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REGIOSPECIFIC ADDITIONS OF HYDRAZOIC ACID AND BENZYLAMINE
TO 1-(ARYLSULFONYL)BICYCLO[1.1.0|BUTANES. APPLICATION
TO THE SYNTHESIS OF CIS AND TRANS 2,7-METHANOGLUTAMIC ACIDS
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Addition of hydrazoic acid or benzylamine to 1-(arylsulfony!) bicyclobutanes introduces the
nilrogen nucleophlie at position 3 of the derlved cyclobutane, even when a carboxy! derlv-
ative Is present at this position as a second activating group. Precursors of a-amino
cyclobutane carboxylic aclds may thus be obtained and these can be further transtormed
to the title diacids via carbonylation @ to the sulfone and reduction.

The addition of nucleophiles across the central bond of bridgehead-activated bicyclo[1.1.0Jbutanes is a well
documented reaction'. Addition of nitrogen nucleophiles to this system has, however, been limited until now to

the addition of amines to i-cyano bicyclobutanes, ylelding stereospecifically?, or stereoselectively®,
1-amino-3-cyanocyclobutane derivatives.

it has now been found that by the use of N,N,N’ N’-tetramethylguanidinium azide (TMGA) or of trimethyl-
silylazide (TMSA), t-(arylsulfonyl)bicyclo[1.1.0lbutanes of various substitution patterns (1, R'=H or exo-Me;
R?=11, alkyl, hydroxyalkyl, carboxylic acid derivatives)* added the elements ol hydrazoic acid lo produce
reglospecilically the addition products 2 in high ylelds. Azides 2 are useful precursors of cyclobutylamines ol

types 3 or 4, obtainable trom 2 by catalytic hydrogenation or by substitution « to the sulfone followed by reduction,
Including reductive elimination of the arylsullony! group.
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The reaclions of 1 with TMGA or TMSA are carried outl in N-methy!l-2-pyrrolidone (NMP) or DMF at 80-90C,
producing 2 as a separable mixture of cis and trans Isomers. The reactions with TMGA are relatively fast and
provide 2 cleanly and readily from doubly aclivated 1 derivatives (R?=COOR, CONHR, CONR,) as well as from
3-alkyl or 3-hydroxyailkyl derivatives (see Table 1).

Though reactions of 1 with TMSA are at least ten times slower, methoxycarbonyl groups are not solvolyzed
(entries 4.5, Table 1) and ester products are obtained after 20 h, ratio 1.5, yield 92%.

A complementary approach to cyclobutylamine derivatives was based on the addition ol benzylamine to 1.
Adducts 5 were agalin regiospecifically formed in good to high ylelds from singly or doubly activated 1 derivatives

(Table 2). Tho reactions were carried out by warming 1 In excess benzylamine at 140°C under inert atmosphere
until completion (2-4 h when R' =H, ca. 20 h when R' = Me; TLC monitoring).
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The geometry of addition of the azide and amine was specific relative lo a 2-methyt group”, but only moderatly
seleclive relative to the sulfone group. Stereoselectivity was, however, much higher in the case of benzylamine
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Table 1. Reaction conditions, ratio of Isomers and yields for 1 + TMGA — 2."®

Entry Subslituents Solvent Reaction Product ratio Yield

1,2) time (h) trans-S,N/cis-S,N (%)
1. R'=H,R2=H NMP 1 1.1 96
2 R'=H, R?=CH, NMP 2 0.32 89
3 R'=H, R?=CH,OTHP* NMP 0.25 85
4. R'=H, R?=CO0,CH, CHCI,-NMP 7:1¢ 20 1.6 85
5, R'=H, R?=CO,CH, DMF* 2 1.5 86
6. R'=H, R?=CONH,Ph NMP 2 4.7 93
7. R'=H, R?=CON NMP 56 95
8. R'=CH,, R?*=H NMP 2 1.6 96
9. R'=CH,, R?= CON:> NMP 20 20 93

a. A molar ratio of 1.2 of TMGA to 1 was used. b. Correct analytical and spectral data were obtained for all new

compounds. c. Tetrahydropyranyl ether. d. Parlial solvolysis to the aclds occurred in CHCI,-NMP and total
solvolysis in DMF.

Table 2. Reaction conditions, ratlo of isomers and yields for 1 + PhCH,NH, — 5."
Substituents Reaction Product ratio Yield (95)
1 5 time (h) trans-S,N/cls-S,N

R'=H, R?*=CH, R'=H, R?=CH, 4 b 79
A'=H, R?=CH,0H R'=H, R?=CH,0H 2 b,c 77
A'=H, R?=CH,O0THP* R'=H, R*=CH,OTHP" 3 b 83
R'=CH,, R?=CH, R'=CH,, R?=CH, 20 b 68
f'=CH,, R?=CH,OTHP" R'=CH,, R?=CH,OTHP" 20 b 93
R'=H, R*=CONHCH,Ph R'=H, R?=CONHCH,Ph 3 0.61 90
A'=H, R?=CO,CH, R'=H, R?=CONHCH,Ph* 4 0.57 90
R'=H, R*=CO0,CH, R'=H, R*=C0,C,H, 4 5.0 83
R'=H, R*=CON R'=H, R?=CO 20 b 56
f'=CH,, R?=CO,CH, R'=CH,, R*=CONHCH,Ph 20 f 50
R'=CH,, R?=C0,C_H, R'=CH,, R?=CO,C H, 20 g 49

R'=CH,, R?=CONHCH,Ph 1

a. After completion of the reaction, excess benzylamine was evaporated and producls were isolaled by
chromatography on silica gel. b. Only the trans-S,N product was isolated but the presence of some cis-S,N product
was detected by NMR in late chromatography fractions. c¢. The same trans-S,N product was obtained by lithium
aluminium hydride reduction of the corresponding ethyl ester product. d. Tetrahydropyranyl ether (a
diastereomeric mixture In the case of R?*=CH,). e. The products were obtained as the benzylamides. 1. The
cis-S.N benzylamide isomer was the only isolated product. g. A mixture of the trans-S,N ester and the cis-S.N
benzylamide was obtained.
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which produced preponderantly the trans-S,N isomers. When a secondary process occurred, such as attack of

an ester group by the amine to form an amide, or when the starting material was a secondary amide, a reversal
of selectivily was observed.

The trans-S,N 5 Isomers were also preponderantly formed when a 2-exo-methyl was present in 1, the sullone
group being thus placed cis to this methyl in 2. An indication as to the sulfone-methyl relationship is given by the

chemical shift of the 2-methyl prolons, the doublet being shifted upfleld by ca. 0.5 ppm In the case of the trans-1,2
isomer (cis-S,N).

The sequence of reactions which leads from 1 to 3, 5 and 4 may provide a facile access to a-amino cyclobutane
mono and dicarboxylic acids and their derivatives. These compounds belong to a group of alicyclic, or
«-substituted, non-patural amino acids of which numerous examples have been recently synthesized and tested
tor potential biologlcal activities.® Two natural cyclobutane amino acids, namely trans-2,4-methanogiutamic acid
(lrans-6) and 2,4-methanoproline (7), Isolated from the seeds of Ateleia herbert smithii have also been described
recently.” Interest in the possible role of these aclds in protecting the seeds from Insect predation has led to the
synthesis of methanoproline,®:® but no synthesis of methanogiutamic acid has as yet been published.

The present synthesis of 6 is based on the carboxylation of 8 (entry 5, Table 1), foliowed by reduction of the

azide and reductive elimination of the sulfone (Scheme). The overall yield of cis and trans-6 from 1 (R'=R?=H)
is of 25-30%.

Scheme

PhSO, PhSO COpCHz ——2 PhSO; o eabs
7°/ 2 2¥73 es 55%
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PhSO COH PhSO COH 4 coH
HOOC N3 80-85% HOOC NHz 90% NH,
9 10 3]

(a) BuLi, hexane, THF, -78°C; (b) (_“0,, (c) Mel; (d) TMGA, DMF; (e) NaH, THF, 0°C; () H 0+ (g) 5% Pd on C, EION,
H,: (h) Li, NH_; (i) Dowex 50x8, H ™ form.

Isomers 8 could be separated by thelr great.difference of solubility in benzene. Both gave, however, on
carboxylation, almost exclusively one and the same trans diacid Isomer 9. By reducing 9 in ethanol, the major
part of the amino diacid 10 was deposited on the catalyst. It was exiracted with boiling water and crystallized with
two molecutes of wdler as one pure isomer. More of 10 was recovered from the ethanol solution, bringing the total

yield to that indicated. The molecular structure of 10 was delermined by X-ray analysis to be the trans-S.N
struclure shown In Figure 1.'%-"!

The mixture of cis- and trans- 6 recovered {rom the lon exchange column alter reduction of 10 could be sep-
araled column chromatography on cellulose powder. The structure ol the first-eluted, major isomer vas deter-

mined by X-ray analysis to be cis-6 (Figure 2).'%'' It crystallizes in the monoclinic crystat class with one molecule
of water.

Identity of the second isomer with the nalural trans- 8 was also established by X-ray analysis, besides cam-
parison of analytical and spectral data with those published.’

Because of practical difficulties In the isolation of the 6 isomers by the above method, an allernative approach
was adopted which Involved reduction of the ester of 8 to the amine, benzoy!ation of the amine and carboxylation.
Scparation of the 6 isomers as thelr N-benzoyt dimethyl ester was then possible by chromatography on silica gel.

Hydholysis with 6N HCI at 100°C provided pure cis or trans-6. A delailed description will be given in a full account
of this work.
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Figure 1. Structure of 10 Figure 2. Structure of cis-6

The addition of benzylamine to bicyclic sullones 1 provides another approach to cyclobutane amino acid de-
rivatives. Various methano analogs of natural protelnogenic amino acids or derivatives thereof, may be oblained
Irom the primary adducts by reductive elimination of the sulione and standard functional group modilications. A
straight-forward example is the preparation of racemic benzylamides of N-benzyl-methanovaline (11) and N-
benzyl-methanoisoleucine (12) by addition of benzylamine to 1 (R'=exo-CH,, R?=CONHCH,Ph) and reduction
with sodium amalgam, before or after methylation « to the sulfone.

CONHCH,Ph CONHCH,Ph
“NHCH,Ph ““NHCH,Ph

CHz CH3
M 12

One pure Isomer was obtained in each case, in 70-75% yleld in the reduction step. The structure of 11 is diclated
by the direction of addition of the amins. It was further conlirmed by X-ray struclure determination of 12''' which
eslablished the cis relationship of the two methyls and their trans geometry relalive to the benzylamino residue.
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