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Fig. 1. Ultraviolet absorption spectra of 3:3-dimethyl- 
2,4-pentanedione in petroleum ether (b.p. 69-96") (-) ; 
3,3-dimethyl-2,4-pcntanedione in absolute ethanol (-------) ; 
and methyl tert-butyl ketone in petroleum ether (b.p. 69- 
9 6 O )  (-.-.-.) 

solvent polarity on the relative concentrations of 
C and D is consistent with the results obtained 
with a-bromocycl~hexanones.~~ 

The ultraviolet spectra of I in both hydrocarbon 
and ethanol solvents (Fig. 1) are considerably dif- 
ferent from that expected of a compound with a 
pair of isolated carbonyl groups (6. methyl tert- 
butyl ketone, Fig. 1). In hydrocarbon solvent there 
is a maximum at  305 mp ( e  93) and four shoulders- 
a spectrum that is more complex than that for the 
normal n - T* transition of simple ketones. With 
ethanol as solvent the maximum is shifted to lower 
wave length. This is the usual "blue shift" ob- 
served with solvents capable of hydrogen bonding 
with the carbonyl ~hromophore.~ 

The presence of an axial a-halogen is known to 
cause a hathochromic shift in A,,, and an increase 
of the extinction coefficient in the ultraviolet 
spectra of cyclic ketones. lo Application of this result 
to the present case suggests that conformation D 
is mainly responsible for the observed anomalous 
ultraviolet absorption. It has been suggested that 
the shiftsobserved with axial a-halo ketones are due 
to hyperconjugation.'Ob While this may also be true 
with D, another interpretation is that overlap 
between the p-orbitals on the carbonyl carbons 
occurs and, in fact, the geometry of D is favorable 
for this type of overlap. A similar explanation has 
been used to account for the spectral abnormalities 
of phenyl and benzyl acetone." In  any event, 
interpretation of the electronic spectra is subject 
to the usual difficulties in deciding whether a shift 
in A,,, is the result of a change in the ground state 
or the excited state. 
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EXPERIMENTAL 

3,3-Dimethyl-2,4-pentanedione was prepared essentially 
by the published method12 through stepwise dimethylation 
of acetylacetone. Considerable difficulty was experienced in 
introducing the second methyl group until it  was discovered 
that reducing the reaction time to 20 min. prior to removal 
of the ethanol by distillation gave the product in 65-70% 
yield. Purification by fractional distillation followed by 
extraction with aqueous cupric acetate yielded material 
contaminated with 1.5% monomethyl acetylacetone (analy- 
sis by gas-liquid chromatography'3). Low temperature 
recrystallization from pentane reduced the impurity to 

Infrared spectra were determined on a Beckman IR-5 
instrumenV4 with an estimated accuracy of f O . O 1  1.1 (+ 3 
cm.-l). Each spectrum was calibrated with the 6 . 2 4 ~  (1602 
cm, -1) polystyrene band. Ultraviolet spectra were measured 
on a Beckman DK-2 ~pectrophotometer.~~ All solvents used 
for solution spectra were purified. 
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with a helium flow rate of 50 ml./min. The compounds 
emerge in the reverse order of increasing molecular weight. 
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The synthesis of the lactam of endo-2-carboxy- 
endo-6-aminonorbornane (111) was of interest be- 
cause a knowledge of the properties of the mono- 
lactam is potentially useful for the solution of the 
intimate structure of the dilactam of endo-cis-2,3- 
dicarboxy-endo-~is-5,6-diarninonorbornane.~ In  the 
dilactam it js not known whether both the lactam 
groups are in the usual keto form or whether one of 
the lactam groups is in the unusual enol form. 
The lactone of endo-2-carboxy-exo-5-bromo-endo- 
6-hydroxvnorb~rnane~ (I) with aqueous Fodium 
hydroxide a t  room temperature gave endo-2-car- 
hoxy-6-ketonorbornane (11). Evidence for the struc- 
ture of the keto acid I1 is: the elemental analysis; 
the infrared spectrum, 5.7 p for the ketone and 5.85 
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p for the carboxyl; the uptake of one mole of hydro- 
gen on catalytic hydrogenation; the endo position 
of the carboxyl group as indicated by the fact that 
the product of hydrogenation was the known lactone 
of endo 2 carboxy-endo-6-hydro~ynorbornane~ (IV). 
The reaction is modeled after the original reaction 
of Alder and Stein6 in which the lactone of endo-2- 
carboxy - exo - 3 - carboxy - exo - 5 - bromo - enclo- 
6-hydroxynorbornane (V) was converted to  endo-2- 
carboxy - ex0 - 3 - carboxy - 6 - ketonorbornanea 
(VI). It is interesting that Meek and Trapp' 
found that basic treatment of the bromolactone 
(and also the iodolactone) followed a different 
reaction route when the e x 0 3  group is a methyl 
rather than a hydrogen-ie., the lactone of exo- 
2 - methyl - endo - 2 - carboxy - exo - 5 - bromo- 
endo-6-hydroxynorbornane (VU) gave the 2,6- 
lactone of exo-2-methyl-endo-2-carboxy-endo-5,6- 
dihydroxynorbornane (VIII). The ease of decar- 
boxylation of the keto acid I1 was also of interest 
because of the possibility of orbital overlap be- 
tween the 2- and 6- positions with a consequent 
participation of the 6-keto group. However, the 
keto acid I1 was stable when refluxed either in 
dilute aqueous acid or in dilute aqueous base. 
Reductive alkylations with the keto acid I1 gave 
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ie given in the Evperimental section. 

3909 (1957). 

the lactam I11 directly. Evidence for the structure 
of the lactam 111 is: the elemental analysis; the 
method of synthesis; and the infrared spectrum 
which is the same as that reported for cyclic lac- 
tams both in the condensed phase and in chloro- 
form solution and both in the K-IT stretching 
region and in the carbonyl r e g i ~ n . ~  

EXPERIMENTAL 

endo-9-Carboxy-6-ketonrnbornane (11). The lactone of 
endo-2-carboxy-ezo-5-bromo-endo-6-hydroxynorbornane~ (I) 
(21.7 g., 0.100 mole) was added to a solution of sodium 
hydroxide (16.0 g., 0.40 mole) in water (300 ml.) a t  25" and 
the mixture stirred for 60 min. with no external heating or 
cooling. The temperature rose to about 29'. Concentrated 
hydrochloric acid (25 ml.) was added with cooling so that 
the temperature remained (25'. A trace of coagulated 
insoluble gum was removed by filtration. The filtrate in a 
large evaporating dish was evaporated at <25' by a stream 
of air from an electric fan. The evaporating solution was 
stirred continually to  prevent the formation of a surface 
crust. The residual mushy crystals were extracted with 
three 50-ml. portions of chloroform and the combined chloro- 
form extracts were evaporated in vacuo at less than 25". 
The partly crystalline residue was swirled with ethyl acetate 
(30 ml.); the resulting suspension wm cooled at -20' 
overnight and filtered to  give 7.1 g. of crude product (11). 
Recrystallization from ethyl acetate (14 ml.) gave 6.0 g. 
of 11, m.p. 98.5-101'. An additional 1.5 g. of 11, m.p. 98- 
loo", was obtained by working up the original ethyl acetate 
filtrate followed by recrystallization from ethyl acetate; 
total yield, 49%. The analytical sample, m.p. 101.5-103.5', 
was obtained by Reveral additional recrystallizations from 
ethyl acetate and drying in  uamo for 24 hr. at room tempera- 
ture. A t  room temperature the keto acid I1 was fairly 
soluble in water, ethyl acetate, and chloroform and insoluble 
in benzene and carbon tetrachloride. Infrared spectrum: 
(1% in chloroform) 5.7 and 5.85 p. 

Anal. Calcd. for CsHleOs: C, 62.31; H, 6.54. Found: 
C, 62.54; H, 6.66. 

Conversion of the keto acid I1 to the lactone of endo-6 
carboxy-endo-6-hydroxynorbornane (IV). A mixture of the 
keto acid I1 (0.400 g., 2.60 mmoles), water (25 ml.), and 
concentrated hydrochloric acid (0.2 ml.) was stirred with 
hydrogen a t  room temperature and 1 ntm. in the presence of 
prereduced platinum oxide (0.100 g.) for 24 hr. At the end of 
this period 73 ml. of hydrogen had been taken up and the 
adsorption had stopped. Because of the fluctuation of the 
room temperature and the barometric pressure the theoreti- 
cal uptake was not calculated. Assuming a room tempera- 
ture of 23" and a pressure of 560 mm. the theoretical uptake 
would be 65 ml. After removal of the catalyst by filtration 
the aqueous solution watF extracted with ether (two 20-ml. 
portions) and the combined ether extracts were evaporated 
in vacuo at <room temperature. The residue was dried in a 
Drierite desiccator for several days to give a glass. TWO 
recrystallizations from pentane gave 0.134 g. (3774) of the 
lactoxie IV, m.p. 152-154.5'. A mixed melting point of this 
material with lactone prepared as reported in the literature' 
was undepressed and the infrared spectra (1% in chloro- 
form) of the two materials were identical. 

Properties of endo-~-carbo3-~-6-ketmorbmane (11). 11 
(1.00 g., m.p. 99-101") was dissolved in water (2.0 ml.) 
by heating to  boiling. The resulting solution was cooled a t  
once and refrigerated for 2 days. Filtration gave 0.503 g., 
m.p. 100.5-102'. This procedure was repeated except that 

(9) L. J. Bellamy, The Infra-red Spectra, of C m p l e x  
Molecules, Wiley, New York, 1968, p. 206, 214, 217. 
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the aqueous solution was refluxed for 3.5 hr. before cooling. 
Filtration gave 0.52 g., m.p. 99-102'; mixed m.p. with the 
starting material, 101-102.5'. 

I1 (1.00 g., 6.5 X 10-3 mole, m.p. 99-102') and 3.25M 
aqueous sodium hydroxide (2.0 ml., 6.5 X mole) were 
refluxed for 3.0 hr.; the solution was cooled and acidified 
with concentrated hydrochloric acid (0.5 ml.) to  pH 2. 
There was no gas evolution. Refrigeration and filtration 
gave 0.682 g., m.p. 100.5-101.5'; mixed m.p. with starting 
material, m.p. 99-101". 

I1 (1.00 g., m.p. 99-101') was refluxed with 2.0 ml. of 
5% aqueous hydrochloric acid for 3.0 hr. Refrigeration and 
filtration gave 0.564 g,, m.p. 99-103'; mixed m.p. with start- 
ing material, 99-103". 

I1 (1 00 g., m.p. 99-101') was refluxed with 2.0 ml. 
ethyl acetate for 3.4 hr. Cooling a t  -20' and filtration gave 
0.812 g., m.p. 99.5-101'; mixed m.p. with starting material, 
99.5-101 '. 

A periodic acid test with I1 was negative. 
endo-2-Carboxy-exo-3--carboxy-6-k~tonorbornane (VI). A 

mixture of the lactone of endo-2-carboxy-exo-3-carboxy-em- 
5-bromo-endn-6-hydro~ynorbornane~~ (V) (26.1 g., 0.100 
mole), sodium hydroxide (20.0 g., 0.500 mole) and water 
(400 ml.) was refluxed for 2.0 hr. After cooling to 25' con- 
centrated hydrochloric acid (80 ml.) was added. After the 
solution was cooled again to 25' extraction with ethyl acetate 
(three 250-ml. portions) and evaporation of the combined 
extracts in vacuo a t  less than 70" gave fairly pure ketodi- 
carboxylic acid VI, 16.5 g., 83y0 yield, m.p. 182.5-184' 
(reported6 m.p. 186'). 

Lactam of endo-2-earboxy-endc-6-aminonorbornane (111). 
Platinum oxide (0.200 g.) in water (60 ml.) was hydrogen- 
ated a t  33 p.s.i. for 30 min." The water was decanted from 
the platinum and to the platinum were added the keto acid 
(11) (2.00 g.) and concentrated aqueous ammonia (100 ml., 
density 0.90 g./ml.). The mixture was hydrogenated a t  
about 50 p.s.i. and 48' for 24 hr. The metal tube which led 
gas into the hydrogenating bottle in the Parr hydrogenator 
was replaced with a glam inlet tube to avoid chemical 
reaction between the metal and ammonia. After removal of 
the catalyst by filtration the solution was evaporated a t  
<25' by a stream of air from an electric fan. The residual 
gum was dissolved in 5y0 sodium hydroxide (20 ml.) and 
the basic solution extracted with ether (six 50-ml. portions). 
The combined ether extracts were dried with sodium sulfate 
and evaporated in vacuo. The residue was heated in vacuo 
a t  80' for 2 hr. Crystallization of the residuJ gum from a 
mixture of ether (3.0 ml.) and petroleum ether (6.5 ml., 
b.p. 30-75') gave 0.610 g. (34%) of 111, m.p. 152-154'. 
The crystallization must be done carefully,-Le. slow 
cooling-to avoid oiling out. A portion of the collected 
product from two runs (1.105 g., m.p. 152-154') was dis- 
solved in ether (4.0 ml.) by stirring a t  room temperature. 
The addition of petroleum ether (10.0 ml., b.p. 30-75') 
followed by standing successively a t  room temperature, 5' 
and finally -20' gave 0.962 g. of 111, m.p. 153-154'. The 
lartam I11 was soluble in water and polar organic solvents. 
Infrared spectrum: (potassium bromide) 3.13, 3.25, and 
5.95; (1 yo in chloroform) 2.93,3.12, and 5.92 p. 
Anal. Calcd. for C8H11NO: C, 70.03; H, 8.08; N, 10.21. 

Found: C, 70.12; 7.86; N, 10.27. 
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(10) K. Alder and G. Stein, Ann., 504, 216 (1933). 
(11) Platinum oxide is reduced to platinum slowly, if 

a t  all, when hydrogenated in concentrated aqueous am- 
monia at room temperature and 1 to 3 atm. pressure. For 
similar findings see: ( a )  E. R. Alexander and A. L. Mise- 
gades, J .  Am. Chem. SOC., 70, 1315 (1948); (b) A. C. Cope 
and E. ?If. Hancock, J. Am. Chem. Soc., 64, 1503 (1942). 
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Trimethyl thioorthoborate was first prepared by 
Goubeau and Wittmeier' by refluxing boron tri- 
bromide with an excess of silver or lead mercaptide; 
tri-n-butyl thioorthoborate has been prepared in 
like manner.2 The method has been modified by 
Burg and Wagner3 who found that sodium mercap- 
tide could be used without a solvent. They also 
prepared the compound by heating polymeric 
thiomethoxyborine (CHISBH,),. The alkyl thio- 
orthoborates cannot be prepared by the corre- 
sponding procedures used for the oxygen analogs, 
such as by treating mercaptans with boron halides1p4 
nor could they be obtained from the action of boron 
halides on alkyl  sulfide^.^^^ 

In  view of the unusual preparative methods re- 
quired for the alkyl thioorthoborates, it was of 
some interest to find that thiophenol reacts 
smoothly with boron trichloride in boiling benzene 
to give, in good yield, the hitherto unknown tri- 
phenyl thioorthoborate. Phenol, in contrast, reacts 
readily a t  

Triphenyl thioorthoborate is very similar to its 
oxygen analog, triphenyl orthoborate, except that 
it is much more difficult to obtain in a pure state. 
Both compounds are thermally stable, have similar 
melting and boiling points, and are extremely 
readily hydrolyzed in moist air. 

EXPERIMENTAL 

Thiophenol(70 g., 0.634 mole) was dissolved in 175 ml. of 
benxene, and a solution of 24.8 g. (0.211 mole) of boron 
trichloride in 75 ml. of benzene was added with stirring, in a 
dry nitrogen atmosphere. There was no noticeable heat evolu- 
tion. The mixture was refluxed for 8 hr., after which time 
approximately one half the benzene was removed by distil- 
lation and the mixture allowed to cool. The white crystals 
which deposited were filtered in a dry box, washed with ben- 
zene, and dried with suction. Five successive crops afforded a 
total of 66.6 g. of the crude borate, representing a 93% yield. 
Difficulty was experienced in obtaining a pure specimen be- 
cause benzene is readily incorporated by the crystals. 
Even after two recrystallizations from benzene the product 
did not melt sharply. Vacuum distillation of this purified 
material was attempted. The ester boiled at  193-194°/0.02 
mm, but did not distill smoothly owing to solidification in 
the head and condenser. The liquid found in the liquid nitro- 
gen trap protecting the pump proved to be mainly benzene. 
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