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1 8 0  enrichment was calculated by taking one-half the height of 
the mass 46 peak times 100 and dividing this result by the sum 
of the heights of the mass 44 peak and maas 46 peak. The 
value obtained from the blank sample was subtracted from the 
value for the enriched sample to compensate for the natural 
abundance of '*O. Duplicate analyses of the same compounds 
showed that the analyticd procedure was accurate to &3%. 
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A reinvestigation of the adduct derived from azi- 
benzil (la) and carbon disulfide6 led Yates and Christen- 
sen6 to assign it structure 2a (or its geometrical isomer). 
A supposedly analogous adduct obtained from the re- 
action of 3-diazobutanone (lb) and carbon disulfide 
was represented by formula 2b,' but a recent X-ray 
single-crystal structure analysis on this adduct estab- 
lished 3b as an accurate structural a s ~ i g n m e n t . ~ ~ ~  

P 
RC-CR 

2 3 1 

a, R = CdH:, 

c ,  K =  pC,,H,F 
b , R = C H I  

Whether the adduct from azilbenzil might require a 
similar structural reassignment (3a instead of 2a) was 
answered through the present work. 

Results and Discussion 
Structure 2 has two R groups which would be identi- 

cal by symmetry, whereas in 3 each of the four R groups 
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is distinct. This factor became the basis for an ap- 
proach to the structural distinction; the adduct in 
which R = p-CeH4F- (2c or 3c) was synthesized and 
its fluorine nmr spectrum examined. 
p-Fluorophenyl-p-fluorobenzoyldiazomethane (IC) 

was synthesized through the sequence p-fluorobenx- 
aldehyde + p,p'-difluorobenzoin + p,p'-difluoro- 
benzil -t p,p '-difluorobenzil monohydrazone + IC. 
Heating the difluoroazibenxil and carbon disulfide to 
reflux gave a mixture of products from which the adduct 
CzsHleF40zSz 2c or 3c, mp 145-146", was isolated by 
fractional crystallization. 

The infrared spectra of this tetrafluoro adduct, mp 
145-146' , and of the adduct from azibenzil were identi- 
cal but for three exceptions. One was the expected'O 
strong carbon-fluorine bond absorption a t  1162 cm-l. 
The second was a weak band at  945 cm-' in the tetra- 
fluoro adduct, not observed in its unsubstituted analog. 
The third difference came in the region 1620-1575 
cm-l. The compound assigned structure 2a shows 
three medium-intensity peaks a t  1620, 1598, and 1578 
cm-'. In  the tetrafluoro adduct, this region is ob- 
scured by a very strong band at 1598 cm-' with a 
shoulder probably containing a band near 1620 cm-'. 

The adduct of mp 145-146' showed three absorp- 
tions in a l9F nmr spectrum; they had similar fine 
structure and a 1 : 1 : 2 ratio of relative intensities (Figure 
1).  In  tetrahydrofuran, these absorptions appeared 
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Figure l.-Fluorine-19 nmr spectrum of adduct 2c, mp 145-146', 
taken as a solution in tetrahydrofuran. 

(10) K. Nakanishi, "Infrared Absorption Spectroscopy," Holden-Day, 
Inc., San Francisco, Calif., 1982, p 67. 
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at  106.4, 111.8, and 113.1 ppm relative to internal 
fluorotrichloromethane. In  bromoform, these peaks 
came a t  105.3, 111.0, and 112.3 ppm, and no broaden- 
ing of the upfield signal was observed. Fluorine chem- 
ical shifts are particularly sensitive to solvent effects;11*12 
the constancy of the 1:1:2 pattern as solvent and 
chemical shifts change affords some indication that 
an accidental coincidence of fluorine chemical shifts 
in two nonidentical p-C6H&' groups is not responsible 
for the spectral resulk 

The spectroscopic data for the tetrafluoro adduct 
are consistent with structure 2c, not with 3c, and the 
adduct from azibenzil is accordingly better represented 
by 2a than by 3a. The arylaroyldiazomethanes and 
carbon disulfide give adducts of structure 2, while the 
alkylalkoyldiazomethanes lead to the 2-methylene- 
l,&dithiacyclobutanes 3. Fresh degradative and syn- 
thetic results reported by Yates and Williams13 have 
independently corroborated structure 2a for the adduct 
from azibenzil. 

I /  

very similar to that of adduct 2c, except for the absence 
of a strong band a t  1710 cm-'. The spectra of A and 
B were virtually identical except for minor variations : 
a t  1560 and 987 cm-' the high melting isomer B has 
bands of medium intensity not distinctly present in the 
other; the relative intensities of doublets a t  1095 and 
1080 cm-' differ in the two adducts; a band a t  900 
cm-l appears in the spectrum for B, while A shows a 
corresponding band a t  885 cm-'. Isomer B had 
X , C ~ ~ c l z  267 mp (e 3.2 X lo3) and 391 (4.7 X lo3). 
Low-resolution mass spectra of the two adducts taken 
under similar conditions show nearly identical frag- 
mentation patterns (Figure 2). High-resolution mass 
spectra for adduct A,14 summarized in Table I, per- 
mitted sure assignments of empirical formulas for some 
peaks. It proved impossible to obtain elemental com- 
position data for the molecular ion at  m/e 580. The 
m/e 581 peak distorted the PFK peak at 581 so that i t  
could not be used as a mass standard line. 

Structure postulates 4 and 5 for these adducts were 

I I  
I . I  I 1 

Figure 2.-Low-resolution mass spectra of CSOH~BF~OZS~ adduch. The isomer of mp 274-275' gave the upper spectrum. 

Two other adducts (A, mp 235-236", and B, mp 
274-275') were obtained from the reaction of difluoro- 
azibenzil with carbon disulfide. Both had molecular 
ions in their mass spectra a t  m/e 580 and elemental 
analyses most consistent with the molecular formula 
CwHieF&% 

The infrared spectra of these adducts in KBr were 

TABLE I 
HIGH-RESOLUTION MASS SPECTRAL DATA FOR MAJOR PEAKS 

IN SPECTRUM OF ADDUCT WITH MP 236' 
Molecular m/e Re1 

CaoHieFIOzSz 548.0523 548.0528 12.3 
CisHsFzOS 274.0254 274.0264 14.2 
Ci4H,FzS 246.0323 246.0315 6 . 8  
Ci&H92 214.0592 214.0594 6 . 8  
CiaH4'z 201.0502 201.0516 8 . 0  
C7HdFO 123.0272 123.0246 38.2 
C7HIF 107.0304 107.0297 15.1 
C B H ~  75.0286 75.0235 19.7 

formula Obsd Calcd intensity 
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evolved through consideration of the spectral data and 
conceivable mechanistic routes. These postulates may 
be used to account for the mass spectral fragmentation 
data as outlined in Scheme I and may be envisioned as 
originating through Diels-Alder reactions of 6 and 7. 

Ar rlr 
4 5 

XS Ar 

6 7 

Ar = p-C6H4F 

Conclusions 
Two clear results were obtained through this in- 

vestigation. Structure 2 is preferable to structure 3 
for the type of cycloadduct obtained by Meyer6 from 

(14) Obtained through the good offices of Dr. George Van Lear and the 
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azibenzil and carbon disulfide. Seemingly modest 
variations in substrate 1, replacing phenyl with methyl, 

SCHEME 1 

RATIONALIZATION OF MASS SPECTRUM OF CsaH~@402Ss ADDUCTS 

-HF ArC’O -- Art - C6H: 
m/e 123 m/e 95 m/e75 

1 
m/e 274 

m/e 580 m/e 548 m/e 456 

-C,H, Ad!% - CjHZFS 
I m/e 139 m/e113 

\ 
A 

Jo)-St ---t ArCrPrCAr.’ C,H,+F 
Ar \ m/e 214 m/e 107 

\ m/e 580 

‘& Ar,CCSf a ArC7H3F’ 
m/e 246 m/e 201 

Ar = pC6H,F 
Y,Z =OandS 

or phenyl with p-fluorophenyl, lead to strikingly dif- 
ferent results in reactions with carbon disulfide. The 
alkylalkoyldiazomethanes give rise to adducts 3 ; p -  
fluorophenyl-p-fluorobenzoyldiazomethane gives both 
the expected adduct 2c and two more complex products 
C80H~aF40zS8. Structural determinations for adducts 
A and B, and an understanding of how they are formed, 
will depend upon further experimentation. 

Experimental Section 
p,p’-Difluorobenzil was prepared in two steps from p-fluoro- 

benzaldehyde, according to a procedure described for the con- 
version of benzaldehyde to benzoin to benzil.16 p,p’-Difluoro- 
benzoin was recrystallized from ethanol and had mp 85-86’. 

Anal. Calcd for ClrHloOIFa: C, 67.74; HI 4.06. Found: C, 
67.46; H, 4.31. 

p,p’-Difluorobenzil was recrystallized from benzene to give 
yellow needles, mp 119-121’ (lit.” mp 123-123.5’), in 38% 
over-all yield. 

p,p‘-Difluorobenzil Monohydrazone.--p,p’-Difluorobenzil (13 
g) was converted into the monohydrazone with hydrazine hy- 

drate in ethanol.” An 81% yield of fine yellow crystals, mp 183- 
185’, was obtained. The analytical sample, mp 190-191”, was 
recrystallized from ethanol. 

Anal. Cdcd for CI~HWFZNZO: C, 64.63; H, 3.87; N, 10.77. 
Found: C, 64.33; H, 4.05; N, 10.84. 
p-Fluorophenyl-p-fluorobenzoyldiazomethane was prepared 

from 11.1 g of p,p’-difluorobenzil monohydrazone through 
oxidation by mecuric oxide.18 The crude product (6.8 g) was 
recrystallized from diethyl ether to give 3.2 g of orange product: 
mp 102-106’ dec; 8 (CHCls) 2080, 1620-1600, 1500, 1340, 
1155, 865, and 830 cm-1. Further recrystallizations did not 
raise the decomposition temperature. 

Anal. Calcd for C I ~ H ~ F ~ N ~ O :  C, 65.13; H, 3.12; N, 10.84. 
Found: C, 65.23; H, 3.36; N, 10.81. 

Reaction of p-Fluorophenyl-p-fluorobenzoyldiazomethane with 
Carbon Disulfide.-p-Fluorophenyl-p-fluorobenzoyldiazomethane 
(4.4 g, 17 mmol) and 40 ml of carbon disulfide were heated at 
reflux for 40 hr. The reaction mixture was cooled, filtered, and 
concentrated. Yellow crystals (4.4 g) were collected, washed 
with ether, and dried. 

The crude product was recrystallized from absolute ethanol to 
give two crops of yellow crystals, 1.2 and 1.0 g, having mp 90- 
105’, and a residue insoluble in ethanol (1.2 g of yellow material, 
mp 267-270’). 

The first two crops of crystals were dissolved in hot ethanol 
and, as the solution was allowed to cool slowly, a flocculent mass 
of very fine, hairlike yellow needles was obtained. This solid 
had mp 235-236’ after repeated recrystallization from ethanol. 

Anal. Calcd for C30H16F402S3: C, 62.06; H, 2.78. Found: 
C, 61.43; H, 2.92. 

Concentration of the ethanolic mother liquors gave another 
solid which, after repeated recrystallization from carbon di- 
sulfide, had mp 145-146’. 

Anal. Calcd for C29HlsO~S2: C, 64.91; H, 3.01; S, 11.95. 
Found: C, 64.54, 64.58; H, 3.12, 3.15; S, 11.81. 

The high-melting residue from the first recrystallization was 
recrystallized four times from chloroform to obtain lemon yellow 
places, mp 274-275’ dec. 

Anal. Calcd for CIIOHIRF‘O~SI: C, 62.06: H, 2.78; S, 16.58. _ _  - - . . . 

Found: C, 61.55; H, 2.98; S, 16.42. 
The combined 3.2 g of crops 1, 2, and 3 contained approxi- 

mately 12% of the adduct of mp 235-236’, 66% of the CWHMFC 
082 adduct, mp 145-146’, and 22% by weight of the high melt- 
product, mp 274-275’. Spectral data for these three adducts 
are given in the discussion. 
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Wagner-Meerwein rearrangements can be con- 
sidered to fall within two theoretical limits with regard 
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