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Abstract—The anti-Markownikoff products of bromination and bromomethoxylation of 3-methylenecyclo-
butane-1-carbonitrile and methyl 3-methylenecyclobutane-1-carboxylate were subjected to dehydrobromina-
tion by the action of potassium tert-butoxide in THF. The reaction takes two elimination pathways: 1,3-de-
hydrobromination to give bicyclobutane derivatives and 1,2-dehydrobromination leading to substituted
methylenecyclobutane. Structural factors in the substrate were revealed, which are responsible for the ratio

of the two concurrent elimination processes.

3-Methylenecyclobutane-1-carbonitrile (1) is a cy-
cloadduct formed by thermal reaction of allene with
acrylonitrile [1]. As early as 1966, Blanchard and
Cairncross [2] successfully converted compound | into
3-methylbicyclo[1.1.0]butane-1-carbonitrile (1V) via
successive hydrohal ogenation—dehydrohal ogenation.
Later on [3, 4], following an analogous approach
(pathway a in Scheme 1), structurally related bicyclo-
butane derivatives V and VI were synthesized from
the corresponding methylenecyclobutanes 1 and I11.
We anticipated that the scope of application of the
above and analogous methylenecyclobutane deriva-
tives in the synthesis of bicyclobutanes can be
extended if the first stage would be addition of XHIg
(pathway b in Scheme 1). In this case, as in the hydro-
halogenation, halogen atom could be introduced into
the cyclobutane fragment, providing the possibility

for synthesizing 3-(X-methyl)bicyclo[1.1.0]butane-1-
carbonitrile and its analogs.

The present communication reports on our attempts
to synthesize bicyclobutane derivatives according to
pathway b. 3-Methylenecyclobutane-1-carbonitrile (1)
and methyl 3-methylenecyclobutane-1-carboxylate (I1)
were used as starting compounds which were brought
into bromination and bromomethoxylation reactions.
First, let us consider the results of XHIg addition.
The bromination of | and Il was carried out with
a solution of bromine in carbon tetrachloride at 20°C.
In both cases, the corresponding dibromo derivatives
(VII, Y = CN, and VIII, Y = CO,Me; Scheme 2)
were obtained, each being a mixture of two diastereo-
isomers. Pure diasterecisomers Vlla, VIlb, Vllla,
and VIIIb were isolated by column chromatography.
The bromomethoxylation of methylenecyclobutanes |

Scheme 1.
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I, IV, Y =CN; Il, V, Y = COMg; Ill, VI, Y = COMe; X = Br, OMe.
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Scheme 2.
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and 11 was effected by the action of N-bromosuccin-
imide (NBS) in methanol at 20°C. Gas chromatog-
raphic-mass spectrometric analysis of the reaction
mixtures showed the presence in each case of four
bromomethoxylation products which were formed
according to the Markownikoff rule (XI, Y = CN;
XIl, 'Y = CO,Me) and contrary to it (IX, Y = CN;
X, Y = CO,Me); each adduct was a mixture of two
diastereoisomers (Scheme 3). For comparison, we also
performed bromomethoxylation of unsubstituted
methylenecyclobutane. As a result, only the Markow-
nikoff adduct (XIII) was obtained.

Scheme 3.
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The product mixture obtained by bromomethoxyla-
tion of nitrile | was subjected to chromatographic
separation in a column charged with silica gel. Two
fractions containing sterecisomeric mixtures |1 Xa/l Xb
and Xla/Xlb were isolated. By crystallization of
chromatographically inseparable mixture Xla/Xlb we
succeeded in isolating pure isomer XIb. The isomer
mixture obtained by bromomethoxylation of ester Il
was not subjected to chromatographic separation.
Distillation gave a mixture of compounds Xlla and
Xl1b containing 6% of Xa/Xb. All cyclobutane
derivatives were characterized by H and 3C NMR
and mass spectra.

13C NMR spectroscopy turned out to be very useful
for structure determination of compounds VII-1X, XI,
and XII. First of all, the 3C NMR spectra |nd|cated

that these products are 1,1,3-trisubstituted cycl obutane
derivatives. Comparison of the chemical shifts of C3
(which has no protons attached thereto) alowed us to
distinguish between bromocyclobutanes VII, VIII,
and IX (8- 53.4-60.0 ppm) and methoxycycl obutanes
X1 and XI1 (8. 73.9-76.6 ppm). The 3C signals were
assigned on the basis of known correlations and the
data for compounds XIV-XVII (Tables 1, 2).

X Me Y

X XX

BrCH, X H

XIII, XIV XVa-XVIIa

X Y

XX

Me H
XVb-XVIIb

X1V, XV, X = Br; X1, XVI, XVII, X = OMeg; XV, XVI,
Y = CN; XVII, Y = COMe.

The *H NMR spectra of VII-IX, XI, and XII are
fully consistent with the assigned structures. More-
over, following the recommendations formulated in
[5], we were able to determine the configuration of
each diasterecisomer in accordance with configura-
tions of stereoisomers of XV-XVII. The 1-H signa
in the spectra of trans isomers (a) is located appreci-
ably downfield relative to the corresponding signal of
cis isomers (b) (A8 = 0.3 ppm) due to deshielding
effect of the C|s-or|ented bromine atom (or methoxy
group) on C3.

A reliable proof for the assigned structure (but not
configuration) of compounds | X-XI1 is provided by
their mass spectra (Table 3). The mass spectra of
substituted methoxycyclobutanes XI and X1l charac-
teristically contain the [M—CH,Br] fragment ion peak,
while substituted bromocyclobutanes 1 X and X show
in the spectra a strong peak with nvz 45; these features
alowed us to reliably distinguish the above com-
pounds differing by the relative position of the
methoxy group which gives rise to [3-decomposition
of the molecular ion. Furthermore, the cyclobutane
structure of compounds |1 X-XI1 is confirmed by the
presence of ion peaks with mvyz 152, 150, 71, and 55
(the latter only for esters X and XII), which are
formed as a result of retro-[2+2]-cycloaddition frag-
mentation of the molecular or fragment ions [6].

Table 4 contains data characterizing the selectivity
of addition to nitrile | and ester II. The observed
violation of regioselectivity in the bromomethoxyla-
tion of the terminal double bond in going from unsub-
stituted methylenecyclobutane to its derivatives | and
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Table 1. 'H and 3C NMR spectra of substituted bromocyclobutanes Vlla, VIIb, VIlia, VIIlb, 1Xa, IXb, XIV,

XVa, and XVb
IH NMR spectrum, 3, ppm (J, Hz) 13C NMR spectrum, 8., ppm
Comp.
no. ) 3 ) CHZX 1 2 4 3 CHZX CN
1-H 2-H, 4-H [CHy | OCHs | C' |CA CY C | o) | OCHs | (Cg
Vila 356 (9) | 3.02-3.16 | 2.80-293 | 384 s - 16.7 41.0 58.9 41.0 - 120.0
quint
Vilb 3.09-3.24 383 s - 17.0 41.2 54.2 40.5 - 1204
Villa | 352 (9) | 283-295 | 268-280 | 383 s | 3.70 s | 315 40.3 60.0 42.7 51.9 | [173.9]
quint
VIlb 3.04-3.18 (3H) 286-300 | 388 s | 373 s | 328 40.8 55.5 42.0 52.1 | [173.4]
IXa 345 m | 290-305 | 264279 ( 352 s | 341 s | 172 39.1 58.6 77.8 59.0 120.3
IXb 2.90-3.05 353 s | 33 s | 175 404 53.4 78.5 58.9 120.6
XVa | 346 (9) | 2.87-3.04 | 259-2.75 | [1.95 9] - 173 | 450 | 583 |[336] | - 120.8
quint
XVb 2.90-3.17 (3H) 2.67-2.89 | [1.86 9| - 17.2 449 52.6 | [3L.8] - 120.3
XIV& |1.46-2.46 256 m (4H) 3.76 s - 16.0 37.7 62.7 46.0 - -
(2H)

& The data for compound X1V were taken from [7]. For the sake of convenience in comparing the chemical shifts of X1V with the
data for the other compounds, the atoms in X1V were numbered in such a way that its quaternary carbon atom had number 3.

Table 2. 1H and 13C NMR spectra of substituted methoxycyclobutanes Xla, XIb, Xlla, XIlb, XIIl, XVlIa, XVIb,

XVIla, and XVIIb?

IH NMR spectrum, 8, ppm (J, Hz)

13C NMR spectrum, 8., ppm

Comp.
no. ) 3 ) CHZX 1 2 4 3 CHZX CN
1-H 2-H, 4H [CH4] OCH;, C cs C C [CH4] OCH;, [COJ
Xla 312 m | 247262 | 234245 | 367 s | 320 s| 141 | 348 | 766 | 359 | 499 121.9
Xlb 2.80 (9) 2.48-2.65 353 s | 323 s| 132 | 3563 | 751 | 350 | 499 121.0
quint
Xlla 3.08 m 3656 s | 369 s| 299 | 340 | 762 | 378 | 50.1 | [176.5]
2.22-2.35 320 s 52.6
Xllb 272 (9) 2.35-2.55 358 s | 369 s| 296 | 343 | 739 | 378 | 50.1 | [175.0]
quint 322 s 52.6
X110 |1.48-1.66 | 2.09-2.27 | 190205 | 361 s | 317 s | 11.7 | 302 | 778 | 37.3 | 495 -
1.70-1.85
XVla | 3.08 m 2.12-2.37 [141 §] | 312 s | 145 | 374 | 761 | [23.3] | 49.7 122.8
XVIb | 2.69 (9) 2.37-2.58 [1.28 §] | 314 s | 132 | 382 | 739 | [21.6] | 49.7 121.7
quint
XVlla [2.90-3.17 [1.30 5] | 3214 s | 299 | 357 | 758 |[23.2] | 49.6 | [176.0]
2.05-2.20 365 s 51.5
XVIIb | 2.67 (9) 2.26-2.40 [1.27 o | 314 s | 287 | 36.7 | 727 |[224] | 494 | [175.0]
quint 3.65 s 515

@ The data for individual diastereoisomers of XII, XVI, and XVII were determined from the spectra of the corresponding two-
component mixtures Xlla/XIlb, XVIa/XVIb, XVIIa/XVIIb; the 2-H and 4-H proton signals were not distinguished.

P For the sake of conveniencein comparing the chemical shifts of X111 with the data for the other compounds, the atomsin X111 were
numbered in such a way that its quaternary carbon atom had number 3.
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Table 3. Mass spectra of bromomethoxylation products of nitrile 1 and ester 1l (GC-MS data)

Comp. Retention 0
no. time, min MWz (Irep, %)
IXa 6.7 205 (1) and 203 (1) M*, 152 (2), 150 (2), 124 (12), 94 (12), 92 (13), 71 (25), 65 (15), 45
(100), 41 (30), 39 (30)
IXb 8.2 205 (0.3) and 203 (0.3) M*, 152 (4), 150 (4), 124 (25), 92 (5), 71 (20), 65 (6), 45 (100), 41
(14), 39 (12)
Xla 18.1 205 (0.4) and 203 (0.4) M*, 152 (78), 150 (78), 110 (35), 71 (100), 57 (16), 41 (59), 39 (24)
XIb 228 205 (0.4) and 203 (0.4) M*, 152 (75), 150 (75), 110 (27), 71 (100), 57 (13), 41 (58), 39 (23)
Xa 35 238 (0.3) and 236 (0.3) M*, 207 (4), 205 (4), 157 (7), 156 (4), 152 (6), 150 (6), 125 (27), 97
(100), 93 (10), 87 (12), 72 (25), 71 (20), 67 (12), 65 (10), 59 (15), 55 (37), 53 (16), 45
(89), 41 (41), 39 (25)
Xb 45 238 (0.3) and 236 (0.3) M*, 207 (4), 205 (4), 157 (14), 152 (8), 150 (8), 125 (31), 97 (100),
93 (11), 87 (21), 71 (29), 67 (11), 65 (9), 59 (13), 55 (22), 53 (13), 45 (57), 41 (36),
39 (18)
Xlla 8.9 238 (0.2) and 236 (0.2) M*, 207 (9), 205 (9), 179 (5), 177 (5), 157 (16), 152 (100), 150
(100), 143 (20), 97 (20), 93 (18), 71 (85), 55 (14), 43 (14), 41 (50), 39 (15)
XIlb 11.1 238 (0.4) and 236 (0.4) M*, 207 (10), 205 (10), 179 (3), 177 (3), 157 (12), 152 (100), 150
(100), 143 (11), 97 (13), 93 (9), 71 (76), 55 (15), 43 (12), 41 (51), 39 (16)

Il having an electron-acceptor group in position 3
deserves special comment. Assuming that w-complex
A is the key intermediate in the reaction under study,
strict regioselectivity (according to Markownikoff) in
the addition to unsubstituted methylenecyclobutane
may be explained in terms of the asymmetric structure
of complex A (Y = H) due to displacement of the
bromine atom from the bridgehead carbon atom,
which is caused by positive inductive effect of the
cyclobutane methylene groups. Intermediates A with
Y = CN or CO,Me are more symmetric due to nega-
tive inductive effect of the Y group, so that anti-
Markownikoff addition becomes possible. In this case,
greater violation of the regioselectivity should be
expected for the addition to nitrile | [o/(CN) = 0.60]
rather than to ester 11 [5/(CO,Me) = 0.32], as is
observed experimentally.

Let us consider the results of dehydrobromination
of substituted bromocyclobutanes Vlla, VIlb, Vllia,
VIIlDb, 1Xa, and IXb which are potential precursors
of bicyclobutane derivatives (pathway b in Scheme 1).
As a dehydrobrominating agent we used potassium
tert-butoxide in tetrahydrofuran. This reagent turned
out to be effective in the synthesis of bicyclobutane
IV [2, 8]. In fact, in al cases, 1,3-dehydrobromination

occurred to give bicyclobutane derivatives XVII1-XX
(Scheme 4). However, the main process was accom-
panied by 1,2-dehydrobromination, leading to forma-
tion of substituted methylenecyclobutanes XXI-
XXII1. In none of the cases, the second possible
1,2-dehydrobromination product (cyclobutene deriva-
tive) was detected.

Scheme 4.

t-BuOK, THF

VII-IX

>

XCH, Y
XVIII-XX

X
+ \_J\>—Y
XXI-XXIIT

XVII, XIX, XXI, XXI, X = Br; XX, XXIII, X = OMe;
XVI, XX, XXI, XX, Y =CN; XIX, XXIl, Y =CO,Me.

The structure of dehydrobromination products
XVIH-XXI1l was determined on the basis of their
'H and ¥C NMR spectra. Table 5 contains the data
for bicyclobutanes XVI11-XX and (for comparison)
model bicyclobutane 1V. Noteworthy is that the
difference in the chemical shifts of magneticaly
nonequivalent methylene protons is about 1 ppm,
while the corresponding coupling constant 2J,, is
close to zero. A characteristic feature of the >°C NMR
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Table 4. Regio- and stereoselectivity of bromomethoxyla-
tion (BM) and bromination (B) of substituted methylene-
cyclobutanes |1 and I

Stereoselectivity (trans:cis)

Comp. | Regioselec-
VY a
no. tivity (BM) BMP BMC B
I 59:1 46.5:39 6.5:8 54:46
[ 157:1 485:455 | 25:35 | 51:49

& Ratio of the Markownikoff and anti-Markownikoff adducts.
b According to the Markownikoff rule.
¢ Contrary to the Markownikoff rule.

spectra of 1-cyanobicyclobutanes XVIII, XX, and
IV is upfield shift of the C* signa (up to a negative
d¢ value).

The structure of methylenecyclobutane derivative
XXI, which was isolated in the pure state, unam-
biguously follows from the NMR spectral data, taking
into account the expected similarity with the spectra
of | (see Experimental). The *H NMR spectrum of
XXI characteristically contains a signal at 5 ~6 ppm
from the olefinic proton, and the C? and C* atoms
give different but closely located signals in the *C
NMR spectrum (8 35-37 ppm). Olefins XXII and
XXI11 were detected by NMR spectroscopy among
products of dehydrobromination of compounds V11|
and 1 X, respectively (signals typical of the methylene-
cyclobutane structure were present).

Below are given the ratios of products formed by
the two concurrent dehydrobromination processes
(i.e., bicyclobutane and methylenecyclobutane deriva-
tives, BCB : MCB) for the series of substituted bromo-
cyclobutanes VI1-1X differing by the stereochemistry
or substitution pattern: VIla, 0.5; VIlb, 0.05; Vllla,
4.3; VIlIb, 2.2; IXallXb, ~20. It is seen that the

BCB:MCB ratio strongly depends on the substrate
structure.

Effect of the substrate stereochemistry. The in-
crease in BCB:MCB by an order of magnitude in
going from cis isomer VIIb to trans isomer Vila
may be interpreted as the result of different rates of
1,3-dehydrobromination, for the effect of orientation
of the distant cyano group on the 1,2-dehydrobromina-
tion process should be insignificant. It is aso import-
ant that no substrate stereoisomerization was observed
during the dehydrobromination of nitriles Vlla and
VIIb. Thus we conclude that the syn-1,3-dehydro-
bromination in VII is preferred. This conclusion is
consistent with the data of [9], according to which
the rates of 1,3-dehydrobromination of sterecisomeric
bromocyclobutanes XVa and XVb differ by a factor
of 30 (the reaction with trans isomer XVa is faster)
while stereoisomerization of the substrate does not
occur. According to the results of kinetic study [9],
1,3-dehydrobromination of bromonitrile XV follows
the (Ely)g mechanism [k ; > k)] with formation
of hydrogen-bonded carbanion B as intermediate
(Scheme 5). Here, the higher reactivity of the trans
isomer (with respect to cis) should be attributed to
the existence of an additional elimination path (k3
involving assistance by potassium cation [9]. This
scheme can aso be applied to interpret the reaction
with nitrile VI1. However, the effect of stereochemical
structure of ester VIII is much weaker, presumably
due to different elimination mechanism (see below).

Effect of the activating group. In going from
nitrile VII to ester VIII, the fraction of the bicyclo-
butane derivative in the dehydrobromination product
considerably increases. Assuming that the effect of
ester or cyano group on the 1,2-elimination process
isinsignificant (for that group is remote from the reac-
tion center), the observed increase in BCB:MCB
should be treated in terms of a greater efficiency of
1,3-dehydrobromination in ester V111 as compared to

Table 5. H and 13C NMR spectra of substituted bicyclobutanes 1V and XVII1-XX

IH NMR spectrum,2 3, ppm 13C NMR  spectrum, 8., ppm
Comp.
no. endo-2-H, exo-2-H, CHyX 1 2 4 3 CHyX CN

endo-4H | eodH | [CHy | O | © | S | chy | O | (co
v 1.28 1.98 [1.72 9 - -3.6 40.2 22.8 [12.4] - 120.0
XVIII 1.50 2.34 405 s - 0.4 394 294 28.9 - 121.3
XIX 1.40 2.45 387 s 3.70 s 17.2 37.6 27.9 30.9 51.9 [170.0]
XX 1.38 2.21 395 s 342 s -39 38.7 23.7 69.2 58.7 118.9

& The signals from 2-H and 4-H appear as broadened singlets.
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IV, XVIII

K*-OBu-¢

B

Vlla, XVIIlI, R = CH,Br; XVa, IV, X = Me.

nitrile VII. We aso found that, unlike nitriles Vila
and VI11b, the dehydrobromination of esters VIlla and
VIlIb is accompanied by stereoisomerization. This
fact, as well as the weak effect of steric structure of
VII1 on the BCB:MCB ratio, indicates change of the
mechanism of elimination in going from nitrile V11 to
ester VIII. Presumably, the reaction with ester VIlI
follows the (El,), mechanism [k, > k ;] with parti-
cipation of carbanion C as intermediate (Scheme 6).
An anaogous mechanism was proposed in [9] for the
1,3-dehydrohalogenation of ketone XXIV.

Scheme 6.

R H iy R
KOBu-r + ><>< _ ><>_—Y
X % k1 X
c

VIII, XXIV

R Y
ks 2 g
—_—
XIX, XXV

VI, XIX, R = CH,Br; XXIV, XXV, R = H; VIII, XIX,
Y = CO,Me; XXIV, XXV, Y = COPh; VIII, X = Br;
XXV, X = Cl.

We believe that the difference in electronic effects
of the activating groups (cyano and methoxycarbonyl)
is responsible for formation of different intermediates
in the reactions with nitrile VIl and eester VIII.
Taking into account that the relative contribution of
resonance stabilization (with respect to stabilization
due to inductive effect) of carbanionic center by the
ester group is considerably greater than the corre-

sponding contribution for the cyano group.” Therefore,
charge delocalization (and formation of free carbanion
C) should be expected for ester VIII, and charge
localization on the carbon atom (and formation of
hydrogen-bonded carbanion B) should be expected
for nitrile VI1. Furthermore, free carbanion is assumed
to be more reactive than the anionic center in hydro-
gen-bonded ion in intramolecular nucleophilic attack
leading to formation of the bicyclobutane product.

Effect of substituent in the CH,X fragment.
The contributions of 1,3-elimination in the reactions
with nitriles VII and 1X, differing by the substituent
in the CH,X fragment, may be regarded as approxi-
mately similar. Then, considerable increase in the
BCB:MCB ratio in going from methoxymethyl
derivative 1X to bromomethyl analog VII originates
from sharp increase in the efficiency of 1,2-dehydro-
bromination for the latter. Presumably, the stronger
electron-acceptor power of bromine (o, 0.48) as com-
pared to methoxy group (o, 0.30) is the main factor
responsible for the greater contribution of 1,2-de-
hydrobromination in the case of dibromide VII. This
assumption is consistent with the fact that nitrile XV
undergoes exclusively 1,3-elimination to give the cor-
responding bicyclobutane derivative 1V as the only
product [2, 8].

To conclude, it should be noted that the above
interpretation of the observed relations between the
chemoselectivity of dehydrobromination in the series
of substituted bromocyclobutanes VII-IX and sub-
strate structure is a matter of discussion.

¥ The akoxycarbonyl and cyano groups are characterized by
similar resonance substituent constants, oy 0.10 and o 0.23,
but different inductive constants o, (see above).
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EXPERIMENTAL

The *H and *C NMR spectra of solutions in CDCl,
were recorded on a Bruker AM-200 spectrometer.
GLC analyses were performed on a Tsvet-101 instru-
ment equipped with a flame ionization detector;
carrier gas nitrogen, flow rate 40 ml/min; glass
column, 3000 x 2 mm,; stationary phase 10% of OV-17
on Chromosorb W-HMDS (60-100 mesh). GC-MS
data were obtained using an LKB-2091 mass spec-
trometer; carrier gas helium; glass column, 2000 x
3 mm; stationary phase 3% of XE-60 on Inerton
Super (0.16-0.20 mm); energy of ionizing electrons
70 eV, emission current 25 mA; accelerating voltage
3.5kV. Silufol UV-254 plates were used for analytical
thin-layer chromatography; eluent hexane-ether, 1:1;
development with UV light or iodine vapor. Column
chromatography was performed on silica gel L
(40/200 pm).

3-Methylenecyclobutane-1-carbonitrile (I) was
synthesized by the procedure described in [1]. bp 65—
66°C (21 mm), n2 1.4615; published data [1]: bp 64—
65°C (21 mm), n® 1.4595. 'H NMR spectrum, §,
ppm: 4.78-4.86 (2H, CH,=C), 3.02-3.08 (5H, 1-H,
2-H, 4-H). 3C NMR spectrum, ., ppm: 17.1 (CY),
36.6 (C?, C*%, 141.4 (C%), 108.4 (CH,=), 121.9 (CN).

Methyl 3-methylenecyclobutane-1-carboxylate (I1)
was prepared according to [10]. bp 57-60°C (20 mm),
nZ 1.4490; published data[10]: bp 60-61°C (20 mm),
nZ 1.4469. Bromo nitriles XVa and XVb [9],
methoxy nitriles XVIa and XVIb [11], methoxy esters
XVlila and XVIIb [11], and bicyclobutane 1V [8]
were synthesized by known methods. N-Bromosuccin-
imide (pure grade) was recrystallized from water prior
to use. Potassium tert-butoxide was prepared as
described in [12]. The substituent constants c were
taken from [13].

Bromination of 3-methylenecyclobutane-1-car bo-
nitrile (I). A solution of 3.2 g (20 mmol) of bromine
in 15 ml of carbon tetrachloride was added over
a period of 1 h to a solution of 1.86 g (20 mmol) of
nitrile 1 in 15 ml of CCl, while stirring at 20°C. The
mixture was stirred for 0.5 h, and the solvent was
removed under reduced pressure. The product, 4.80 g
(95%), was a mixture of dibromo derivatives Vlla
and VIlb at aratio of 54:46 (according to the GLC
data, 150°C; retention time 20.7 and 27.2 min, respec-
tively). The mixture was subjected to chromatographic
separation in a column charged with silica gel.

trans-3-Bromo-3-bromomethylcyclobutane-1-
carbonitrile (Vlla). Rz 0.60, mp 36-37°C (from
hexane). Found, %: C 28.24, 28.51; H 2.86, 2.92;

Br 63.02, 62.89; N 5.59, 5.68. C4H,Br,N. Calculated,
%: C 28.49; H 2.79; Br 63.18; N 554.

cis-3-Bromo-3-bromomethylcyclobutane-1-
carbonitrile (VIIb). R 0.52, mp 55-56°C (from
hexane). Found, %: C 28.30, 28.56; H 2.87, 2.63;
Br 63.08, 62.87; N 5.61, 5.48. CzH,Br,N. Calculated,
%: C 28.49; H 2.79; Br 63.18; N 5.54.

Bromination of methyl 3-methylenecyclobutane-
1-carboxylate (I1). Following the above procedure,
from 1.89 g (15 mmol) of ester Il and 2.4 ¢
(15 mmol) of bromine in 25 ml of CCl,, we obtained
4.0 g (93%) of a mixture of dibromo derivatives
Villa and VIIIb at aratio of 51:49 (GLC, 150°C;
retention time 10.2 and 13.4 min, respectively). The
isomers were separated by column chromatography
on slica gel.

Methyl trans-3-bromo-3-bromomethylcyclo-
butane-1-carboxylate (VIlla). R 0.65, oily liquid.
Found, %: C 29.35, 29.48; H 3.59, 3.41. C,H,,Br,0,.
Calculated, %: C 29.40; H 3.52.

Methyl cis-3-bromo-3-bromomethylcyclobutane-
1-carboxylate (VI11b). R 0.60, mp 45-47°C. Found,
%: C 29.27, 29.22; H 3.39, 3.42. C,H,yBr,0,. Ca-
culated, %: C 29.40; H 3.52.

The H and *3C NMR spectra of compounds Vlla,
VIIb, VIlla, and VIlIb are givenin Table 1.

Bromomethoxylation of nitrile 1. A solution of
4.65 g (50 mmol) of nitrile I in 10 ml of methanol
was added over a period of 2 h to a suspension of
9.25 g (52 mmol) of N-bromosuccinimide in 20 ml of
methanol on stirring at 20°C. The mixture was stirred
at 35°C until initia nitrile | disappeared (~3 h, GLC
monitoring). The solvent was distilled off on a rotary
evaporator, and 150 ml of carbon tetrachloride was
added to the residue which was a mixture of crystals
and viscous liquid. The precipitate (succinimide) was
filtered off, and the filtrate was washed with a solu-
tion of sodium chloride (3x30 ml), dried over
MgSO,, and evaporated under reduced pressure. The
yield of the crude product was 9.65 g (95%); accord-
ing to the GLC data (150°C), it was a mixture of four
compounds; IXa, 1Xb, Xla, and XlIb. Below are
given their retention times (min) and fractions (%) in
the mixture: 1Xa, 6.7, 6.5; 1Xb, 8.2, 8.0; Xla, 18.1,
46.5; Xlb, 22.8, 39.0. The product mixture was
subjected to chromatographic separation on silica gel
to obtain two fractions. The first fraction, R; 0.62,
was a mixture of trans- and cis-3-bromo-3-methoxy-
methylcyclobutane-1-carbonitriles | Xa and 1 Xb (GLC
data), bp 90°C (1 mm). Yield 1.05 g (10.3%). Found,
%: C 40.93, 40.71; H 4.93, 4.82; Br 38.98, 38.77,
N 6.90, 6.95. C;H,,BrNO. Calculated, %: C 41.20;
H 4.94; Br 39,15; N 6.87.
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The second fraction, R 0.55, was a mixture of
trans- and cis-3-bromomethyl-3-methoxycyclobutan-
1-carbonitriles Xla and Xlb. Yield 6.95 g (68%). It
was a mixture of crystals and a viscous liquid. By dis-
solution in a warm hexane-ether mixture (1:1) and
subsequent cooling of the solution to -25°C we
isolated crystalline product XIb. The procedure was
repeated for severa times to obtain an additional
amount of compound XlIb. mp 52°C. Found, %:
C41.11, 40.99; H 4.97, 4.95; Br 38.80, 38.75; N 6.94,
6.98. C;H,(BrNO. Calculated, %: C 41.20; H 4.94;
Br 39.15; N 6.87. From the mother liquor we isolated
by distillation compound Xla as a viscous liquid
containing (GLC) about 20% of isomer XlIb. bp 88-
92°C (1 mm). Found, %: C 41.08, 40.97; H 4.88,
496; N 6.88, 7.03. C,H,,BrNO. Calculated, %:
C 41.20; H 4.94; N 6.87.

The H and *C NMR spectra of compounds | Xa
and 1 Xb are given in Table 1, and of Xla and Xlb,
in Table 2.

Bromomethoxylation of ester Il1. A solution of
3.15 g (25 mmol) of ester 11 in 10 ml of methanol
was added over a period of 2 h to a suspension of
4.65 g (26 mmol) of N-bromosuccinimide in 20 ml of
methanol on stirring at 0°C. The mixture was stirred
at room temperature, and the disappearance of initial
ester 11 was monitored by GLC. When the reaction
was complete, the solvent was removed under reduced
pressure, and the residue (which was a mixture of
crystals and a viscous liquid) was diluted with 50 ml
of ether. The undissolved crystals (succinimide) were
separated, and the ether solution was washed with
water (2x20 ml) and dried over MgSO,. The solvent
was evaporated, and the residue was distilled under
reduced pressure to obtain 5.2 g (88%) of a crude
product which was a mixture of four compounds:
methyl trans- and cis-3-bromo-3-methoxymethyl-
cyclobutane-1-carboxylates Xa and Xb and methyl
trans- and cis-3-bromomethyl-3-methoxycyclobutane-
1 carboxylates Xlla and Xllb. bp 82-86°C (3 mm),

20 1.4872. Found, %: C 40.81, 40.65; H 5.57, 5.47;
Br 33.36, 33.43. CgH,5BrO5. Calculated, %: C 40.53;
H 5.53; Br 33.70. Below are given compound no.,
retention time (min, 150°C), and fraction in the crude
product (%): Xa, 3.5, 2.5; Xb, 4.5, 3.5; Xlla, 8.9,
48.5; Xl11b, 11.1, 45.5. The structure of esters Xa and
Xb was established on the basis of their mass spectra
(Table 3), and the configuration was assigned on the
basis of their retention times, by analogy with the
behavior of the corresponding nitriles 1Xa and I Xb.
The *H and 3C NMR spectra of esters XIla and XI1b
are given in Table 2.

1-Bromomethyl-1-methoxycyclobutane (XI11)
[14]. Methylenecyclobutane, 1.30 g (19 mmol), was

added at 0°C to a suspension of 2.65 g (15 mmol)
of N-bromosuccinimide in 20 ml of methanol, and
the mixture was stirred for 2 h. Most part of the sol-
vent was distilled off under atmospheric pressure,
50 ml of ether was added to the residue, the precip-
itate of succinimide was filtered off, and the filtrate
was washed with water and dried over magnesium
sulfate. Removal of the solvent gave 2.45 g (91%) of
compound XIIl containing more than 99% of the
main substance (GLC). bp 79-81°C (6 mm% pub-
Ilshed data [14]: bp 77-80°C (5 mm). The "H and
13C NMR spectra are given in Table 2.

Determination of regio- and stereoselectivity of
addition to alkenes | and Il. a. Bromination. Alkene
I or Il, 0.3 mmol, was mixed with an equimolar
amount of bromine in 1 ml of carbon tetrachloride at
20°C; after 0.5 h, the mixture was analyzed by GLC.

b. Bromomethoxylation. An equimolar amount of
alkene | or Il was added to a suspension of 53 mg
(0.3 mmol) of N-bromosuccinimide in 2 ml of MeOH,
and the mixture was stirred for 5 h at 20°C. Most
part of the solvent was evaporated under reduced pres-
sure, 15 ml of ether was added to the residue, and the
ether solution was washed with water and dried over
MgSO,. The solution was analyzed by GLC and GC-
MS. The mass spectra of the bromomethoxylation
products are given in Table 3. Table 4 contains the
data on the selectivity of bromination and bromo-
methoxylation (each value is an average from three
paralel runs).

Dehydrobromination of dibromonitriles Vlila
and VIlb. a. A solution of 0.63 g (2.5 mmol) of di-
bromide VlIla in 5 ml of THF was added at 0°C to
a solution of 0.39 g (3.5 mmol) of potassium tert-
butoxide in 10 ml of THF. The mixture was stirred for
5 h and was alowed to gradually warm up to room
temperature. Water, 30 ml, and ether, 30 ml, were
added, the organic phase was separated, and the
agueous phase was extracted with ether. The extract
was combined with the organic phase, washed with
water, and dried over magnesium sulfate. Removal of
the solvent left 0.35 g (83%) of a viscous Ilqwd which
(according to the GLC data, 150°C, and H NMR
spectrum) was a mixture of compounds XVIII and
XXI (retention time 10.3 and 7.2 min, respectively) at
aratio of 1:2. bp 70°C (1 mm). Found, %: C 41.71,
41.60; H 3.25, 3.31; N 7.89, 7.80. CzHgBrN. Cal-
culated, %: C 41.89; H 3.52; N 8.14.

3-Bromomethylbicyclobutane-1-carbonitrile
(XVIII) Mass spectrum, mVz (I,4, %): 173 and 171
(65, M™), 92 (100), 65 (94), 39 (65).

b. Following an analogous procedure, from 0.35 g
of compound VIIb we obtained 0.19 g (80%) of
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a product which (according to the GLC and *H NMR
data) was a mixture of compounds XVIII and XXI
a a ratio of 1:20. bp 71°C (1 mm). Found, %:
C 41.74, 41.80; H 3.35, 3.31; N 7.80, 7.98. CzHgBrN.
Calculated, %: C 41.89; H 3.52; N 8.14.

3-Bromomethylenecyclobutane-1-carbonitrile
(XXT). Mass spectrum, m/z (1,4, %): 173 and 171 (28,
M™), 120 (30), 118 (30), 92 (100), 65 (65), 54 (18),
41 (23), 39 (93). *H NMR spectrum, &, ppm: 5.95-
6.01 (1H, CHBr), 2.95-3.30 (5H, 1-H, 2-H, 4-H).
13C NMR spectrum, 5., ppm: 16.6 (CY), 35.7 and 36.4
(C?, C%, 137.8 (C?), 99.8 (CHBr), 121.3 (CN).

GLC monitoring of the dehydrobromination of
compounds Vlla and VIIb (according to a and b)
showed that the ratio of products XVII1 and XXI did
not change with time and that no epimerization of
initial dibromo nitrile VIla or VI1b occurred.

Dehydrobromination of dibromo esters Villa
and VIlIb. a. A solution of 0.35 g (1.2 mmol) of
compound Vlllain 3 ml of THF was added dropwise
with stirring at 0°C to a solution of 0.19 g (1.7 mmol)
of potassium tert-butoxide in 5 ml of THF. The
cooling bath was removed, and the mixture was
dtirred for 5 h. It was then diluted with 20 ml of water
and extracted with ether (3x15 ml). The extracts
were washed with water and dried over magnesium
sulfate. Removal of the solvent under reduced pres-
sure left 0.20 g (80%) of a viscous oily substance
which (according to the *H NMR data) was a mixture
of methyl 3-bromomethylbicyclobutane-1-carboxylate
(X1X) and methyl 3-bromomethylenecyclobutane-1-
carboxylate (XXII) at a ratio of 4.3:1. bp 45°C
(1 mm). Found, %: C 40.81, 40.75; H 4.35, 4.29.
C,HyBro,. Caculated, %: C 41.00; H 4.42.

b. Following an analogous procedure, from 0.30 g
of compound VIIIb we obtained 0.16 g (75%) of
a mixture of products X1X and XXII a a ratio of
2.2:1. Ester XXII: 'H NMR spectrum, &, ppm:
5.82-5.90 (1H, CHBr), 2.82-2.97 (5H, 1-H, 2-H,
4-H). 3C NMR spectrum, 8., ppm: 31.8 (CY), 34.1
and 34.8 (C?, C%, 51.9 (OCH.,), 97.9 (CHBr), 136.9
(C3), 170.0 (C=0). GLC monitoring of the dehydro-
bromination of VIlIla and VIIIb (methods a and b)
showed that in both cases epimerization of initia
dibromo esters VIlla and VIIIb occurred.

3-M ethoxymethylbicyclobutane-1-carbonitrile
(XX). A solution of 0.2 g (1 mmol) of mixture
IXa/IXb (1.2:1) in 1 ml of THF was added at 0°C
to a solution of 0.16 g (1.4 mmol) of potassium tert-
butoxide in 5 ml of THF. The mixture was stirred for
3 h a 20°C, and the progress of the reaction was
monitored by GLC (150°C). When the reaction was

complete, the mixture was diluted with 20 ml of water
and extracted with ether (3x 15 ml). The extracts were
washed with water and dried over magnesium sulfate.
Distillation gave 102 mg of bicyclobutane XX. Yield
84%. bp 60-62°C (7 mm). Mass spectrum, m/z
(I,g %): 123 (4, M7), 92 (18), 71 (100), 65 (34),
53 (37), 52 (15), 51 (11), 45 (85). Found, %: C 68.41,
68.03; H 7.38, 7.31; N 11.57, 11.33. C;HyNO. Cal-
culated, %: C 68.27; H 7.37; N 11.37. According to
the 'H NMR data, the product contained ~5% of com-
pound XXIII which was identified by the following
weak signals, §, ppm: 5.9-6.0 (CH=C), 2.95-3.15
(1-H, 2-H, 4-H), 4.0 s (OCH,).

The *H and ¥C NMR spectra of bicyclobutanes
XVIIN-XX are given in Table 5.
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