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results are obtained with acyl fluorides-BF;.*

The unusual regioselectivity presented here is specific
for the acyl fluoride-BF; system. Acyl fluorides—AlCl; gave
product mixtures very similar to those obtained with acyl
chlorides—AlCl,, whereas acyl chlorides-BF; did not give
any acylations. Even though the reasons for the selectivity
are unclear, this chemistry offers, for the first time, a
method by which a variety of 3-substituted acenaphthenes
and 2,6-disubstituted naphthalenes can easily be made.5$
We recommend that use of the acyl fluoride-BF; reagent
be considered whenever it is necessary to modify the iso-
mer distribution of products from a Friedel-Crafts reac-
tion.

Experimental Section

General Methods. Melting and boiling points are uncorrected.
IR spectra were taken on a Perkin-Elmer Model 137 spectro-
photometer. 'H NMR spectra were obtained with Varian EM-360
and JEOLCO MH-100 spectrometers and are reported in parts
per million (8) from internal tetramethylsilane, and coupling
constants (J) are given in hertz. Mass spectra were recorded with
a VG ZAB mass spectrometer in the field-desorption mode. Acyl
fluorides were prepared according to Olah and Kuhn.’

General Procedure for Acylations. The following procedure
for 3-isobutyrylacenaphthene is typical of all the acylations re-
ported in Tables I and II. A solution of 0.020 mol of 1 and 0.025
mol of isobutyryl fluoride’ in 100 mL of CH,Cl, was treated with
dry BF; at 0-10 °C for 1 h, warmed to 25 °C, and quenched with
water, and the organic phase was dried and stripped to give an
oily 15:85 mixture of 2a and 3a (VPC). Recrystallization from
hexane—ether gave 3.1 g (65%) pure 3a: mp 75-76 °C; mass
spectrum, m/e 224; NMR (CDCly) 6 7.95 (d, J = 8,1 H), 7.3-7.75
(m,4 H), 3.2-3.9 (m, 5 H), 1.25 (d, J = 7, 6 H). Anal. Calcd: C,
85.7; H, 7.19. Found: C, 85.5; H, 7.09.

3-Decanoylacenaphthene (3b) was obtained in 48% yield
by fractional crystallization (ethanol) of the crude acenaphth-
ene—decanoyl fluoride product and had the following: mp 43-44
°C; IR (melt) 5.95, 6.82, 7.49, 11.93, 13.2 um; NMR (CDCl,) é 7.95
(d,J =8,1H),7.3-7.8 (m, 4 H), 2.8-3.8 (m, 6 H), 0.8-2.2 (m, 17
H); mass spectrum, m/e 308 (caled 308). Anal. Caled. for CooHyg0:
C, 85.7; H, 9.14. Found: C, 85.7; H, 9.24.

3-Acetylacenaphthene (3c) was purified by recrystallization
from methanol and had the following: mp 103-105 °C (lit.d mp
103-104 °C); NMR (CDCly) 6 7.9 (d, J = 8,1 H), 7.2-7.7 (m, 4
H), 3.2-3.7 (m, 4 H), 2.67 (s, 3 H); mass spectrum m/e 196 (calcd
196).

3-(p-Toluyl)acenaphthene (3d): mp 92-94 °C (CH;0H); IR
(mull) 6.00, 6.19, 7.76, 7.88, 8.42, 8.61, 11.71, 13.16 um; NMR
(CDCl,) 6 7.8 (d, J = 8,1 H), 7.3-7.6 (m, 8 H), 3.4-3.7 (m, 4 H),
2.52 (s, 3 H); mass spectrum, m/e 272 (caled 272). Anal. Calcd
for C50H,60: C, 88.2; H, 5.92. Found: C, 88.1; H, 5.87.

2-Isobutyryl-6-methylnaphthalene (5a): bp 140-150 °C (1.5
mm); IR (neat film) 5.983, 6.10, 7.20, 8.13, 8.34, 8.61, 8.86, 10.08,
12.40 um; NMR (CDCly) 6 8.43 (br s, 1 H), 7.2-8.0 (m, 5 H), 3.66
(septet, J = 7, 1 H), 2.60 (s, 3 H), 1.27 (d, J = 7, 6 H); mass
spectrum, m/e 212 (caled 212). Anal. Caled for CysH,40: C, 84.8;
H, 7.58. Found: C, 84.6; H, 7.60.

(4) Reactions of acyl fluorides-BF; with some other polycyclic aro-
matic compounds were briefly examined. Phenanthrene reacted with
isobutyry! fluoride-BF; to give two products (VPC, 67:33 ratio); a com-
parison reaction using isobutyryl chloride~AlCl; gave four of the five
possible products (VPC 2:24:57:16; the last two identical with those from
the fluoride reaction; VPC-MS showed that only monoacyl phenan-
threnes were present). With anthracene as the substrate, isobutyryl
chloride—-AlCl; gave a single product, whereas isobutyryl fluoride-BF,
suprisingly led to a mixture of all three possible products (VPC 8:30:62).
In these cases, isomer separation and regiochemical assignments were not
undertaken.

(5) Good regiochemistry can also be achieved by reacting acyl chlorides
with anhydrous HF to generate acyl fluorides in situ, followed by the
addition of BF; and an aromatic substrate. In the case of 2-methyl-
naphthalene with isobutyryl chloride in HF, followed by BF; addition,
5a was obtained in 80% yield.

(6) Control experiments showed that the reaction products do not
isomerize under the reaction conditions.

(7) Olah, G.; Kuhn, S. J. Org. Chem. 1961, 26, 237.

2-Decanoyl-6-methylnaphthalene (5b): mp 54-56 °C (eth-
anol); IR (mull) 5.96, 8.40, 11.29, 12.12, 13.47, 13.90 um; NMR
(CDCly) 4 8.44 (br s, 1 H), 7.16-8.1 (m, 5 H), 3.10 (t,J = 7, 2 H),
2.56 (s, 3 H), 0.8-2.1 (m, 17 H); mass spectrum m/e 296 (caled
296). Anal. Caled for CoiHosO: C, 85.1; H, 9.51. Found: C, 84.8;
H, 9.61.

2-Acetyl-6-methylnaphthalene (5¢): mp 66-68 °C (etha-
nol-hexane) (lit.® mp 66.5 °C); NMR (CDCl,) 6 8.41 (brs, 1 H),
7.2-8.1 (m, 5 H), 2.70 (s, 3 H), 2.52 (s, 3 H).

2-Propionyl-6-methylnaphthalene (5d): mp 60-62 °C
(hexane); IR (mull) 5.91, 8.38, 8.83, 10.5, 11.1, 12.2 um; NMR
(CDCl;) 6 8.40 (br s, 1 H), 7.2-8.1 (m, 5 H), 3.00 (q, J = 6.5, 2
H), 2.41 (s, 3 H), 1.19 (t, J = 6.5, 3 H); mass spectrum, m/e 198
(caled 198). Anal. Caled for C4H;,0: C, 84.8; H, 7.11. Found:
C, 84.5; H, 7.03.
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Cationic ring opening reactions of cyclopropane deriv-
atives have been the focus of many studies,? but nonca-
tionic ring opening by nucleophiles has received only
cursory attention. The latter process would be attractive
since acid-sensitive substrates and nucleophiles, particu-
larly carbanionic nucleophiles, could be utilized. An ex-
ample that has found synthetic use involves attack by
cuprates or amines on diethyl 1,1-cyclopropanedi-
carboxylate derivatives, 1, to give products such as 2.2

COE!
CO-Et
<< + n-BueCuli —= »-BJ CO2E!
COzEt
2
1

(1) Presented, in part, at the following: the 12th Northeast Regional
Meeting of the American Chemical Society, Burlington, VT, June 1982,
ORGN 186 (Hrubiec, R. T.; Smith, M. B.); the 13th Northeast Regional
Meeting of the American Chemical Society, Hartford, CT, June 1983,
ORGN 149 (Hrubiec, R. T.; Smith, M. B.).

(2) (a) Julia, M.; Mouzin, G.; Descoins, C. C. R. Hebd. Seances Acad.
Sci. 1967, 264, 330. (b) Brady, S. F.; Ilton, M. A,; Johnson, W. S. J. Am.
Chem. Soc. 1968, 90, 2882.
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Table I. Reaction of 1-Cyclopropyl-1-haloethane (6)
with Lithium Dialkylcuprates 7

R
X

SV ~ + RpCuli Ll R/\//LL“ * D)\

6 7 8 9
R time,h % 8(E/Z)?® % 9°

6a n-Bu® 4.5 80(2:1) 0b
(X =Br) n-hexyl® 4.0 71(4.5:1) ob

CHd.,d 7.0 43(5:1) 38

Ph 3.0 43(5:1) 23

t-Bu® 0.5 10

6b n-Bu¢ 96.5 35(1.4:1) 0’;

(X=Cl) n-hexyl® 72.0 63(3.6:1) 0

CH, 32.0 30(4:1) 58

Ph 91.5 22(1.8:1) 49

¢ Yields via VPC on a 20-ft, 20% SE-30/Chromoworb W
column, utilizing the following internal standards:
undecane for 8a, (Z)-2-nonene for 8b, n-heptane for 8¢/9c,
and n-butylbenzene for 8d/9d. b Undetectable by *H
NMR and VPC. ¢ Temperature of reaction, —20 °C.

d Temperature of reaction, 25 °C. € Temperature of
reaction, -78 °C. [ Tentative identification based on
VPC/MS analysis.

Since both electron-withdrawing groups must be on the
cyclopropane ring and the plane of the ring must be or-
thogonal to both carbonyl moieties for optimum reactiv-
ity,® this process is limited in scope. A substrate with
pedant functionality allowing ring opening but without the
requirement of two electron-withdrawing groups would be
an interesting as well as useful moiety. Cyclopropyl-
carbinyl halides appeared to be such a substrate. Facile
expulsion of the halide, assisted by the cyclopropane ring,
with concomitant nucleophilic attack on the ring, would
give the desired homoallylic substitution product. The
viability of this concept was demonstrated by Posner when
1-cyclopropylethyl tosylate (3) reacted with lithium di-n-
butylcuprate (7a) to give (E)-2-nonene (4) in 49% yield,
as well as 23% of (E)-1,3-pentadiene (5).* We can now

OTs
5 n-BupCuli
; 7 5'22()5':’%_ n-BuM\ + //__\\_
yS
4 5
3

report that cyclopropylcarbinyl halides such as 6 also un-
dergo reaction with 7a to give (E)-2 and (Z)-2 in 80% yield
but with no trace of the elimination product 5. We have
also examined the reactivity of 1-bromo-1-cyclopropyl-
ethane (6a) and 1-chloro-1-cyclopropylethane (6b) with a
variety of organocuprates. These results are summarized

X

2 n-BupCuli 4
—_—
Et O, 20 °C
4h

6a, X = Br
b, X =Cl
in Table I and clearly indicate important differences in
reactivity between 3 and 6, as well as different product
distributions that apparently depend upon the reactivity
of the organocuprate.

(3) (a) Danishefsky, S.; Singh, R. K. J. Am. Chem. Soc. 1975, 97, 3239.
(b) Daviaud, G.; Miginiac, Ph. Tetrahedron Lett. 1972, 997. (c) Grieco,
P. A,; Finkelhor, R. J. Org. Chem. 1973, 38, 2100. (d) Stewart, J. M.;
Westberg, H. H. Ibid. 1965, 30, 1951. (e) Corey, E. J.; Fuchs, P. L. J. Am.
Chem. Soc. 1972, 94, 4014.

(4) (a) Posner, G. H.; Ting, J.-S.; Lentz, C. M. Tetrahedron 1976, 32,
2281. (b) Posner, G. H.; Ting, J.-S. Tetrahedron Lett. 1974, 683.

Notes

The requisite halides, 6a and 6b, were obtained by
treatment of 1-cyclopropyl-1-ethanol with bromine/tri-
phenylphosphine in dimethylformamide or hexachloro-
acetone/triphenylphosphine, respectively, by methods we
have previously reported.® The reaction of 6 with orga-
nocuprates was found to be facile and produced good yields
of substitution products. As previously noted, reaction of
6a with 7a, followed by quenching with water, afforded
80% of 2-nonene (8a). We were unable to detect the

RM R

6 + RoCuli — +
7a, R = n-Bu 8a, R = n-Bu V/k
b, R = n-hexyl b, R = n-hexyl
¢, R =Me ¢, R =Me 9a, R = n-Bu
d,R=Ph d, R =Ph b, R = n-hexyl
e, R = ¢Bu e, R = t-Bu ¢, R =Me
d, R =Ph

presence of 2-cyclopropylhexane (9a), the direct substi-
tution product. In an analogous manner, lithium di-n-
hexylcuprate (7b) reacted with 6a to give 2-undecene (8b)
in 71% yield with no trace of 2-cyclopropyloctane (9b).
When 6a was allowed to react with lithium dimethyl-
cuprate (7¢) or lithium diphenylcuprate (7d), only 43%
of 2-hexene (8¢) and 43% of 5-phenyl-2-pentene (8d), as
well as 39% of 2-cyclopropylpropane (9¢) and 23% of
1-cyclopropyl-1-phenylethane (9d), respectively, were ob-
tained. This mixture of homoallylic and direct substitution
products from 7¢ and 7d stand in contrast to the homo-
allylic substitution product formed exclusively from 7a and
7b. We did not detect the presence of the elimination
product, 5, in any of these reactions. As shown in Table
I, 8a—d were obtained as a mixture of E and Z isomers,
with the E isomer predominating.

We also carried out the reaction of 6a with lithium di-
tert-butylcuprate (7e). Although this reaction was more
facile than those with 7a—d, the formation of a multitude
of unidentifiable reaction products with only 10% of what
appeared to be 6,6-dimethyl-2-heptene (8e)® rendered the
reaction unsatisfactory. Organocuprate 7e gives poor yields
of substitution products upon reaction with simple alkyl
halides,” due primarily to the instability of 7e. In all cases,
the success of the reaction was strongly dependent upon
the stability of 7, which is a function of the reaction tem-
perature.? Temperature control was especially important
in reactions with 6b, which required longer reaction times
and tended to give somewhat lower yields of 8 and/or 9.
This is consistent with the reported poorer reactivity of
chlorides with organocuprates, as compared to the corre-
sponding bromides,’ but this may also be a function of the
decomposition of the organocuprate. Although elimination
and reduction processes have been observed in the de-
composition of organocuprates,? we were unable to detect
the presence of any such products from 6a or 6b. The
failure of 6 to produce 5 leads to the conclusion that, in
contrast to tosylate 3, elimination is not an important
pathway in reactions with cyclopropylcarbinyl halides. It

(5) Hrubiec, R. T'; Smith, M. B. Synth. Commun. 1988, 13, 593.

(8) Identification is tentative, based upon VPC/MS analysis only. See:
Chel'tsova, M. A.; Chernyskev, E. A.; Petrov, A. D. Izv. Akad. Nauk.
SSSR, Otd. Khim. Nauk. 1955, 522.

(7) Whitesides, G. M. J. Am. Chem. Soc. 1969, 91, 4871.

(8) (a) Posner, G. H. “An Introduction to Synthesis Using Organo-
copper Reagents”; Wiley: New York, 1980. (b) Posner, G. H. Org. React.
1975, 22, 253. (c) Normant, J. F, Synthesis 1972, 63. (d) Whitesides, G.
M.,; Fisher, W. F., Jr.; San Filippo, J., Jr.; Bashe, R. W,; House, H. O. J.
Am. Chem. Soc. 1969, 91, 4871. (e) Johnson, C. R.; Dutra, G. A. Ibid.
1978, 95, 7777, 7783. (f) House, H. O.; Umen, M. J. Ibid. 1972, 94, 5495.

(9) (a) Corey, E. J.; Posner, G. H. J. Am. Chem. Soc. 1967, 89, 3911.
(b) Ashby, E. C.; Lin, J. J. J. Org. Chem. 1977, 42, 2805. (c) Ashby, E.
C.; Lin, J. J.; Watkins, J. J. Ibid. 1977, 42, 1099. See also ref 10c.



Notes

is also interesting to note that reaction of the chloride 6b
with 7c¢ or 7d gave increased amounts of 9, relative to
identical reactions with the bromide 6a, which gave pri-
marily 8.

In general, reaction of organocuprates with 6a was more
facile than with 3, proceeding at lower temperatures, with
shorter reaction times, and requiring fewer equivalents of
organocuprate. The yield of 2-nonene from reaction of 6
with 7a was higher than that from 3 but exhibited reduced
stereoselectivity. Further, the chloride 6b was less reactive
than the bromide 6a in each case, although the product
distribution remained essentially unchanged. We noted
that highly reactive organocuprates!® such as 7a and 7b
reacted with 6 to give, exclusively, the homoallylic sub-
stitution product 8. Less reactive organocuprates!® such
as 7Tc and 7d gave a mixture of both 8 and 9. We also
determined the order of reactivity of 7 with 6 to be tert-
butyl > n-butyl ~ n-hexyl > phenyl > methyl, the same
as that observed for reactions of organocuprates with
simple alkyl halides.'® Halide 6 reacts with 7 much faster
than the normally sluggish reaction exhibited by many
secondary halides.®!° This enhancement is undoubtedly
due to the presence of the cyclopropane ring.!! Although
the reaction gives products that are analogous to the
homoallylic analogue of the well-known Sy2’ reaction of
allylic halides,'? the mechanism for the reaction of 6 has
not been determined. Posner has suggested that tosylate
3 reacts via direct displacement of the tosyl group, by
cuprate, to generate either a copper(II) radical complex
or a cuprate(I) cationic complex as an intermediate.! Facile
rearrangement of this intermediate and oxidative coupling
gave 2-nonene.* This scheme should apply, generally, to
reactions of 6 with organocuprates and clearly implies that
Sn2’, as applied to allylic systems, is probably not an ap-
propriate mechanistic description. Further study is re-
quired, however, to understand the stereochemical and
mechanistic details of this reaction as well as the scope of
the process with other 1-cyclopropyl-1-haloalkanes.

Experimental Section

All reactions were carried out under an argon atmosphere with
all glassware flame dried immediately prior to use. The diethyl
ether was distilled from sodium/benzophenone (argon atmo-
sphere). The '"H NMR spectra were recorded on a Varian EM-360
instrument at 60 MHz or on a Bruker-90 FT instrument at 90
MHz, downfield from tetramethylsilane. The mass spectra were
recorded on an AE] MS-9 mass spectrometer or on an HP 5987
VPC/MS instrument, utilizing a 30-m, SE-54 capillary column.
The qualitative and quantitative VPC work was accomplished
on a Perkin-Elmer 3920-B gas chromatograph, using a 5.9-m, 20%
SE-30/Chromosorb W column. Lithium metal, n-butyllithium,
methyllithium, and phenyllithium were obtained from Alfa, The
n-hexyllithium was prepared by the methods of Cope and von
E. Doering.!® All alkyllithium solutions were standardized prior
to use with diphenylacetic acid by the method of Kofron and
Baclawski* The copper(I) bromide was prepared by the methods

(10) (a) Mandeville, W. H.; Whitesides, G. M. J. Org. Chem. 1974, 39,
400. (b) House, H. O.; Wilkins, J. M. Ibid. 1978, 43, 2443. (c) Corey, E.
J.; Posner, G. H. J. Am. Chem. Soc. 1968, 90, 5615. (d) Corey, E. J.;
Katzenellenbogen, J. A.; Posner, G. A. Ibid. 1967, 89, 4245,

(11) Nesmeyanova, U. A.; Lukina, M. Yu.; Kazanskii, B. A. Dokl.
Akad. Nauk., SSSR 1963, 153, 114, 357. See also ref 2.

(12) (a) Magid, R. M., Tetrahedron 1980, 36, 1901. (b) DeWolfe, R
H.; Young, W. Chem. Rev. 1956, 56, 753. (c) Fry, A. Pure Appl. Chem.
1964, 8, 409. (d) Dittmer, D. C.; Marcentonio, A. F. J. Org. Chem. 1964,
86, 5621. (e) Bordwell, F. G.; Schexnayde, P. A. J. Org. Chem. 1968, 33,
3233, 3236, 3240. (f) Bordwell, F. G. Acc. Chem. Res. 1970, 3, 281. (g)
Kepner, R. E.; Winstein, S.; Young, W. G. J. Am. Chem. Soc. 1949, 71,
115. (h) Young, W. G.; Webb, L. D.; Goering, H. L. Ibid. 1951, 73, 1976.

(13) (a) Cope, A. C.; Hardy, E. M. J. Am. Chem. Soc. 1940, 62, 441,
(b) Von E. Doering, W.; Roth, W. R. Tetrahedron 1962, 18, 67.

(14) Kofron, W. G.; Baclawski, L. M. J. Org. Chem. 1976, 41, 1879.
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of Corey and Kende.!®* The 1-cyclopropyl-1-ethanol, n-butyl-
benzene, diphenylacetic acid, copper sulfate pentahydrate, and
1-bromohexane were obtained from Aldrich. (E)-2-Nonene,
(Z)-2-nonene, and (E)-2-hexene were obtained from FMI Chem-
icals.

General Procedures for Reaction of 6 with Lithium Di-
alkylcuprates 7. Addition of 6.7 mmol of the appropriate al-
kyllithium!® to a suspension of 0.48 g (3.36 mmol) of freshly
prepared copper(I) bromide!® in dry ether, at ~78 °C, was followed
by warming the dark solution to -40 °C for 10-20 min and then
to —20 °C for 7a and 7b or 25 °C for 7c and 7d. This solution
was treated with an ether soution of either 0.25 g (1.68 mmol)
of 1-bromo-1-cyclopropylethane (6a) or 0.176 g (1.68 mmol) of
1-chloro-1-cyclopropylethane (6b), dropwise, at the indicated
temperature. After the indicated reaction time, the solution was
quenched with 4 mL of water and filtered through a Celite pad.
The ether layer was separated and dried (MgSO,), and solvents
were removed by careful distillation through a 15-cm Vigreux
column. Analysis was accomplished by VPC, VPC/MS, and 'H
NMR.

Reaction of Lithium Di-n-butylcuprate (7a). (a) With 6a.
Addition of 6a to a solution of 7a and reaction at —20 °C for 4.5
h gave, after workup, a colorless oil that contained 2-nonene (8a):
'H NMR (CDCly) 5 0.90 (dist t, 3 H), 1.15-1.60 (m, 8 H), 1.59 (d,
3 H), 1.70-2.1 (m, 2 H), 5.23-5.68 (m, 2 H, CH=CH); mass
spectrum, m/z (relative intensity) 126 (45, M*.), 55 (100, M*. —
CsH,y), 56 (45, M*. -~ C;Hy,) and 97 (20), 84 (18), 83 (18), 70 (40),
69 (37), 43 (25), 41 (30).

Analysis by VPC with undecane as an internal standard in-
dicated the oil contained 0.17 g (1.35 mmol) of 8a (80%). Com-
parison with authentic (E)-2-nonene and (Z)-2-nonene indicated
a 2:1 mixture of (E)-8a/(Z)-8a.

(b) With 6b. Addition of 6b to a solution of 7a and reaction
at —20 °C for 96.5 h gave, after workup, a colorless oil. Analysis
by VPC with undecane as an internal standard indicated 0.073
g (0.58 mmol) of a 1.5:1 mixture of (E)-8a/(Z)-8a (356%).

Reaction of Lithium Di-n-hexylcuprate. (a) With 6a.
Addition of 6a to a solution of 7b and reaction at —20 °C for 4
h gave, after workup, a colorless oil that contained 2-undecene
(8b): *H NMR (CDCly) ¢ 0.9 (dist t, 3 H), 1.15-1.70 (m, 12 H),
1.61 (d, 3 H), 1.70-2.24 (m, 2 H), 5.21-5.65 (m, 2 H, CH=CH);
mass spectrum, m/z (relative intensity) 154 (37, M*.), 55 (100,

- C;Hy3), 56 (70, M*- - C;H,,) and 111 (18), 98 (15), 97 (38),
83 (40), 70 (68), 69 (68), 57 (55), 43 (40), 41 (60).

Analysis by VPC with (Z)-2-nonene as an internal standard
indicated 0.183 g (1.19 mmol) of a 4.5:1 mixture of (E)-8b/(Z)-8b
(71%).

(b) With 6b. Addition of 6b to a solution of 7b and reaction
at —20 °C for 72 h gave, after workup, a colorless oil. Analysis
by VPC with (Z)-2-nonene as an internal standard indicated 0.164
g (1.06 mmol) of a 3.45:1 mixture of (E)-8b/(Z)-8b (63%).

Reaction of Lithium Dimethylcuprate (7¢). (a) With 6a.
Addition of 6a to a solution of 7¢ and reaction at 25 °C for 7 h
gave, after workup, a colorless oil that contained 2-hexene (8e)
['H NMR (CDCl3) 6 0.90 (t, 3 H), 1.1-1.6 (m, 2 H), 1.6 (d, 3 H),
1.7-2.2 (m, 2 H), 5.05-5.30 (m, 2 H, CH=CH); mass spectrum,
m/z (relative intensity) 84 (75, M*.), 69 (34, M*. - CHy), 55 (100,
M*. - C,H;), 56 (30, M*- - C,H,) and 42 (30), 41 (30)] and 2-
cyclopropylpropane (9¢)'” ['H NMR (CDCly) 4 0.03-0.80 (m,
C;Hj), 1.78 (d, 6 H); mass spectrum, m/z (relative intensity) 84
(5, M*), 69 (20, M*- - CHj,), 56 (100, M*. - C,H,) and 55 (15),
43 (12), 41 (43)].

Analysis by VPC with n-heptane as an internal standard in-
dicated 0.061 g (0.72 mmol) of 8¢ (43%) as a 5:1 mixture of
(E)-8¢/(Z)-8¢, by comparison with authentic (E)-2- hexene, as well
as 0.054 g (0.64 mmol) of 9¢ (38%).

(15) (a) Corey, E. J.; Fuchs, P. L. J. Am. Chem. Soc. 1972, 94, 4014.
(b) Kende, A. S.; Bentley, T. J.; Mader, R. A.; Ridge, D, Ibid. 1974, 96,
4334.

(16) The amounts of the alkyllithium reagents utilized were as follows:
3.35 mL of 2.0 M n-butyllithium in hexane, 16.7 mL of 0.4 M n-hexyl-
lithium in ether, 5.5 mL of 1.22 M methyllithium in ether, and 6.5 mL
of 1.0 M phenyllithium in cyclohexane/ether.

(17) (a) Bently, F. F.; Wolfarth, E. F. Spectrochim. Acta 1959, 165. (b)
Slabey, V. A.; Wise, P. H.; Gibbons, L. C. J. Am. Chem. Soc. 1949, 71,
1518. (c) Slabey, V. A, Ibid. 1954, 76, 3604.
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(b) With 6b. Addition of 6b to a solution of 7¢ and reaction
at 25 °C for 32 h gave, after workup, a colorless oil. Analysis by
VPC with n-heptane as an internal standard indicated 0.043 g
(0.51 mmol) of a 4:1 mixture of (E)-8¢/(Z)-8¢ (30%) as well as
0.082 g (0.97 mmol) of 9¢ (58%).

Reaction of Lithium Diphenylcuprate (7d). (a) With 6a.
Addition of 6a to a solution of 7d and reaction at 25 °C for 3 h
gave, after workup, a colorless oil that contained 1-phenyl-3-
pentene (8d)!8 ['H NMR (CDCl,) 6 1.63 (d, 2 H), 2.20-2.92 (m,
4 H), 5.14-5.40 (m, 2 H, CH=CH), 7.1-7.8 (m, 5 H); mass
spectrum, m/z (relative intensity) 166 (12, M*.), 91 (100, M*. -
C.H,)] and 1-cyclopropyl-1-phenylethane (9d)™® ['H NMR (CDCl,)
6 0.03~0.58 (m, 5 H, C;H;), 1.42 (d, 3 H), 7.1-7.8 (m, 5 H); mass
spectrum, m/z (relative intensity) 146 (14, M*.), 131 (55, M*. -
CHy), 105 (100, M*. —~ CsH;) and 118 (76), 117 (97), 91 (62)].

Analysis by VPC with n-butylbenzene as an internal standard
indicated 0.105 g (0.72 mmol) of a 5:1 mixture of (E)-8d/(Z)-8d
(43%) as well as 0.056 g (0.38 mmol) of 9d (23%).

(b) With 6b. Addition of 6b to a solution of 7d and reaction
at 25 °C for 91.5 h gave, after workup, a colorless oil. Analysis
by VPC with n-butylbenzene as an internal standard indicated
0.054 (0.37 mmol) of a 2:1 mixture of (E)-8d/(Z)-8d (22%) and
0.122 g (0.83 mmol) of 9d (49%).

Acknowledgment. We thank the Leo H. Baekeland
Fund of the Research Corporation for funding of this work.
We thank Gary Lavigne who performed the VPC/MS
analyses and Marvin Thompson who performed the re-
maining mass spectral analyses.

Registry No. 6a, 80204-20-2; 6b, 10524-06-8; 7 (R = n-Bu),
24406-16-4; 7 (R = n-hexyl), 73303-09-0; 7 (R = CHy), 15681-48-8;
7 (R = Ph), 23402-69-9; 7 (R = t-Bu), 23402-75-7; (E)-8 (R = n-Bu),
6434-78-2; (Z)-8 (R = n-Bu), 6434-77-1; (E)-8 (R = n-hexyl),
693-61-8; (2)-8 (R = n-hexyl), 821-96-5; (E)-8 (R = CHj), 4050-45-7;
(Z)-8 (R = CH,), 7688-21-3; (E)-8 (R = Ph), 16091-23-9; (2)-8 (R
= Ph), 16487-65-3; 8 (R = t-Bu), 87970-30-7; 9 (R = CHy),
3638-35-5; 9 (R = Ph), 16510-30-8.

(18) (a) Benkeser, R. A.; Tincher, C. A. J. Org. Chem. 1968, 33, 2727.
(b) Wegler, R.; Pieper, G. Chem. Ber. 1950, 83, 6.

(19) (a) Maercker, A.; Roberts, J. D. J. Am. Chem. Soc. 1966, 88, 1742.
(b) LaCombe, E. M.; Stewart, B. Ibid. 1961, 83, 3457. (c) Breuer, E.
Tetrahedron Lett. 1967, 1849.

Equilibrium Constant for Pyruvic Oxime
Formation!

David J. Palling and Thomas C. Hollocher*

Department of Biochemistry, Brandeis University,
Waltham, Massachusetts 02254

Received June 27, 1983

The pathway for conversion of pyruvic oxime (2-oxi-
minopropanoic acid) to nitrite by a soil bacterium (Al-
caligines sp.)?* is currently under study in this laboratory*®
and in this regard the value for the equilibrium formation
constant of pyruvic oxime is relevant. A survey of the
literature revealed some discrepancies in estimates of ox-
ime formation constants. Jencks,® using data of Conant

(1) Supported by Grant PCM 79-12566 from the National Science
Foundation and Grant BRSG SO7 RR07044 from the Biomedical Re-
search Support Grant Program, National Institutes of Health.

(2) Castignetti, D.; Gunner, H. B. Can. J. Microbiol. 1981, 26, 1114.

(8) Castignetti, D.; Gunner, H. B. Curr. Microbiol. 1981, 5, 379.

(4) Castignetti, D.; Hollocher, T. C. Appl. Environ. Microbiol. 1982,
44, 923,

(5) Castignetti, D.; Petithory, J. R.; Hollocher, T. C. Arch. Biochem.
Biophys. 1983, 224, 587.

0022-3263/84/1949-0388$01.50/0

Scheme I
Kg
CHyG=CO; i  CH3C—CO; + NHZOH
NOH [¢]
EHY +
*H* +H* _-K=-. NH3OH
h

Ka
CH3G-COpH =i  CH3C-COpH + NHaOH
NOH o]

and Bartlett,’ reported equilibrium constants for formation
of acetone oxime (1.06 X 105 M) and pyruvic semi-
carbazone (1.96 X 10° M), and using Conant and Bart-
lett’s data, we calculate a value of 3.09 X 102 M! for
acetone semicarbazone formation. If we make the rea-
sonable assumption that acetone and pyruvate exhibit
similar selectivity toward semicarbazide and hydroxyl-
amine, we can predict that the equilibrium constant for
pyruvic oxime formation, Ky of Scheme I, should be about
7 X 108 M at 25 °C. Sharon and Katchalsky,? using data
of Roe and Mitchell,? calculated equilibrium constants for
oxime formation at room temperature for acetaldehyde,
acetone, vanillin, and diethyl ketone. A value of approx-
imately 1 X 10° M was obtained in each case. We find
this result rather surprising in light of the wide range of
values reported for other equilibrium additions to carbonyl
compounds.71%13  Figher et al.* claim to have measured
the pyruvic oxime equilibrium constant, Ky, spectropho-
tometrically and reported a value of 2.2 X 10* M~ at 25
°C and pH 6.

From a study®® of the basis of a colorimetric assay'® for
pyruvic oxime we had reason to believe that the formation
constant reported by Fisher et al.!* considerably under-
estimated the true value. To determine the formation
constant of pyruvic oxime, we took advantage of the fact
that hydrolysis of pyruvic acid oxime is favored in dilute
acid due to protonation of hydroxylamine. The equilib-
rium concentrations of released hydroxylamine as a
function of acid strength were determined by means of a
modification of the indooxine (5-[(8-hydroxy-5-quinolyl)-
imino]-8(5H)-quinolone) assay.'®

Results and Discussion

Hydrolysis of pyruvic oxime (1.07 X 1072 M) in 0.05 M
phosphate buffer at pH 4.55 and 100 °C (pH 6.43 at 25
°C) was followed spectrophotometrically through forma-
tion of indooxine. The absorbance at 710 nm increased
to an equilibrium value and showed first-order kinetics
with a half-time of 8 min. This value implies that at room
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