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hddllion of hydrazoic acid or benzylamlne to 1-(arylsulfonyl) bicyclobutanes introduces the 
nitrogen nucleophlle at posltion 3 of the derived cyclobutane, even when a carboxyl deriv- 
atlve Is present at this positlon as a second activating group. Precursors of n-amlno 
cyclobutane carboxyllc acids may thus be obtained and these can be further transformed 
to the title dlaclds via carbonytatlon a to the sulfone and reduction. 

The addition of nucleophiles across the central bond of bridgehead-activated bicyclo[l.l.Clfbutanos Is a well 
documented reactlon’. Addltlon of nltrogen nucleophlles to this system has, however, been llmlted until now to 
the ndditlon of amines to I-cyano blcycfobutanes, yieidlng stereospecillcaiiy’, or stereoselecl~veiy”, 
l-amino-3-cyanocyclobutane derivatives. 

it has now been found that by the use of N,N,N’,N’-tetramethyiguanidinium azide (TMGA) or of trimethyi- 
silyiazlde (TWA), 1-(arytsulfonyl)bicyclo[l.l.Ofbutanes of varlous substitution patterns (1, R’ =H or exo-Me; 
R’= II. alkyt. hydroxyatkyl. carboxyllc acid derivatives)’ added the elements of hydrazolc acid to produce 
regiospeclfically the addltton products 2 In high ytelds. Azides 2 are useful precursors of cyclobutylamines 01 
types 3 or 4, obtainable from 2 by catalytic hydrogenation or by substitution a to the sulfone followed by reduction. 
Including reductive ellmlnatlon of the arylsullonyl group. 

The reactions of 1 with TMGA or TMSA are carried out in N-methyl-2-pyrrolldone (NMP) or DMF at EO-90”C, 
producing 2 ns a separable mlxture of cls and trans Isomers. The reactions with TMGA are retatlvely last and 
provide 2 ciennly and readily from doubly activated 1 derivatives (R* = COOR. CONHR. CON&) as well as from 
3-nikyl or 3-hydroxyalkyf derlvattves (see Table 1). 

lhough reactions of 1 wlth TMSA are at least ten tlmes slower, methoxycarbonyi groups ate not soivoiyzcd 
(cntties 4.5. Table 1) and ester products are obtained after 20 h. ratio 1.5. yield 92%. 

A complementary approach to cyclobutylamihe derivatives was based on the addltlon of benzvlamlne to 1. 
Adducts g were again ~e~lospeclllc~ity formed In good to high yields from singly or doubly activated-1 derlvativcs 
(Iahie 2). Tho reactions were carried out by warmlng 1 In excess benzytamtne at 140°C under inert atmosphere 
until completion (2-4 h when R’ = H, ca. 20 h when FV = Me; TLC monitoring). 
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1 he geometry of addition of the azlde and amine was specific relative to a P-methyl group’, but only modefatly 

selective relative to the sullone group. Stereoselectivity was. however, much higher in the case 01 benzylamtne 
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Table 1. Reactlon conditions, rallo of Isomers and yields for 1 + TMGA --) 2.“.” 

Enlry Subsllluenls 
k2) 

Solvent Reacllon Producl rallo 
lime (h) lrans-S,Nlcls-S,N 

Yield 

(W 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

6. 

9. 

R’=H, R2=H 

R’=H, W=CH, 

R’ = H, R2 = CH,OTHP= 

R’ = H, RZ = CO&H, 

R’ = H, R’= CO&H, 

R’ = H, R’=CONH,Ph 

A’=:, R’=CON? 

R’=CH,, R”=H 
ti 

R’ = CH,, R2= CONr) 

NMP 1 1.1 96 

NMP 2 0.32 69 

NMP 4 0.25 65 

CHCI,-NMP 7:i” 20 1.6 65 

DMF” 2 1.5 66 

NMP 2 4.7 93 

NMP 3 5.6 95 

NMP 2 1.6 96 

NMP 20 2.0 93 

a. A molar rallo of 1.2 of TMGA lo 1 was used. b. Correct analytical and spectral data were obtained for all new 
compounds. c. Telrahydropyranyl ether. d. Parlial solvolysls lo the acids occurred In CHCI,-NMP and lolaI 
solvolysls In DMF. 

Table 2. Reaction condlllons, rallo of Isomers and yields lor 1 + PhCH,NH, + 5.” 

Subsllluenls Reacllon Product rallo Yield (?6) 

1 5 lime (h) Irans-S.N/cls-S,N 

R’=H, R’=CH, 

R’ = tl. R’= CH,OH 

R’ = H. R’= CH,OTHP” 

R’=CH,, R’=CH, 

R’ = CH,, R’= CH,OTHPd 

R’ = H. R’= CONHCH,Ph 

R’ = tl, R’= CO&H, 

R’ = II, A’= CO&H, 

R’=H, R’=CON 
3 

R’ = CH,. R’= CO&H, 

R’ = CH,. R’= CO&H, 

R’=H, R2=CH, 

R’=H, R2=CH,0H 

R’ = H, R’= CH,OTHPd 

R’ = CH,, tI’= CH, 

R’ = CH,, R2= CH,OTHP” 

R’ = H, R= = CONHCH,Ph 

R’ = H, R2 = CONHCtI,Ph’ 

R’ = H. R’= CO,C,tI, 

RI-H. R*=CO 
Q 

R’ = CH,, R2= CONHCH,Ph 

R’ = CH,. R’= CO&H, 

R’ -CH,, R’= CONHCH,Ph 

4 b 

2 b.c 

3 b 

20 b 

20 b 

3 0.61 

4 0.57 

4 5.0 

20 b 

20 f 

20 9 

79 

77 

63 

66 

93 

90 

90 

63 

56 

50 

49 

11 

a. Aller complellon of Ihe reacllon, excess benzylamlne was evaporaled and producls were lsolnled by 
chromalography on slllca gel. b. Only the Irans-S,N product was lsolaled bul Ihe presence of some cls-S.N producl 
was delecled by NMR In lale chromatography fractions. c. The same tram+S,N producl was obtained by IllIlIum 
alumlnlum hydrlde reduction of the corresponding ethyl esler product. d. Telrahydropyranyl elher (a 
diaslereomerlc mlxlure In the case of R’=CHJ. e. The products were obtained as the benzylamides. I. The 
cis-S.N benzylamlde Isomer was Ihe only Isolated producl. g. A mlxlure of Ihe lrans-S.N esler and the cis-S.N 
benzylamlde was oblalned. 
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which produced preponderantly Ihe lrans-S,N isomers. When a secondary process occurred, such as altack 01 
an ester group by the amlne to form an amide, or when the starting material was a secondary amide, a reversal 
ol seleclivlly was observed. 

The trans-S,N 5 Isomers were also preponderantly formed when a 2-exo-melhyl was present In 1, the sullone 
group being thus placed cls to this methyl in 2. An indication as to the sullone-meihyl reletionshlp Is given by the 
chemical shill of Ihe 2-methyl protons, the doublet being shifted uplleld by ca. 0.5 ppm In the case 01 the Irans-1.2 
isomer (cis-S.N). 

The sequence 01 reactions which leads from 1 to 3.5 and 4 may provide a facile access to u-amino cyclobulane 
mono and dicarboxyllc acids and lhelr derivatives. These compounds belong to a group 01 allcyclic, or 
cl-subsliluted, non-natural amino acids of which numerous examples have been recently synlheslzed and lesled 
lor polenlial biologlcal activities. @ Two natural cyclobutane amino acids, namely bans-2,4-melhanoglulamic acid 
(bans-B) and 2,4-methanoprollne (I), lsolaled from Ihe seeds of Ale/e/a herberf smifhll have also been described 
recently.’ lnteresl in Ihe possible role of lhese acids In protecting the seeds from insect predation has led to the 
synlhesis of melhanoproline. ‘*’ but no synthesis of melhanoglutamic acid has as yet been published. 

The present synthesis 016 Is based on the carboxyialion of 6 (enlry 5, Table I), followed by reduclion of the 
nzide and reductive eiimlnatlon 01 the suifone (Scheme). The overall yield of cis and bans-6 from 1 fR’ = R’= ii) 
is 01 25-30%. 
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(a) BuLl. hexane. THF. -76%; (b) $01: (c) Mel; (d) TMGA, DMF; (e) NaH. THF, 0%; (1) H,O+ ; (9) 5% Pd on C. ElOii. 
II,: (h) Li, NH,; (I) Dowex 50x6. H form. 

Isomers 6 could be separaled by their greal.diflerence of solubilily in benzene. Both gave, however, on 
cnrboxylallon, almost exclusively one and the same lrans dlacld Isomer 9. By reducing 9 in ethanol, the major 
part 01 Ihe amlno diacld 10 was deposited on the catalyst. It was extracted wllh boiling water and crystallized wilh 
Iwo molecules of wr+iler as one pure isomer. More of 10 was recovered from the ethanol solution. bringing the lolal 
yield lo lhal Indicated. The molecular slruclure of 10 was delermlned by X-ray analysis lo be Ihe bans-S.N 
slruclure shown In Figure I.“‘*” 

The mlxlure of cis- and bans- 6 recovered lrom Ihe Ion exchange column after reduction of 10 could be scp- 
nraled column chromalography on cellulose powder. The structure 01 Ihe first-eluled, major isomer was dcter- 
mined by X-ray analysis to be cls-6 (Figure 2).‘“.‘1 it crystallizes In the monoclinic crystal class with one molecule 
of waler. 

identity of the second Isomer with Ihe nalurai trans- 6 was also established by X-ray analysis, besides com- 
parison of analytical and spectral dale wllh those published.’ 

Secouse of practical difficulties In the isolation of the 6 isomers by Ihe above method, an ailernalive approach 
was adopted which Involved reduction of the ester of 6 lo lhe amlne, benzoyiation of the amlne and carboxylalion. 
Scpnrallon 01 the 6 isomers as lhelr N-benzoyl dimethyl ester was lhen possible by chromatography on silica gel. 
tiyd~oiysis wllh 6N HCI at 100°C provided pure cis or bans-6. A detailed description will be given in a full account 
01 MS work. 
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Flgure 1. Structure of 10 Flgure 2. Structure of cis-6 

The addition of benzylamlne lo btcycltc sulfones 1 provides another approach to cyciobuiane amino acid de- 
rivatives. Vartous meihano analogs of natural proietnogentc amino acids or derivatives thereof. may be obtained 
from the primary adducis by reductive ettmlnaiton of the sutlone and siandard fun&tonal group modtttcaitons. A 
sireight-torward example Is ihe preparaiton of racemic benzylamtdes of N-benzyl-meihanovallne (11) and N- 
benzyl-meihanotsoleucine (12) by addition of benzytamtne to 1 (R’ = exo-CH,, RI= CONHCH,Ph) and reduciion 
with sodium amalgam, before or alter meihytaiton (I to ihe sutfone. 

Q 
CONHCH,Ph 

“‘NHCH2Ph 

CH3 CH3 

II 12 
One pure Isomer was obtained In each case, In 70-75% yield in the reduciion step. The structure of 11 Is diclaied 
by the direciton of addtiton of the amine. Ii was further confirmed by X-ray siruclure delermlnaiion of 12’O.” which 
osiabtlshed the cis retaiionshlp of the two methyls and ihetr irans geometry relaitve lo the benzylamlno residue. 
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