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Thermal Reactions of a-Diazo Ketones with Molecular Oxy- 
gen. A. Reaction of Azibenzil (I) with Molecular Oxygen.- 
Molecular oxygen gas (280 1.) was introduced to a benzene solu- 
tion (85 ml of benzene) of azibenzil (8.5 g, 0.038 mol) for 4.5 hr a t  
refluxing temperature. Into the reaction mixture, water (40 ml) 
and ether (40 ml) were added. From the organic layer, benzene 
and ether were removed under reduced pressure. Methanol 
(100 ml) was added to the residue. After the methanol solution 
was cooled, white powders precipitated. The benzene (20 ml) 
solution of the white powders was subjected to  chromatography 
on silica gel. Elution with benzene gave tetraphenylglycolide 
(11), which was recrystallized from ethyl acetate. From the 
filtered solution, methanol was distilled and ether (10 ml) was 
added. The ether solution was cooled to give a yellow solid (VII). 
The filtered ether solution gave V. The yields are shown in Table 
r 
1. 

The water layer offered no product. Tetraphenylglycolide 
(11) had mp 190-193'; ir 1750 em-' ( Y C - o  of ester group); 'H 
nmr (cDC13)~ 2.5-3.4 (Ph). 

13C nmr (CHCla) exhibited peaks at  166 corresponding to  the 
ester group along with the peak at  129 ppm (Ph), from TMS over 
the range of 126-235 ppm. 

The uv spectra of I1 have no absorption corresponding to  cis- 
stilbene [292 mp (t 1.01 X lo4) in THF] type over the range of 
280-310 mp, indicating no double bond in the structure of 11. 

Anal. C, 79.98; H,  4.79; mol wt, 420. 
Found: 

Moreover, I1 wm identified by mixture melting point with the 
authentic sample,13 mmp 189-192'. Bisbenzilketazine (VII) and 
diphenylacetic acid (V) were identified respectively by infrared 
spectral comparison and the mixture melting point with authentic 
samples: VII, mmp 200-201' (lit.l4 mp 202'), and VII, mmp 

Calcd for Ct~Hzo04: 
C, 79.85; H,  4.85; mol wt, 432. 

148' (lit.78mp 148"): 
B. Reaction of Diazoacetoohenone (VIII) with Molecular 

Oxygen.-Into a xylene solutio; (80 ml of xylene) of diazoaceto- 
phenone (7.3 g, 0.05 mol), molecular oxygen gas (280 1.) was 
passed for 4.5 hr a t  130-140'. The products were separated by 
chromatography using silica gel as the adsorbent. The products, 
corresponding butenolide (IX), mp 107-108', and the dimer X, 
mp 288-289", were obtained in the yields shown in Table I. 
These products were identified by infrared spectral comparison 
and the mixture melting point, 107-108 and 288-289', respec- 
tively, with the samples (lit.88 mp of I X  107-108'; mp of X 288- 
289'). 

C. Reaction of Methylbenzoyldiazomethane (XI) with Mo- 
lecular Oxygen.-Molecular oxygen gas (280 l.) was passed into 
a toluene solution (toluene 100 ml) of methylbenzoyldiazomethane 
(6.4 g, 0.04 mol) for 4.5 hr a t  110-115'. Absorption of a cyclic 
ester group (1750 om-1) was absent in their spectrum of the reac- 
tion mixture. The products, vinyl phenyl ketone (XII) and 
phenyl methylacetic acid (VI), were obtained by using silica gel 
chromatography. The yields are shown in Table I. Vinyl 
phenyl ketone was identified by infrared spectral and boiling 
point comparison with the authentic sample, bp 115' (18 mm) 
 lit.?^ bp 115' (18 mm)] . Phenylmethylacetic acid, obtained 
after hydrolysis, was identified by the sample (lit.16mp 265-268'). 

D. Reaction of Phenylacetyldiazomethane (111) with Molecu- 
lar Oxygen.-To a benzene solution (benzene 70 ml) of phenyl- 
acetyldiazomethane (3.2 g, 0.02 mol), molecular oxygen gas (280 
1.) was added for 4.5 hr a t  60-70'. Water (20 ml) and ether (20 
ml) were added into the reaction mixture. The organic layer 
was separated, from which benzene and ether were evaporated 
under reduced pressure. To the residue, methanol (100 ml) was 
added. The methanol solution was cooled to give the white 
powders. The benzene (20 ml) solution of the white powders was 
subjected to chromatography on silica gel. Elution with benzene 
gave 3,6-dimethyl-3,6-diphenylglycolide (IV), which was re- 
crystallized from ethyl acetate. From the filtered solution, 
methanol was evaporated to offer phenylmethylacetic acid (VI), 
which was identified by infrared spectral comparison and mixture 
melting point with authentic sample, mmp 286-288" (1it.u mp 
288-289"). 
3,6-Dimethyl-3,6-diphenylglycolide (IV) had mp 164-1 65 ' ; 

ir 1750 cm-l (YC-o of ester group); lH nmr (CDC13) T 2.5-3.5 
(10 H, phenyl), 8.0-8.6 (6 H, 8-methyl). 

The yields are shown in Table I .  
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nmr (CHCla) showed peaks a t  169 corresponding to the 
ester group along with the peak a t  129 ppm (Ph) from TMS over 
the range of 126-235 ppm. 

Anal. Calcd for C1gHla04: C, 72.96; H,  5.44; mol wt, 296. 
Found: C, 52.63; H,  5.37; mol wt, 285. 

Photochemical Reactions of a-Diazo Ketones with Molecular 
Oxygen in Benzene.-Four a-diazo ketones as described in ther- 
mal reactions were used. Molecular oxygen (280 1.) was intro- 
duced into the benzene (300 ml) solution of a-diazo ketone (0.01 
mol), which was irradiated by a high-pressure mercury lamp at 
15-20'. The irradiation was stopped with disappearance of the 
absorption in ir caused by the diazo group. The products were 
separated in the manner as done in thermal reactions, respectively. 
The products and the yields are shown in Table 11. These prod- 
ucts were identified by infrared spectral comparison and mixture 
melting point with samples previously prepared. 

Apparatus.-Ir spectra were taken on a Hitachi EPI-S2 type 
infrared spectrometer. Nmr spectra were obtained with a 
JNM3H-60 spectrometer. Mass spectra and uv spectra were run 
on a Hitachi VD-10001-A spectrometer and Hitachi EPS-3 spec- 
trophotometer. Molecular weight was determined by a Hitachi 
Perkin-Elmer 115 apparatus. 
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The conformational processes associated with nmr 
line shape changes in N,N'-biscarboalkoxy cyclic hy- 
drazines have been the subject of considerable experi- 
mental work and speculation.2 Three different types 
of conformational changes have been discussed as pos- 
sible sources for the coalescence phenomena observed 
in such systems: (a) nitrogen inversionJ3 (b) rotation 
about amide bonds,4 and (c) ring flexion in six-mem- 
bered rings or even in bicyclic ring systems. We have 
examined the nmr spectral behavior of N,N'-biscarbo- 
ethoxy-3,3,4,4-tetramethoxy-l,2-diazetidene (1) in or- 
der to examine a system in which two of these factors 
could be controlled. 
(1) (a) Part  XVlI: D. Kost and M. Raban, J .  Amer. Chem. SOC., 94, 

2533 (1972). (b) Alfred P. Sloan Foundation Fellow, 1972-1974. 
(2) (a) J. E .  Anderson and J. M. Lehn, Tetrahedron, 24, 123 (1968); 

24, 137 (1968); and papers cited therein: (b) W. D. Phillips, unpublished 
results cited in W. D. Phillips, in "Determination of Organic Structures 
by Physical Methods," Vol. 2, Academic Press, New York, N.Y., 1962, 
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hedron, 22,  3477 (1966). 
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9, 400 (1970); (c) J. Lambert in "Topics in Stereochemistry," Vol. VI, 
E. L. Eliel and N.  L. Allinger, Ed., Wiley, New York, N. Y., 1971, p 19. 

(4) Reviews: (a) W. E. Stewart and T. H. Siddall, 111, Chem. Rev., 70, 
517 (1970); (b) H. Kessler, Angew. Chem.,Int. Ed. Bngl., 9, 219 (1970). 
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Figure l.--Xmr spectra of 1 in acetone-d6-toluene-dg. (a) 
Spectrum recorded at room temperature; the peaks at S 1.9, 2.2, 
and 2.7 are due to impurities toluene-dn acetone-&, and water, 
respectively. (b) Spectrum recorded at  -65". The peaks for 
acetone-ds and toluene-d, are unchanged, but the peak for the 
water impurity is shifted to  6 3.7. (c) Expanded scale spectrum 
of the methoxy region recorded at -65'. 

0 

The presence of the small ring system in 1 might be 
expected to affect both barriers to a and c. The ring 
strain present in four-membered rings is known to lower 
barriers to ring reversal and to increase barriers to 
nitrogen inversion. As a result, while the barrier to 
rotation about the nitrogen-carbonyl bond should be 
approximately the same in 1 as in six-membered ring 
analogs, the nitrogen inversion barrier should be higher, 
and the barrier to ring reversal should be much lower or 
absent. The only previous study on a similar com- 
pound is an investigation of N,N'-biscarboethoxy- 
3,3,4,4-tet rafluorodiazet idene. Zb The chemical shift 

nonequivalence of geminal fluorine atoms observed in 
that study is consistent with barrier to nitrogen inver- 
sionZb or ring flexion.2C No evidence for slow rotation 
about amide bonds could be detected. 

The variable-temperature nmr spectra of 1 exhibit 
only a single coalescence phenomenon in the neighbor- 
hood of -40 to -20". Below this temperature range 
the methoxy groups appear as four singlets in acetone- 
ds-toluene-d8 (Figure l), or as two singlets in acetone- 
ds. The coalescence of the four methoxy singlets is 
consistent with the interconversion of the three isomers 
la, lb, and IC. 

cH30>r_l(0cH3 
CHaO N-N OCHZ 

la 

o+ )=o 
0 0  

r\( +o 
CHSCHZO 0 0 

I I I  
CHzCHB CHaCHzCHZCH3 

Ib IC 

The most deshielded of the low-field singlets most 
likely arises from the methoxyl groups in the out-out 
isomer IC, which appear from models to be in the de- 
shielding region of the carbamate carbonyl groups. 
The other low-field singlet would then arise from the 
methoxyls cis to the carbonyl in the in-out isomer, lb. 
The upfield methoxy singlets are associated with la and 
the methoxy groups cis to the ethoxy group in lb. 
Based on the integrated intensities of the four peaks 
obtained by computer simulation, A: B : C : D = 
18 : 29: 24: 29, we estimate the relative concentrations 
of la :  lb: IC to be 24: 58: 18. The differences in free 
energies of formation were thus obtained by complete 
line shape analysis: AG-w (lb + la) = 0.3 kcal/mol, 
AG-eso(lb-Flc) = 0.5 kcal/mol; as was the free energy 
of activation: 

In acetone-ds the low-field pair of singlets ("out" 
methoxyls) apparently coincide, as do the two high- 
field singlets ("in" methoxyls), and only two singlets 
are observed, The torsional barrier was obtained a t  
the coalescence point in acetone-& using the approxi- 
mate f o r m ~ l a , ~  k ,  = ( r / & ) A u :  T ,  = -25",  Au = 
3 Hz, AG,* = 13.8 kcal/mol. The values obtained in 
both solvent systems are fairly similar to those ob- 
tained by Anderson and Lehn for restricted rotation in 
bicyclic analogs of 1.2a 

No evidence for slow nitrogen inversion could be 
detected down to - 125". Apparently, even with the 
ring strain present in the four-membered diazetidine 
ring and the presence of a nitrogen-heteroatom bond, 
nitrogen inversion remains rapid. Our results are in 
accord with the conclusionsza that slow nitrogen inver- 
sion is not responsible for nmr line shape changes in 
biscarboalkoxy cyclic hydrazines and that barriers in 

AG-z~o* (lb -+ la) = 13.6 kcal/mol. 

( 5 )  For evidence of the reliability of this approach, see D. Kost, E. Carl- 
son, and M .  Raban, Chem. Commun., 656 (1971). 
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the neighborhood of 13-14 kcal/mol can be ascribed to 
amide torsional barriers. Our results, however, are in 
striking contrast with those reported for the analagous 
compound in which the methoxy groups are replaced 
by fluorine atoms. zb Unless accidental equivalence 
is responsible for the differences in the two systems, it 
would appear that replacement of fluorine by methoxy 
both raises the amide barrier and lowers the barrier to 
nitrogen inversionzb (or ring reversalzc). 

Experimental Section 

N,iV‘-Biscarboethoxy - 3,3,4,4- tetramethoxy - 1,2 - diazetidene 
was prepared as previously reported.6 

The nmr spectra were measured on a Varian A-60A spectrom- 
eter equipped with a Varian variable-temperature probe using 
ca. 10% solutions. Temperatures were determined using meth- 
anol spectra as described in the Varian Manual. Rate constants 
and equilibrium constants were determined by matching experi- 
mental spectra with theoretical spectra. The theoretical spectra 
were generated using Saunder’s Many Site NMR Lineshape 
Program.7 This program allows the calculation of nmr spectra 
involving exchange between n sites (2 5 n 5 25) which must be 
uncoupled, but need not have the same population. The 
two “out” methoxy groups of Ib which are diastereotopic with 
respect to the “in” methoxy groups were treated as two separate 
isomers. Exchange was assumed to  be possible between l a  
and both sites in lb  and between IC and both sites in Ib, but 
not directly between la  and IC, nor between the “in” and “out” 
sites of l b .  The chemical shift differences and the relative 
populations were temperature dependent and were determined 
by iterating to obtain the best fit. 

Registry No.-1, 10200-65-4. 
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In  the course of our efforts to elucidate the stereo- 
chemistry of various organoborane reactions, we had 
reason to deuterioborate cis- and trans-Zbutene, re- 
spectively, and oxidize the resultant organoboranes. 
Nmr analysis of the resultant 2-butanol-3-d from the 
respective reaction mixtures demonstrates conclusively 
that the hydroboration-oxidation sequence is a stereo- 
specific cis-hydration reaction. 

The hydroboration-oxidation sequence is generally 
accepted as a method to achieve cis-hydration of 
alkenes. Evidence to that effect has been accumulating 
for a number of years.‘-& However, essentially all of 
the studies have been carried out on cyclic systems. 
In  general the products observed were the thermo- 
dynamically most stable ones. In  one instance, it was 
demonstrated that isomeric acyclic alkenes could be 
hydroborated and then oxidized to produce different 
diastereomeric  alcohol^.^ However, the configurations 
of the starting alkenes6 and the product alcohols’ were 
assigned by analogy to a related system. 

Results and Discussion 

The 2-butene system would seem to be an ideal 
choice for the study of the stereochemistry of the 
hydroboration-oxidation sequence. The molecule con- 
tains a plane of symmetry with two stereoequivalent 
trigonal carbon atoms. Unlike cyclic or conjugated 
systems, free rotation of the tetrahedral addition or 
oxidation intermediates is possible, and if such rotation 
were to occur, there should be limited steric bias to 
affect the product distribution. 

One could then visualize two possible products from 
the deuterioboration-oxidation sequence for cis-2- 
butene. The erythro-2-butanol-3-d (I) would arise from 
overall cis-hydration, whereas a trans-hydration would 
produce the threo-2-butanol-3-d (11). 

cis hydration 
7 

H3C‘ ’H 4 
H3cc\  1. BDs/THF 

,c=c\ H ‘-1 2. H,Oz, OH- . 1 k&,,,H 
trans hydration 

H 

H3C. ‘H 6~ 
I1 

The stereochemistry of the resultant products would, 
of course, be reversed in the case of trans-Bbutene. 
The threo-2-butanol-3-d (11) would arise from overall 
cis-hydration, whereas a trans-hydration would produce 
the erythro-2-butanol-3-d (I), 

cis hydration 
7 

H3C\ ,c=c\ NH l.BD,/THF 1 :;” CH3 2. HzOz8 OH- 
D H CH3 H 

trans hydration 

H3C‘ ’H 6~ 
I 
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