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crystalline product separated upon cooling and when recrys- 
tallized from boiling water melted a t  265-267'.'0 The tolui- 
dine salts of the other isomers were similarly prepared. 

Potassium phenanthrene-3-sulfonate. The filtrate from 
which the sodium phenanthrene-l-sulfonate had been sep- 
arated was heated to go", 800 ml. of a solution of potassium 
chloride, saturated at 25', added, and the temperature 
allowed to drop to 60' where it was held for 30 min. The crys- 
talline product was collected on a Buchner funnel and re- 
crystallized from boiling water. The yield was 80-90 g. 
(27-30%). The toluidine salt melted at 218-219'. 

Potassium phenanthrene-9-sdfonate. To the filtrate from 
which the potassium phenanthrene-3-sulfonate had been 
separated, there was added 400 ml. Qf a saturated solution 
of potassium chloride and the mixture refrigerated a t  4' 
overnight. The precipitate was collected, dried, and digested 
first with 800 ml., and then with 400 ml. of boiling methanol. 
The combined methanol extracts were evaporated. The 
residue dissolved in 1 liter of boiling water was treated with 
25 ml. of a 10% solution of barium chloride dihydrate. The 
mixture was held at the boiling temperature for 10 min. and 
then filtered on a preheated Buchner funnel. The precipitate 
which was a small amount of barium phenanthrene-a-sul- 
fonate was retained. The filtrate was treated with 60 ml. of 
5M sulfuric acid, digested at the boiling point for 10 min., 
and filtered to remove barium sulfate. To this filtrate there 
was added 150 ml. of a 20% solution of hydrated ferrous sul- 
fate in 2% sulfuric acid. After this was allowed to stand in 
the cold overnight, the greenish crystals which formed were 

(10) All melting points were taken on a Fisher-Johns 
melting point apparatus and are uncorrected. 

separated and recrystallized from boiling water to which was 
added a small amount of sulfuric acid and ferrous sulfate 
solution. The purified ferrous phenanthrene-9-sulfonate was 
suspended in 200 ml. of boiling water and treated with an 
equivalent amount of a 20% solution of potassium hydrox- 
ide. After digesting a t  the boiling point for 15 min. the mix- 
ture was filtered to remove iron hydroxide and the filtrate 
allowed to stand in the refrigerator overnight. The yield of 
recrystallized salt was 83-89 g. (28-30700). The toluidine salt 
melted at 230-232'. 

Sodium phenanthrene-2-sulfrnate. The alcohol-insoluble 
residue from which the 9-isomer had been extracted was dis- 
solved in 1 liter of boiling water and 100 ml. of a 10% solu- 
tion of barium chloride dihydrate was added. After digesting 
the mixture a t  the boiling point for 10 min., the barium 
phenanthrene-2-sulfonate was collected on a hot Buchner 
funnel and combined with the material obtained during the 
isolation of the potassium phenanthrene-9-sulfonate. The 
filtrate upon cooling deposited crystalline flakes of barium 
phenanthrene-3-sulfonate. The barium salts were sepa- 
rately converted to the free acids by treatment with 5% sul- 
furic acid. Subsequently the barium sulfate was removed 
and the respective solutions neutralized with a 25% solution 
of sodium hydroxide to yield crude sodium phenanthrene- 
2-sulfonate and with 25% solution of potassium hydroxide 
to  yield 5-7 g. (cat. 2%) of the potassium phenanthrene-3- 
sulfonate. The latter was obtained in.pure form. The 2- 
isomer, purified by recrystallization from boiling water was 
obtained in yields of 12-18 g. (66%).  The toluidine salt 
melted a t  283-285'. 
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The syntheses and characterization of a series of cis- and trans-9,10-diaryl-9,10-dihydro-9,lO-phenanthrenediols are de- 
scribed in which the 9,lO-diary1 substituents vary in bulk (aryl = 4-methylphenyl,2,4-dimethylphenyl~2,4,6-trimethylphenyl, 
2,3,5,6-tetramethylphenyl, and l-naphthyl). Each cis-trans isomeric pair was configurationally related by oxidation to the 
same 2,2'-diaroylbiphenyl, and conversion to the same acid-catalyzed rearrangement product. Intramolecular hydrogen 
bonding measurements of the cis-diol series in the 3 micron region show Av( OH) shifts of 38 cm. --l to 69 cm. -1 In  the trans 
series, only the trans-di( 1-naphthyl) diol showed any hydrogen bonding [ Av( OH) = 36 cm. -11. These infrared measurements 
are interpreted in terms of the non-bonded steric effects of the aryl substituents upon the 0-C-C angles at the 9,lO-positions. 
A preferred conformation is suggested for the trans-&( l-naphthyl) diol. Interplanar angles of the biphenyl moiety calculated 
from ultraviolet absorption data show only a slight increase in both the cis-  (32-36') and trans-series (30-34'). 

The molecule of 9,lO-dihydrophenanthrene can 
be regarded as having a collinear biphenyl skele- 
ton with a 2,2'-two-carhon-atom bridge. The two 
benzene rings are twisted at an angle of about 20" 

( 1 )  Presented in part before the Organic Division of the 
Meeting-in-Miniature of the New York Section, AMERICAN 
CHEMICAL SOCIETY, February 15, 1957, and a t  the 132nd 
meeting of the AMERICAN CHEMICAL SOCIETY, New York, 
N. Y., September, 1957. 

(2) Ballistics Research Laboratory, Aberdeen Proving 
Ground, Md. 

in order to accommodate the two methylene groups 
without appreciable di~tor t ion.~ 

As part of a study of cis- and trans-configurations 
about this two-carbon-atom bridge, we have pre- 
pared and characterized a series of cis- and trans- 
9,lO -diaryl-9,10-dihydro - 9,lO - phenanthrenediols 
(11) in which the 9,lO-diary1 substituents vary in 
bulk. 

The general methods used in the synthesis and 

(3) G. H. Beaven, D. M. Hall, M. S. Lesslie, and E. E. 
Turner, J .  Chem. Soc., 854 (1952). 



1652 MORICONI, WALLENBERGER, KUHN, AND O’CONNOR VOL. 22 

interconversion of these diol racemates are sho-wn 
in the diagram. 

substituted trans-diol was synthesized by a LiA1H4 
reduction of phenanthrenequinone. l4 

Ia: Ar = 4-methyl- 

Ib: Ar -5 2,4-dimethyl- 

cis-Ila: Ar = p-tolyi 

cis-IIc: Ar = mesityl 

IIIa: Ar = p-tolyl trans-IIa: Ar = p-tolyl 
phenyl cis-IIb: Ar = m.-xyiyl IIIe: Ar = 1-naphthyl trans-IIb: Ar = m-xylyl 

Dhenvl cis-IId: Ar = durvl 

. .  
trans-IIe: Ar = l-naphthyl 

- I  

IC: Ar = 2,4,6-tri- 

Id: Ar = 2,3,5,6-tetra- 

Ie: Ar = l-naphthyl 

cis-Ire: Ar = l-naphthyl 
methylphenyl 

methylphenyl 

The cis-diols were prepared by a Zn du~.t-KoH,~J’ 
Mg-MgI?-* and/or Na-Hg41S reduction of the ap- 
propriate 2,2’-diaroylbiphenyl (I) (Table I) which 
was obtained by a Friedel-Crafts aroylation with 
diphenoyl chloride (Table IV). The trans-diols were 
synthesized by a Grignards~g~lo or aryllithium reac- 
tion on phenanthrenequinone (Table I). These 
methods of syntheses are not unequivocal. For ex- 
ample in the preparation of the cis-di-(p-tolyl) diol 
(IIa) and the cis-di(1-naphthyl) diol (IIe), the Zn- 
dust-KOH technique gave a not unexpected sepa- 
rable mixture of both cis and trans  isomer^.^^^ How- 
ever, since four of the six cis-diol isomers listed in 
Table I were prepared by a t  least one alternate 
method of 2,2‘-diaroylbiphenyl reduction, we be- 
lieve that this method generally yields the cis iso- 
mer. Further metalio-organic reductions of phe- 
nanthrenequinone are known to yield t r a n s - d i ~ l s . ~ ~ ~ - ~ ~  
Many unsuccessful attempts were made to prepare 
the trans-dimesityl diol (IIc) and trans-diduryl diol 
(IId) by this latter technique. czs-9,lO-Dihydro- 
9,lO-phenanthrenediol was prepared by an Os04 
hydroxylation of phenanthrene, l2  and a Na-Hg re- 
duction of 2,2’-I1iphenyldialdehyde,‘~ while the un- 

(4) W. E. Bachmann and E. J. Chu, J. Am. Chem. SOC., 
57, 1095 (1935). 

(5) W. E. Bachmann, J .  Am. Chem. SOC., 54, 1969 , .  
(1932). 

(6) R. F. Brown, J .  Am. C h m .  SOC., 76, 1279 (1954). 
(7) R. C. Fuson and C. Hornberger, J .  Org. Chem., 16, 

(8) R. C. Fuson and R. 0. Kerr, J. Org. Chem., 19, 372 

(9) T. Zincke and W. Troppe, Ann., 362, 242 (1908). 
(10) R. Criegee, E. Hoger, G. Huber, P. Mruck, F. 

Marktscheffel, and H. Schellenberger, Ann., 599, 81 (1956). 
(11) H. M. Crawford, M. Lumpkin, M. McDonald, 

J. Am.. Chem. SOC., 74, 4087 (1952); R. C. Fuson and P. 
Tomboulian, J .  Am. Chem. SOC., 79, 956 (1957). 

(12) R. Criegee, B. Marchand, and H. Wannowius, 
Ann., 550,99 (1942). 

(13) Additionat evidence for a cis-diol synthesis in a 
Na-Hg reduction. 

637 (1951). 

(1954). 

Where possible the cis- and trans-diols were con- 
figurationally related as follows. Each diol of a cis- 
trans isomeric pair gave the same oxidation prod- 
uct, the 2,2’-diaroylbiphenyl (I) on treatment with 
Pb(0Ac)r. Further, cis- and trans-9,10-dihydro-9- 
10-phenanthrenediols, and each diol of cis-trans 
pair IIa, IIb, and IIe was converted to an identical 
acid-catalyzed rearrangement product. The unsub- 
stituted diols, IIa, and IIe gave the expected pina- 
col rearrangement product, respectively, 9,lO-dihy- 
dro-9-phenanthrone, 10,10-di(p-to1y1)-9,10-dihy- 
dro-9-phenanthrone (IIIa), and lO,lO-di-( l-naph- 
thyl)-9,1O-dihydro-9-phenanthrone (IIIe) . The in- 
frared spectra of phenanthrones IIIa and IIle were 
quite similar. Both showed strong carbonyl ab- 
sorption a t  5.92 microns, and an intense carbonyl 
conjugated aryl band a t  6.27 microns.16 On the 
basis of combustion analyses, molecular weight 
determination, and infrared and ultraviolet absorp- 
tion data, IIIb seems to be a dimeric rearrangement 
product formed by loss of one molecule of water from 
two molecules of the diol.I6 

All cis-diols with the exception of cis-diduryl diol 
(IId) gave a color change with potassium tetra- 
methylosmate (Table V). This negative test for cis- 
IId is probably due to its insolubility in methanol. It 
was quantitatively recovered by filtration from the 
methanolic solution of potassium tetramethylos- 
mate. trans-Diols gave no reaction. This color test is 
based on the formation of cyclic osmic esters and is 
specific for cis-diols in the 9,lO-dihydrophenan- 
threne and 9,10-dihydropyrene l2  Color 

(14) J. Booth, E. Boyland, and E. E. Turner, J .  Chem. 
SOC., 1188 (1950). 

(15) L. J. Bellamy, The Infrared Spectra of Complex 
Molecules, John Wiley and Sons, Inc., New York, N. Y., 
1954, p. 61. 

(16) Assignment and proof of structure of I I Ib  and the 
acid-catalyzed rearrangement products obtained from IIc 
and IId will be the subject of a separate communication. 
It is pertinent to this work only that the cis- and trans- 
IIb diols gave the same rearrangement product, 
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TABLE I 
9, ~~-DIARYL-~,~~-DIHYDRO-~,~~-PHENANTHRENEDIOLS (11) 

Phenan- 
Yield, % Diol, M.P., "C. throne, 

Reactant Procedure Diol cis trans Cis trans M.P., "C. 

Phenanthrene 

2,2'-Biphenyl- 
dialdehy de 

Phenanthrene- 
quinone 

Ia  

Ia 
Phenanthrene- 

quinone 
Ib  
Ib  
Phenanthrene- 

I C  
Id  
Ie 

Ie 
Phenanthrene- 

quinone 

auinone 

os04 

Na-Hg 

LiA1H4 

Zn-KOH 

Na-Hg 
ArMgBr 

Na-Hg 
Mg-MgIz 
LiAr 

Mg-MgIz 
Mg-MgIz 
Zn-KOH 

Na-Hg 
ArMgBr 

cis-9,10-Dihydro-9,10-phenan- 

cis-9,lO-Dihydro-9,1O-phenan- 

trans-9,10-Dihydro-9,lO-phe- 

cis- and trans-Di(p-tolyl) 

cis-Di(p-tolyl) diol (IIa) 
trans-Di(p-tolyl) diol (IIa) 

cis-Di(m-xylyl) diol (IIb) 
cis-Di( wxylyl) diol (IIb) 
trans-Di(m-xylyl) diol (IIb) 

cis-Dimesityl diol (IIc) 
cis-Diduryl diol (IId)a 
cis- and trans-Di( 1-naphthyl) 

cis-Di( 1-naphthyl) diol (IIe) 
trans-Di( 1-naphthyl) diol 

threnediol 

threnediol 

nanthrenediol 

diol (IIa) 

diol (IIe) 

W e )  

70 

20 

85 

50 20 

55 
44 

40 
14 

0.7 

24 
68" 
20 38 

25 
64 

177-17812 

177-178 

212-213' 

212-213 

147-148 
147-148 

200-201.55 
231-232" 
205-2064 

205-2064 

147-14gb 

185-187" 

140-1426 162-163' 

140-142 

104-105d 

130-131 

263-26463.1 286-287e 

263-264 

a This cis-diol was generously supplied by Prof. R. C. Fuson, Univ. of Illinois. Yield and m.p. data from Ref. 7. 9,lO- 
Dihydro-9-phenanthrone. E 10,10-Di(p-tolyl)-9,l0-dihydro-9-phenanthrone (IIIa). This rearrangement product (IIIb) 
is not a phenanthrone. See Ref. 16. e 10,10-Di( l-naphthyl)-9,1O-dihydro-9-phenanthrone (IIIe) ; Bachmann and Chu6 
report a m.p. of 258.5-259". However, their carbon analysis was 0.6% low. Most recently, W. I. Awad and A. R. A. 
Raouf, J. Org. Chem., 22, 881 (1957) report a melting point of 261". 

changes were also observed with potassium triace- 
tylosmate for the cis-diols. The trans-diols gave 
various shades of the original blue color of the rea- 
gent. As expected from Criegee's work, the reaction 
was reversible only with the trans-diols. On addi- 
tion of a solution of potassium acetate in acetic acid 
to the trans-diol osmic acid diester, the character- 
istic deep blue color of the reagent, triacetylosmate, 
was reformed. The diesters of the cis-diols did not 
react with potassium acetate.10J2 

Infrared absorption spectra. Intramolecular hy- 
drogen bonds. Using LiF optics to obtain high res- 
olution, Kuhn" has found two hydroxyl absorp- 
tion bands in the 3 micron region for a number of 
dihydroxy compounds, the higher frequency band 
due to unbonded OH and the lower frequency band 
due to intramolecularly bonded OH. The measure- 
ments were made at dilutions such that intermolec- 
ular bonding did not occur. The separation between 
these bands, Av(OH), is a measure of the strength 
of the hydrogen bond and varies inversely with 
distance between the OH groups-the stronger the 
bond, the shorter is the distance between the two 
OH groups, and the greater is Av.'* 

Our data are summarized in Table 11. In  the cis 
series of compounds, all of the compounds have an 

(17) L. P. Kuhn. J. Am. Chem. Soc.. 74. 2492 (1952): 
I ,  . ,, 

76; 4323 (1954). ' 

(18) R. M. Badger and S. H. Bauer, J .  Chem. Phys., 5, 
839 (1937); R. M. Badger, J. Chem. Phus., 8. 288 (1940): 
W. Gordy,'J. Chem. Phys:, 7, 167 (1939);'W. Gordy and 
S. C. Stamford, J. Chem. Phys., 8,170 (1940). 

internal hydrogen bond. As the steric requirements 
of the aryl substituents in the 9 and 10 positions in- 
crease the OH groups are forced closer together. The 
hydrogen bonding observed for cis-IIc, cis-IId, and 
cis-IIe diols is the strongest yet reported for cis- 
or tran~-l,Zdiols.~7J~ In the trans series of com- 

TABLE I1 
FREQUENCY OF H Y D R O X ~  BANDS IN THE INFRARED ( C K - ~ )  

Free Bonded AdOH) 
Compound OH OH cis trans 

cis-g,lO-Dihydro-9,lO-phe- 3605 3547 38 
nanthrenediol" 

nanthrenedioll' 
trans-g,lO-Dihydro-g, 10-phe- 3605 0 

trans-Di(p-tolyl) diol (IIa) 3552 0 

trans-Di(mxyly1) diol (IIb) 3595 OU 

cis-Di(p-tolyl) diol (IIa) 3595 3548 47 

cis-Di(m-xylyl) diol (IIb) 3595 3539 56 

cis-Dimesityl diol (IIc) 3594 3525 69 
cis-Diduryl diol (IId) 3594 3529 65 
cis-Di( 1-naphthyl) diol (IIe) 3595 3532 63 
trans-Di( 1-naphthyl) diol 3596 3560 36 

W e )  
a This compound showed one broad band in contrast to 

the sharp bands obtained for all other compounds. We feel 
that this compound may have two-OH bands which are 
unresolved and hence appear as one broad band. 

pounds only the trans-di( 1-naphthy1)diol (IIe) has 
a hydrogen bond. Thus in the trans compounds a 

(19) (a) E. E. Eliel and C. Pillar, J. Am. Chem. Soc., 77, 
3600 (1955). ( b )  A. R. H. Cole and P. R. Jeffries, J. Chem. 
Soc., 4391 (1956). 
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hydrogen bond occurs only when the aryl substit- 
uents in the 9 and 10 positions are very large. 

In  the two possible low-energy skew conforma- 
tions IV and V, for the cis-diols, one OH group is 
equatorial and the other is axial. These two OH 
groups are never more than 60" out of phase. There 
are two ways in which the OH groups can be 
brought closer together: (1) by rotation around the 
C--C bond between positions 9 and 10 as indicated 
by the arrows, and (2) by decreasing the 0-C-C 
bond angles a t  the same positions. 

Ar Ar 

OH 

OH Ar 
VI VI1 

trans-DIOLS a 

a These convenient conformational symbols for the two- 
carbon bridge system in the cis- and truns-9,10-diaryl-9,10- 
dihydro-9,lO-phenanthrenediols are adapted from those 
originally reported by Professor Kurt Mislow for a four- 
carbon bridge system in lectures presented at the AAAS 
Symposium on Organic Reaction Mechanisms, December 
1956, N. Y. Academy of Science, January 1957, and the 
N. Y. AMERICAN CHEMICAL SOCIETY Meeting-in-Miniature, 
February 1957, and from Professor Melvin S. Newman's 
projectional formulas, J. Chem. Ed., 32,  344 (1955). 

Since in the rotation around the C-C bond, the 
biphenyl system approaches a planar (eclipsed) 
conformation in which the aryl groups are op- 
posed120 increasing the size of the aryl groups would 
increase the distance between the OH groups. This 
is contrary to our experimental findings and we 
must therefore conclude that the OH groups are 
brought closer together by a decrease of the 0- 
C--C bond angles. An examination of molecular 
models shows that there is considerable steric inter- 
ference between the two aryl groups and between 
the aryl groups and the biphenyl moiety in the cis 
isomers of IIc, IId, and IIe. This steric interference 
can be relieved by increasing the Ar-C-C bond 
angles a t  positions 9 and 10 which a t  the same 
time decreases the 0-C-C bond angles. This 
alteration of bond angles seems to be another ex- 
ample of the Thorpe-Ingold deformation theory 
which states that when one of the angles a t  a carbon 
atom is increased, the opposite angle is decreased.21 
The deformation suggested by this interpretation 

(20) Conformational isomers IV and V are also enanti- 

(21) J. W. Baker, Tautomerism, G. Rutledge and Sons, 
omers. 

Ltd., London, 1934, p. 179. 

of the data involves bringing an equatorial OH bond 
and an axial OH bond closer together, and it is 
known that this type of deformation involves con- 
siderably less strain than bringing two equatorial 
bonds together.Iga The ultraviolet data are in 
accord with this view since the increase in the Ar- 
C-C bond angle should be much more effective in 
bringing the hydrogen-bonded OH groups together 
than in forcing the two phenyl rings of the biphenyl 
system closer together (Le., less effective in increas- 
ing the interplanar angle). 

The two skew conformations for the trans-diols 
show both OH groups as axial (VI) or equatorial 
(VII). A necessary but not s a c i e n t  condition for 
hydrogen bonding in these compounds is that the 
OH groups be in equatorial positions. Thus, for 
example, in trans-1,2-cyclohexanediol, the azimu- 
thal angle formed by the two OH groups is 60°, and 
this compound has an internal hydrogen bond. I n  
the 9,l0-dihydro-9,l0-phenanthrenediols1 the bi- 
phenyl interplanar angle causes the azimuthal angle 
between C-0 bonds to be much larger than 60°, 
and as a consequence, the distance between the OH 
groups is much larger than in trans-1,2-cyclohex- 
anediol. I n  trans-g1l0-dihydro-9, 10-phenanthrene- 
diol, l7 trans-9,10-dimethy1-9,10-dihydro-9,10-phe- 
nanthrenediol, lo truns-IIa, and trans-IIb diols, there 
is no internal hydrogen bond, and there is no rea- 
son for the OH groups to exist in any preferred 
conformation. We must conclude therefore that 
the presence of the very large naphthyl groups 
forces trans-diol IIe into conformation VII. Further, 
a hydrogen bond is produced by enlarging the 
Ar-C-C angles with the consequent decrease in 
the 0-C--C angles a t  position 9 and 10, thereby 
bringing the OH groups close enough together to 
form a hydrogen bond of approximately the same 
strength as that in trans-1,2-cyclohexanediol. 

Ultraviolet absorption spectra. Interplanar angles. 
Many workers have pointed out that electronic 
spectra are a much more sensitive index of steric 
effects in a molecule in its equilibrium state than is 
optical re~olvability.2~ Indeed, Braude23a,h,o,d,e and 
his students, and most recently Truce and E m r i ~ k ~ ~  
have used ultraviolet absorption data to calculate 
interplanar angles (6) from E values a t  X,,, of the 
biphenyl-type band (K-band) . Table I11 summa- 
rizes similar results on the cis- and trans-diols IIa- 
IIe, cis- and trans-g,lO-dihydro-9, 10-phenanthrene- 
diol, 9,10-dihydrophenanthrene1 and the reference 
compound, fluorene. Both cis- and truns-diols re- 

(22) W. Klyne, Progress in Stereochemistry, Vol. I, 
Academic Press, Inc., New York, N. Y., 1954, Ch. 4. 

(23) (a) E. A. Braude and C. F. Sondheimer, J. Chem. 
Soc., 3754 (1955); (b) E. A. Braude and C. J. Timmons, 
J. Chem. SOC., 3766 (1955); (c) E. A. Braude and C. F. Sond- 
heimer, J .  Chem. SOC., 3773 (1955); (d)  E. A. Braude and 
W. F. Forbes, J. Chem. Soc., 3776 (1955); (e) E. A. Braude, 
Experientiu, Vol. XI, 457 (1955). 

(24) W. E. Truce and D. D. Emrick, J. Am. Chem. SOC., 
78, 6130 (1956). 
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TABLE I11 
ULTRAVIOLET ABBORPTION SPECTRA (BIPHENYL BANDS) AND INTERPLANAR ANQLES (e)= 

1655 

Compound 
Llmx ( m d  Ems. = COBS e e 

cis trans cis trans cis trans cis trans 

Fluoreneb 
9,lO-Dihydrophenanthrene' 
9,10-Dihydro-g,lO-phenan- 

IIa 
IIb 
I I C  
I Id  
IIe 

threnediold 

262 
264 

269 267 

277 278 
268 270 
277 
276 
278 278 

20,000 
17,400 

16,000 15,000 

14,300 13,500 
13,800 13,600 
13,200 
13,000 
28,000 26,900 

1.00 
0.87 

0.80 0.75 

0.71 0.68 
0.69 0.68 
0.66 
0.65 
1.40 1.34 

0 
21" 

26" 30" 

32" 34" 
33" 34" 
35 " 
36 " - - 

a The data refers variously to  absolute ethanol or cyclohexane solutions. Since measurements are solvent independent- 
our work and that reported by Beaven et al. (Ref. 3 )-the comparison seems justified. Our Amax and smar data for the 
fluorene reference compound is in agreement with that reported by R. A. Friedel and M. Orchin, Ultraviolet Spectra of 
Organic Compounds, John Wiley and Sons, Inc., New York, N. Y., 1951, p. 311, but differs slightly from that reported by 
E. A. Braude and W. F. Forbes2ad who obtained their data from W. V. Mayneord and E. M. F. Roe, Proc. Roy. Soc., A185, 
634 (1937). Generously supplied by Prof. Donald D. Phillips, Cornel1 University. Our values agree with those reported 
by R. N. Beale and E. Roe, J .  Chem. Soc., 2884 (1951). 

vealed the expected bathochromic shift and de- 
crease in 6 which B r a ~ d e ~ ~ ~  has ascribed to partly 
forbidden transitions between the non-planar 
ground states and near-planar excited states en- 
forced by the "locking" effect of the two-carbon- 
atom bridge. The insignificant increase in inter- 
planar angles in going from the cisdi(p-tolyl) diol 
(IIa) to the cis-diduryl diol (IId) however, indicates 
that the increasing steric repulsions of the aryl sub- 
stituents have a much greater effect on the hy- 
droxyl groups than the biphenyl moiety. The bond 
angle distortion results almost wholly in an increase 
in H-bonding and only a negligible increase in in- 
terplanar angle. 

It is unfortunate that the irrelevant extinction of 
trans-IIe diol with the suggested conformation VII, 
had a separate naphthalene absorption which over- 
lapped the displaced K-band of biphenyl. 

The total effect of the 9,lO-bridgehead hydroxyl 
and aryl substituents on the interplanar angles is 
approximately equivalent to placing a methoxyl or 
methyl "handle" in the 4,5-position of 9,lO-dihy- 
dr~phenanthrene.~,~~.~~~ Since Wittig and Zimmer- 
man26 have demonstrated indirectly that the mole- 
cule 4,5-dimethyl-9,1O-dihydrophenanthrene is dis- 
symmetric, it may not be presumptuous here to 
note the intriguing possibility of similar optical be- 
havior in the substituted two-carbon-atom bridged 
biphenyls reported herein.26 

(25) G. Wittig and H. Zimmerman, Ber., 86, 629 (1953). 
(26)" If the biphenyl system is rigidly twisted, six stereo- 

meric forms are possible in theory: (&)-cis, (&)-trans A, 
and (&)-trans B; if on the other hand the biphenyl system 
readily passes through a planar (or equivalent) c o n f o m  
tion, only three stereomeric forms will be isolable, cis, and 
(i>trans.11 The first reported evidence for this concept has 
been the result of the elegant work of Prof. Kurt Mislow 
and hie students, New York University, who have observed 
racemization of the cis-diastereomer of 1,2,3,4.dibenzo-1,3- 
cyclooctadiene and mutarotation of one of the two possible 
trans-forma [Trans. N .  Y. Academy of Science, 19, 298 

EXPERIMENTAL" 

Hydroxyl absorption measurements were made by Dr. 
Lester P. Kuhn a t  the Ballistics Research Laboratory, 
Aberdeen Proving Ground, Md. with a Perkin-Elmer 
Model 12B Spectrometer equipped with a LiF prism. See 
Ref. 17 for details of sample preparation. The ultraviolet 
spectra were run in a Beckmann Quartz Spectrophotometer 
Model DU using 1 cm. quartz cells. The reported e values 
are the average of three to six measurements a t  diol concen- 
trations ranging from 0.005 g./liter to 0.015 g./liter in 
either ethanol or cyclohexane. 

2,8'-DiaroylbiphenoyZ (I). The appropriate diketones were 
obtained directly by a Friedel-Crafts aroylation with 2,2'- 
diphenoylchloride (Table IV). Nightingale, Heiner, and 
French% used this procedure to prepare 2,2'-di(4-methyl- 
benzoy1)biphenyl (Ia) and 2,2'-di(2,4-dimethylbenzoyl)- 
biphenyl (Ib) in unreported yields. We have extended 
their technique to the preparation of 2,2'-di(2,4,6trimethyl- 
benzoy1)biphenyl (IC), 2,2'-di(2,3,5,6tetramethylbenaoyl)- 
biphenyl (Id), and 2,2'-di( l-naphthoy1)biphenyl (Ie). Thus, 
8.0 g. anhydrous AlC& (0.06 mole) were added to a stirred 
mixture of 100 ml. tetrachloroethane, 5.6 g. (0.02 mole) 
diphenoyl chloride, and 6.71 g. (0.05 mole) durene. After 
complete addition of the AlCls (20 min.), the mixture was 
refluxed for 15 min. and then stirred at  room temperature 
for 10 hr. The resulting dark brown mixture was hydro- 
lyzed with 200 g. ice and 15 ml. concd. HCl. The solid which 
separated was filtered and air dried. The tetrachloride layer 
of the two phase system was separated and dried over 
anhydrous CaSOr. Filtration, followed by evaporation of 
the solvent to dryness gave a dark colored solid. The com- 
bined solids (5.51 g., 58%) were recrystallized from toluene 
(charcoal) and finally from propanol to give 2.8 g. (26%) of 
Id, m.p. 253-255". The structures of Ia, Ib, IC, Id, and Ie 
have previously been established by unequivocal syntheses 
which culminated with a chromic acid oxidation of either 
the appropriate 9,lO-diarylphenanthrene? or the 9,lO-diaryl- 

(1957)J. Although Prof. Mislow's compound contains a 
four-carbon-atom bridge, the theoretical arguments for this 
concept can be applied with no modification to compounds 
with only a two-carbon-atom bridge. 

(27) All melting points are uncorrected. The micro- 
analyses were performed by Schwarzkopf Microanalytical 
Laboratory, Woodside, N. Y. 

(28) D. Nightingale, H. E. Heiner, and H. E. French, 
J .  Am. Chem. Soc., 72, 1875 (1950). 



1656 MORICONI, WALLENBERGER, KUHN, AND O'CONNOR VOL. 22 

T.4BLE IV 
2,2 '-DIAROYLBIPHENYLS gcocl AlCl3 ArH>g COAr 

COG1 
\ \ 

2,2'-Di- Mole Ratio Reaction 2,2-Diaroylbiphenyl 
aroylbi- ArH/Diphenoyl- Time, Yield," M.P., Recrystalliz- Lit. M.P., 
phenyl chloride/A1C18 Solvent Hrs. % "C. ing Solvent "C. 

Ia 27.9/1.0/2.7 Toluene 8-12' 70 136-137 EtOH 136. 5-1374,28 
I b  23.5/1.0/3.0 m-Xylene 3b 61 129-131 EtOH 126.5-127'8 
IC 20.0/1.0/3.0 Mesitylene 5" 59 226-22@ EtOH 219-220'8; 226-2287 
Id  2.5/1.0/3.0 Tetrachloroethane loD 26 253-255e CeH6 255-2568 
Ie 2.5/1.0/3.0 CS2 5 O  12 198-200 HOAc 2004 

a All yield figures are the average of a t  least two runs. Reactions run a t  room temperature. Reaction run a t  0-5°C. 
Our melting point agrees with that reported by R. C. Fuson and C. Hornberger,' and differs from that reported by D. Night- 

ingale, H. Heiner, and €I. E. French.28 e For purposes of comparison, a sample of 2,2'-diduroylbiphenyl was generously 
provided by Prof. R. C. Fuson, University of Illinois. His method of preparation is found in Ref. 8. 

9,10-dihydro-9,lO-phenanthrenedi01,4~~~~ or by an Ullman 
reaction on the aryl-%bromophenyl ketone.4~6~8~Z8 

2,2'-Biphenyldialdehyde. Pale yellow needles from 7001, 
ethanol, m.p. 61-62O.29 

Phenanthrenequinone. Orange needles from ethanol, m.p. 

cis-9,10-Dihydro-3,1O-phenanthrenediol was obtained in 
70% yield from phenanthrene, Os04 and pyridinelZ as white, 
fine silk needles from toluene, m.p. 177-178". Alternatively 
this compound was prepared by treatment of 2,2-biphenyl- 
dialdehyde with Na-Hg.4J Thus 0.5 g. (0.0024 mole) 2,2'- 
biphenyldialdehyde was shaken for 1 week with 11.5 g. of 
5% Na-Hg (0.025 g. atom Na) in 50 ml. absolute ether. 
Hydrolysis of this mixture with dilute acetic acid (1 :lo), 
separation of the two resulting layers, and evaporation of 
the ether layer gave a yellow oil. Careful agitation of this 
oil with several ml. of cold ethanol dissolved the oil 
and left crystalline plates, m.p. 135-138' which were im- 
mediately filtered. Several recrystallizations from n-propyl 
alcohol (charcoal) raised the m.p. to 177-178" which was not 
depressed on admixture with a sample prepared by the 
osmylation technique. The yield of pure diol was 0.1 g. 

trans-9,l 0-Dihydro-9,lO-phenanthrenediol was obtained in 
85% yield from the LiAlH4 reduction of phenanthrene- 
quinone,14 as white, fine silk needles from cyclohexane, m.p. 

cis-g,lO-Di( p-tolyl)-3,lO-dih ydro-9,lO-phenanthrenediol 
(cis-IIa). Bachmann's4~5 procedures were generally followed: 
3.0 g. of Ia (0.0077 mole) was dissolved in 120 ml. of 95% 
ethanol. Nine g. of Zn dust, and 15 ml. of 40% KOH solu- 
tion were then added and the mixture was refluxed (stir- 
ring) for 8 hr. After filtration, the Zn-dust residue was 
extracted twice with 25 ml. portions of hot ethanol and the 
combined filtrates poured into ice HCI-mixture. The pre- 
cipitated solid was filtered, washed with water, and thor- 
oughly air-dried before recrystallization from propanol. The 
first fraction was separated and after several recrystalliza- 
tions from propanol (charcoal), yielded 1.5 g. (0.0038 mole, 
50'%) of cis-IIa, m.p. 212-213'. The solubilities of cis- 
IIa and trans-IIa are reversed in acetone. Therefore, the 
combined filtrates of these recrystallizations were evaporated 
to dryness, and recrystallized from acetone to yield 0.6 g. 
(0.0015 mole, 200J0) of trans-IIa, m.p. 140-142'. 

(29) W. J. Schmitt, E. J. Moriconi, and W. F. O'Connor, 

(30) R. Wendland and J. LaLonde, Org. Syntheses, 34,76 

208-210 '. 80 

(20%). 

185-187 '. 

J. Am.  Chem. SOC., 77, 5640 (1955). 

(1954). 

Alternatively, the Na-Hg reduction of Ia  gave cis-IIa, 
m.p. 212-213" in 55% yield, undepressed on admixture with 
cis-IIa diol prepared by the Zn-dust reduction. 

trans-3,1 O-Di(p-tolyl)-3,1 0-dihydro-3,lO-phenanthrenediol 
(trans-IIa). The Grignard reagent was prepared in the usual 
manner: 50 ml. of anhydrous ether, 5.5 g. of Mg turnings, 
8 ml. of bromotoluene, and a crystal of Iz were stirred and 
gently heated until the Grignard reaction had commenced. 
Three portions of 8 ml. each of bromotoluene (total 0.24 
mole) were then added alternately with three portions of 10 
ml. each of anhydrous ether. The mixture was refluxed for 
15 min. and then cooled. Fifty ml. of dry benzene was added 
to the prepared Grignard reagent, and with cooling, 17 g. 
(0.079 mole) of phenanthrenequinone was added (stirring) 
in 4 portions sufficient to maintain a vigorous reflux, after 
which the solution was refluxed for 5 hr. After cooling, the 
complex was hydrolyzed by pouring it into a mixture of 200 
g. ice and 300 ml. concd. HC1. The water layer was sepa- 
rated and the solid material at the two-layer interface was 
filtered. The benzene-ether layer was dried over anhydrous 
MgS04, filtered, and evaporated to dryness. The oil residue 
was digested with a few ml. of cold ethanol to remove the 
oily impurity. The solid residue was combined with the 
solid material from the interface and the whole was twice 
recrystallized from ethanol (charcoal) to yield 13.5 g. (44%) 
of trans-IIa, m.p. 140-142'. The mother liquor contains 
4,4'-dimethylbiphenyl as a very soluble by-product. It was 
obtained by slow evaporation of the solvent ethanol to 
dryness in an evaporating dish. The center portion of the 
solid residue in the dish was again dissolved in ethanol and 
the process repeated several times to give 1.0 g. (0.0055 
mole, 4.5y0 conversion based on bromotoluene) of 4,4'- 
dimethylbiphenyl, m.p. 120-121' (lit. m.p. 121-122°).s1 

With benzene as a recrystallizing solvent, a low melting 
benzene-diol adduct, m.p. 103-104', was formed. Combus- 
tion analyses gave consistently and reproducibly high carbon 
and hydrogen analyses. All attempts to remove the benzene 
were unsuccessful. The adduct was ultimately identified as 
such by its infrared spectrum which was virtually super- 
imposable upon that of trans-diol IIa with a single exception 
of strong benzene band at 14.82 microns.s2 

~ris-9,1O-Di( m-xyl y1)-3,1 O-dihydro-3,IO-phenanthrenediol 
(cis-IIb). The procedure of Fuson and HornbergerT was fol- 
lowed. Thus, 2.02 g. of IZ was added under a nitrogen 

(31) F. Ullman and G. M. Meyer, Ann., 332, 44 (1904). 
(32) We are indebted to Dr. R. L. Wagner, Chas. Pfizer 

and Co., Inc. for the infrared (C&) and ultraviolet (cyclo- 
hexane) solution spectra of these compounds. 
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atmosphere over a 15-min. period to a well stirred, initially 
heated mixture of 19.0 ml. of dry n-butyl ether, 23.0 ml. 
of dry toluene, and 2.12 g. Mg filings. The solution gradually 
became colorless as the reaction proceeded. After 15 min., a 
solution of 2.2 g. (0.00525 mole) of 2,2'-di(2,4-dimethyl- 
benzoy1)biphenyl (Ib) in 19.0 ml. toluene was added over a 
period of 1/2 hr. Color changes of solution were: yellow after 
one-half of I b  had been added, violet after 3 hr. reflux and 
light brown to gray after 4 hr. reflux. Refluxing and stirring 
was continued overnight (15-hr. total) after which the solu- 
tion appeared faintly yellow. The reaction product was 
decanted from the Mg and the solution poured into 20 g. 
ice and 25 ml. concd. HCl. The Mg residue was extracted 
with 30 ml. dry ethyl ether and the solution added to the 
ice-HC1 mixture. The organic layer was extracted three 
times with water, dried over CaS04, and after filtration, 
evaporated to dryness. The residual oil was digested with 
anhydrous methanol and evaporated until crystallization 
occurred to yield 0.50 g. of crude cis-diol IIb. Recrystal- 
lization from ethyl alcohol (4 wk.) or n-hexane (15 min.) 
(charcoal) gave 0.30 g. (14%) of cis-IIb, m.p. 147-148". 
Alternatively, cis-IIb was prepared in 40% yield, m.p. 
147-148" from a Na-Hg reduction of Ib. A mixed melting 
point of the diols prepared by the alternate methods showed 
no depression. 

Anal. Calcd. for CaoHzsOz: C, 85.70; H, 6.71. Found: C, 
85.76; HI 6.67. 

trans-Q,iO-Di( m-xylyl)-9,iO-dihydro-Q,iO-phenanthrenediol 
(trans-IIb). The mxylyllithium was prepared under a 
nitrogen atmosphere in the usual manner.38 To a solution of 
1.6 g. of freshly prepared l-bromo-2,4-dimethylbenzene~4 
in 25 ml. anhydrous ether was added 1.4 g. (0.20 g.-atom) 
of lithium wire. The remainder of the bromoxylene (13.4 g.; 
total 0.088 mole) dissolved in 50 ml. of dry ether was added 
dropwise as soon as the initially vigorous reaction had sub- 
sided (1 hr.). Several runs were made at ice-bath tempera- 
tures, but the reaction proceeded most conveniently a t  

solved after digesting the oil with several ml. of ether. 
Filtration of the insoluble phenanthrenequinone, and subse- 
quent evaporation of the ether solution left an oil. This oil 
was treated with 40 ml. of dry petroleum ether (3040") 
and then 5-10 ml. of dry ether until all of the oil had dis- 
solved leaving the crude white diol. This was filtered and 
recrystallized (charcoal) three times to yield 58 mg. (0.7%) 
of trans-diol (IIb) white needles, m.p. 130-131 ". 

Anal. Calcd. for CsoH2sO~: C, 85.70; HI 6.71. Found: C, 
85.58; H, 6.62. 

All attempts to prepare this compound by the normal 
Grignard reaction using a wide variety of concentrations, 
temperatures, and isolation procedures led to no identifiable 
diol. 
cis-9,iO-Dimesityl-Q,lO-dihydro-Q,iO-phenanthrenediol (cis- 

IIc). Fuson's directions* for preparing cis-IIc were followed 
using a nitrogen atmosphere throughout. It was obtained 
in 24% yield, m.p. 200-201" from methanol. 

cis-9,iO-Diduryl-9,iO-dihydro-9,10-phenanthrenediol (cis- 
IId). This compound, m.p. 231-232" was generously sup- 
plied by Prof. R. C. Fuson and was used directly in all 
measurements and reactions. 

cis-Q,iO-Di( I-naphthyl)-QJO-dihydro-9,iO-phenanthrenediol 
(cis-IIe). This compound, m.p. 205-2O6Ol4 from propanol, 
was prepared in the same manner as cis-IIa via Zn-dust- 
KOH reduction (20% yield) and Na-Hg reduction (25%) 
of 2,2'-di( 1-naphthoy1)biphenyl (Ie). In  the former reduc- 
tion, a 38% yield of the trans-isomer was also obtained. 

trans-Q,iO-Di( 1 -naphthyl)-Q,lO-dihydro-9,iO-phenanthrene- 
diol (trans-IIe). This compound, m.p. 263-264", from iso- 
propyl alcohol, was prepared in 64% yield by a Grignard 
reaction on phenanthreneq~inone,~ in the same manner 
as in the preparation of trans-Ia. A mixed melting point of 
the trans isomer prepared in this manner and by the Zn- 
dust-KOH reduction of Ie showed no depression. 

Color tests with Criegee's Reagents.10,12 Potassium tetra- 
methylosmate (0.001M) and potassium triacetylosmate 

TABLE V 
COLOR CHANGES WITH CRIEGEE'S REAGENT@ 

Compound 
Potassium Tetramethylosmate 

cis trans 
Potassium Triacetylosmate 
cisb transb 

Green Pale violet Deep blue 9,10-Dihydro-9,10- Pale green 

IIa Yellow No reaction Yellow Deep blue 
Deep violet Deep blue I Ib  Yellow No reaction 

I I C  Deep blue Deep violet 
IId No reactionC Pale violet 
IIe Yellow- No reaction Deep violet Deep blue 

phenanthrenediol 

green 

The colors reported are those which appeared after the solutions of reagent and diol were in contact 30 min. TO show 
the reversibility of this reaction on treatment of the reagent-diol solution with potassium acetate in acetic acid, the recorded 
color is that which appears after the potassium acetate in acetic acid has been added. cis-Diol (IId) is insoluble in MeOH 
solvent used for reagent preparation. 

room temperature. The mxylyllithium was then filtered 
through an L-shaped tube loosely plugged with glass wool 
into a dry 250-ml. three-neck flask, also under a nitrogen 
atmosphere. To the almost clear solution, cooled to 0" with 
an ice-salt bath was added (stirring) 4.3 g. (0.021 mole) 
of phenanthrenequinone suspended in 50 ml. of benzene. 
The mixture was stirred overnight at room temperature. 
Hydrolysis of the complex intermediate was accomplished 
by adding the suspension to 100 g. ice and 5 ml. dilute HC1. 
The benzene-ether layer was then separated, dried, and 
evaporated to dryness. The resulting oil contained large 
amounts of phenanthrenequinone which remained undis- 

(33) Organic Reactions, Vol. VII, p. 286 (1954). 
(34) Preparation identical to that for bromomesitylene, 

L. I. Smith, Org. Syntheses, Vol. II, p. 95 (1943). 

(0.001M) solutions were prepared, respectively, in absolute 
methanol and glacial acetic acid as directed.I2 The color 
tests were conveniently run with 0.5 ml. of the reagent and 
approximately 10-8 mole of the diol. Results are summarized 
in Table V. 

Diol oxidation with lead tetraacetate. The 2,2'-diaroyl- 
biphenyls, respectively, Ia, Ib, and Ie were obtained from 
each of cis-trans isomeric diol pairs by warming a benzene or 
acetic acid solution of excess lead tetraacetate and each 
diol (25-50 mg.) of the series, I la,  IIb, and IIe, for 15-30 
min. in a steam bath. Similarly, cis-IIc and cis-IId, gave, 
respectively, IC and Id. 

Acid-catalyzed rearrangements. Each diol of the cis-trans 
isomeric pairs 9,10-dihydro-9,1O-phenanthrenediol, IIa, 
IIb, and IIe, was dissolved in the minimum volume of hot 
glacial acetic acid to  which was added 2-3 drops of concd. 
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sulfuric acid. The solution was heated on a steam bath for 
15-30 min. In all cases, the cis-diols reacted visibly more 
rapidly than the trans-diols. A few drops of water were suf- 
ficient to precipitate the rearrangement product if this had 
not occurred a t  the end of 30 min. The product was filtered, 
washed with water, and recrystallized. In this manner, the 
following four rearrangement products were obtained: 
g,i0-Dihydro-9-phenanthrcrne1 m.p. 147-149" (lit. m.p., 

152O)G from ethanol, was obtained from both cis- and 
trans-9,10-dihydro-9,10-phenanthrendiol. It is unstable on 
standing in air or in solution and changes color from pale 
yellow to pink to  red in a relatively short time. After rapid 
filtration, a single pale yellow crystal was quickly selected 
for melting point determination. The time interval between 
commencement of the rearrangement process and the melt- 
ing point determination approximated 20 min. 

10J O-Di(p-tolyl)-9,iO-dihydro-9-phenunthrone (IIIa), m.p. 
163-164.5' from absolute ethanol was obtained in 90% 
yield from cis-IIa and in 80% yield from trans-IIa. 

A n d  Calcd. for CZ~HZZO: C, 89.80; H, 5.92. Found: C, 
89.69; H, 5.88. 

13achmann4 DreDared IIIa. m.D. 158-159" bv a similar A I  , I  

pinacol rearrangement using iodine and glacial acetic acid. 
iO,i0-Di(i-naphthyl)9,iO-dihydr~9~henunthrone (IIIe), 

m.p. 286-287O36 from absolute ethanol was obtained in 90% 
yield from cis-IIe and in 35% yield from trans-IIe. 

(35) F. R. Japp and A. Findlay, J. Chem. SOC., 1121 

(36) See Table I, Ref. (e). 
(1897). 

Anal. Calcd. for C&fzzO: C, 91.46; H, 4.97. Found: C, 
91.45; H, 5.33. 

The infrared spectra of phenanthrones IIIa and IIIe are 
quite similar and show identical absorption bands, attributed 
to aromatic ketones at 5.92, 6.27, and 7.90 microns, and to 
aromatic substituents a t  6.90, 7.18, 12.62, 13.03, 13.26, 
13.66, and 14.40 microns." 

Reuwangement Product (IIIb), m.p. 104-105" from ethanol 
was obtained in 95% yield from ck-IIb and in 90% yield 
from tram-IIb. 

Anal. Calcd. for CeoHMOa: C, 87.55; H, 6.61; Mol. wt., 
823. Found: C, 87.56; H, 6.71; Mol. wt., 881 i 10% 
(Signer-Barger). 

The infrared spectrum of IIIb showed a weak band at 
2 . 9 5 ~  (OH), moderate bands a t  6.23p, 6.92p, 8.13, 9.25, and 
10.57~ (aryl substituents), and strong bands a t  6 . 0 1 ~  and 
13.65~; A, 253 mp, hnsr 68,200. 
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(37) We are indebted to Mr. Daniel McCarthy for the 
infrared spectra (KBr) disk for these compounds. 
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The preparation of a-hydroxy-B,fl-dinitro-propionic and -butyric acids by the condensation of dinitromethane and 1,l- 
dinitroethane, respectively, with glyoxylic acid, their esterification and acylation, and some of their physical properties 
are described. 

As part of a study of the chemistry and proper- 
ties of gem-dinitro esters, . several a-hydroxy-p,p- 
dinitro acids and esters were prepared by the con- 
densation of 1, l-dinitroparaffis with glyoxylic acid 
derivatives. 

The condensation of nitroparafis with carbonyl 
compounds to form nitro alcohols was first reported 
by Henry2 in 1895. Subsequent studies of this reac- 
tion, primarily using mononitroparafhs, were re- 
viewed by Hass and Riley.3 Chattaway and With- 
erington4 successfully used the hydrate of a car- 
bonyl compound in this same condensation to ob- 
tain nitro alcohols. Shechter and Conrad6 prepared 

(1) Present address: Stanford Research Institute, Menlo 
Park, Calif. 

(2) L. Henry, Compt. rend., 120, 1265 (1895). 
(3) H. €3. Hass and E. F. Riley, Chem. Revs., 32, 406 

(1943). 
14) F. D. Chattawav and P. Witherington, J. Chem. SOC., - .  

1178 (1935). 

5612 (1953). 
(5) H. Shechter and F. Conrad, J. Am. Chem. SOC., 75, 

a-hydroxy-p-nitropropionic acid by the condensa- 
tion of nitromethane with glyoxylic acid in aqueous 
solution. 

In  the present investigation a-hydroxy-p,p-di- 
nitrobutyric acid (I) was prepared by the acid-cata- 
lyzed condensation of 1, l-dinitroethane with gly- 
oxylic acid hydrate. It was also obtained, although 
in lower yield, in the attempted preparation of 
2,2,5,5-tetranitro-3,4-hexanediol by the reaction of 
1,l-dinitroethane with a commercial grade of gly- 
oxal.B The a-hydroxy acid was stable in acidic or 
neutral media but it rapidly reacted with two moles 
of base to form glyoxylate and dinitroethane an- 
ions. Esterification with ethanol or methanol in 
the presence of sulfuric acid was normal in contrast 

(6) a-Hydroxy-p,p-dinitrobutyric acid could arise in one 
of several ways, for instance, by oxidation of an inter- 
mediate condensation product as a-hydroxy-p,&dinitro- 
butyraldehyde or by preliminary oxidation of the glyoxal 
to glyoxylic acid, followed by normal condensation. The 
mechanism of this reaction, however, waa not investigated. 


