
REACTION OF SOME a-HYDROXY KETOXIMES 

dride 4 or possibly as a lactam. The 393 peak ccrresponded t o  
the anhydride of the monoethyl ester formulated as 5 .  Ele- 
mental analysis gave values in accord with those for an equi- 
molar mixture of the DNPH of CFA 6 and its monoethyl ester. 

Anal. Calcd for ( C ~ ~ H I ? N ~ O ~ ~ - C I ~ H ~ ~ T ~ O ~ ~ ) O . ~ ;  C, 40.5; H,  
3.4; N,  13.5. Found: C, 40.2; H ,  3.8; N, 13.35. 

Slow recrystallization from ethanol containing sulfuric acid 
gave crystals, mp 150-155", with analysis corresponding to the 
.diethylester 7 .  

- 

Anal. Calcd for CI~HIFNAOIO: C. 46.57: H. 4.11: N. 12.78. - ." . .. I ,  I ,  

Found: C, 46.12; H, 4.09; N ,  12.08. 
Citroylformic Acid Lactone .-A solution of 20 g of oxaloacetic 

acid in 60 ml of water was adjusted to  pH 3 with 20% sodium 
hydroxide and allowed to stand for 19-20 hr a t  25-30'. Carbon 
dioxide was evolved during this period. The solution was 
decationized by passing through an acidified ion exchange resin 
bed (22 X 500 mm column of Dowex SOW-X8) and evaporated to 
dryness under a vacuum evaporator a t  35". The final drying 
was completed in a vacuum desiccator over anhydrous calcium 
sulfate to give 12-15 g. The dried residue was partially dissclved 
in a minimum amount (30 ml) of warm, dry acetone. Nitro- 
methane (dry, about 4 volumes) was added t o  incipient cloudiness. 
The mixture was filtered and the solution was allowed to stand 
at room temperature to deposit crystals. Recrystallization 
gives the pure lactone of citroylformic acid, mp 160-164" dec, 
turns brown at  150". Toluene or xylene can be used in place of 
the nitromethane. The acetone-insoluble residue is apparently 
polymeric. The lactone is assigned the butyro-7-lactone struc- 
ture arbitrarily. The ir data show absorption (in mineral oil) a t  
1770, 1740, 1700, and 1660 cm-1. 

Anal. Calcd for C7H607: C, 41.6; H ,  2.99; neut equiv, 67.3. 
Found: C, 41.51; H ,  2.98; neut equiv, 67.9. 

Oxalocitrolactone Monomethyl Ester Hydrates.-The oxalo- 
citrolactone used in this preparation was prepared from dimethyl 
oxaloacetate and trimethylamine as previously de~cr ibed1~J~ 
and was obtained analytically pure (neut equiv calcd, 288; found, 
285) on recrystallization from water. The molecular weght 
(mass spectrometer) was found t o  be 288.048 (theory 288.050) 
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with reference to the Cs3Q.37C13 peak at  287.8043 amu. We 
confirmed the mp 104-108' reported by Dieckmann.15 

A mixture of 1.0 g of citrolactone trimethyl ester prepared as 
above and 20 ml of concentrated hydrochloric acid was heated on 
a steam bath at  50" for 20 min. The residual oil on cooling 
deposited crystals in 55% yield. The solution remaining was 
evaporated at  room temperature to 10 ml to deposit additional 
crystals. 

Anal. Calcd for C9H809"20: C, 38.84; H,  3.59; neut 
equiv, 92.6. Found: C, 38.93; H, 3.53; neut equiv, 91.37. 
On prolonged drying under vacuum the material lost water. 

Anal. Calcd for CgH80s: neut equiv, 86.6. Found: neut 
equiv, 85.0. The nmr spectrum of the methyl ester in perdeu- 
teriodimethyl sulfoxide showed maxima at about 3.5 (5 H,  two 
carboxylic, one enolic, two water), 3.8 (3 H, one methyl), and 
3.3-3.4 ppm (doublet, two methylene H on asymmetric carbon). 

The monomethyl ester hydrate was converted to citric acid in 
low yield by refluxing with lithium hydroxide, Rr (BFW) 63, but 
is otherwise stable to alkaline hydrolysis short of further degrada- 
tion. 

Oxalocitrolactone Monoethyl Ester Hydrates.-This com- 
pound was prepared following the above procedure for the 
methyl ester, mp 72-75", Rr (BFW) 65. 

Calcdfor CloHloOs.HzO: C, 41.1; H, 4.14; neut equiv, 
97.3. 

Acknowledgment. -The authors are indebted to the 
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The yield is 0.3 g, mp 150-154' dec, R, 24 (EAW). 

Anal. 
Found: C, 41.1; H, 4.13; neut equiv, 94.19. 

Registry No.-1, 39118-31-5; 3 (R = R' = H), 41118-38-1; 
3a (R = R' = CHa), 41118-39-2; 3b (R = CHI; R' = H),  

7; 5, 41118-43-8; 6, 41118-44-9; 6 monoethyl ester, 41118-45-0; 
7, 41118-46-1; diethyl oxaloacetate, 108-56-5; oxaloacetic acid, 
328-42-7; citric acid, 77-92-9 ; DNPH, 119-26-6 ; citroylformic 
acid y-lactone, 41118-47-2. 

41118-40-5; 3b (R = CzH5; R' = H), 41118-41-6; 4, 41118-42- 
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The Beckmann fragmentation reaction of 3p, 17p-dihydroxy-16oximino-5-androstene (2)  and 2-ezo-hydroxy-3- 
oximinobornane (8) was readily achieved with p-toluenesulfonyl chloride in pyridine at  0" or by short boiling 
with 20% (v/v) HzS04. The structures of the primary fragmentation products 3 and 9 were deduced on the 
basis of spectral and analytical properties of the corresponding 2,4-dinitrophenylhydrazones 4 and 10; in addi- 
tion, 3 was converted into the known lactone 6. Anti configurations were assumed for the hydroxy oximes 2 and 
8 obtained by NaBHd reduction of 1 and 7, based on studies of the NaBH4 reduction of syn- and anti-benzil 
monoximes 

The fragmentation reaction of some a-OXO and a-hy- 
droxy oximes, under the conditions of Beckmann re- 
arrangement was discovered by Werner and Piguet in 
1904.l The mechanism and synthetic utility of the re- 
action has recently been discussed2 and the geometry 
(syn or anti) of the oximes has been shown to influence 
the nature of the fission p r o d u ~ t s . ' , ~  Thus, the anti- 
benzoin oxime (anti to the a-hydroxyl group), on treat- 
ment with benzenesulfonyl chloride and pyridine, gives 
equimolar amounts of benzaldehyde and benzonitrile, 
whereas the syn isomer, under the same experimental 

(1 )  A. Werner and A. Piguet, Chem. Ber., 37, 4295 (1904); A. Werner and 
Th. Detscheff, i b i d . ,  88, 69 (1905). 
(2) L. G. Donaruma and W. 2. Heldt, OYQ. React., 11, 1 (1960); P. A.  S. 

Smith in "Molecular Rearrangements," Part I .  P.  de Mayo, Ed., Inter- 
science, New York, N. Y., 1963, pp 483-507; R. T. Conley and S. Ghosh in 
"Mechanisms of Molecular Migrations," B. S. Thyagarajan, Ed., Wiley- 
Interscience, New York, N. Y. ,  1971, pp 197-308. 

(3) A.  H. Blatt, Chem. Rev., 12, 215 (1933); A. H. Blatt and R. P. Barnes, 
J. Amer. Chem. SOC., 66, 1148 (1934). 

conditions, forms benzaldehyde and phenyl isocyanide.' 
Generally, the anti isomers of a-hydroxy oximes, when 
treated with variety of reagents which induce Beck- 
mann rearrangement, yield aldehydes or ketones, and 
nitriles, whereas the syn isomers occasionally yield iso- 
c y a n i d e ~ ~ , ~  The Beckmann fission of a-hydroxy 
oximes has not been widely studies but a recent report 
described the fragmentation reaction of 5-hydroxy-5a- 
cholestan-4- and -6-one oximes with thionyl chloride at  
-20". A nearly quantitative yield of 5-oxo-4,5-seco- 
cholestano-4-nitrile and 5-oxo-5,6-seco-cholestano-6-ni- 
trile was obtained. It should be noted that no direct 
evidence was given for the geometries of the starting 
oximes; owing to exclusive formation of oxo nitriles 
the authors assumed them to have anti  configuration^.^ 

We wish to  report the results of our studies which 
were undertaken in order to explore the possibility of 

(4) C. W. Shoppee and 8. K. Roy, J .  Chem. SOC., 3774 (1963). 
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using the Beckmann fission reaction for the synthesis of 
ring-D seco steroids (certain ring- D seco steroids in the 
estrone series are known to be very active hypocho- 
lesterolemic agents5). For our studies we selected the 
readily available 3P-hydroxy-5-androsten-17-one which 
was converted into the corresponding 16-oximino 
derivative (1) according to the procedure of Stodola, 
Kendall, and IllcKenzie.6 The anti configuration of 
3p-hydroxy-16-oximino-5-androsten-17-one (with re- 
spect to the 17-carbonyl group) was proved by a shift in 
A,,, from 240 to 288 nm upon addition of base to  the 
oximino ketone.’ We intended to reduce the oximino 
ketone (1) with NaBH4 to  the corresponding oximino 
alcohol (2) and then to  study the Beclimann cleavage 
reaction using 2 as a substrate. Except for one ex- 
ample,s the selectivity of NaBH4 reductions of the keto 
function in a-oximino ketones has not been studied. 
Besides, there exists a possibility for syn-anti isomeriza- 
tion during such a reduction. Therefore, we examined 
the NaBH4 reduction of the syn and anti isomers of 
benzil monoximes since all the geometrical isomers of 
benzil monoximes and benzoin oximes are well known. 
The NaBH4 reduction was carried out in dilute aqueous 
S a O H  or in methanol at room temperature. It was 
observed that the reduction of the syn isomer proceeded 
at a considerably slower rate than that of the anti 
isomer, but, in both cases, the reduced products were 
obtained in high yield without any syn-anti isomeriza- 
tion detectable. 

Thus, the NaBH4 reduction of anti-3P-hydroxy-16- 
oximino-5-androsten-17-one (1) should afford only anti- 
3p,17P-dihydroxy-16-oximino-5-androstene (2). The 
17p orientation vias assumed on the  basis of the well- 
known stereochemical course of the NaBH4 reduction of 
17-keto group in steroids.I0 The Beclimann cleavage of 
2 using p-toluenesulfonyl chloride in pyridine a t  0” 
afforded in almost quantitative yield the unstable 
cyanoaldehyde (3), isolated as the 2,4-dinitrophenyl- 
hydrazone (4). In  addition to analytical and spectro- 
scopic data for the 2,4-dinitrophenylhydrazone (4), the 
structure of the primary fragmentation product 3 was 
proved by its unambiguous transformation to  the 
known lactone (6).11 

An analogous sequence of reactions was carried out in 
the camphor series. The anti-oximinocamphor (7) was 
prepared according to  the procedure of Claisen and 
Nanasse12 (the geometry of 7 was verified by the method 
used in the case of 1’). The NaBH4 reduction of 7 ac- 
cording to Chittenden and Cooper* yielded 8 (60%) 
where the exo configuration of the 2-hydroxyl group was 
assigned on the basis of nmr measurements.8 Although 
the authors did not discuss the geometrical isomerism of 
8, it seems that the anti configuration can be assumed 
on the basis of the KaBH4 reduction of the benzil 
monoximes. 

(5) J. S. Baran, J .  X e d .  Chem., 10, 1039 (1967). 
(6) F. H. Stodola, E. C. Kendall, and B. .McKenzie, J .  O r e .  Chem., 6, 841 

(1941). 
(7) A. Hassner and I. H. Pomerants, J .  Ore.  Chem., 27,  1760 (19621, 

A. Harsner, TV. A. Wentworth, and I. H. Pomerantz, abtd. ,  28, 304 (1963). 
(8) R. A. Chittinden and G. H Cooper, J .  Chen .  Sac. C, 49 (1970). 
(9) A. Vogel, “Practical Organic Chemistry,” Wiley, New York, N. Y . ,  

(10) L. F. Fieser and DI Fieser, “Steroids,” Reinhold, New York, N.  Y . ,  

(11) M, i5 Huffman, DI. H. Lott, and J. rlshmore. J .  A n e r .  Ohem. Soc., 

(12) L. Claisen and 0. Manasse, Justus Lzebags Ann. Chem., 214, 73 

1966, pp 720 and 958; see ref 3 as well. 

1959, pp 511-518 and references cited therein. 

TO, 4268 (1948), C. von Seeman and G. A Grant, zbzd.,  ‘72, 4073 (1950). 

(1893). 
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The Beclimann fragmentation of 8 proceeded ex- 
tremely easily. Boiling of 8 mith dilute HzS04 for 2 
min, in the presence of a slight excess of 2,4-dinitro- 
phenylhydrazine, afforded in quantitative yield the 
corresponding 2,4-dinitrophenylhydrazone (10). The 
unstable cyanoaldehyde 9 was reduced with NaBH4 
to the cyano alcohol 1113 which, however, could not be 
hydrolyzed to the known lactone. 

The facile formation of the cyano aldehydes 3 and 9 
as the only products indicates that the Becltmann fission 
of a-hydroxy oximes is a concerted process. It can be 
seen that the axis of the lone pair on the oxygen, the 
carbon-carbon bond to be broken and the bond between 
the nitrogen and the leaving group are all parallel, 
which is the required condition for concerted fragmenta- 
tion as was first pointed out by Grob.14 

Finally, it is interesting to  note that the a-hydroxy 
oximes 2 and 8 undergo the Beclimann fission in the 
vapor phase under the conditions of mass spectrometry. 
In  8 the most abundant peak is AI - 47, whereas in 
2, owing to the presence of the 30-hydroxyl group and 
the 5,6 double bond, the mass spectrum is more com- 
plex; the n1 - 47 peak is still of considerable intensity. 
In  both cases, however, the unusual -11 - 17 peaks are 
formed as a consequence of the fragmentation process. 

(13) The structures 2-11 were deduced on the basis of spectroscopic evi- 
dence and the satisfactory elemental analyses. 

(14) C .  K. Ingold, “Structure and Mechanism in Organic Chemistry,” 
Cornel1 University Press, Ithaca, N. Y . ,  1969, pp 712-718 and references cited 
therein. 
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Experimental Section 
The melting points are uncorrected. Optical rotations were 

determined with a Cary 60 spectropolarimeter in a 1.0-cm cell. 
The ir spectra were recorded in KBr pellets with a Perkin-Elmer 
infrared spectrophotometer, Model 257, and nmr spectra with a 
Varian T-60 spectrometer with tetramethylsilane as the internal 
standard. Chemical shifts (u) are expressed in parts per million. 
Mass spectra were recorded with a Varian CH-5 spectrometer. 

Sodium Borohydride Reduction of anti-Benzil Monoxime .-To 
an aqueous NaOH solution (20 ml of HzO; 0.5 g of NaOH, 12.5 
mmol) of anti-benzil monoximeQ (0.5 g, 2.2 mmol) sodium boro- 
hydride (0.1 g, 2.6 mmol) was added, and the reaction mixture 
was kept 12 hr at room temperature. After the solution was 
acidified with 2 A' sulfuric acid to pH 5, white crystals of the 
anti-benzoin oxime were collected, washed with water, and dried 
in vacuo. Recrystallization from benzene gave a pure sample 
(0.43 g; 85% yield; mp 152") which was identical (ir, nmr and 
mixture melting point) with independently synthesized anti- 
benzoin oxime.8 

Sodium Borohydride Reduction of syn-Benzil Monoxime .-An 
aqueous solution (20 ml of HzO) containing NaOH (0.5 g, 12.5 
mmol), NaBH4 (0.1 g, 2.6 mmol), and syn-benzil monoximeg 
(0.5 g, 2.2 mmol) was kept for 72 hr at room temperature (the 
reduction was followed by tlc using 4: 1 benzene-ethyl acetate as 
eluent). The reaction mixture was then acidified to pH 5 with 
2 N HzS04 and extracted with ether. In order to obtain the 
syn-benzoin oxime in a crystalline form, the method described by 
Werner' was used. The ether solution of noncrystalline syn- 
benzoin oxime was kept in a loosely covered beaker for several 
days at  room temperature. The separated crystals were col- 
lected, washed with 1: 1 ether-hexane, and dried at 50' in  vucuo 
(0.42 g; 83% yield; mp 99'). An authentic sample of syn- 
benzoin oxime, synthesized by Werner's method,l was identical 
(ir, nmr and mixture melting point) with the sample prepared by 
NaBH4 reduction of syn-benzil monoxime. 

3p, 17p-Dihydroxy- 16-oximino-5-androstene (2) .-An aqueous 
inethanolic solution (15 in1 of HzO and 45 ml of RIeOH) contain- 
ing 3~-hgdroxy-16-oximino-5-androsten-17-one (1)6J (1 .O g, 3.15 
mmol), KOH (0.5 g, 8.9 mmol), and NaBH4 (1.0 g, 26 mmol) 
was kept for 12 hr at room temperature (at the end of this time a 
portion of the reduction product separated out). Sulfuric acid 
(2 N )  was added t o  pH 5 and the reaction mixture was kept for 
several hours a t  room temperature in order to complete crystalli- 
zation. The crude 2 was collected and washed thoroughly with 
50% aqueous methanol. Recrystallization from methanol (120 
ml) afforded analytically pure 2: 0.75 g; 75'3, yield; mp 255- 
257" dec; [LyIz7D -80" (c 1.0 in Py); ir 3600-3050, 1635, 1080, 
1050, and 950 cm-I; nmr (Py-&): 0.97 (18 methyl), 1.02 (19 
methyl), 3.80 (3 a proton, m), 4.43 (17 a proton, s), and 5.40 
('2-6 olefinic proton, m); mass spectrum 319 (19, I[+), 301 
(38), 286 (34), 283 (28), 272 (52), 268 (43), 231 (33), and 105 
(100). 

Anal. Calcd for C19H29N03: C, 71.44; H,  9.15; W ,  4.39. 
Found: C, 71.56; H,  8.88; N,  4.29. 

3p-Hydroxy- 16,l'I-seco- 17-oxo-5-androsteno- 16-nitrile 2 ' ,4 '-Di- 
nitrophenylhydrazone (4) .-To a cold ( 0 " )  pyridine solution 
(20 ml) of 3P,17~-dihydroxy-l6-oximino-5-androstene (2) (1 .O g, 
3.1 mmol) a pyridine solution (5 ml) of p-toluenesulfonyl chloride 
(0.665 g, 3.5 mmol) was added dropwise over a period of 5-10 
min. The reaction mixture was kept at 0" for 12 hr and then 
poured into an excess of cold 2 A' HC1. The crude 16,17-seco- 
cyanoaldehyde 3 was extracted with CHC13. After drying and 
evaporating the chloroform extract, 3 remained in a form of 
foam: 0.89 g; ca. 957,; ir 3600, 3430, 2250, 1720, 1075, 1050, 
and 1025 em-'. The crude 3 was dissolved in ethanol (50 ml) 
and mixed a t  once with a solution of 2,4-dinitrophenylhydrazine 
(0.60 g, 3.5 mmol) in 20% HzS04 (25 ml). The fine yellow 
precipitate of the 2,4-dinitrophenylhydrazone (4) separated 
almost immediately upon mixing; this was filtered off, washed 
with water until neutral, and dried at 110' in vacuo (1.35 g; 
ca. 90% yield, calcd on basis of 2; mp 218-220'). The crude 4 
was recrystallized twice from benzene, giving an analytically 
pure sample: 1.20 g; 80% yield, mp 228-230"; [a] 27D +26" (c 
1.0 in CHCI,); ir 3600-3150, 3300, 3100,2245, 1620, 1580, 1340, 
1310, 1135, 1055, 840, 830, and 740 em-'; nmr (in Py-&) 1.00 
(19 methyl), 1.33 (18 methyl), 3.80 (301 proton, m), 5.40 ((3-6 
olefinic proton, m), 7.83 (C-17 aldehydic proton, s), 8.07 (C-6' 
proton, d, Jv,~' = 10 Hz), 8.42 ((3-5' proton, d ,  J j , , 6 ,  = 10 Hz), 
and 9.01 (C-3' proton, s); mass spectrum 481 (5, &I+). 
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Anal. Calcd for C2jH31N50~: C, 62.35; H ,  6.49; N,  14.55. 
Found: 

3p, 17p-Dihydroxy-16,17-seco-5-androsteno-16-nitrile (5) .-The 
crude 3p-hydroxy-l6,17-seco-16-oxo-5-androsteno-l6-nitrile (3) 
(0.9 g) obtained as described in the preceding preparation was 
dissolved in methanol (30 ml). NaBHa (1.0 g) was added por- 
tionwise to this solution at room temperature, and after 30 min, 
the reaction mixture was poured into cold 2 N HC1. The 
precipitate was filtered off, washed with water, and dried in 
vacuo at  100' (0.83 g; 87% yield based on 2; mp 160"). Re- 
crystallization from benzene or methylene chloride-hexane af- 
fordedpure.5: mp188"; [ a ] 2 7 D  -70" (c 1.0 in CHCb); ir 3600- 
3300, 2250, and 1050 cm-l; nmr (Py-cis) 1.02 (18 methyl), 1.05 
(19 methyl), 3.5 and 3.7 ((3-17 protons, AB system, JAB = 10 
Hz), 3.6 (301 proton, m), 5.4 (C-6 olefinic proton, m); mass 
spectrum 303 (13, >I+), 285 (19), 270 (21), 245 (27), 159 (19), 
145 (26), 105 (45), 91 (60) and31 (100). 

Anal. Calcd for C19HdO2: C, 75.20; H,  9.63; Tu', 4.62. 
Found: C, 75.09; H,  9.52; N, 4.57. 

Lactone of 3p, 17p-Dihydroxy-16,17-seco-androsten- 16-oic Acid 
(6).-A methanolic solution (10 ml) containing 3p,17p-dihydroxy- 
16,17-seco-5-androsteno-16-nitrile ( 5 )  (100 mg, 0.33 mmol) and 
KOH (200 mg, 3.5 mmol) was refluxed for 2 hr, and, after cooling, 
the solution was acidified with 2 N HC1. The crude lactone (6) 
was filtered, washed with water, and dried a t  50" in vacuo (92 
mg; 927, yield; mp 203"). Recrystallization from benzene or 
methylene chloride-hexane afforded pure 6 (mp 207", [Ol]"D 

492.6"; this is in an excellent agreement with the reported 
data"). 
2-0~0-3-cyano-2,3-seco-bornane 2',4'-Dinitrophenylhydrazone 

(10).-anti-3-0ximinocamphor (7)'2P (1 .0 g, 6 mmol) and Na- 
BH4 (1.0 g, 26 mmol) were dissolved in water (100 ml) and the 
solution was kept for 6 hr at room temperature. During this 
time formation and crystallization of 2-em-hydroxy-3-oximino- 
bornane (8)8J6 was completed. The crude 8 was recrystallized 
from petroleum ether (bp 70-100°, 70 ml) affording a pure 
sample (0.605 g; 607, yield; mp 156' in accordance with re- 
ported datas). 
anti-2-ezo-Hydroxy-3-oximinobornane (8) (1 3 3  g, 10 mmol) 

was heated for 2 min at 80-100" with dilute sulfuric acid (20 ml; 
4: 1 v/v HzO-HZSO~); an oily fragmentation product (9) sepa- 
rated from the hot solution. Upon cooling in an ice bath a semi- 
crystalline solid (1.60 g; ca. 95% yield; ir 2800, 2700, 2220, and 
1715 cm-l) was recovered. The crude 9 was dissolved in 
methanol (50 ml) and mixed with a solution of 2,4-dinitrophenyl- 
hydrazine (2.18 g; 11 mmol) in 20% HzS04 (25 ml). The yellow 
precipitate was filtered, washed with water, and dried at 50" in  
vacuo (3.40 g; 98% yield; mp 182-185').'' Recrystallization 
from methylene chloride-hexane afforded the analytical sample: 
mp 194-196'; 88% yield; [ a ] %  +35" (c 1.0, CHC1,); ir 3280, 
3260, 3110, 2240, 1615, 1585, 1510, 1330, 1140, 1070, 835, 830, 
and 740 em-'; nnir (CDC13) 1.13 (2 methyl groups), 1.16 (1 
methyl group), ca. 3.0 (CHCX, m), 11.10 (KH, broad), 9.01 (C- 
3' proton, d, J 3 t . 5 '  = 2.4 Hz), 8.36, C-5' proton, two doublets, 
J ~ , , F , ,  = 2.4 Hz, Jjt.6' = 10 Hz), 7.95 (C-6' proton, d, J5',6' = 10 
Hz), and 7.6 (C-2 aldehydic proton, s). 

Anal. Calcd for CleHls?rT604: C, 55.64; H, 5.55;  X, 20.28. 
Found: C, 55.66; H, 5.55; Tu', 20.29. 

2-Hydroxy-3-cyano-2,3-seco-bornane (1 l).-The crude 9 (1.60 
g), obtained as described above, and NaBHa (1.0 g) were dis- 
solved in methanol (50 ml). After standing for 2 hr a t  room 
temperature, the reaction mixture was acidified with 2 A7 HC1, 
diluted with water (200 ml), and extracted with ether. After 
drying and evaporating the ether extract, the residue was re- 
crystallized several times from hexane: mp 140"; 1.25 g; 80% 
yield; [a]zO~ $84" (c 1.0, CHC13); ir 3600-3300, 2240, 1460, 
1380, 1050, and 1030 em-'; ninr (CDC13) 0.97 (1 methyl group), 

C, 62.44; H,  6.60; N,  14.46. 

(15) The mixture of sun- and anti-3-oximinocamphor prepared aacording 
to  Claisen and hlanasse'z was converted almost colnpletely into only anti 
isomer by boiling the mixture for several hours with water. 

(16) This presents a considerable simplification over the procedure of 
Chittinden, et aZ.8 183 (4.4, M t ) ,  166 (29),  136 ( loo) ,  
122 (401, 109 (94), and 95 (98). 

(17) 2,4-Dinitrophenylhydrazone 10 can be prepared in a simpler way: 
boiling of 8 with dilute &SOa in the presence of a slight molar excess Of 2,4- 
dinitrophenylhydrazine. An almost quantitative yield of compound 10 
was obtained. 

Mass spectrum of 8: 
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1.07 (2 methyl groups), ca. 3.0 (CHCN, m), 3.60 (CKOH,  

Found: C, 71.70; H, 10.15; N, 8.44. 8. 

Registry No.-1, 40962-87-6; 2, 40962-88-7; 3, 40962-89-8; 

Anal. Calcd. for CIOEII~NO: C, 71.81; H, 10.25; X, 8.38. 8, 32231-98-4; 9, 40962-966; 10, 40962-96-7; 11, 40962-97- 
broad s) .  4, 40962-90-1; 5, 40962-91-2; 6, 40962-92-3; 7, 13854-87-0; 
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An investigation of the reactions in aprotic solvents of propynyllithium and propynylsodium is reported. Op- 
timum conditions for the formation of 1-(1-propynyl)cyclohexanol, 91% yield, and 2-butynoic acid, 87% yield, 
are given. A number of other reagents reacted with these two propynyl alkali metal compounds in good to high 
yield. The coupling of these compounds with alkyl halides was studied in a number of solvents. 

Considerablc literature exists describing the optimum 
conditions for the reaction of alkali metal acetylides 
(HC 4 2 4 )  with organic compounds in aprotic solvents, 
but there are few such references delineating preferred 
reaction conditions for propynyl alkali (CHsC d X ) ,  
and higher alkynyl alkali metal (RC AX) compounds 
in aprotic solvents. The optimum reaction conditions 
for lithium or sodium acetylide with organic com- 
pounds should not necessarily correspond to the higher 
alkynyl alkali metal compounds because of the greater 
basicity of the substituted acetylenic anions and poten- 
tial solubility differences. This paper reports a study 
of the optimization of reaction conditions for propynyl- 
lithium and propynylsodium with cyclohexanone and 
carbon dioxide in aprotic solvents. A number of other 
organic compounds also reacted with these two com- 
pounds. An optimization study of the reaction of n- 
butyllithium with ketones has recently been published 
in which the higher rcactivity observed of the alkyl 
anion contrasts with the greatly reduced reactivity of 
the alkynyl anion in this study.’ 

Propynyllithium and propynylsodium may be pre- 
pared from the corresponding metal and propyne in 
liquid ammonia or other solvents, by the reaction of an 
organometallic and propyne, and by the reaction of 
lithium or sodium hydride with dimethyl sulfoxide 
(DMSO) with subsequent addition of propyne.2 These 
references also include examples of specific reactions of 
propynyl alkali compounds. Propynyllithium and 
propynylsodium arc nonpyrophoric, white to off -white 
powders rapidly decomposed by air and moisture, and 
are insoluble in hydrocarbon solvents, diethyl ether, 
l12-dimethoxyethane and tetrahydrofuran (THF).3~4 
These two compounds are soluble in DMSO, but the 
metalation of the DMSO is a competing reaction 
(eq l).2c In fact, this equilibrium appears to be 
CH&=CM + CHsSOCHa + 

CH3SOCHAl + CH~CSCH (1) 

(1) J. D. Buhler, J .  OTV. Chem., 38, 904 (1973). 
(2) (a) D. Tarrant, J. Savoy, and E. S. Iglehart, J .  Ore. Chem., 29, 

2009 (1964); (b) E. A. Braude and J. 8. Coles, J. Chem. Sac., 2078 (1951); 
( 0 )  J. Kriz, M. J. Benes, and J. Peska, CoZZect. Czech. Chem. Commun., 32, 398 
(1967); (d) 0. F. Beumel, Jr., and W. N. Smith, Jr., U. S. Patent 3,410,918 
(1968); ( e )  IC. J. Corey and K. A. Kirst, Tetrahedron Lett., 5041 (1968); 
( f )  H. F. Eriff, et aZ., . I .  Organometal. Chenb., 16, 247 (1968); ( g )  B. C. Pant,  
W. E. Davidsohn, and M. C. Henry, J .  OrganometaL. Chem., 16, 413 (1969); 
(h) Hoffman-La Roche and Co., A. G., British Patent 839,105 (1960). 

(3) G. M. Whitesides and W. J. Ehman, J .  Amer.  Chem. Soc., 91, 3800 
(1969). 

(4) Solubility in T H F  with 1 mol of LiBr present is 0.05 X. 
(5) E. J. Corey and M. Chaykovsky, J .  Amer.  Chem. Soc., 86, 3054(1963). 

general and favors the dimsyl anion for all alkynes 
higher than acetylene itself. N,N-Dimethylacetamide 
was slowly attacked by propynyllithium when it was 
used as the reaction solvent. Therefore, this study 
focused on the use of the nonreactive solvents, THF, 
diethyl ether, and hydrocarbons. 

Results and Discussion 

Optimization of Reaction Conditions for Cyclo- 
hexanone. -A commonly used reaction of acetylenic 
alkali metal compounds is the reaction with ketones to 
form tertiary alcohols.6 Cyclohexanone which is 
sensitive to  enolization side reactions was selected as a 
modcl ketone to determine the optimum conditions and 
important factors for the reaction of propynyllithium 
and propynylsodium with ketones (eq 2). 

0 -+ H& - CH,C=C 9 + MOH 

M = Li, Na 
OH (2) 

0- CH3C=CM + 

The results of this study are summarized in Table I. 
Solvent and temperature were found to be the most 
critical factors in obtaining a good yield of the tertiary 
alkynyl alcohol from cyclohexanone. An explaaation 
for the higher yields obtained in T H F  than in diethyl 
ether or benzene may be a greater “incipient” solubility 
of the propynyllithium and/or the lithium salt of the 
product. The presence of ethylenediamine (EDA) 
increased the yields greatly in diethyl ether and slightly 
in THF, probably owing to the incrrased solubility of 
the propynyllithium-EDA complex. [The (CH,C= 
CLi)2-EDA complex has been isolated.]’ The effect 
of the EDA is almost catalytic considering the first 
0.1 mol gives the greatest increase in yield and there 
is no benefit above 0.5 mol. The dramatic effect of 
temperature may also be due to  a slightly increased ‘‘in- 
cipient” solubility of the propynyllithium or the salt 
of the reaction product. Competing side reactions 
become a problem over 4045”  so that this is the opti- 
mum temperature range for cyclohexanone. The addi- 
tion of lithium bromide to suppress the amount of 
enolization and increase the solubility of the propynyl- 

(6) (a) 0. F. Beurnel, Jr., and R. F. Harris, J .  Ore. Chem., 29, 1872 
(1964); (b) K. R. Martin, C. W. Kamienski, M. H. Dellinger, and R. 0. 
Bach, J. Org. Chem., 33, 778 (1968). 

(7) 0. F. Beumel, Jr., unpublished work. 


