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TABLB I 

OH- 
R-s(0)n-&=&-H + HsO R-S(O).-CH&l 

I I1 

c 1  c 1  

Reaction 
Compd R n conditions MP, O C  

I Ia  p-CHsCsHr 1 3 hr, reflux 60-62 
I Ib  P-CHaCsHr 2 4 hr, reflux 80-82 

I Id  (CHs)sC- 2 4 hr, reflux 83-85 
IIe CsHsCHz 1 44 hr, ambient 64-67 

I I C  (CHa)sC- 1 0.5 hr, reflux 73-75 

IIf CsHsCHz- 2 48 hr, ambient 97-99 

would be rapidly protonated to give the base-stable final 
product 11. Such cleavages of @-keto sulfones are well 
documented. lo 

The aldehydes IV have not been observed by us, even 
in basic and acidic extracts of reactions terminated 
when greater than 50% of starting material I remains. 
However, Backer4 reported the preparation of the t- 
butylsulfonylaldehyde IVd by acid cleavage of the cor- 
responding dimethyl acetal and its ready basic hy- 
drolysis to the chloromethyl sulfone IId. There ap- 
pears to be no report of the basic cleavage of 6-keto sul- 
foxides, although the reaction is essentially the reverse 
of the synthetic method developed by Corey'l and 
Russell12 for their preparation from a sulfinyl carbanion 
and an ester. We found that the 6-keto sulfoxide V 
was cleaved in 93% yield to the known methyl sulfoxide 
V P  by refluxing with 5% sodium hydroxide for 18 hr. 

0 

V VI 

Experimental Section 

Hydrolysis of Dichlorovinyl Sulfoxides and Sulfones.-The 
appropriate starting materiaL4s8 5 g, was added to 100 ml of 5% 
aqueous sodium hydroxide plus a small amount of a surfactant 
(Aerosol OTB). The mixture was stirred under the conditions 
given in Table I. The products were isolated by extraction with 
chloroform and purified by recrystallization from a benzene- 
hexane mixture. Direct comparison of physical properties was 
made in each case with authentic samples prepared according to 
the literature or as indicated below to substantiate the structure 
of the products. 

PreDaration of Sulfoxides IIc. IIe. and V.-To a solution of the 
corresponding sulfide (0.1 molj in '250 ml of chloroform cooled 
in an ice bath was added as a solid over 1 hr m-chloroperbenzoic 
acid (0.1 mol). The solution was left a t  room temperature for 
24 hr, filtered to remove precipitated rn-chlorobenzoic acid, 
washed with saturated NaHCOs solution and water, dried (Nlg 
SO4), and concentrated, and the product recrystallized ftom 
benzene-hexane to give the following in yields above 80%. 

110: mp 73-75'; nmr (CDCls) 6 1.33 (8, 9, (CHs)aC.), 4.35 
(a. 2. CH2C1). Anal. Calcd for C6H11ClOS: S, 20.71; C1, 
2i:95: Found: S, 20.60; C1, 23.05. 

IIe: mp 64-67'; nmr (CDCls) 6 4.36 (m, 4, -CH&(O)CHzCl), 
7.36 (s, 5, C ~ H S ) .  Anal. Calcd for CsH&lOS: S, 16.95; C1, 
18.82. Found: S, 16.72; C1, 18.68. 

(10) (a) A. Otto, J. Prakt. Chem., 36, 401 (1888). (b) M. Ohta, et al., 
J .  Pharm. SOC. Jap.,  69, 43 (1949); Chem. Abstr., 44, 14850 (1950). (0) 
J. J. Looker, J. Ore. Chem., 31, 2714 (1966). 

(11) E. J. Corey and M. Chaykovsky, J. Amer. Chem. Soc., 86, 1639 
(1964). 
(12) H. D. Becker, G. J. Mikol, and G. A. Russell, ibid., 86, 3410 (1963). 
(13) A. Cerniani and G. Modena, Uazs. Chim. Ital., 80, 843 (1959); Chem. 

Abstr., 64, 224461' (1960). 

r-References-- 
Starting 

7% yield Product material 
81 3 6 
79 3 6 
48 4 
81 4 4 
78 6 
77 5 6 

V: mp 109-11lo; nmr (CDCls) 6 2.25 ( 8 ,  3, C(O)CHa), 
3.90 (s, 2, S(0)CHz), 7.53 (m, 4, C~-C~HI(O)S-). Anal. Calcd 
for CoHeCIOzS: SI 14.75; C1, 16.35. Found: S, 14.40; C1, 
16.56. 

Registry No.-IIa, 24824-93-9; IIb, 7569-26-8; IIc, 
24824-95-1 ; IId, 24824-96-2; IIe, 24824-97-3; IIf, 
5335-44-4; V, 17530-95-9. 
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Compounds containing functional groups having 
partial sp2 character which are specifically oriented in 
close proximity around a small carbon framework are of 
potential interest in regard to unusual spectral and 
chemical properties. Reported here is an investigation 
leading $0 such a system, Le., the tri- and tetraepoxides, 
2 and 3, respectively. These compounds are obtained 
from the reaction of trans-2,3,5,6-diepoxy-2,5-di-t- 
butyl-1,4-benzoquinone ( l)l-a with either diazomethane 
or sulfonium methylides. Reaction of 1 with the former 
reagent also results, in addition to epoxidation, in an 
unusual ring contraction to the ketone (4). This result, 
to our knowledge, constitutes the first such rearrange- 
ment involving diazomethane and suggests an inter- 
esting area for subsequent investigations utilizing sim- 
pler epoxy ketones. 

Reaction of an ethanolic solution of 1 with excess 
freshly distilled ethereal diazomethane4 resulted in the 
evolution of nitrogen; formation of the organic products 
was conveniently monitored by glc,s showing the 
gradual formation of the triepoxide 2 which subse- 
quently disappeared with the synchronous formation of 

(1) H. W. Moore, J .  Ore. Chem., 38,1996 (1967). 
(2) F. R. Hewgill and 8. L. Lee, J. Chem. Soc. C, 1549 (1968). 
(3) D. H. Williams, J. Ronayne, H. W. Moore, and H. R. Sheldon, J. 

(4) J. A. Moore and D. E. Reed, Org. Syn., 4i, 16 (1961). 
(5) Analysis was carried out isothermally at 190' on 6 ft X l / d  in. BE- 

Thermal conductivity and flame ionization 

Org. Chem., 33, 998 (1968). 

30/Chromosorb W columns. 
were used as the methods of detection. 
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the tetraepoxide 3 and the ring contracted ketone 4. 
Termination of the reaction a t  the appropriate time 
gave the triepoxide (2) in 61% yield, while after com- 
plete reaction the only products were 3 and 4 in a'ratio 
of 8:2, respectively. That the triepoxide 2 is a pre- 
cursor to compounds 3 and 4 was shown by subjecting 
it to the reaction conditions and observing the forma- 
tion of the products, 3 and 4, in the same (8 : 2) relative 
ratio. 

Critical structural data for compounds 2, 3, and 4 
follow. Compound 2: mp 111-114'; ir (Nujol) 1693 

0 
/\ 

(C=O), 900-950 em-' (C-C); nmr (CCb) 6 0.99 [s, 9, 
C(CHO)a], 1.05 [s, 9, C(CHB)O], 2.63 [s, 1, CHI, 3.30 (s, 1 
CH), 3.14 (AB, 2, J = 4.5 cps, CHZ); mass spectrum 
M+ 266. Compound 3:  mp 114-115"; ir (Nujol) 

900-960 em-' (C-C); nmr (CCId) 6 1.00 [s, 18, C- 

mass spectrum M+ 280. Compound 4, mp 105-107"; 

ir (Nujol) 1739 (C=O), 947, 900 em-l (C-C); nmr 

0 
A 

(CHI)I], 2.75 (AB, 4, J = 6.8 CPS, CHz), 3.36 [s, 2, CHI; 

0 
/ \  

(CeHt3) (220 Me)' 6 0.92 [s, 9, C(CHO)I], 0.99 [s, 9, C- 
(CH&], 2.8% (AB, 2, J = 5 CPS, CH2), 3.52 (s, 1, CH), 
3.86 (AB, 2, J = 17 cps, CHz), 4.61 (s, 1, CH) (in carbon 
tetrachloride these peaks appear, respectively, at  6 0.97 
1.12, 3.00, 3.51, 3.78, and 4.42); mass spectrum M+ 
280. The mass spectrum of 4 is relatively simple 
showing only three peaks with relative abundance 
greater than 15% in the mass range above m/e 57. 
These peaks appear a t  m/e 180 (23%), 222 (410j0), and 
207 (100%) and are rationalized in accordance with 
structure 4 as shown in Scheme I. A sample of 4 in 
which the methylene group a to the carbonyl was deu- 
terated was obtained from the reaction of the triepoxide 

SCHEME I 

O+ 

m/e 280(1%) 

m/e 222 (41%) 

m* 146 Y=c=o 
C,,H,,O 

m/e 180 (23%) 

@Jf 0 

e 0 

m/e 265 (1%) 

-CHZO IC 
m/e 207 (100%) 

(6) The authors are grateful to the California Institute of Technology for 
the 220 Mc nmr spectrum and to the National Science Foundation for mak- 
ing this instrument available for regional use. 

2 with deuterated diazomethane. The mass spectrum 
showed the same three major peaks as those reported 
above for the proteated isomer. The only major differ- 
ence is the molecular ion peak at  m/e 282 and the M - 15 
peak at  m/e 267. 

The yield of the ring contracted ketone 4 ranges from 
1.2 to 32.2% depending upon the solvent. The fol- 
lowing relative ratios of 3 to 4 are illustrative of this 
solvent dependence : ether 99 : 1, ethanolic ether 8 : 2, 
aqueous methanolic ether 7 : 3, lithium bromide meth- 
anol (1 : 1 lithium bromide to  substrate) 6.2:3.8.' 

The stereochemistry of the new compounds reported 
here are not proved in an unambiguous way. It is as- 
sumed, and substantiated partially by experiments, that 
attack of diazomethane proceeds from the least hin- 
dered side of the molecule, i.e., the side opposite the t- 
butyl groups.* Since the triepoxide 2 is a precursor to 
the tetraepoxide 3, and the nmr spectrum of 3 shows 
the molecule to be completely symmetrical, the stereo- 
chemistries as represented by formulas 2 and 3 are most 
reasonable. 

Consistent with the above steric control argument is 
the fact that the reaction of 1 with either dimethyloxo- 
sulfonium methylide or dimethylsulfonium methylide 
also give exclusively compounds 2 and 3. However, it is 
interesting to note that these ylide reactions give no 
trace of the ring contracted ketone 4. 

The stereochemistry of 4 is predicted on the basis of 
the mechanism presented in Scheme 11, assuming a con- 

SCHEME I1 

(7) These results are in agreement with previous observations concerning 
the influence of acidic solvents on epoxidation and homologation, L e . ,  as the 
acidity of the reaction medium increases, epoxidation is retarded and homo- 
logation is enhanced. L. F. Fieser and M. Fieser, "Reagents for Organic 
Synthesis," Wiley, New York, N. Y., 1967. 
(8) Drieding models show that the diepoxide 1 can exist in two degenerate 

oonformations, and that one of the carbonyl groups is always less sterically 
hindered on the side opposite the bulky alkyl group, the other carbonyl 
being coplanar with the alkyl substituent. 
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certed ring contraction. Note that the epoxide oxygen 
which is involved in this ring contraction reaction is the 
one on the same side as the methylene of the diazo- 
methane adduct, thus leading to the cis ring junction in 
4. One would predict on the basis of a concerted ring 
contraction that rearrangement would be much less 
favorable, if possible a t  all, for those epoxy ketones in 
which the diazomethane attacks from the side opposite 
the epoxide function. Such systems are currently 
under investigation and the results along with those ob- 
tained concerning the conjugative influences of the 
epoxide functions on the spectral and chemical prop- 
erties of compounds such as 1, 2, and 3 will be reported 
in a subsequent communication. 

Experimental Section 

Reaction of trans-2,3,5,6-diepoxy-2,5-di-t-butyl-1,4-benzoqui- 
none (1) with Ethereal Diazomethane.-Excess freshly distilled 
ethereal diazomethane was added to a solution of 0.318 g (0.00126 
mol) of the diepoxide 1 in 50 ml of anhydrous diethyl ether. 
Nitrogen slowly evolved and the reaction course was followed by 
glc which showed the progressive appearance of the triepoxide 2 
followed by its disappearance and the formation of the tetra- 
epoxide 3 and the ketone 4. After 24 hr the solvent was removed 
in uacuo leaving 0.339 g of a white crystalline product. Glc 
analysis of this solid showed it to be a mixture of the tetraepoxide 
3 and the ketone 4 in a ratio of 98.8: 1.2, respectively. Recrystal- 
lization of this solid from ethanol gave the pure tetrapoxide 3, mp 

Anal. Calcd for C l J h O l :  C, 68.55; HI 8.63. Found: C, 
68.52; H, 8.65. 

The ring contracted ketone 4 was isolated and purified by 
preparative glc, mp 105-107". 

Anal. Calcd for CtsHzaOa: C, 68.55; H, 8.63. Found: C, 
68.43; H, 8.49. 

Reaction of the diepoxide 1 with ethereal diazomethane in sol- 
vents of varying acidity changed the ratio of the products 3 and 
4. 

To a solution of 0.278 g (0.0011 mol) of the diepoxide 1 in 100 
ml of absolute ethanol was added excess ethereal diazomethane. 
Concentration of the reaction solution after nitrogen evolution 
ceased gave 0.292 g (0.0010 mol) of a white crystalline solid. 
Gas chromatographic analysis of this product showed it to be a 
mixture of 3 and 4 in a ratio of 79.9 to 20.1, respectively. 

Reaction of 0.439 g (0.0017 mol) of 1 in 10 ml of water and 100 
ml of absolute methanol with excess etheral diazomethane gave 
0.464 g (0.0017 mol) of a white solid. This solid was shown by 
gas chromatographic analysis to be a mixture of 3 and 4 in a ratio 
of 71.7 to 28.3, respectively. 

Reaction of 0.387 g (0.0015 mol) of 1 in a solution of 100 ml of 
absolute methanol and 0.133 g (0.0015 mol) of lithium bromide 
with excess ethereal diazomethane gave 0.407 g (0.0015 mol) of a 
white crystalline solid. This solid was isolated by concentration 
of the reaction mixture followed by repeated washing of the pre- 
cipitate with water to remove all traces of lithium bromide. 
Gas chromatographic analysis of this product showed it to be a 
mixture of 3 and 4 in a relative ratio of 61.8 to 38.2, respectively. 

Tripoxide 2 .-Reaction of the diepoxide 1 with diazomethane 
was carried out according to the method described above. The 
reaction was worked up when the triepoxide 2 was at  its maximum 
concentration (61%) as evidenced by glc (approximately 6 hr). 
Recrystallization several times from ethanol gave the pure tri- 
epoxide2, mp 111-114°. 

Anal. Calcd for ClaRz2O4: C, 67.68; H, 8.27. Found: C, 
67.65; H, 8.33. 

Reaction of the Triepoxide 2 with Deuterated Diazometh- 
me.-Deuterated diazomethane was prepared in a solvent sys- 
tem of tetrahydrofuran, DzO, and phenol-0-d.8 One hundred 
milligrams of the triepoxide 2 was added to this solution and was 
allowed to react for 12 hr. The solvent was then removed and 
the product dried in vacuo. Gas chromatographic analysis of the 
product showed only the tetraepoxide 3 and the ketone 4 in ap- 
proximately a ratio of 98:2, respectively. The products were 
separated by preparative glc. The nmr spectrum of the tetra- 

114-1 15 O .  

(9) D. W. Thomas and K. Biemann, J. Amer. Chem. Soc., 87,5447 (1965). 

epoxide showed at  least 96% deuterium incorporation at one of 
exocyclic epoxy methylenes. The mass spectrum of the ketone 
4 is described in the text. 

Reaction of trans-2,3,5,6-Diepoxyy-2,5-di-t-butyl-1,4-benzo- 
quinone (1) with Dimethylsulfonium Methy1ide.-To a cold, 
freshly prepared DMSO solution of dimethylsulfonium methylidel0 
was added 2.523 g of finely powdered diepoxide 1 as a DMSO 
slurry. The reaction solution was allowed to  warm to room 
temperature and then poured into 500 ml of water. The white 
precipitate (1.917 g, 68.5% yield) was collected and shown to be 
the tetraepoxide 3 by mixture melting point, and comparison of 
its ir and nmr spectra to those of an authentic sample. Glc 
analysis of the crude product showed only the tetraepoxide 3, 

Reaction of trans-2,3,5,6-Diepoxy-2,5-di-t-butyl-1,4-benzoqui- 
none with Dimethyloxosulfonium Methy1ide.-The reaction of the 
diepoxide 1 with dimethyloxosulfonium methylidel0 was carried 
out in a manner analogous to that described above with dimethyl- 
sulfonium methylide. The product was again shown to be only 
the tetraepoxide 3 by glc, mixture melting point, and its ir and 
nmr spectra. 

Registry No.-1, 10476-78-5; 2, 24903-91-1; 3, 
24903-92-2; 4,24903-93-3; diazomethane, 334-88-3. 
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When the dipyridine adducts of trisdipivalometh- 
anato rare earth M(DPM)s 2py, are dissolved 
in carbon tetrachloride, the molecules dissociate ac- 
cording to equations of the type 

M(DPM)a*2py S M(DPM)a-py + PY (1) 

M(DPM)3*py e M(DPM)* + PY (2 ) 

If an organic compound, B, having a basic coordinating 
group is added to  the above solution, associations with 
the metal complexes may occur of the type 

M(DPM)a*py + B e M(DPM)a*pyB (3) 

Contact shifts in the pmr spectrum of B are a conse- 
quence of this association if M is paramagnetic. The 
phenomenon of contact shifts has been known and 
studied for many years, as has the requirement for the 
observation of narrow nmr absorptions in paramagnetic 
systems, eq 4, where T, is the electronic relaxation 

1 
- > a  T, (4) 

(1) Part I: C. C. Hinckley, J. Amer. Chem. Soc., 91, 5160 (1969). 
(2) Dipivalomethane, HDPM, is 2,2,6,6-tetramethylheptan~-3,5-dione. 


