OrGaNOLITHIUM COMPOUNDS WITH NITROSAMINES

J. Org. Chem., Vol. 38, No. 25, 1973 4259

Some Reactions of Organolithium Compounds with Nitrosamines'

PerER R. FARINA™® AND HowarD TIECKELMANN*
Department of Chemistry, State University of New York at Buffalo, Buffalo, New York 14214
Received June 13, 1973

Secondary nitrosamines react with phenyllithium or tert-butyllithium to give N’-alkylated lithium salts which

undergo elimination to form azomethine imines when treated with water or ethanol.

When N-methyl-N-tert-

butylnitroamines, tert-butyllithium, and ethanol are used, a stable compound, 1,2-di-teré-butyl-1-(ethoxymethyl)-
hydrazine, can be isolated. The azomethine imines form sym-hexahydrotetrazines on standing or can be trapped
with N-phenylmaleimide or dimethyl acetylenedicarboxylate.

The carcinogenic nature of certain nitrosamines has
been well established.? These observations and the
reported chemotherapeutic activity of other nitros-
amines® stimulated our interest in the chemistry of
these compounds.4 - Although spectroscopic studies are
numerous, owing in part to the interest in restricted
rotation around N-N bonds,® basic chemistry of this
functional group remains largely unexplored. It has
been, for example, only recently demonstrated that «
protons of nitrosamines can undergo base-catalyzed
H-D exchange, and «-C-alkylation with methyl iodide,®
which has thus suggested the existence of an a-nitros-
amino carbanion.®’ Seebach and Enders® have fur-
ther substantiated this using dimethylnitrosamine
(DMNA) and several eclectrophiles. However, they
also observed that nucleophilic attack at the nitroso
moiety of dimethylnitrosamine was competitive with
metalation at the methyl group when organolithium
reagents were employed. N-Butyraldehyde oxime was
isolated as a by-product when N-butyllithium and
benzophenone were added sequentially to DMNA in
tetrahydrofuran at —80°. Such nucleophilic attack
is not surprising, since in our previous communication*
we reported that some simple alkylnitrosamines re-
acted with phenyllithium at the N=0 moiety, in
ether, at —65° to give symmetrical hexahydrotetra-
zines (1-3) in 30-409 yield.

Our results suggested? that intermediates such as 4
and 5 are formed and subsequently dimerize head to
tail to form the sym-hexahydrotetrazines. The pres-
ent investigation was undertaken to determine if the
intermediate azomethine imines (4, 5) might be de-
tected or trapped.
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Assuming ‘“‘normal”’ addition® of phenyllithium to the
nitroso moiety, the azomethine imines may have been
formed by an elimination reaction either before or after
quenching with water. The former pathway was
considered unlikely after consideration of the following
data. When 4 was generated in the presence of excess
phenyllithium (our reaction conditions), it was ex-
pected that the highly reactive dipolar species would be
phenylated at the methyl group. The reaction of
dimethylnitrosamine with phenyllithium did not yield
1-methyl-1-benzyl-2-phenylhydrazine.® The reaction
of phenyllithium with several akyl nitrosamines gave
transient colored species either prior to or after the
addition of water.!! Although the appearance of
highly colored intermediates is reminiscent of colored
aromatic azomethine imines,'*'* no further char-
acterization of these species was undertaken.

(9) P.Buck and G. Kébrich, Tetrahedron Lett., 1563 (1967), have suggested
a reverse addition of phenyllithium to nitrosobenzene followed by the dis-
placement of PhOLi with an additional 1 mol of PhLi to account for reaction
products.

PhLi - PhLi X X
PhN=0 —3 PhNOPh —3= PhyNLi 4 PhOLi
Li*

By analogy this would presumably ‘give 1,1-dimethyl-2-phenylhydrazine
from the reaction of DMNA with phenyllithium if a similar route were
applicable and not the observed reaction product.

(10) This compound was the major product when PhMgBr was employed
and is the subject for & future report.

(11) Orange, purple and blue-black for dimethylnitrosamine, diethyl-
nitrosamine, and N-nitrosopiperidine, respectively.

(12) B. Singh, J. Amer. Chem. Soc., 91, 3670 (1969).

(13) R. Huisgen, Angew. Chem., Int. Ed. Engl., 3, 565 (1963).
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Isolation of Ethoxymethylhydrazines.—A dipolar
species generated during the water quench could be in
equilibrium with its hydrated form.1* =~ Our attempts to
detect such a species after reaction of dimethylnitros-
amine with phenyllithium employing nmr spectroscopy
were unsuccessful. Some azomethine imines, however,
are known to form stable neutral adducts with alcohol.!3
The substitution of absolute ethanol for water in the
quench of the reaction of DMNA with teré-butyllithium
or phenyllithium resulted in the isolation of the cor-
responding unstable ethoxymethylhydrazines 6 and 7,
which were characterized by nmr.
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Compound 7 exhibited a singlet at § 1.03 (9 H, tert-
butyl) overlapping a triplet at 6 1.15 (3 H, J = 7.0
Hz, CCHj), a singlet at § 2.50 (3 H, NCHj;), a quartet
at 6 3.52 2 H, J = 7.0 Hz, OCH;(), and a singlet at
64.02 (2 H, NCH,0). After a short period of time the
nmr spectrum began to change and was replaced in
part by a new singlet at § 2.84 and a peak at § 3.9.
Evaporation of the solvent gave 8, hexahydro-1,4-
dimethyl-2,5-di-teri-butyl-s-tetrazine, as a colorless
liquid. Its nmr showed singlets at § 1.01 (18 H, tert-
butyl) and 2.84 (6 H, NCH;), a mound at § 3.85 (4
H, NCH;N) which became a singlet on heating slightly
above room temperature, and an AB quartet, Jaz =
11.5 Hz, on cooling. (See paragraph at end of paper
regarding supplementary material.) Its infrared spec-
trum did not exhibit any NH absorption. This com-
pound was clearly the product formed from 7 in solu-
tion or neat. However, if 7 was dissolved in methanol-
d, its nmr spectrum remained unchanged even after
several days in solution.

Similarly, 6 rapidly (half-fife 1 hr, 30°, CCl,) lost
ethanol to form 1 which was independently synthesized
from 1l-methyl-2-phenylhydrazine and formaldehyde
and therefore establishes structure 1 for a compound
reported much earlier by Knorr and Weidel.

When N-methyl-teri-butylnitrosamine was treated
with teri-butyllithium and quenched with ethanol,
1,2-di-tert-butyl-1-(ethoxymethyl)hydrazine (9) was
formed in almost quantitative yield. Surprisingly,
this compound proved to be stable and was easily
distilled at reduced pressure without decomposition.
Its nmr spectrum (100 MHz) showed two singlets at
6 1.05 and 1.07 (18 H, tert-butyl) overlapping a triplet
at 6 1.18 (3 H, / = 7.0 Hz, CH;), a broad absorption at
6 3.10 (NH) which rapidly underwent exchange with
D,0, a quartet at 6§ 3.36 2 H, J = 7.0 Hz, OCH,(),
and a singlet at § 4.38 (2 H, NCH,0). Its infrared

(14) R. Grashey, R. Huisgen, K. K. Sun, and R. M. Moriarty, J. Org.

Chem., 80, 74 (1965).
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spectrum showed a weak absorption at 3.05 u attributed
to NH. This compound did not eliminate ethanol to
form 10 and was stable at room temperature.

Reactions with Dipolarophiles.—Certain sym-hexa-~
hydrotetrazines'*:*2:% are known to react with dipolar-
ophiles presumably through dissociation to the 1,3-
dipolar form to yield isolable adducts. Neither 1, 2,
or 3 reacted with dimethyl acetylenedicarboxylate or
N-phenylmaleimide when refluxed in benzene solution.
This was not unexpected, since dissociation is usually
favored by appropriate, <.e., aromatic, stabilization
adjacent to both the dipolar centers.12:18.16

However, if the crude oils obtained from the reaction
of phenyllithium with N-nitrosopiperidine or N-nitroso-
pyrrolidine followed by quenching with water were
stirred with N-phenylmaleimide in ether, a white,
crystalline solid began to precipitate after 10 min at
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room temperature. These compounds were character-
ized as adducts 11 and 12 from the following data.

Adduet 11 was identified by its 100-MHz spectrum
in triflucroacetic acid which displayed a six-proton
multiplet between 6 1.54 and 2.80, a three-proton multi-
plet between § 2.88 and 4.12, a one-proton triplet at é
4.36, a doublet at § 5.26 (H;, J = 8.2 Hz), and a ten-
proton multiplet between 6 7.16 and 7.68.

The 100-MHz spectrum of adduct 12 in trifluoro-
acetic acid showed a four-proton multiplet between
$ 2.16 and 2.88, a two-proton multiplet centered at &
3.64, a one-proton doublet of doublets centered at §4.24
(J = 7.0 and 2.4 Hz), a one-proton multiplet at & 5.20,
and a doublet (F;, J = 7.0 Hz) and a ten-proton multi-
plet between 6 7.12 and 7.60.

Dimethyl acetylenedicarboxylate was also an effec-
tive dipolarophile when refluxed in benzene with the
oil obtained from the reaction of N-nitrosopyrrolidine
and phenyllithium. The product, after purification
by column chromatography, was characterized as di-
methyl 3a,4,5,6-tetrahydro-1-phenyl-1H-pyrrolo [1,2-.b]—
pyrazole-2,3-dicarboxylate (13) from the following

(18) (a) R. Grashey, H. Leitermann, R. Sehmidt, and K. Adelsberger,

Angew. Chem., Int. Ed. Engl., 1, 406 (1962); (b) R. Grashey and K. Adels-
berger, ibid., 1, 267 (1962).
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spectral properties: ir (Nujol) 5.72 and 5.88 (ester
C==0), 6.16 and 6.28 ux (unsaturation). ‘The carbonyl
values are in good agreement with those found by
Singh!? (5.72 and 5.91 w) for a similar N-phenyl, «,8-
unsaturated dimethy! dicarboxylate system. The nmr
spectrum exhibited a four-proton multiplet between
5 1.5 and 2.3, a multiplet centered at 6 2.94 (H,, Hj),
two singlets at § 3.58 and 3.67 (6 H, CHj;), a triplet at
§4.75 (Hy), and a five-proton aromatic peak at 6 7.08.

Discussion

The reaction of simple alkyl nitrosoamines with
phenyl- or tert-butyllithium to give sym-hexahydrotet-
razines can be accommodated by the following scheme,
outlined below. The first step involves attack by the
organolithium reagent on the nitroso moiety to give 14,
which undergoes elimination to form the azomethine
imine 16 (presumably through a diazenium salt 15%7)
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& LN | — [
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dipolarophiles
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~ N -~

l adducts hexahydrotetrazines

R Ny
when quenched with a protic solvent such as water or
ethanol. The 1,3-dipolar species which is generated is
probably in equilibrium to some extent with its hydrate
when water is employed. This is supported by the
isolation of neutral ethoxymethylhydrazines when
ethanol was substituted for water. Two of these
hydrazines readily lose ethanol and dimerize to the
same sym-hexahydrotetrazines which were obtained
from the water quench of the reaction.
1,2-Di-tert-butyl-1-(ethoxymethyl)hydrazine is of
particular interest, since.it does not lose ethanol to
form hexahydro-1,2,4,5-tetra~tert-butyl-s-tetrazine's on
standing or when heated above room temperature.
It is difficult to speculate at this time why 9 is so much
more stable than 6 or 7, although steric requirements
of the two fert-butyl groups are most probably involved.

Cyclic aliphatic nitrosamines, such as N-nitrosopyr-
rolidine or piperidine, apparently form hydrates which
are sufficiently long lived to permit reaction with di-
polarophiles before dimerization to products. N-Ni-
trosopyrrolidine, however, does not yield an isolable
hexahydrotetrazine.

It is noteworthy that nitrosamines can react with
organometallics by two major routes: abstraction of
an a proton to form an a-nitrosamino carbanion or

(17) G.Buttner and 8. Hunig, Chem. Ber., 104, 1088 (1971).

(18) This product was also not observed when water was used as quench-
ing agent.
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nucleophilic attack on the NO moiety. The path is
probably determined by the nucleophilicity of the re-
agent, polarity of the solvent, and the nature of the
nitrosamine,

Experimental Section

Infrared absorption spectra were determined using a Beckman
IR-5A spectrophotometer and ultraviolet absorption spectra
were determined using a Perkin-Elmer 202 ultraviolet—visible
spectrophotometer. A Varian A-60 or Jeolco 100 nuclear mag-
netic resonance spectrometer were used to record the nmr spectra.
Mass spectra were obtained on a Hitachi Perkin-Elmer RMV.
6D mass spectrometer.

Melting points were determined on a Mel-Temp or Fisher-
Johns melting apparatus and are uncorrected. Microanalyses
were performed by Weiler and Strauss, Oxford, England, and
Galbraith Laboratories, Knoxville, Tenn.

Dimethylnitrosamine, diethylnitrosamine, and N-nitroso-
pyrrolidine were purchased from Eastman Organics, Rochester,
N. Y., and were used without further purification.!?* N-Methyl-
tert-butylnitrosamine was prepared according to a standard
procedure.®® fert-Butyllithium (2 M in n-pentane) was pur-
chased from Alfa Inorganics, Beverly, Mass.

Phenyllithium Reagent.—Phenyllithium was prepared ac-
cording to a standard method® and titrated prior to use by the
method of Gilman.?* The following modifications were made:
lithium wire was cut into pieces 0.5 cm long, argon was sub-
stituted for nitrogen, and the solution was allowed to settle over-
night before it was siphoned into a container for storage.

N-Nitrosopyrrolidine.—Pyrrolidine (44 g, 0.62 mol) was added
slowly to a stirred solution of glacial acetic acid cooled by ice.
The yellow solution was then heated to 90° and sodium nitrite
(86 g, 1.2 mol) was added, maintaining the temperature between
90 and 95°. The solution was stirred until no more gas was
evolved and then evaporated in vacuo at 60°. The residue was
then extracted with ether. The extract was concentrated and
anhydrous sodium carbonate was added to the stirred solution
until carbon dioxide evolution was complete. The solution was
then filtered and evaporated to a red-brown liquid.

The product was distilled, and the fraction boiling at 66-68°
(2.0 mm) was collected, 62 g (809, yield), diluted with a small
portion of ether, and stirred with anhydrous sodium carbonate
overnight, Filtration and concentration as above, followed by
distillation, gave the nitrosamine: bp 69-70° (1.0 mm); ir
(film) 6.88 (m), 7.09 (s), 7.66 (s), 8.27, 10.30, 12.38, 13.94 u;
nmr (CCly) §1.7-2.2 (m, 4 H) and 3.1-3.5 (m, 4 H).

Hexahydro-1,4-dimethyl-2,5-diphenyl-s-tetrazine (1). A.
From Dimethylnitrosamine,—A solution of dimethylnitrosamine
(1.44 g, 19.5 mmol) in 100 ml of anhydrous ether was cooled to
—45° with stirring under an argon atmosphere. Phenyllithium
(40 ml, 0.96 mmol/ml) was added dropwise over a period of 25
min. After an additional 0.5 hr the solution was warmed to —~10°
and quenched with water. The ether layer was dried and evap-
oated in vacuo. The pale yellow oil crystallized immediately
after trituration with methanol to give 1.0 g (409 yield) of 1,
mp 141-148°, Recrystallization from ligroin (bp 66-75°) gave
the analytical sample: mp 151-151.5°; ir (Nujol) 6.24 (s), 8.79
(8), 12.75 (s), 13.41, and 14.51 u (3); nmr (CCls) 8 2.55 (s, 6 H),
4.47 (s, 4 H), and 6.4-7.3 (in, 10); mass spectrum (70 eV) m/e
(rel intensity) 268 (26), 135 (45), 134 (72), 120 (17), 105 (86),
91 (18), 77 (100). Anal. Caled for CisHwNy: C, 71.61; H,
7.51; N,20.88, Found: C,71.533; H, 7.28; N, 20.69.

B. From 1-Methyl-2-phenylhydrazine and Formaldehyde.—
The reaction conditions described by Knorr and Weidel's were
employed using 1-methyl-2-phenylhydrazine?? and aqueous
formaldehyde. The product was recrystallized from hexane and
was shown to be identical with 1 obtained from phenyilithium
and dimethylnitrosamine.

Hexahydro-1,4-diethyl-3,6-dimethyl-2,5-diphenyl-s-tetrazine
(2).—A solution of diethylnitrosamine (2.18 g, 21.4 mmol) in

(19) (a) Precautions in handling of nitrosamines should be undertaken
owing to the carcinogenic properties of some of these compounds.z2 (b) D. F.
Heath and A. R. Mattocks, J, Chem. Soc., 4226 (1961).

(20) R, G. Jones and H. Gilman, Org. React., 6, 353 (1951).

(21) H. Gilman, P. D. Wilkinson, W. P. Fishel, and C. H. Meyers, J.
Amer, Chem. Soc., 48, 150 (1923).

(22) C. H. 8Bchmidt, Chem. Ber., 108, 986 (1970).



4262 J. Org. Chem., Vol. 388, No. 26, 1973

100 ml of anhydrous ether was cooled to —50° with stirring under
an argon atmosphere. Phenyllithium (50 ml, 0.85 mmol,/ml) was
added dropwise. After 1 hr the reaction mixture was quenched
with water, producing an intense purple color which faded and
changed to yellow as more water was added. The ether layer
was dried and evaporated to a viscous oil. Trituration with
methanol gave 2.87 g (30% yield) of the product (2), mp 168-
171°, Recrystallization from hexane gave white cubic crystals:
mp 184-185°; ir (Nujol) 6.28 (s) 7.31 (s), 8.84 (s), 13.50 (s),
14.58 u (s); nmr (CCls) 8 1.04 (t, 6 H), 1.48 (d, 4 H),2.89 (g, AB
ofq,4 ) (Jas = 12, Jax = Jex = 8 Hz),4.70 (¢, 2 H), 6.3-7.3
(m, 10 H); mass spectrum (70 eV) m/e (rel intensity) 324 (5),
190, (10), 163 (53), 162 (97), 161 (100), 147 (14), 133 (13), 118
(48), 117 (98), 77 (91). Anal. Caled for CooHusNy: C, 74.03;
H8.70; N, 17.27. Found: C,74.01; H,8.66; N, 17.44.

Reaction of N-Nitrosopyrrolidine with Phenyllithium,—A
stirred solution of N-nitrosopyrrolidine (10.9 g, 109 mmol) in 300
ml of anhydrous ether was cooled to —65° under an argon at-
mosphere. Phenyllithium (218 mmol) in 230 ml of ether was
added dropwise to this solution. After 2 hr the reaction was
quenched with water and the ether layer was separated and
dried. Evaporation of the ether ¢n vacuo gave 10.1 g of crude
oil. All attempts at purification to give a sym-hexahydrotetra-
zine were unsuccessful.

Dimethyl 3a,4,5,6-Tetrahydro-1-phenyl-1H-pyrrolo{1,2-b] pyr-
azole-2,3-dicarboxylate (13).—A solution of 80 ml of benzene
containing 4.8 g of crude oil from the previous experiment and
4.3 g of dimethyl acetylenedicarboxylate was refluxed overnight.
The brown residue was chromatographed on 450 g of deactivated
neutral alumina?® using carbon tetrachloride followed by 1:4
(volume) chloroform-carbon tetrachloride. The yellow band
was collected to give 2.85 g of a pale yellow oil. Thin layer
chromatography on silica gel (Eastman) with chloroform as
eluent showed a spot having R; 0.71 and two contaminants which
were visualized using iodine. Further purification by thick
layer on silica gel H gave the product as a single spot by tle.

Trituration of the oil with several drops of hexane and cooling
in the refrigerator for several days gave a low-melting solid, mp
54-55°. Recrystallization from 1:1 (volume) ethanol-water
gave an analytical sample: mp 61-61.5°; ir (Nujol) 5.72 (s),
5.88 (s), 6.16 (s), 6.28 (s), 13.09 (s), 13.70 (m), 14.30 u (s); uv
(ethanol) Amex 356 mu (¢ 13,600); nmr (CCl,) spectral designa-
tions given in text; mass spectrum m/e (rel intensity) 312 (26,
P), 273 (39), 243 (63), 229 (10), 215 (100), 211 (14), 198 (12),
144 (10), 77 (79), 72 (12). Anal. Caled for CigHisN2Oy: C,
63.57; H, 6.00; N, 9.27. Found: C, 63.76; H, 6.05; N,
9.14.

Hexahydro-N,1-diphenyl-1H-pyrrolo[1,2-b] pyrazole-2,3-dicar-
boximide (12).—XN-Phenylmaleimide (1.2 g, 7.0 mmol) was
added to a stirred solution of crude oil obtained from N-nitro-
sopyrrolidine (1.0 g, 0.6 mmol) and phenyllithium in 100 ml of
ether. After 10 min of stirring at room temperature, a white,
crystalline precipitate began to form. The reaction mixture
was stirred overnight and then filtered to give 0.30 g of the ad-
duct: mp 216-218° dec; ir (Nujol) 5.85 (s), 6.24 (m), 8.36 (s),
13.37 (s), 14.24 (w), 1449 x4 (m); nmr (CF;COOH) spectral
designations given in text; mass spectrum m/e (rel intensity)
333 (81, P), 172 (86), 138 (23), 157 (19), 129 (18), 117 (11), 93
(17), 91 (21), 81 (78), 78 (78), 77 (43), 69 (100). Anal. Caled
for CooHisN302: C, 72.10; H, 5.74; N, 12.60. Found: C,
72.29; H,5.82; N, 12.55.

Dodecahydro-5,11-diphenyldipyrido(1,2-b: 1,2-¢]-s~tetrazine
(3).—A solution of N-nitrosopiperidine (1.70 g, 15.0 mmol) in 150
ml of anhydrous ether was cooled to —65° with stirring under an
argon atmosphere. To this solution was added 30 ml of phenyl-
lithiumn (1.0 mmol/1 ml) over a 15-min period. The solution
changed color from yellow to green to light blue to dark blue
during the addition. After an additional 1 hr the solution was
quenched with water which reversed the color changes. The
ether layer was separated, dried, and evaporated to a viscous
yellow oil. Trituration with hexane and cooling overnight gave
0.77 g (309%) of the hexahydrotetrazine 3 as white crystals, mp
135-140°. Recrystallization from hexane gave an analytical
sample: mp 151-151.5°; ir (Nujol) 6.23 (s), 7.95 (m), 9.65 (m),
13.26 (s), 14.39 u (s); nmr (CClL) 8 1.1-2.1 (m, 12 H), 2.83-3.21

(23) Neutral alumina activity I (450 g) and 22.5 g of water were shaken
until the powder appeared homogenous.
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(m, 4 H), 3.57 (d, 1 H), 4.03 (s, 1 H), 6.37-7.20 (m, 10 H);
mass spectrum m/e (rel intensity) 348 (17, P), 173 (78, P/2), 174
(60), 172 (34), 135 (64), 130 (23), 122 (47), 117 (60), 105 (43),
93 (100), 77 (100), 66 (100). Anal. Caled for CpHxNy: C,
75.82; H, 8.10; N, 16.10. Found: C, 76.03; H, 8.06; N,
16.15,
Octahydro-N,1-diphenylpyrazolo[1,5-a]pyridine-2,3-dicarbox-

imide (11).—N-Phenylmaleimide (1.7 g, 9.8 mmol) in 50 ml of
ether was added to a stirred solution of crude oil from the above
reaction (1.5 g, 7.9 mmol). After 45 min a white precipitate
began to form. The reaction mixture was stirred overnight and
then filtered, giving 0.7 g (25%,) of the adduct, mp 225-227° dec.
Recrystallization from acetonitrile gave an analytical sample:
mp 228-229.5° dec; ir (Nujol) 5.84 (s), 6.25 (w), 7.23 (m), 8.38
(m), 13.71 (w), 14.47 x (m); nmr (CF;COOH) spectral designa-
tions given in text; mass spectrum m/e (rel intensity) 347 (78,
P), 231 (13), 181 (55), 173 (39), 158 (11), 131 (78), 119 (14), 100
(21), 93 (]6), 77 (24:) 69 (100) Anal. Caled for szHnNaOz:
C, 72.60; H, 6.10; N, 12.10. Found: C, 72.74; H, 6.18; N,
12.18,

1-Methyl-1-ethoxymethyl-2-phenylhydrazine (6).—Dimethyl-
nitrosamine (4.25 g, 0.575 mol) dissolved in 150 ml of
anhydrous ether was cooled to —635° under an argon atmosphere.
Over a period of 1 hr, 100 ml of 0.115 3 phenyllithium was added
to the well-stirred solution. After an additional 10 min, 25 ml
of absolute ethanol (dried over 3A molecular sieves) was added to
the white suspension. The solution color changed from orange
to deep yellow to pale yellow during the addition of ethanol.
When the addition was completed, water was added until the
solution separated into two distinet layers. The ether layer was
separated, dried over anhydrous potassium carbonate, and
evaporated 7n vacuo at room temperature to a pale yellow oil:
nmr (CCL) 6 1.13 (t, CCHj), 2.57 (s, NCHjy), 3.40 (q, OCH,C),
4.12 (s, NCH:0), 5.1 (brs, NH). This compound rapidly loses
ethanol on standing to form 1.

1-Methyl-1-ethoxymethyl-2-teri-butylhydrazine (7).—Dimethyl-
nitrosamine (7.4 g, 0.1 mol) was dissolved in 300 ml of
anhydrous ether and cooled to —70° under an argon atmosphere.
Over a period of 1 hr 47 ml of 2.34 M tert-butyllithium was added
to the well-stirred solution. After an additional 1 hr the yellow
solution was quenched with 25 ml of absolute ethanol and the
temperature was brought to 0°. Water (50 ml) was then added
to dissolve precipitated salts and the ether layer was separated
and dried. The ether was evaporated in vacuo at room tem-
perature to give the product (16 g, 849, yield): ir (film) 3.07 (w,
NH), 7.25 (m) and 7.38 (s), 8.88 (m), 9.00 {m), 9.30 (s), 10.10
(m), 11.35 (s), 12.92 u (w); nmr (CCly) spectral designations
given in text.

Hexahydro-1,4-dimethyl-2,5-di-tert-butyl-s-tetrazine (8). A.
—A solution of 2.50 g (0.0156 mol) of 1-methyl-l-ethoxy-
methyl-2-tert-butylhydrazine was stirred overnight in 25 ml of
carbon tetrachloride. Evaporation of the solvent and distilla-
tion gave 1.24 g (719,) of 8 which was collected at 59° (0.05 mm).

B.—The same conditions employed for 7 were used, except
that water was substituted for ethanol. This permitted the
direct isolation of 8: ir (film) 7.22 (m), 7.38 (s), 8.26 (s) 9.28
(s) 11.09 (m), and 13.80u (s); nmr (CCl,) spectral designations
appear in text; mass spectrum /e (vel intensity) 228 (10, P),
171 (7), 115 (11), 114 (17), 99 (31), 71 (58), 70 (10), 58 (50),
57 (100), 41 (38), 39 (10). Amal. Caled for CiHaN.a: C,
63.11; H, 12.36; N, 24.53. Found: C, 63.20; H, 12.53; H,
24.45,

1,2-Di-tert-butyl-1-(ethoxymethyl)hydrazine (9).—N-Methyl-
N-tert-butylnitrosamine (4.64 g, 0.040 mol) was dissolved in 300
ml of anhydrous ether and cooled to —70° under an argon at-
mosphere. Over a period of 1 hr 19 ml of 2.3¢ M tert-butyl-
lithium was added with stirring. After an additional 1 hr 10 ml
of absolute ethanol was added and the temperature was brought
to 0°. Water (50 ml) was added and the ether layer was sep-
arated, dried, and evaporated in vacuo to a pale yellow liquid,
6.2 g (77% yield). This material was distilled and the fraction
boiling at 52-54° (2.0 mm) was collected: ir (film) 3.05 (w),
7.22 (m), 7.37 (s), 9.32 (s), 10.20 (m), 11.84 (m), 12.60 (m),
and 13,80 x (m); nmr (CCly) spectral designations appear in text;
mass spectrum m/e (rel intensity) 176 (2), 129 (59), 85 (26), 73
(83), 71 (27), 57 (100), 46 (28), 45 (65), 41 (98), 39 (22), 31
(100) Anal. Caled for CuHN.O: C, 65.30; H, 12.95; N,
13.84. Found: C,65.08; H, 12.78; N, 13.61.

Hexahydro-1,4-dimethyl-2,5-diphenyl-s-tetrazine (1) fr_om
Halogen-Free Phenyllithium.—Dimethylnitrosamine was sim-
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ilarly treated with phenyllithium which was halogen free.?* The
product isolated was identical with that obtained using phenyl-
lithium prepared from bromobenzene and lithium metal.

Registry No.—1, 27377-48-6; 2, 30514-23-9; 3, 30514-22-8;
6, 42297-06-3; 7, 42297-07-4; 8, 42297-08-5; 9, 42297-09-6; 11,
42297-10-9; 12, 42297-11-0; 13, 42297-12-1; N-nitrosopyrrolidine,
930-55-2; pyrrolidine, 123-75-1; dimethylnitrosamine, 62-75-9;
diethylnitrosamine, 55-18-5; dimethyl acetylenedicarboxylate,

(24) G. Wittig, F. J. Meyer, and G. Lange, Justus Liebigs Ann, Chem.,
871, 167 (1951).
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762-42-5; N-phenylmaleimide, 941-69-5; N-nitrosopiperidine,
100-75-4; N-methyl-N-~tert-butylnitrosamine, 7068-83-9.

Supplementary Material Available.—Nmr data for compound
7 freshly dissolved in CClL and after standing for 3 hr and 4 days
and for compound 8 in CCl, will appear following these pages in
the mierofilm edition of this volume of the journal. Photo-
copies of the supplementary material from this paper only or
microfiche (105 X 148 mm, 20X reduction, negatives) contain-
ing all of the supplementary material for the papers in this issue
may be obtained from the Journals Department, American
Chemical Society, 1155 16th St., N.W., Washington, D. C.
20036. Remit check or money order for $3.00 for photocopy
or $2.00 for microfiche, referring to code number JOC-73-4259.
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Lithium diorganocuprates have been shown to be highly effective reagents for the nucleophilic ring opening

of oxiranes in the trans manner.

These reactions occur more rapidly in diethyl ether than in tetrahydrofuran.

Evidence and precedent for a mechanism involving the formation of a triorganocopper(IIl) intermediate is
discussed. The selectivity of lithium diorganocuprates in reactions with substrates containing epoxide along
with other electrophilic sites is discussed in terms of the hard and soft acid-base theory.

The nucleophilic ring opening of oxiranes by organo-
metallic reagents is a frequently used method for the
generation of new carbon-carbon ¢ bonds;' in many
cases the utility of the reaction is curtailed owing to
competing reactions arising from the Lewis acidity or
the basicity of the organometallic reagent. We have
observed that lithium diorganocuprates(I) are capable
of ring opening of oxiranes under very mild conditions.
In a series of preliminary communications,?~* we have
demonstrated the ability of these reagents to circum-
vent many of the troublesome side reactions frequently
encountered in the reactions of other organometallic
reagents with oxiranes. In order to conserve journal
space our published results will be summarized in a
brief manner in the following paragraphs. The main
body of this paper is largely concerned with extensions
of our earlier results and mechanistic discussion. The
Experimental Section of this paper includes details of
certain key experiments described in the earlier com-
munications.

In the introductory communication? the reactions of
cyclohexene oxide with methyl- and phenyllithium
were compared with the corresponding lithium di-
organocuprates(I). The results indicated that the
cuprates were more reactive toward oxiranes and were
somewhat superior in terms of yields of trans nucleo-
philic addition products. Polymeric methylcopper
and methylcopper complexes with trimethyl phosphite
or tri-n-butylphosphine were unreactive toward cyclo-
hexene oxide, whereas lithium methyleyanobis(tri-
ethyl phosphite)copper(I) reacted only slightly. In
these ring-opening reactions of oxiranes the lithium

(1) () A. Rosowsky in “Heterocyelic Compounds with Three- and Four-
Membered Rings,” Part I, A. Weissberger, Ed., Interscience, New York,
N. Y., 1964, pp 386~417; (b) R. E. Parker and N. 8. Isaacs, Chem, Rev., 59,
779 (1959); (¢) N. G. Gaylord and E. I. Becker 1bid., 49, 448 (1951).

(2) R, W. Herr, D, M. Wieland, and C. R. Johuson, J. Amer. Chem. Soc.,
92, 3813 (1970).

{3) R. W.Herr and C. R. Johnson, J. Amer. Chem. Soc., 92, 4979 (1970).

(4) D. M. Wieland and C. R. Johnson, J. Amer. Chem. Soc., 98, 3047
(1971).

ion is undoubtedly lending an electrophilic assist by
coordination with the oxirane oxygen. In contrast to
the coupling reactions of organocuprates and alkyl
halides,® these oxirane reactions proceed more rapidly
in diethyl ether than in THF. The latter solvates

~the lithium ion more effectively to the detriment of the

lithium jon-oxirane complex. Perhaps the most signifi-
eant observation was that lithium diorganocuprates
could selectively ring open oxiranes in the presence of
unprotected carbonyl functions (ester or ketone), e.g.,
eql.

0 OH 0
0. “ LiMe,Cu
| >——(CHy)sCCH, T CH,CH,CH(CH,)CCH, (1)

In the second communication? we compared the reac-
tions of methylmagnesium, methyllithium, and methyl-
copper reagents with 1,2-epoxybutane and 1,2-epoxy-
3-butene.! With the latter substrate methylmag-
nesium reagents gave 16-689, conjugate addition
(mixture of cis- and trans-2-penten-l-ol), methyllith-
iums gave 20-35%, and lithium dimethylcopper gave
949,. The conjugate mode of addition of lithium di-
alkylcuprates to a,8-unsaturated carbonyl compounds,’-
allylic acetates,? and propargylic acetates'® had already
been documented. More recently we reported on the
regio- and stereoselectivity of the reactions of methyl-

(5) (a) E.J. Corey and G. H, Posner, J. Amer. Chem. Soc., 89, 3911 (1967);
(b) 1bid., 90, 5615 (1968); (c) G. M. Whitesides, W. F. Fischer, Jr., J. 8.
Filippo, Jr., R. W. Bashe, and H. O. House, 1bid., 91, 4871 (1969).

(8) Tor a related study see R. J. Anderson, J. Amer. Chem. Soc., 92, 4978
(1970).

(7) () H. O. House, W, L. Respess, and G. M. Whitesides, J. Org. Chem.,
81, 3128 (1966); (b) H. O. House and W. F. Fischer, Jr., ibid., 38, 949 (1968);
(¢) E. J. Corey and J. H. Katzenellenbogen, J. Amer. Chem. Soc., 91, 1851
(1969); (d) J. B. 8iddall, M. Biskup, and J. H. Fried, tbid., 91, 1853 (1969).

(8) For areview see G. H. Posner, Org. React., 19, 1 (1972),

(9) P, Rona, L. Tokes, J. Tremble, and P. Crabbe, Chem. Commun.,
43 (1969); (b) R. J. Anderson, C. A. Henrick, and J. B. Siddall, J. Admer.
Chem. Soc., 92, 735 (1970).

(10) (2) P. Rona and P. Crabbe, J. Amer. Chem. Soc., 90, 4733 (1968);
(b) bid., 91, 3289 (1969).



