349 
MO methyl effect solvolysis heteroarylethyl 

776
MO methylenetriphenylphosphorane adduct 

lithium 1168
MO nitrogen inversion hydroxylamine 1748 
MO perturbation homoconjugation 1635 
MO phosphorus nitrogen ylide 2716 
MO rotation barrier dicyclopropylacetylene 

3207
MO selenium UV 1474 
MO thiophenol addn vinylarene 2327 
Mol mechanics diphenylacenaphthene 3603 
Mol mechanics hydrocarbon 2009 
Mol mechanics stability isomer 2596 
Mol orbital azacyclazine 1661 
Mol orbital intramolecular Diels Alder 2571 
Mol structure agaridoxin 1603 
Mol structure apramycin 2087 
Mol structure biphthalyl 3909 
Mol structure cephalotaxine 551 
Mol structure chlorophenyl chloroethane 

554
Mol structure cyclic peroxide 3756 
Mol structure diphenylacenaphthene 3603 
Mol structure ethylene octalone photoadduct 

4096
Mol structure halomicin rifamycin 1258 
Mol structure hexahydrodimethanodibenzoc= 

yclodecene 2910
Mol structure iodine phenÿlhydroxvtosyloxy 

3609
Mol structure leudrin 3860 
Mol structure nitrophenyldimethylurea 

2134
Mol structure phosphatovinyl carbonate 

1152Mol structure pyrroloquinoline 1743 
Mol structure sparsomycin 1858 
Mol structure spirocyclopropylbicycloheptene 

2129
Mol structure spirodicatecholphenoxyphosp= 

horane 473
Mol structure sulfurane arylimino 2137 
Mol structure triquinacene 2266 
Mol structure uvaretin 1852 
Mol structure vitamin D3 3476 
Mol stucture cyclohexylamine bromophenyl 

1640
Molybdenum carbonyl cycloheptatrienyl 

NMR 1694
Molybdenum hexacarbonyl rearrangement 

catalyst 3611
Monomer tetrathiafulvalene bifunctionalized 

2855
Monoterpene addn nitrile oxide 2210 
Monoterpene Aplysia digestive gland 2461 
Monoterpene palladium isoprene dimerization 

3455
Montanine precursor Rhodophiala 2447 
Morphinan alkaloid conformation 3445 
Morphinanone redn stereochem 3624 
Morphine carbon 13 NMR 996 
Morpholine reaction benzenethiolsulfonate 

halide thiocyanate 225 
Muconic acid 3992 
Mucononitrile 1389
Multistriatin aggregation pheromone 2475 
Multistriatin configuration NMR 1926 
Multistriatin mass spectra 607 
Multistriatin synthesis configuration 2797 
Mushroom metabolite agaridoxin 1603 
Naltrexol conformation NMR 3445 
Naphthacenedione dihydroxy 2296 
Naphthalene aminomethyl 3924 
Naphthalene arom substitution styrene 

1681
Naphthalene bromomethyl 2670 
Naphthalene carboxythenyl cyclization 

3046
Naphthalene chloro photoredn fluorescence 

3023
Naphthalene dihydro photooxygenation 908 
Naphthalene diphenyl 2252 
Naphthalene epoxide ethoxyethynylalane 

reaction 1669
Naphthalene mercuration kinetics 2247

Naphthalene nitro meta bridging 2421 
Naphthalene redn sodium ethylenediamine 

2910
Naphthalene Verticillium ketone melanin 

2468
Naphthalenedione 1081 
Naphthalenedione tetrahydrodimethyl 3767 
Naphthalenenitrile methyl 1862 
Naphthalenesulfonamide ethylsulfonyl 883 
Naphthalenesulfonic acid 2061 
Naphthalenimine alkaloid nitrogen inversion 

3321Naphthalenone hydro 3468 
Naphthalic anhydride 3925 
Naphthobenzoxathiazepine dioxide 2438 
Naphthocycloheptathiophene 3046 
Naphthofuranone 3494 
Naphthyl ethyl sulfide sulfonation 883 
Naphthyl phosphonate 1160 
Napthalene carboxylation 2049 
Narcissus metab pluviine 2450 
Nauclefine 2542
Neighboring hydroxyl oxymercuration bicy  ̂

clohexane 1529 
Nenitzescus hydrocarbon 887 
Neointermedeol rearrangement 3710 
Neomenthyl chloride substitution diphenyl  ̂

phosphide stereochem 1545 
Neopentylphosphine poly tertiary 972 
Neoplasm inhibitor cephalotaxine structure 

551
Neoplasm inhibitor fragment 2469 
Neoplasm inhibitor uvaretin isouvaretin 

1297
Neothiobinupharidine hydroxy 291 
Neryl acetate substitution stereochem 3215 
Nickel acetylacetonate electroredn 719 
Nickel catalyst isomerization hexenal 3020 
Nickel chelate nitrogen sulfur 489 
Nicotiana nicotine carbon 14 3438 
Nicotinamide 3769
Nicotinamide labeling radioisotope 2066 
Nicotine alkylation 3824 
Nicotine configuration NMR 1585 
Nicotine Nicotiana carbon 14 3438 
Nicotinium iodide methyl 3824 
Ninhydrin adduct oxoglutarate 4053 
Nitrate benzoyl xylene mechanism 2443 
Nitrate thallium tricyclodecadiene mechanism 

2231
Nitration benzaldehyde phenylhydrazone 

2981Nitration benzonorbornene kinetics 2006 
Nitrene pivaloyl addn olefin 96 
Nitrenium ion stilbenylacetamide metab 

3820Nitrile arom aliph hydrolysis 3769 
Nitrile bromoaryl reaction butyllithium 

1187
Nitrile chloroalkene 556 
Nitrile cyclization thiaziridinimine 3403 
Nitrile enamino photochem cyclization 19 
Nitrile epoxy cyclization 3648 
Nitrile hexadienedi 1389 
Nitrile olefinic addn exchange 3246 
Nitrile oxide addn monoterpene 2210 
Nitrile oxide cyclization acetylenedicarboxy- 

late 1296
Nitrile oxide furan cycloaddn 3349 
Nitrile reaction olefin mercuric nitrate 192 
Nitrile sulfide cycloaddn tetracyanoethylene 

620
Nitrile unsatd oxidative décyanation 2939 
Nitrilodeoxycorticosterone 3532 
Nitro compd aliph cycloaliph 733 
Nitro olefin sugar 3474 
Nitro rearrangement sigmatropic nitropyra= 

zole 1758
Nitro sugar branched catalyst 736 
Nitroalkane bromination alkyl hypobromite 

1285
Nitroalkane potassium thermolysis alkene 

122
Nitroalkene redn 3328 
Nitroanisole fluoromethylsulfonyl Meisen= 

heimer methanol 3892 
Nitroanisole Meisenheimer complex NMR 

3448Nitrobenzene hydrogenation catalyst me
chanism 1200

Nitrobenzene substitution nucleophile 1560 
Nitrobenzenesulfenic acid trapping 897 
Nitrobenzoyl choline hydrolysis kinetics 36 
Nitrobenzyl protective group peptide 2579 
Nitrochlorobenzotrifluoride dithioearbamate 

3564Nitrodiphenylcyclobutene stereochem isom
erization 2112

Nitrogen inversion hydroxylamine MO 
# 1748

Nitrogen NMR structure detn 582 
Nitrogen nucleophile addn quaternized 

heteroarom 1308
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Nitrogen phosphorus ylide NMR MO 2716 
Nitrogen substituted fluorobenzene NMR 

4006
Nitrogen 15 NMR benzylimidazoquinazoline 

3051
Nitromethyianiline viscosity rearrangement 

viscosity 3166
Nitrone cyclization oxosulfene 2438 
Nitrone doxyl tetrahydrooxazine 3237 
Nitrone hydroxyamino ester 2092 
Nitrophenyl alkyl selenide 1485 
Nitrophenyl carbonate hydrolysis kinetics 

1868
Nitrophenyl dodecanoate hydrolysis 2020 
Nitrophenyl ester hydrolysis kinetics 3205 
Nitrophenyl phosphate monoesterification 

1261
Nitrophenyl phosphonate 1160 
Nitrophenyldimethylurea crystal structure 

2134
Nitrophenyloxy nitrobenzoylaziridine rear- 

rangement isomerization mechanism 
1895

Nitropyrazole sigmatropic nitro rearrangê  
ment 1758

Nitrosation aziridine 1578 
Nitrosation oxime 2871 
Nitrosation polysaccharide 90 
Nitrosoalkane condensation alkylhydroxyla0 

mine 1135
Nitrosoalkane dimer hydrogenation catalyst 

1131
Nitrosobenzene condensation alkylhydroxy- 

lamine 1135
Nitrosobenzene condensation dihaloamine 

catalyst 1751
Nitrosocyelohexane condensation alkylhydr= 

oxylamine 1135 
Nitrosoenamine 1578 
Nitrosolate ethyl aralkylation 2985 
Nitrosomethylaminoacetonitrile hydrolysis 

kinetics mechanism 3752 
Nitrosophenol copper complex cycloaddn 

1079Nitrosyl chloride oxime reaction mechanism 
2024

Nitrosyl chloride polysaccharide 90 
Nitrotrihalomethane photochem addn cyclo- 

hexene 155
Nitroxide cyclic hetero 3237 
NMR ale acylation conformation 801 
NMR alkenylidenecyclopropane carbon 

1061
NMR arenemercurinium exchange 1983 
NMR azacyclazine 1661 
NMR aziridinyl phosphonate 2273 
NMR benzylideneaniline photoisomer 3322 
NMR benzylimidazoquinazoline nitrogen 15 

3051
NMR bisdinitrophenyldimethylurea 2134 
NMR bromomethyl substituent effect 760 
NMR carbon apramycin 701 
NMR carbon benzocycloalkene fluoro 751 
NMR carbon chloropentacyclodecane penta- 

cyclodecane 462
NMR carbon conformation cycloalkyl phos- 

phorus 1690
NMR carbon decahydroquinoline 199 
NMR carbon dibenzobicyclooctadiene substi- 

tuent effect 2055
NMR carbon electronic effect 1498 
NMR carbon enolate 1209 
NMR carbon ester 1504 
NMR carbon kojic acid 2777 
NMR carbon methyl Group IVA 1671 
NMR carbon phenol hydrogen bond 1881 
NMR carbon phosphabicyclononane 589 
NMR carbon phosphorus phosphinazine 

phosphinimine 2716 
NMR carbon polyphenolic acid 449 
NMR carbon pyridine oxide 3589 
NMR carbon thiabicyclononane 1518 
NMR carbon 13 alkaloid Melodinus 3275 
NMR carbon 13 cannivonine B 3321 
NMR carbon 13 cyclohexyl sulfide 3899 
NMR carbon 13 morphine 996 
NMR carbon 13 Voacanga alkaloid 3270 
NMR carbonium compd 2676 
NMR citronellate enantiomer ratio 62 
NMR configuration arylbicyclohexanol 

1273
NMR configuration bicyclooctane 465 
NMR configuration carbon 3054 
NMR conformation 3054 
NMR conformation hydroxythioxanthene 

oxide 3111
NMR conformation naltrexol 3445 
NMR conformation oxabicyclononene com  ̂

puter 469
NMR conformation pyran pyridine thiopyran

455
NMR cumylchromium tricarbonyl 1694

NMR cyclic chloronium carbonium 362 
NMR cyclohexane deuteration 3036 
NMR cyclopropyl arom hydrocarbon 1494 
NMR dihydrophenanthrene deriv conforma— 

tion 3722
NMR fluoroalkane ytterbium substituent 

effect 392
NMR guaiazulenylcyclopropenium 2379 
NMR iminothiadiazoline 3403 
NMR indole alkaloid precursor 2045 
NMR iron diene carbon 2383 
NMR long range antiobiotic biosynthesis 

2932
NMR Mannich base 2913 
NMR Meisenheimer complex dinitroanisole 

3448
NMR methylenetriphenylphosphorane ad= 

duct lithium 1168
NMR multistriatin configuration 1926 
NMR nicotine configuration 1585 
NMR nitrogen structure detn 582 
NMR nitrogen substituted fluorobenzene 

4006
NMR ortho substituted arom 1511 
NMR oxaloacetic acid 3593 
NMR pentacyclodecanone protonation 2820 
NMR phenazine carbon 2104 
NMR phenylthiocyclohexanecarboxylate 

stereochem 1712
NMR polycyclic steroid lactone 1219 
NMR propene toluene 3197 
NMR protonation anisoletricarbonylchromi0 

um 717
NMR rotation barrier 3591 3788 
NMR spectra hydroxy steroids carbon 4051 
NMR spirobislactonic pheno 3860 
NMR splitting carbon hydrogen alkene

3863
NMR streptovaricin carbon 1358 
NMR substituent effect norbornane 1215 
NMR tautomerism amino imino 2491 
NMR tertbutylsulfonylcarbamate 143 
NMR tetrahydroisoquinolinecarboxylic acid 

443
NMR tetrahydropyran conformation 1380 
NMR tetramethylbenzobicyclononene 1522 
NMR trichothecene 576 
NMR tricyclooctanone 2947 
NMR vobasan alkaloid 1878 
Nonactate furan conversion 2075 
Nonactic acid ester 2075 
Nonbonded interaction diphenylacenaphth0 

ene 3603 
Nonene silyl 2215
Nonynone brevicomin intermediate 398 
Noradamantanone oxime Beckmann rear- 

rangement 1803 
Norandrostadienyl acetate 4036 
Norandrostanol 1943
Norbornadieneiron tricarbonyl NMR carbon

2383
Norbornane halo redn 2711 
Norbornane methylene stereoselective hydro0 

chlorination 4023
Norbornane substituent effect NMR 1215 
Norbornene acyl chloro cyclization 2943 
Norbrexanone 3725 
Norcamphor isopropyl methyl 2605 
Norcaranediol model compd phorbol 378 
Norcholestanol 1943 
Norcholestenone acetoxy 3759 
Noriceane isomerization 2596 
Normacromerine Dolichothele alkaloid 319 
Nornantenine acetylmethoxy 375 
Norpluviine metab Narcissus 2450 
Norpregnenone hydroxy reaction phosgene 

78
Norprostaglanidn urinary metabolite 4045 
Norrish mechanism ring enlargement 400 
Norsecocholestynedione 313 
Norsecoestrynedione 313 
Norsecopregnynedione 313 
Norsteroid 1943 
Nortricyclene dimethoxy 583 
Nortricyclonone erystallog structure 2943 
Nucleic acid base méthylation 3691 
Nucleophile arom substitution reaction 

solvent 3677
Nucleophile aryl radical MO 3367 
Nucleophile benzyl chloride substitution 

2746
Nucleophile carbamylimidazole acyl transfer 

3041
Nucleophile dimorpholinylphosphinyloxybe- 

nzodiazepine 2724
Nucleophile phenoxide ester carbonyl 2039 
Nucleophile poison hydrogenation catalyst 

928
Nucleophile reaction oxadiazoline 3229 
Nucleophile reaction quaternized heteroarom 

1308
Nucleophile substitution nitrobenzene 1560

Nucleophile sulfite ortho ester 482 
Nucleophiles poisoning 4051 
Nucleophilic addn heterocyclic aldehyde 

1952
Nucleophilic aromatic substitution reaction 

3360
Nucleophilic displacement alkyl quaternary 

salt 2714
Nucleophilic displacement cyclic onium salt 

1052
Nucleophilic ring cleavage pyrazoloisoindo= 

lone 110
Nucleophilic substitution cyclohexenyl ace

tate 3215
Nucleophilic substitution haloalkanoate 

ester 160
Nucleophilic substitution kinetics furan 

2824
Nucleophilicity sulfenamide penicillin 2220 
Nucleoside acetamido epoxide addn 2042 
Nucleoside acetoxysilane 2995 
Nucleoside azide reaction 1100 
Nucleoside borohydride redn 3827 
Nucleoside C triazolopyridine 3124 
Nucleoside conformational restriction 3133 
Nucleoside cycloaddn 84 
Nucleoside fluorination 3010 
Nucleoside glycosyl 3000 
Nucleoside oxadiazine 3128 
Nucleoside oxamicetin 600 
Nucleoside phenylalanine orthoester 3317 
Nucleoside psicofuranosyl 1836 
Nucleoside purine redn oxidn 2303 
Nucleoside pyrimidine carbon linked 2793 
Nucleoside thio seleno alkylation 1847 
Nucleoside triazolopyridine 1449 
Nuphar alkaloid structure 291 
Nupharidine dehydrodeoxy reaction tosyl 

chloride 2514 
Nupharidinol deoxy 2514 
Octaethylporphyrin 3857 
Octalin dihalocarbene addn 611 
Octalone 3468
Octalone phenoxy photocyclization mechan= 

ism 1483
Octanediazotate ethanolysis thioethanolysis 

1128
Octanoic acid pinene esterification 1179 
Octanol oxidn pyruvate fragmentation 3030 
Octenediol dimethyl juvenile hormone 1262 
Octenone dimethyl 3625 
Octenylcyclopentane 3947 
Octyl bromide optically active 1071 
Octyne 2640
Octyne reductive alkylation 2214 
Octyne silyl alkylation 2215 
Olefin 1735
Olefin addn pivaloylnitrene stereochem 96 
Olefin addn polychloroacetate catalyst 396 
Olefin ally lie amination sulfur diimide 176 
Olefin arom hydride redn 3682 
Olefin bromination catalyst nitroalkane 

1285
Olefin carbonylation catalyst 793 
Olefin chlorination antimony pentachloride 

mechanism 3997 
Olefin conversion aldehyde 2769 
Olefin cycloaddn butadiene 1655 
Olefin cycloaddn phencyclone 1105 
Olefin dihalocarbene addn 611 
Olefin dihydroxy 3620
Olefin dimethylsulfoxonium methylide cop

per 4033
Olefin epoxidn cobalt acetylacetonate 1384 
Olefin fluoro insertion carbon hydrogen 

bond 1980
Olefin formation mechanism 3201 
Olefin inversion 3279 
Olefin isomerization 791 
Olefin metathesis solvent alkylation 1631 
Olefin nitro sugar 3474 
Olefin oxide deoxygenation 3647 
Olefin phosphono formyl dienophile 2411 
Olefin propiolate 3061 
Olefin reaction nitrile mercuric nitrate 192 
Olefin reaction trichlorocyclopropenium 

2258
Olefin reductive coupling ketone aldehyde 

896
Olefin unsym 3929 
Olefinic dipolarophile cycloaddn 1724 
Olefinic nitrile addn exchange 3246 
Onium salt cyclic nucleophilic displacement 

1052
Oppenauer oxidn pregnenecarbonitrile 1873 
Optically active alkyl bromide 1071 
Optically active hexadecalactone 3516 
Optically active solvent redn enantiomer 

4040
ORD tolyldialkylsulfonium 3096 
Org compd solubilization micelle 1365 
Organoboron coupling acetylene 3947
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Organocopper stereoselective redn phenyla  ̂
cetylene 4089

Organocuprate lithium benzenesulfinate 
ester 3987

Organometallic electroredn carbon bond 
719

Ornithine carbon 14 Nicotina 3438 
Ortho effect 3360
Ortho effect benzaldehyde hydroxide 1957 
Ortho ester aliph sulfur dioxide 482 
Ortho ester cyclization benzoylhydrazine

2732
Ortho substituted arom NMR 1511 
Orthobenzoate reaction sulfur dioxide 482 
Orthoester phenylalanine 3317 
Orthoformate cholestenetriol pyrolysis 3716 
Orthoformate cyclization benzoic acid hydra- 

zide 2736
Overhauser effect NMR nicotine 1585 
Overhauser effect phenazine NMR 2104 
Oxa analog pyrimidine nucleoside 3128 
Oxaadamantane 1899
Oxabenzonorbornadiene cycloaddn dibenzo= 

furotropone 1425 
Oxabicyclononadiene imino 3583 
Oxabicyclononanone 1277 
Oxabicyclononene NMR conformation com= 

puter 469
Oxabicyclooctaneacetate 1081 
Oxabrexane 3725 
Oxacyclohexenecarboxylate 6C 3 
Oxadiazine nucleoside 3128 
Oxadiazinone oxide benzyne 2531 
Oxadiazinone oxide cyclization ynamine 

397C
Oxadiazole 2985 
Oxadiazole solvolysis 620 
Oxadiazolidinedione 3763 
Oxadiazoline reaction electrophile nucleo= 

phile 3229 
Oxadiazolone 3233 
Oxaestatriene amination 2864 
Oxalate vinylnicotinonitrile condensation 

2542
Oxaloacetic acid NMR 3593 
Oxamicetin nucleoside 600 
Oxamide monothio dibenzyl 2498 
Oxasilacyclohexadiene 1799 
Oxatetracyclononane 1229 
Oxatetracyclononane chloro 2943 
Oxatetracycloundecadiene 1438 
Oxathiin androstenyl 2292 
Oxathiclane ring cleavage ketone 966 
Oxatricyclononane 1229 
Oxayohimban 3714 
Oxazepinone carboxypropyl 1768 
Oxazine benz 1079 
Oxazineoxyl tetrahydro 3237 
Oxazinone phenyl 156 
Oxazole phenyl methoxy 157C 
Oxazolidinepropionate anticancer 1768 
Oxazoline alkylthio metalated reaction 1735 
Oxazoline benzoyl Grignard reaction 3635 
Oxazoline conversion nitroxide 3237 
Oxazoline hydroxyalkyl 1642 
Oxazoline methoxymethyl cleavage 3219 
Oxazoline methyl 192 
Oxazolinone methylene stereochem 722 
Oxazoloquinolinone 825 
Oxetane polychloro 2943 
Oxetane steroid 3940 
Oxetanone alkylhalomethylene 2336 
Oxetanone ring cleavage mechanism 2527 
Oxetanone tetraphenyl photolysis 572 
Oxidative addn arenesulfinate diazenedicarb= 

oxylate 116
Oxidative chlorination diene monoepoxide 

.164.8Oxidative chlorination toluene 3577 
Oxidative cleavage mandelic acid catalyst 

1077
Oxidative cleavage phenyl dichioroacetate 

2039
Oxidative coupling benzylisoquinoline 4047 
Oxidative coupling phenylalkylisoquinoline 

4049
Oxidative decyanation unsatd nitrile 2939 
Oxide cithiane stereospecific synthesis 3975 
Oxide nitrile addn monoterpene 2210 
Oxide clefin deoxygenation 3647 
Oxide pyridine reaction 1717 
Oxide pyridopyrimidinedione rearrangement 

3027
Oxide stilbene photochem 2656 
Oxide thiaparacyclophane atropisomeric 

2509
Oxidn ale 3030
Oxidn ale cyclic 3329
Oxidn ale ozone 889
Oxidn aliph thiol catalyst 2061
Oxidn alkene kinetics ruthenate 3646
Oxidn alkoxyphenol alkylpher.ol 282

Oxidn alkyl silyl ether mechanism 1479 
Oxidn amine 2742
Oxidn aminophthalide chemiluminescence 

2929
Oxidn arborine chromate mechanism 2108 
Oxidn Baeyer Villiger chlorotrialkylcyclobut= 

anedione 2036
Oxidn Baeyer Villiger ketone polycyclic 953 
Oxidn benzyl ale catalyst 957 
Oxidn butylperoxyisobutyric acid mechanism 

3188
Oxidn cinnamate ruthenium tetroxide 3644 
Oxidn cyclohexene thallium trinitrate 2782 
Oxidn cyclopentadecane catalyst 3767 
Oxidn dimethylhydroxymethoxytetrahydrois  ̂

oquinoline 845
Oxidn electrochem biferrocene analogue 

2700
Oxidn electrochem diphenylamine methoxide 

731
Oxidn electrochem tetrahydroisoquinolineca= 

rboxylic acid 443 
Oxidn enol silyl ether 1673 
Oxidn hydroboration dimethylbutene stereo= 

chem 3031
Oxidn hydroquinone ether 3627 
Oxidn hydrotriazine hypochlorite mechanism 

3221
Oxidn hydroxypyrazole 2871 
Oxidn lithio carboxylic acid 370 
Oxidn methylamino group 3521 
Oxidn methylbenzanthracene pyridine 2679 
Oxidn perruthenate unsatd carboxylate 

3644
Oxidn phenol bismuthate 1646 
Oxidn phenol catalyst 3992 
Oxidn phenylenediamine catalyst 1389 
Oxidn photochem benzophenone oxime 

1476
Oxidn polarog substituted benzaldehyde 

1957
Oxidn pregnenedione hydroxy 2477 
Oxidn quadricyclene silver ion 583 
Oxidn redn benzylbishydroxybenzylphosphî  

ne oxide 2931
Oxidn redn purine nucleoside 2303 
Oxidn stereochem benzylpiperidine 2780 
Oxidn stereochem phosphorus deriv 233 
Oxidn stereospecific dithiane 3975 
Oxidn tetrathiatetralin 1484 
Oxidn thionyl chloride cinnamic acid 3399 
Oxidn thionyl chloride oxoacridanacetate 

3406
Oxidn tiliacorine 1293 
Oxidn. vincoside isovincoside lactam 3493 
Oxidocyclohexaneacetate 1081 
Oximation dimethylpiperidone 3637 
Oxime benzophenone photochem oxidn 

1476
Oxime bicycloheptanone cyclopropane ring 

cleavage 1282
Oxime conversion nitro compd 733 
Oxime dilithium reaction electrophile 439 
Oxime nitrosation 2871 
Oxime nitrosyl chloride reaction mechanism 

2024
Oxime noradamantanone Beckmann rear= 

rangement 1803
Oximinoaldehyde condensation malononitrile 

1299
Oxirane ethoxyethynylalane reaction 1669 
Oxirane phosphonate 1165 
Oxirane photochem isomerization mechanism 

3747
Oxocoumarinacetate 743 
Oxodecanal 560
Oxoglutarate cyclization cyclohexanedione 

743
Oxoglutarate cycloaddn ethanedione 4053 
Oxoglutaric acid oxidative cleavage catalyst 

1077
Oxomalonate Diels Alder 2850 
Oxomalonate lactonization alkanone enamine 

561
Oxomorphine formamidinesulfinate redn 

3624
Oxonaphthofurancarboxylate 3494 
Oxonorcholesteryl acetate 3759 
Oxopyranopyridine tryptamine condensation 

2542
Oxosulfene cyclization nitrone 2438 
Oxyamination olefin chloramine T catalyst 

177
Oxygen atomic ether enol reaction 513 
Oxygen effect carbanion stability 1885 
Oxygen reaction biacrylidene chemilumines  ̂

cence 2685
Oxygen singlet indene photooxygenation 

899
Oxygen thiobenzophenone 2971 
Oxygen transfer organic sulfides 4051 
Oxygenation cyclopropyl lithium mechanism 

1459

Oxygenation photo indene 899 
Oxygenation photochem cholestadiene 3847 
Oxyl oxazoline tetrahydrooxazine 3237 
Oxylcarboxypiperidine spin labeled 564 
Oxylpiperidone reaction isocyanide 564 
Oxymercuration bicyclohexane neighboring 

hydroxyl 1529
Oxymercuration dibenzobicyclooctatriene 

mechanism 1912
Oxyplumbation tricyclodecadiene mechanism 

2231
Oxytocin deuterated cysteine 1353 
Ozapentadiene pentaphenyl 3642 
Ozone oxidn ale 889
Ozonide methylisopropylethylene redn tri= 

phenylphosphine 892 
Ozonolysis diphenylacetylene 3340 
Ozonolysis epoxyandrostadienone 2864 
Ozonolysis mechanism 892 
Ozonolysis silyloxy alkene 1396 
Palladium carboxylate carboxylation arom 

compd 2049
Palladium catalyzed monoterpene 3455 
Palladium complex catalyst carbonylation 

2885
Palladium cyclooctadiene methanolysis 

1990
Palladium diacetate catalyzed arom substitu0 

tion 1681
Palladium dichloride oxidn amine 2742 
Palladium salt catalyst ring cleavage 2527 
Palladium salt isomerization catalyst 3452 
Papain ester hydrolysis 1240 
Paracyclophane 4081 
Paracyclophane tetrathia 1289 
Partial rate factor arom substitution styrene 

1681
Pauling Walsh electronegativety 940 
Penicillanic acid rearrangement 3048 
Penicillin benzyl epi configuration 2556 
Penicillin cleavage 2276 
Penicillin epibenzyl isomerization 2561 
Penicillin epibenzyl sulfoxide ester 3054 
Penicillin NMR nitrogen 582 
Penicillin sulfenamide nucleophilicity 2220 
Penicilloate benzyl configuration 2556 
Penicillonate amino sulfenyl chloride 2220 
Pentacyclodecane chlorinated NMR 462 
Pentacyclodecanol ionization 2820 
Pentacyclodecanone protonation NMR 

2820
Pentacyclododecadiene 742 
Pentacycloundecane 1433 
Pentacycloundecane diiodo 1438 
Pentadecenylsalicylic acid 894 
Pentadienyl anion terpene synthesis 3209 
Pentadienyliron tricarbonyl NMR carbon 

2383
Pentanedial perfluoro 1470 
Pentanediamine hexafluoro 1469 
Pentanedione cyclization hydrazine 2874 
Pentanedione sulfinylaniline copper reaction 

3811
Pentanoate ferrocenyl 655
Pentanoic acid pinene esterification 1179
Pentanolone kinetics retroaldol condensation

3299
Pentanone indolyl 633 
Pentaprismane homo 1438 
Pentazocine 2545 
Pentene lithio 2052
Pentenoate isomerization nickel isomerization 

catalyst 3020
Pentenone methyl cycloaddn crotonate 603 
Pentenyne pi methane rearrangement 3931 
Pentyl bromide optically active 1071 
Pentylsodium metalation cumene 1870 
Peptide active ester byproduct 1269 
Peptide automatic solid phase 3255 
Peptide benzhydrylamine polymer 3701 
Peptide benzyl protective group 2579 
Peptide benzyloxycarbonyl redn cleavage 

1653
Peptide cyclic conformation 2584 
Peptide dehydrophenylalanine 1344 
Peptide improved polystyrene resin 1350 
Peptide polymn chloroacetyllysine 1340 
Peptide protective group methoxybenzyl 

703
Peptide resin photolysis 3258 
Peptide urethane cleavage alkylation 2015 
Perchlorate alkyl 1663 
Perfluoroacyl redn 2256 
Perfluoroalkyl tetrazine phenyl 3392 
Perfluorodialdehyde 1470 
Perhydrophenanthrene synthesis 4087 
Perispecificity phencyclone cycloaddn 1105 
Peroxide alkyl pentafluorosulfur 1407 
Peroxide benzosuberone 2314 
Peroxide butyl 3983
Peroxide cyclic biscyclododecylidene cycloal  ̂

kylidene 1283
Peroxide cyclic mol structure 3756
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Peroxide irradn thermolysis 355 
Peroxy alkyl radical reactivity 3179 
Peroxyhypochlorite pentafluorosulfur addn 

alkene 1407
Peroxyperpropanoate butyl thermolysis 

3182
Perpropanoate thermolysis kinetics 3182 
Perruthenate oxidn unsatd carboxylate 

3644
Perturbation MO homoconjugation 1635 
Phase transfer catalyst sugar 736 
Phenacyl protecting group aspartate 1032 
Phenanthrene deriv fluoroxytrifluoromethane 

3413
Phenanthrene dihydro conformation NMR

3722
Phenanthrene hydride redn 3682 
Phenanthrene perhydro synthesis 4087 
Phenanthrenediol diacetate cleavage 3419 
Phenanthrenediol diacetate regioselective 

etherification 3415
Phenanthrenequinone adduct oxoglutarate 

4053
Phenazine NMR carbon 2104 
Phencyclone cycloaddn olefin 1105 
Phenethylamine hydroxy 2502 
Phenethylindanone cyclization 1601 
Phenethylpyrrolecarboxylate cyclization 

875
Phennanthrenediol diacetate cleavage 3419 
Phenol ether cleavage 170 
Phenol ether rearrangement 3026 
Phenol hydrogen bond carbon NMR 1881 
Phenol liq crystal 2566 
Phenol oxidn bismuthate 1646 
Phenol oxidn catalyst 3992 
Phenol thiobis 1710
Phenoxazine hydroxy crystal structure 4026 
Phenoxide nucleophile ester carbonyl 2039 
Phenoxycholestenone photocyclization rear= 

rangement mechanism 1483 
Phenoxythiolpropionate elimination kinetics 

mechanism 1369
Phenyl acetate exchange hydrolysis 2776 
Phenyl alkyl ketone 1176 
Phenyl alkyl selenide 1485 
Phenyl benzyl ketone methylenation 2650 
Phenyl butadienyl sulfide 3218 
Phenyl carboxylate substituted IR 1623 
Phenyl chloroformate substitution cyanide 

3486
Phenyl conformation chloride cumyl 1792 
Phenyl deriv chloroethane structure 554 
Phenyl dichloroacetate oxidative cleavage 

2039
Phenyl disulfide 1331
Phenyl ether juvenile hormone mimic 1262
Phenyl iodide Ullmann reaction 557
Phenyl isocyanate 2070
Phenyl ketone 3651
Phenyl ketones bridgehead photochem reac= 

tivity 4052
Phenyl methallyl ether addn 2647 
Phenyl methyl stibonium bromide decompn 

1276
Phenyl phenylthioallyl sulfide 2506 
Phenyl sulfonate solvolysis mechanism 

4099
Phenyl sulfoxide asym synthesis 3987 
Phenylacenaphthene conformation PMR 

3603
Phenylacetamide 3769 
Phenylacetamidoacrylate halo substitution 

reaction 3674
Phenylacetate cyclohexyl photoelimination 

stereochem 171
Phenylacetic acid reagent alkyllithium detn 

1879
Phenylacetone 2928 
Phenylacetonitrile hydroxy 2502 
Phenylacetylene 2640 
Phenylacetylene Friedel Crafts alkylation 

1698
Phenylacetylene ozonolysis 3340 
Phenylacetylene stereoselective redn organo= 

copper 4089
Phenylalanine cyclopropyl analog hydrolysis 

1466
Phenylalanine dihydroxy 3056 
Phenylalanine orthoester 3317 
Phenylalkanal 273
Phenylalkenylphosphine cyclization 1403 
Phenylalkyl halide lithio electrophile 1184 
Phenylalkylisoquinoline oxidative coupling 

4049
Phénylation allylic ale catalyst 273 
Phénylation photochem ketone enolate 

1702
Phénylation redn vinyl ketone 3465 
Phenylazirine reaction pyridinium imine 

2739
Phenylbutadiene 2241

Phenylbutazone acyl 165 
Phenylbutene 2485
Phenylbutyronitrile hydroxylation catalvst 

740
Phenylcarbamate photolysis mechanism 

3687
Phenylcinnamalone hydrolysis mechanism 

3622
Phenylcycloheptatriene DTA UV 3374 
Phenylcyclopropane brominolysis substituent 

effect 2262 
Phenyldecadiyne 1078 
Phenyldiazene oxide unsym 1751 
Phenyldifluoroethane 4002 
Phenyldimedonyliodone reaction isothiocya

nate 125
Phenyldinitrobutadiene isomerization solvent 

effect 2112
Phenylene dibenzoate liq crystal 2566 
Phenylenediamine oxidn catalyst 1389 
Phenylethanol pyridylmethyl dehydration 

decompn 3556
Phenylethyl bromide optically active 1071 
Phenylethylene hydride addn 3682 
Phenylethylene iodofluorination 2179 
Phenylethyne trimethylsilyl reductive alkyla= 

tion 2214
Phenylglyoxylic acid oxidative cleavage 

1077
Phenylhydrazine ethoxypropyl ethyl 1244 
Phenylhydrazine reaction aldehyde catalvsis 

4093
Phenylhydrazone benzaldehvde nitration 

2981
Phenylhydrazone cyclization 1877 
Phenylmethyldiazene oxide functionalization 

1141
Phenylnicotine 3438
Phenyloxathiolane ring cleavage ketone 966 
Phenyloxazine attempted prepn 2496 
Phenylpentenenitrile alkoxy 2846 
Phenylpentenol pyrolysis asym induction 

2485
Phenylphosphine imide metalation 1173 
Phenylpropargyl cinnamamide intramol 

cycloaddn 3813
Phenylpyrazolidinecarboxylate ring cleavage 

1244
Phenylquinolineethanol 716 
Phenylsulfamoyl chloride 4028 
Phenylsulfilimine 1728 
Phenylsulfoximine 2207 
Phenylthienylbenzoic acid 1320 
Phenylthio radical reaction benzothiadiazole 

1331
Phenylthioallyl phenyl sulfide 2506 
Phenylthiobutane elimination catalyst 3218 
Pheromone aggregation multistriatin 2475 
Pheromone manicone synthesis 3625 
Pheromone optically active hexadecalactone 

3516
Pheromone sex boll weevil 1069 
Phloroglucinol diiodination nascent iodine 

2044
Phloroglucinol etherification benzyl chloride 

3769
Phorbol model compd norcaranediol 378 
Phosgene hydroxyoxopregnene reaction 78 
Phosgene oxime cyclization diamine 3253 
Phosphabicyclononane stereochem reaction 

589
Phosphate decyl micellization kinetics hy= 

drolysis 3037
Phosphate ester hydrolysis kinetics 33 
Phosphate nitrophenyl monoesterification 

1261
Phosphate trimethyl purine pyrimidine 

methylation 3691
Phosphatovinyl carbonate x ray 1152 
Phosphide substitution menthyl neomenthyl 

stereochem 1545
Phosphinazine NMR carbon phosphorus 

2716
Phosphindole oxide polyhydro 238 
Phosphindoline oxide 1403 
Phosphine alkenyl cyclization 1403 
Phosphine aryl kinetics quaternization 1684 
Phosphine complex ruthenium catalyst hy

drogenation 665
Phosphine halide halogenation epoxide 

3279
Phosphine hydroxymethyl urea reaction 

675
Phosphine imide metalation lithium 1173 
Phosphine oxide mass spectra 2417 
Phosphine poly tertiary neopentyl 972 
Phosphine rhodium asym hydrogenation 

1545
Phosphine substitution reaction halo sulfone 

2182
Phosphinimine NMR carbon phosphorus

2716

Phosphinoline oxide 1403 
Phosphite ester sulfonamide reaction 28 
Phosphite reaction halo sulfone 2182 
Phospholane stereochem 1155 
Phospholanium iodomethyl x ray 1155 
Phospholene oxide bicyclic stereochem 238 
Phospholene sulfide prepn stereochem 1548 
Phosphonate aziridinyl ring opening 2273 
Phosphonate epoxy 1165 
Phosphonate formylvinyl formylethynyl 

2411
Phosphonate nitrophenyl naphthyl 1160 
Phosphonate pyridyl 2148 
Phosphonic acid allenic cyclization 3191 
Phosphonic acid aminoalkyl 3757 
Phosphonic dichloride esterification 1160 
Phosphonium hexadecyltributyl sugar cata  ̂

lyst 736
Phosphonium salt butenolide Wittig conden= 

sation 4108
Phosphonium ylide lithioacetyl reaction 

electrophile 509
Phosphonoanilidate cleavage stereochem

227
Phosphorane dichloromethylene 556 
Phosphorane methylenetriphenyl adduct 

lithium 1168
Phosphorane ylide Wittig formate 1272 
Phosphoranes formate esters reaction 4051 
Phosphoric acid débenzylation 3853 
Phosphoric acid seleno thio 227 
Phosphorinane dioxa substitution configurâ  

tion 1264
Phosphoroanilidate chiral cleavage 227 
Phosphorus cycloalkyl conformation NMR 

carbon 1690
Phosphorus deriv oxidn stereochem 233 
Phosphorus ester rearrangement mechanics 

1291
Phosphorus esters protic acid catalyzed 

4051
Phosphorus NMR phosphinazine phosphini  ̂

mine 2716
Phosphorus pentoxide benzotrichloride 

3574
Phosphorus pentoxide diaminomaleonitrile 

ketone 629
Phosphorus trichloride propargyl ale reaction 

3191
Phosphorylation lactam 2720 
Phosphous ylide trianzolinedione addn 

2102
Photo arylation cyanomethyl anion 3371 
Photo chlorination tetracyclooctane 949 
Photo isomerization benzoyl epoxydibenzobi= 

cyclooctadiene 2784 
Photo oxygenation indene 899 
Photo rearrangement thiopyran diphenylme  ̂

thylene 2279
Photochem addn cyclohexene nitrotrihalo  ̂

methane 155
Photochem chlorination bromination chloro— 

cyclopropane 523
Photochem codimerization benzofuran 541 
Photochem cyclization benzylideneisoquino- 

line ethylideneisoquinoline 2201 
Photochem cyclization enamino nitrile 19 
Photochem cyclization ionylideneacetonitrile 

1862
Photochem cycloaddn ethylene octalone 

4096
Photochem decompn benzenediazonium 

fluoroborate 2373
Photochem deselenation benzyl diselenite 

3204
Photochem dimerization pyrone 2495 
Photochem hexamethylcyclohexadienone 

epoxide 3377
Photochem hydrogen abstraction methoxy  ̂

tetrahydropyran 2222 
Photochem oxidn benzophenone oxime 

1476
Photochem oxygenation cholestadiene 3847 
Photochem phénylation ketone enolate 

1702
Photochem reactivity bridgehead phenyl 

ketones 4052
Photochem rearrangement expansion azirine 

543
Photochem rearrangement methylnaphthale= 

none 3632
Photochem rearrangement pentenyne 3931 
Photochem redn bridgehead ketone 1907 
Photochem ring enlargement alkylsuccini= 

mide 400
Photochem ring enlargement azaketobenzo— 

tricyclononene 2808 
Photochem stilbene oxide 2656 
Photochem valence isomerization azepine 

2362
Photocyclization aryloxyenone stereochem 

1483
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Photocyclization homohypostrophene 1445 
Photocyclization mechanism methallylcyclo  ̂

pentenone 2947
Photocyclization tetracycloundecadiene 

1438
Photocycloaddn intramol chlorohexadienone 

1416
Photcdecompn azidoformate solvent effect 

2034
Photcelectron spectra indole isoindole 3537 
Photcelimination cyclohexyl phenylacetate 

stereochem 171
Photcelimination pinacol carbonate arylcarb= 

ere 338
Photcfragmentation pyruvate 3030
Photc isomer benzylideneaniline configuration

3222
Photoisomerization glycidate mechanism 

3747
Photoisomerization valence tricyclodecadien= 

one 798
Photolysis amide dioxane cyclohexane 1279 
Photolysis amine azidoazoloazine 3152 
Photolysis aroyloxypyridone 24 
Photolysis azidoformate solvent effect 2034 
Photolysis azoxyisopropane ring closure 

1146
Photolysis bridgehead ketone kinetics 1907 
Photolysis brominative brominolysis phenyl  ̂

cyclopropane 2262 
Photolysis butyl azide 2368 
Photolysis cyclopropanedicarboxylic anhy= 

dride 2038
Photolysis epidehydrocholesterol 1067 
Photolysis ferrocenedisulfonyl azide 491 
Photolysis peptide resin 3258 
Photolysis phenylcarbamate mechanism 

3687
Photolysis silver carboxylate 916 
Photolysis spirofluoreneindazole 2120 
Photolysis tetraphenyloxetanone 572 
Photolysis vinyliminopyridinium ylide 1570 
Photolytic brominolysis phenylcyclopropane 

2262
Photooxygenation dihydronaphthalene 908 
Photorearrangement benzisoxazole benzoxa= 

zole 13
Photorearrangement cyanocyclohexadienone 

2950
Photoredn chloronaphthalene fluorescence 

3023
Phthalamide benzyl 2498 
Phthalan spirocyclohexane 1184 
Phthalate dihydro stereospecific oxidn 355 
Phthalazone imidazolyl 836 
Phthalic anhydride coupling 3909 
Phthalide amino oxidn chemiluminescence 

2929
Phthalimide carbomethoxymethylthio reac

tion benzylamine 2498 
Phthalimidine phenyl 1184 
Phthaloyl dichloride cyclizarion imidazole 

836
Phyllobates alkaloid steroid 3840 
Physical prepn chemical properties sulfili— 

mines 4052
Pi methane rearrangement pentenyne 3931 
Pi sigma bond cyclobutadiene iron 2659 
Picrotoxinin epoxidn 1650 
Picryl azide cyclization phenoxyallene 678 
Pinacol carbonate photoelimination arylcarb- 

ene 338
Pinacol coupling reaction mechanism 3929 
Pinacol pinacolone rearrangement 2988 
Pinacol rearrangement glyceric ester 2355 
Pinacolic coupling carbonyl compd 260 
Pinacolyl chloride 1410 
Pinene alpha esterification 1179 
Pinol 2773
Piperazinoindole 3433 
Piperidine 863 
Piperidine anilinothio 1333 
Piperidine benzyl oxidn stereochem 2780 
Piperidine kinetics dinitropyrrole 2824 
Piperidine spirobenzofuran 3pirobenzo= 

thiophene 2628
Piperidinium tosylate nucleophilic displace  ̂

ment 1052
Piperidinodenitration kinetics dinitropyrrole 

2824
Piperidinooxyl carboxy spin labeled 564 
Piperidone benzylamine formaldehyde cy= 

cloaddn 1593
Piperidone cyclization lithio benzylthiol 

2628
Piperidone dimethyl oximation 3637 
Piperonal cyclohexylimine metalation lithium 

1564
Pivaloyl azide safety 96 
Pivaloyl chloride cyclization triflic acid 

3034
Pivaloylnitrene addn olefin stereochem 96

Plant growth regulator 3953 
Platinum redn catalyst 3461 
Pleiadene dihydro thiophene analog 3046 
Pluviine metab Narcissus 2450 
PMR bisdinitrophenyldimethylurea 2134 
PMR conformation phenylacenaphthene 

3603
PMR Mannich base 2913 
PMR methanodibenzocyclodecene 2910 
PMR tolylbutylcarbinol 3033 
PMR tricyclooctane acetyl 2947 
Podocarpatrienedioic acid 1089 
Poison catalyst hydrogenation 933 
Poison hydrogenation catalyst nucleophile 

928
Poisoning nucleophiles 4051 
Polar effect trimethylammonio group 1883 
Polarog ferrocenyl diselenide diferrocenyl 

1849Polarog heterocyclic aldehyde 1952 
Polarog oxidn substituted benzaldehyde 

1957
Polarog redn alkyl halide 54 
Poly tertiary neopentylphosphine 972 
Polychloroacetate addn olefin catalyst 396 
Polycyclic bridged bromination 1919 
Polycyclic ketone Baeyer Villiger oxidn 953 
Polycyclic steroid lactone NMR 1219 
Polyene conjugated sym 2241 
Polyether macrocyclic sulfide 134 
Polyfluorocyclobutene sulfur trioxide 2353 
Polymetalation acetophenone 3307 
Polymn peptide chloroacetyllysine 1340 
Polyphosphoric acid cyclization catalyst 

722
Polysaccharide nitrosation 90 
Polysaccharide structure mass spectra 3425 
Polystyrene bromination lithiation 3877 
Polystyrene resin improved peptide 1350 
Polysulfide cyclic Chondria 2465 
Polyurethane charge transfer semiconductor 

1412
Polyvinyl ale nitrite 90 
Porphyrin octaethyl 3857 
Porphyrin uro 2991 
Potamogetonin structure 593 
Potassium dinitroalkane thermolysis alkene 

122
Potassium reaction halobiphenyl ESR 739 
Potassium redn hexahelicene enantiomer 

4040
Predicentrine 3210
Preferential complexing titanium tetrachlo= 

ride 373
Pregnadienecarbonitrile redn hydrolysis 

3429
Pregnadienecarboxaldehyde Wittig 2288 
Pregnadienedione epoxy 3940 
Pregnenecarbonitrile Oppenauer oxidn 

1873
Pregnenecarboxaldehyde Grignard stereochem 

3716Pregnenedione acetoxyethylthio 2292 
Pregnenedione hydroxy oxidn 2477 
Pregnenoic acid hydroxy lactone 3532 
Pregnenolone Wittig methyldioxolanylpropyl 

bromide 3759
Prepn physical chemical properties sulfili= 

mines 4052
Pressure triphenylethyl tosylate reaction 

alkoxide 1552
Proerythrinadienone rearrangement 3210 
Progesterone 1873 
Progesterone hydroxyethylthio 2292 
Prohomoerythrinadienone 179 
Propanedione cyclization quanidine 1590 
Propanedione formylation 388 
Propanocycloheptafuranone 4043 
Propanoic acid cyclization 3399 
Propargyl ale reaction phosphorus trichloride 

3191
Propargyl chloride Grignard reaction 3496 
Propellane halonorbornane redn 2711 
Propellane tricycloalkanedione 1903 
Propenal phénylation redn 3465 
Propene bisphenylthio 2506 
Propene NMR 3197 
Propenoate benzopyranyl 706 
Propenone cyclization uracil 3149 
Propiolactam azido bismethylthio 1112 
Propiolamide propargyl Diels Alder 2571 
Propiolamidium cycloaddn cyclopentadiene 

183
Propiolate conjugate addn cyclopropylcup̂  

rate 3629
Propiolate ester exchange pyran 2918
Propiolate olefin 3061
Propiolate pyrolysis cyclization 4043
Propionate pyridyl 535
Propionic acid pinene esterification 1179
Propionic acid pyridylamino 3546
Propionimidate cyclization serine 3219

Propionylbicycloalkene 2955 
Propiophenone 3092
Propylene hexafluoro insertion chlorodifluo= 

romethane 1980 
Propylquinoline 716 
Propynoate addn methanol 3765 
Prostaglandin carboxypentanor urinary 

metabolite 4045 
Prostaglandin synthesis 986 
Proteaceae metabolite NMR 3860 
Protecting group butoxycarbonyl cleavage 

1027
Protecting group phenacyl aspartate 1032 
Protection pyrrole aldehyde 2826 
Protective benzyl group peptide 2579 
Protective boryl group galactitol 2316 
Protective group amine 2029 
Protective group methoxybenzyl peptide 

703
Protic acid catalyzed thiono thiolo 4051 
Protic dipolar aprotic solvents cycloaddition 

reactions 4051
Protoadamantanone aza 1803 
Proton transfer cyclopropanedicarboxylate 

kinetics 1658
Protonated cyclopropane deamination ami= 

nomethylbutane 323 
Protonation acrylic acid electron adduct

2320
Protonation anisoletricarbonylchromium 

NMR 717
Protonation cyclobutadiene iron complex 

2659
Protonation iron butadiene carbonyl 2227 
Protonation isobutenylidenecyclopropane 

425
Protonation lithiodithiane oxide 3979 
Protonation lithium deriv quadricyclenecarb= 

oxylate 1266
Protonation pentacyclodecanone NMR 

2820
Prototropic isomerization benzylidenebenzy= 

lamine 2013 
Pseudoisocytidine 2793 
Pseudouridine 2793 
Psicofuranosyl nucleoside 1836 
Pteridine oxide 1299 
Pteridinedione tolyl 310 
Pterin redox reaction 1607 
Ptilometrate ester 3018 
Pulegone stereospecific prepn 380 
Pummerer rearrangement sulfoxide acetyl 

chloride 2770
Purine chloro butenyloxide 568 
Purine glycoside 3000 
Purine redn oxidn nucleoside 2303 
Pycnanthine dihydro structure 376 
Pycnolide Liatris 1248 
Pyran conformation NMR 455 
Pyran exchange propiolate ester 2918 
Pyran NMR conformation 1380 
Pyran pyrimidinyl 2850 
Pyranopyridinecarboxylate 2542 
Pyrazine cyclization malononitrile 3389 
Pyrazine dicyano 629 
Pyrazinium addn ammonia 1303 
Pyrazole carbamyl 3970 
Pyrazole carboxamidium 183 
Pyrazole hydroxy oxide 2871 
Pyrazole nitro sigmatropic rearrangement 

1758
Pyrazole reaction benzoyl isothiocyanate 

3781
Pyrazole ribofuranosyl 3000 
Pyrazole solubilization micelle 1365 
Pyrazolecarboxamide ribosyl 287 
Pyrazolidine cleavage Meerwein salt 1244 
Pyrazolidine oximino 3253 
Pyrazolidinedione acyl 165 
Pyrazolidinone reaction carbonyl 3775 
Pyrazoline 3229 
Pyrazoline ethoxy 2212 
Pyrazolinone 2874
Pyrazolinone cleavage stereochem 3625 
Pyrazolinone halo ring cleavage 3650 
Pyrazoloazetidinone rearrangement pyridazi= 

none 3156
Pyrazoloisoindolone nucleophilic ring cleav= 

age 110
Pyrazolopyrimidine 3781 
Pyrazolotriazine 3781 
Pyrazolotriazine ribofuranosyl 3000 
Pyrazolyl halide ester solvolysis 3640 
Pyrazolylbenzoic acid ester amide 110 
Pyrazomycin synthesis 287 
Pyridazine benzhydryl 1245 
Pyridazine oxide amino 3970 
Pyridazinoaziridine 3156 
Pyridazinone pyrazoloazetidinone rearrangê  

ment 3156
Pyridine acyl formyl 2658 
Pyridine alkylation 3824
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Pyridine amino chlorination 93 
Pyridine benzanthracene radical cation 

trapping 2679
Pyridine conformation NMR 455 
Pyridine deriv mass spectra 2973 
Pyridine dibutyl methyl 3034 
Pyridine dihydro redn perhaloacetone 2976 
Pyridine oxide NMR carbon 3589 
Pyridine oxide reaction 1717 
Pyridine quaternization substituent effect 

2621
Pyridine triazolo ribosylation 1449 
Pyridinecarboxaldehyde condensation pyri= 

dineacetate 2536
Pyridinecarboxaldehyde lithiated indole

163
Pyridinecarboxyaldehyde equil hydroxide 

1952
Pyridinemethanol Claisen rearrangement

535
Pyridinethione tetrazolylamino 3395 
Pyridiniooxyalkanoate ester 160 
Pyridinium addn ammonia 1303 
Pyridinium cyano methyl electroredn 3967 
Pyridinium déméthylation triphenylphos= 

phine substituent effect 2621 
Pyridinium ferrocene ylide decompn 491 
Pyridinium imine reaction phenylazirine 

2739
Pyridinium phosphonate 2148 
Pyridinium tetrafluoroborate aryloxy 1717 
Pyridinium tolylsulfonylmethylide cycloaddn 

acetylenedicarboxylate 2144 
Pyridinium ylide vinylimino photolysis 

1570
Pyridoindazoledicarboximide 129 
Pyridoindole 633 
Pyridone alkyloxy aroyloxy 24 
Pyridone hydroxymethyl Claisen rearrangê  

ment 535
Pyridone methyl bromination 2065 
Pyridone tetraphenyl 818 
Pyridopyrimidinecarboxylate trioxo 1095 
Pyridopyrimidinedione 3149 
Pyridopyrimidinedione oxide rearrangement 

3027
Pyridopyrimidinone 3546 
Pyridopyrimidone azide reaction aliph amine 

3152.Pyridotriazine hydro 2739 
Pyridylaminopropionic acid 3546 
Pyridylethanol phenylmethyl dehydration 

decompn 3556
Pyridylhydrazine ribofuranosyl thioformimi= 

date reaction 3124 
Pyridylmethane deriv dye 870 
Pyridylphosphonate 2148 
Pyridylthiotetrazole alkylamino 3395 
Pyrimidine Diels Alder 2124 
Pyrimidine halomethyl 385 
Pyrimidine hexahydro oximino 3253 
Pyrimidine indolo 3775 
Pyrimidine methyl Chichibabin reaction 

351
Pyrimidine pyrazolo 3781 
Pyrimidinecarboxaldehyde amino reaction 

cyclohexanedione 1058 
Pyrimidinium bistrifluoromethyl 2783 
Pyrimidoneglyoxylate Diels Alder 2850 
Pyrimidopurinone spectra 294 
Pyrimidoquinoline dioxocyclohexyl 1058 
Pyrolysis aspartic acid 3697 
Pyrolysis benzosuberone diperoxide 2314 
Pyrolysis butylcyclohexyl xanthate 3917 
Pyrolysis cholestenetriol orthoformate ster= 

eochem 3716
Pyrolysis cyanohexafluoroisopropanol ester 

1567
Pyrolysis dimorpholinylphosphinyloxybenzo0 

diazepine 2724
Pyrolysis iodonium halide 3360 
Pyrolysis phenylpentenol asym induction 

2485
Pyrolysis propiolate 4043 
Pyrolysis silver carboxylate 916 
Pyrone carbon NMR 2777 
Pyrone dimerization photochem thermal 

2495
Pyrone methoxy styryl 4070 
Pyrrole aldehyde protection 2826 
Pyrrole amide rotation barrier 3591 
Pyrrole substitution nucleophilic kinetics 

2824
Pyrrole uroporphyrin 2991 
Pyrrolecarbonyl chloride cyclization benzala  ̂

niline 3050
Pyrrolecarboxaldehyde cyclization isocyan  ̂

oacetate 1482
Pyrrolecarboxaldehyde equil hydroxide 

1952
Pyrrolecarboxylate phenethyl cyclization 

875

Pyrrolidine 863
Pyrrolidine benzyl oxidn stereochem 2780 
Pyrrolidine methyl alkylation 3824 
Pyrrolidinedione cyclization hydrazine 2031 
Pyrrolidinium tosylate nucleophilic displace  ̂

ment 1052
Pyrrolidinylcyclohexene cycloaddn enamine 

10
Pyrrolimidazole 3050 
Pyrroline pentaphenyl 3642 
Pyrroline phenyl 1294 
Pyrrolinium inner salt 390 
Pyrrolinone anilino 2496 
Pyrrolnitrin long range NMR 2932 
Pyrrolobenzazepine 875 
Pyrrolodiazetidinone 3156 
Pyrroloindole dihydro 2031 
Pyrroloindolone redn 2031 
Pyrroloisoxazole 855 
Pyrrolophane bromophenyl 2963 
Pyrrolopyrimidinecarboxylate 1482 
Pyrroloquinolinone carboxyhexenoic acid 

condensation 699 
Pyrrolothiazine 187
Pyruvate cyclization indoleninecarboxamide

3433
Pyruvate photofragmentation 3030 
Pyruvic aldehyde formation acyclic cyclic 

ethers 4052
Pyrylium dibutyl ammonia 3034 
Quadricyclane acetic acid stereochem addn 

2169
Quadricyclene oxidn silver ion 583 
Quadricyclenecarboxylate addn lithium 

iodide 1266
Quanidine cyclization propanedione 1590 
Quar gum trinitrite 90 
Quartz adsorption alanine 2225 
Quassia quassimarin 3481 
Quassimarin Quassia 3481 
Quaternary salt nucleophilic displacement 

alkyl 2714
Quaternization diindolylpyridylmethane 

870
Quaternization nicotine 3824 
Quaternization phosphine aryl kinetics 

1684
Quaternization pyridine substituent effect 

2621
Quaternized heteroarom reaction nucleophile 

1308
Quilinopyrimidinedione 3149 
Quinazoline 2124 
Quinazoline amino 2646 
Quinazoline diphenyl redn alkylation 4£7 
Quinazolinium bromination kinetics 838 
Quinazolinobenzoxazinedione 2728 
Quinazolinone 1763 1765 
Quinazolinone amino 825 
Quinazolinone bromination kinetics 833 
Quinazolinone methylamino 2733 
Quinazolinone oxidn chromate mechanism 

2108Quinazolinone phosphorylation 2720 
Quinazolone amino cyclization formate 

3529
Quinizarinquinone Diels Alder butadiene 

2296
Quinodimethan tetracyano charge transfer 

145
Quinodimethane tetracyano reaction 571 
Quinoline ethylidene ring expansion azide 

3325
Quinoline hydro NMR 199 
Quinoline methyl metalation 716 
Quinoline phenyl morpholino 2724 
Quinoline ring expansion 195 
Quinolinecarboxaldehyde 1058 
Quinolinedione 825 
Quinolineethanol phenyl 716 
Quinolinium imine dimer reaction 2739 
Quinolizidine enamine reaction 2514 
Quinolylamine NMR tautomerism 2491 
Quinone manuf 3627
Quinone tetrachloro cycloaddn butene 2223 
Quinoxalinocyclooctatetraene 3760 
Quinuclidinol decarbalkoxylation 208 
Racemization bromophenylethane exchange 

519
Radical addn cyclohexene nitrotrihalometh= 

ane 155
Radical alkyl peroxy reactivity 3179 
Radical anion cyclopropyl unsatd ketone 

3076
Radical anion dimethylenecyclooctatriene 

ESR 2071
Radical aryl carbon disulfide 2639 
Radical aryl nucleophile MO 3367 
Radical cation benzanthracene trapping 

pyridine 2679
Radical chain halomethylsilane 945 
Radical cyclopropyl stability 940

Radical decompn hydroperoxy ketone 373 
Radical ion diphenylanthracene electrofor= 

mation 516
Radical phenylfluorenyl ESR 214 
Radical phenylthio reaction benzothiadiazole 

133i
Radical thiophenoxy addn alkenylidenecyclô  

propane 2068
Rate esterification alkylacetic acid 2058 
Rate factor partial arom substitution styrene 

1681
Reaction kinetics butyllithium methvlmer  ̂

captoacetophenone 808 
Reaction kinetics cholesteryl iodide 381 
Reaction mechanism nitrosyl chloride oxime 

2024
Reaction phosphite ester sulfonamide 28 
Reaction stereochemistry silacyclobutane 

1534
Reactivity alkyl peroxy radical 3179 
Reactivity benzyl halide 3364 
Reactivity redn diimide cycloalkene cycloal= 

kadiene 3922 
Reagents reactions 4052 
Rearrangement acetylbicyclopentanone 

3377
Rearrangement allylic butenylguanine 568 
Rearrangement allylic crotyltoluidine oxide 

300
Rearrangement allylic dimethylcarbamate 

mechanism 3338
Rearrangement arylsulfonylcinnamyl brom  ̂

ide substitution 248
Rearrangement azadeazathioguanine 3784 
Rearrangement Behrend substituted effect 

2013
Rearrangement benzisothiazolinone mechan

ism 1325
Rearrangement benzisoxazole irradn 13 
Rearrangement benzodiazepine mechanism 

1743
Rearrangement benzylidene thiolactone 

3743
Rearrangement bicycloheptyl Grignard reag= 

ent 1191
Rearrangement bicyclohexenecarboxaldehyde 

mechanism 3883
Rearrangement bromobenzobicyclononene 

1522
Rearrangement chlorination aniline mechan= 

ism 3170
Rearrangement Claisen enolate ester 986 
Rearrangement Claisen ether 3026 
Rearrangement cycloaddn halocyclopropene 

anthracene 3333 
Rearrangement cyclodehydration

isopentylhydroxycyclopentanone 2605 
Rearrangement cyclohexyl benzenesulfinate 

2312
Rearrangement eyclopentylvinylborane 

3947
Rearrangement cyclopropane alkenylidene 

4012
Rearrangement diazatetracyclododecane 

3159
Rearrangement diaziridinobenzodiazocine

3229
Rearrangement dibenzotricyclononadiene 

4016
Rearrangement diphenylhexadiene alumina 

2048
Rearrangement divinylcyclopropane 3490 
Rearrangement epoxide mechanism catalytic 

3611
Rearrangement expansion azirine photochem 

543
Rearrangement Favorskii stereochem bisho= 

moantiaromaticity 3730 
Rearrangement Fries photo phenylcarbamate 

3687
Rearrangement hexacycloundecane 1438 
Rearrangement hydroxyalkyl aminimide 

catalyst 715
Rearrangement ionol photochem 1862 
Rearrangement kinetics nitromethylaniline 

viscosity 3166
Rearrangement leurosine 1001 
Rearrangement mechanism silane epoxyethyl 

2615
Rearrangement methylphenyldiazopropane 

carbene 1464
Rearrangement neointermedeol 3710 
Rearrangement penicillanic acid 3048 
Rearrangement pentacycloundecanediol 

1433
Rearrangement phenylmethylpyridylethanol 

mechanism 3556
Rearrangement phosphorus ester mechanics 

1291
Rearrangement photo thiopyran diphenylme= 

thylene 2279
Rearrangement photochem methylnaphthale  ̂

none 3632
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Rearrangement pi methane pentenyne 3931 
Rearrangement pinacol glyceric ester 2355 
Rearrangement pinacolone pinacol 2988 
Rearrangement proerythrinadienone 3210 
Rearrangement Pummerer sulfoxide acetyl 

chloride 2770
Rearrangement pyrazoloazetidinone pyridazi  ̂

none 3156
Rearrangement pyridopyrimidinedione oxide 

3027Rearrangement pyrrolidinomethylpyridine
2658

Rearrangement redn homoadamantanol 
mechanism 686

Rearrangement sigmatropic amine oxide
303

Rearrangement sigmatropic nitro nitropyra= 
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toluene 3577
Thionyl chloride oxoacridanacetate oxidn 
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propane 2068 
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Trithiocarbonate thioiditol 1125 
Tritylaminopenicillanic acid chlcrosulfonyl 

isocyanate 3048 
Tropolone 4043
Trypsin inhibitor synthesis 2787 
Tryptamine oxopyranopyridine condensation 

2542
Tungsten carbonyl cycloheptatrienyl NMR 
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Vitamin D3 triazolinedione adduct 2098 
Vittatine oxidn Rhodophiala 2447 
Voacanga alkaloid 3270 
Voafoline NMR 3270 
Vobasan alkaloid stereochem 1878 
Vobtusine lactam NMR 3270 
Voltammetry ferrocenyl diselenide diferroce= 
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G O T  A O F  A  P R O B L E M ?

L E T  A L D R I C H  H +A R P O O N  I T !

PROTON-SELECTIVE BASE
As the goals o f  synthetic and mechanistic chemistry 

become increasingly complex, the need for highly selective 
reagents becomes more critical. The quest for non- 
nucleophilic strong bases, for example, has sparked the 
research o f many workers.

One o f the most effective new proton-selective reagents is 
lithium 2,2,6,6-tetramethylpiperidide (LiTMP), a member o f 
the class o f  strong bases which O lofson 1 has termed 
“Harpoons.” LiTMP is conveniently prepared by treating 
an ethereal solution o f  2,2,6,6-tetramethylpiperidine 
(HTMP) with methyl- or butyllithium .2Û

H

HTMP

LiR Û
- Li* 

LiTMP

LiTMP has been found to be superior to NaOEt, KO-/-Bu, 
NaH, NaNH2, LiAr, LiR, NaCPh3, LiN(SiMe3)2, LiN(/-Pr)2, 
and BrMgN(/-Pr)2 for the practical synthesis o f  arylcyclo- 
propanes and cyclopropenes from benzyl chlorides. 12

>=<

Ar -  ' 'C l
LiTMP

ether

^ = - Y
Ar

Very recently, Olofson reported a useful synthesis o f 
cyclopropyl esters (and ultimately cyclopropanols) from 
chloromethyl esters, LiTMP, and a variety o f  olefins.3

LiTMP
V

LAH

OCOR or
LiMe

V
OH

LiTMP is a highly effective base for generating benzynes 
from aryl chlorides: 1

OMe
Cl

+  LiC iC Ph LiTMP

OMe OMeOr
This particular H’arpoon has been used to effect difficult 

carbonyl condensations in cases where more conventional 
bases have failed . 1

R,CHCO;Et U ™ p p- PhCOCI ^

R=Me(89%), Et(8 6 %)

Early work by Rathke and Kow 4 provided the “ first exam
ple o f  base-promoted a proton removal from an organo- 
borane."

LiTMP
PhH

,B -C H ¡L i
D ,0 )B-CH¡D

In subsequent findings, 5 the authors demonstrated the 
superiority o f  LiTMP over bases such as LiN(/-Pr) 2 and 
LiN(i-Pr) (c-Hex) for producing boron-stabilized carbanions 
from vinylboranes, effective precursors for 3-silylated 
aldehydes and ketones.

LiTMP has been used by Beak to generate transient 
dipole-stabilized carbanions via deprotonation o f aromatic 
thioesters6 and amides.6’7

J L  LiTMP i ̂  s y
I THF

P ^ q ”i
[P h /^ X C H , -  ► P h -'^X C H ju *

(X =  S, NMe) 
O

I  (X=S) MeS
r .. i Y O ---------------- ► ------------►
[ArCH j Ar X =  NMe(60%) (64%)

'P h

Unless additional stabilization o f  the incipient carbanion 
is provided (e.g., by unsaturation), the analogous reaction 
for esters does not occur. Thus, alkyl benzoates afford o -  
benzoylbenzoates, apparently the result o f  ortho lithiation o f 
the starting ester.8

c o 2r

LiTMP
THF

COjR COjR o
PhCOjR

R e feren ces :
1) R .A . O lo fs o n  and  C .M . D o u g h e r ty , J. Amer. Chem. Soc., 95, 5 8 2 (1 9 7 3 ).
2) R .A . O lo fs o n  and  C .M . D o u g h e r ty , ibid., 95, 581 (1 9 7 3 ).
3) R .A . O lo fs o n , K .D . L otts , an d  G .N . B arb er, Tetrahedron Lett., 3381 

(1976 ).
4 ) M .W . R a th k e  an d  R . K o w , J. Amer. Chem. Soc., 94, 6 85 4  (1 9 7 2 ).
5 ) R . K o w  and M .W . R a th k e , ibid., 95, 2715 (1 9 7 3 ).
6 ) P. Beak and  R  F a rn ey , ibid., 95, 4771 (1 9 7 3 ).
7 ) P . B eak , G .R .  B ru b aker, and  R .F . F a rn ey , ibid., 98, 3621 (1 9 7 6 ).
8 ) C .J . U p to n  an d  P . B eak. J. Org. Chem., 40, 1094 (1 9 7 5 ).

11,575-4 2,2,6,6-Tetramethylpiperidine 10g $15.25
(HTMP) 25g $25.00

18,620-1 Methyllithium, 2 M  soin, in ether 22g $16.00
(22g is wt. o f  contained C H 3Li)

Aldrich Chemical Company, Inc.
Craftsmen in Chemistry

Corporate Offices:
Aldrich Chemical Co., Inc. 
940 W. Saint Paul Ave. 
Milwaukee, Wisconsin 53233 
U. S. A.

Great Britain:
Aldrich Chemical Co., Ltd. 
The Old Brickyard, New Road 
Gillingham, Dorset SP8 4JL 
England

Belgium/
Continental Europe: 
Aldrich-Europe 
B-2340 Beerse 
Belgium

West Germany/ 
Continental Europe: 
EGA-Chemie KG 
7924 Steinheim am Albuch 
West Germany

22


	THE JOURNAL OF ORGANIC CHEMISTRY 1976 VOL.41 NO.26 DECEMBER
	Contents
	Reactions of Dicarbonyl Compounds with Dimethyl B-Ketoglutarate.4. Formation of 1:1 Adduc
	The Direction of Base-Catalyzed Aldol Cyclization of 1,5 Diketones
	Direct Methods for a-Methylene Lactone Synthesis Using Itaconic Acid Derivatives
	Synthesis of Kavain, Dihydrokavain, and Analogues
	Synthesis of C-Glycosyl Thiazoles
	Isolation and Structure Determination of the Second Toxic Constituent from Tetradymia glabrata
	Syntheses of [8][8]- and [8][10]Paracyclophanes
	Synthetic Organic Electrochemistry. Application to Perhydrophenanthrene Syntheses
	Cis Reduction of Acetylenes by Organocopper Reagents
	Mechanism and Catalysis for Phenylhydrazone Formation from Aromatic Heterocyclic Aldehydes
	Stereochemistry of Photochemical Cycloadditions: Addition of Ethylene to a Δ9-l-Octalone
	On Attempts at Solvolytic Generation of Aryl Cations
	Notes
	Author Index to volume 41,1976
	Keyword Index to volume 41,1976

