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Ab&rac-Boroxawlidonca 1 derived from glycine and phenylalanine react with aromatic aldehydca to 
form the corresponding imiw. The product 3 from la with ocarboxyba&dehyde is convcrtai into 
4-hydroxyisoquinoliw3erboxylic acid 6 by dimethyl sulfate, followed by t-B&K, and aqucou acid. 

With o-phthala&&y& and la,b the isoin+olinonar U,b are obtaiaal. w rerctionr m via 
~~~acids).~~haMalsopreparsdfnrmjbycatalytic.hhydrogcoation.~~y& 
and la gave polynkic material, but the preformed !khiff’e bane 13 caxt be transformed into the 
p-nitrobenzylcstawbytrta~t succeAvcly with dkyclohexylamine, tricthylbon~~~ and p-nitrobenxyl 
-homide. 

A variety of boroxaxolidones’ can readily be pre- 
pared by the reaction of a-aminoacids with 
trialkygnnnness~47 (cf. Scheme 1). These boron com- 
potmds of the type 1 show a strong intramolecnhu 
coordination between’beron and the amino group. In 
a previons paper’ we have’desuibed the use of these 
heterocycles fog the a&&aneons protection of the 
a-amino and the carboxyl function in a-amino acids. 
Thispaperdutlswiththeqoestionwhetherthe 
strongly. coordinamd nitrogen atom in the bor- 
oxaxolidonai still has mrcleophihc prope&s. In this 
context we investi@ed the tea&m of some bor- 
oxaxolidones with aromatie aldehyd& in order to 6nd 
out if the formation of S&i& bases can be accom- 

.plished 
Heating of boroxazolidone la @pared from gly- 

tine and triethylborat@ with henxaldehyde in ben- 
zene and with axe&@ removal of water produced 
the imine 2r in 60”/. yield (Scheme 1). This result 
shows that in spite of the strong intramolecular 
coordination the amino function in 1 still can react as 
a nucleophile with a carbonyl group. 

Three orrho-substitnted benxaldehydes were selec- 
ted for this study with the expectation that the 
substituents might interact with the boroxaxolidone 
ring. With OcarboxyMdehyde and la a smooth 
reaction took place, giving product 3 in good yield 
(Scheme 2). This Miff’s base could easily be con- 
verted into the methyl ester 4 (Me,SO,). Treatment of * 
3 with p-nitrophenol and dicyclohexylcarbde 

gave the corresponding p -nitrophenyl ester. By treat- 
ment of ester 4 with potassium t-b&oxide an intra- 
molecular condenmtion took place ptodncing the 
boron complex 5 of an isoqninoline derivative. De- 
bmation was readily &shed (F&O or &hy- 
droxyqninohtte) to give the isoquinoliab 6 (Mane 2). 
Compmmd 6 had earlier been prem.by Kim and 
Mamaevs in moderate yield startmg fiuat ethyl o-chlo- 
romethylbenxoata and ethyl N-t.osy@yci&e. 

By tea&ion of boroxaxolidones la& with o- 
phthalaldehyde at refhtx temperatnm the products 
lla,h m -obtained. Compound 118 (me ~optically 
active) has previously been prepamd by a Clemmen- 
sen rednction of ethyl phthalimidoacetate.p The for- 
mation of comTKmnds 11 t&m 1 caIl.be rationalized 
asoutiinedinscbem3.Theinitipllyformsd-~s 
base 7 adds water (produced during tlm imine for- 
mation) at the aldehy& function to give 8. .Then an 
intramolecular CanGxaro-type reaction leads to the 
carboxyl acid 9 which undergoes ringclosure to the 
amide boron complex 10. This boroxaxolidone, for- 
mally derived from an IV-acyl amino acid, readily 
deborates’o under the conditions of the reaction to 
give isoindolinone 11. The unexpected hydride trans- 
fer during the conversion of 8 into 9 is somewhat 
similar to the hydride shift snggmted by Yamamota 
et al.” for their synthesis of isoindolinones from 
phthahtldehyde and isocyanates. Support for the 
sequence shown in Scheme 3 is provided by the 
independent synthesis of lla from carboxylic acid 3 
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scheme 2: 

(Scheme 4). Catalytic reduction of tbi imine bond in 
3 gave 9a, which, without isolation, was converted 
into the isoindolinone 118 by acetic acid. 

It should be noted that., in the synthesis of iso- 
indolinone derivatives 11 according to Scheme 3, the 
chirality present in the starting amino acid is retained 
in the product. 

The reaction of la with salicylaldehyde was disap- 
pointing as it did not give the expe&ed product 12, 
but a very insoluble polymeric material instead. How- 
ever, the preformed S&i& base 13 from sal- 
icylaldehyde and glycine gave, upon treatment with 
dicyclohexylamine (dca) and subsequent reaction 
with triethylbomne, the boron heterocyck 14 
(Scheme 5). Attempts to convert this &-salt into the 
free acid fail&, again an insoluble polymeric sub- 
stance was obtained. In contrast, the salt 14 was 
readily transformal into thep-nitrobenql ester Won 
treatment with p-nitrobenzyl bromide. After reduc- 
tion of the imine bond in I3, reaction of 16 with 
triethylborane led smoothly to the boron complex 17. 
Apparently, the imine bond in 12 prevents an i&a- 
molecular reaction of this kind. Probably, inter- 
molecular reactions are favoured kading to the ob 
served polymeric material. 

All compounds prepared were characterized by 
elemental analysis and spectra, and, where appropri- 
ate, by CompaSson with authentic sampks (see Ex- 
perimental section). Further investigation of the nu- 
clcophilic properties of the nitrogen atom in 
boroxazolidones is in progress. 

IRspcctrawcrctakcnonaPc*Elmer257grating 
spCCtlWCtCr.NMRspOLWwCErCC&CdOllaVariUlEM 
39Osp&romcterusingTMsasilltemal~.Allm_ps 
arc lmcorEcted. EkoMltal analyses wuc performed iu the 
hGroanalytical DqWmellt of the university of Niinlegen. 

N - Bmytidene - B,B - d&rhyfboro.uuolido~ (t). Freshly 
prepa& la (0.01 IlWl) was suspcndcd inbe4W.eae (100 ml). 
BelDkkhydc (1.04 ml, 0.01 mol) was addc4l and the mix- 
turcwastllcIlbcatcdatl&xcmployingaDcan-stark 
water separator until no mom water was proclua?d. At that 
time the reaction mixture became homogeneous. The mix- 
turcwastilteredwithcharcoalandtbc6ltratcwasconcen- 
t&cd. Addition of &isopropyl ether to the oily r&due 
caused crystallizatioll of product 2. Rccrystani&ion proved 
diit, but the product was pun by NMR NMR (CDCl,): 
6 0.3-1.0 (m, 1OH. IkQJ,). 4.55 (a, W, C&Co), 7.6-7.9 
(m. W C&3. 8.15 0, lH, C&N). 

N - (o - Carboqbcnzykiene) - B,B - &rhylboroxazofidoru 
(3). To a tksbly prepared solution of Ia (0.1 mol) in dry 

H -H,O 
H - 

II 
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‘IHF (UWI ad) Vdc (16 8. -1 mo4 was 
addaLl%cnTHFwuleeDovsdfvtcQcwubdbanasae 
(lsomf) was 8&W1Bh et was mnoWd (with 0(111- 
cumiIant~~~ofwater),atfontinga~ 
prodWt(bcn&eeopntioaWZJSM!CdOdtwiLX).ThOplUdDCt 
~tkoughlyw8&dwitbdkpfopylctber.Yidd!X&, 
m.p. 160-162”. mtion UIS be acc.xnnpliahai from 
aceticacidprovidaiprolou~batingi8avoidcd,astbcn 
d&oration may OocuT. Dk Vpp (KBr) 2940 (br), 1700, 
1670 cm-‘; NMR (+DMW): 8 0.3-1.0 (m lOH, B 
4.4 (d, W, C&CXI)), 7.65-7.8 (m, 4H, C&j, 8.9-9.0 (t, % 

J), 

C&N). (Found: C, 61.1; H. 6.5; N. 5.1. C,J&BNO; 
requirea (M 275.093): C, 61.1; H. 6.6; N, S.I%.) 

N - [o - (hfethaxyc~l)6e~~wJ - B,fi - didtyl- 
born&h (41. To a solutioo of 3 (0.01 md1 in drv 

ornwmdc (50 ml) potakiom t-butoxide 
$zz&asadda!.whmtbemixtuebecaQ?c~- 
ncou.9, it was _m to -2V and dimethyl s&te - __ 
(0.01 mol) was gmdually added. Tile mixture was allowed 
to stand at room temp. omnight. After solvent removal 
waterwafiadded,gioing~crysMlkprod~whicllwas 
likcfcdo6,wcuheflwi$w8tcx,drkdand~from 
toluene (or CCiJ. Yii W/- m.p. 108-l 10”. IR v, (KBr) 
1720 (br), 1662cm-‘; NMR (CDClJ: d O.Cl.0 (m, IOH, 
B-C&I, 3.96 (4 3H. M’&), 4.15 (4 =, C&CO). 7.4-7.8 
and 8.1-8.2 (m, 4H, C&J,). (Foundz C, 62.4; H, 6.8; N. 4.8. 
C,&BN0,rcquirca@4289.118):C.62.3;H,7.0;N,4.80/,.) 

N-[o-(pNitroplunoxucc~~e~l-B,B-~e~l- 
bonxazoWone. To a coolal (W a&cd suspension of 3 
(0.01 mol) in dry THF (50 mj) pfas added paihopbsaor 
(2.Og) and dicydohcxyka&dmn& (2.1 g). After stirring 
for 2 h at 0“ and ownight at room tanp. dicyclohexylurea 
was~tcrcdotTand~withTHF.Tbe6ltratewastkn 
concentratedtodryneds.Thenaidaswa8wad&withether 
to remove cxces of p-llitrophcaol. ‘Ihe UWdc product was 
crystal&d from acetonitrik. Yield 2.8 g (70%), m.p. 
140-141”. IR v, (KBr) 1740, 1728 cm-‘; NMR 
(&DMSO~: 8 0.4-0.9 (m, IOH, B-C&M, 4.31 (d, 2H, 
CI&CO). 7.42-8.5 (m, 8H, arom. H), 8.94 (t, IH, C&N). 
(Found: C, 60.9; H. 5.3; N, 7.1. C&,,BN,O, requires (M 
396.185): C, 60.6; H. 5.3; N, 7.1x.) 

Diethyltnwyl aster of 4hyh~-3-car6o~~ 
acid Q. To a. stined sobttim of 4 (5 mmol) in dry 
dime&y&enmm& at -4V (WI & t-BuOK ,(5 mmol) was 
~StiklgwrSUMkUCdIUltildlb&XidChnddi, 
solved. The initial red color of the reaction mixture changed 
to yellow. The solution (20”) was then slowly poured into 
aqumuscitiscid.PruductSaJatrlliabdpndwM~tcfed 

~o&we8hcdwitJ.lwatcranddii&propylotbcr,driu&aDd 
fhlly rca~~taUizcd fnm CCL. Yield 75%. m.D. 150-151”. 
IR v, (lC&) 3280 (OH), 1670iti) an-‘;.tiR (CDW: -. 
d 0.6-0.8 (m. 1OH; -3, -7.9-8.6 (m, 5HH, 6&, &d 
-CH=W. 9.1-9.9 Me. 1H. OH). (Formd: C. 65.4: H. 6.3: 
N, 5.4. &H,J3Nd, r&i& (Mij7.08): C. 6j.4; ti, 6;j; N; 
5.4x.1 

4-~y&oxyisoq&oiine-3-~A0xylic acid (6). Method a. 
SubstaMe 5 (5.0 mu@ wxs dissolved ill 1: 1 acetic 
add:conc.aq~urHQ(1Oml)bygaatleheating.whcnthe 
solution was horn-us, tlm solvents were removal k 
uucuo kaving a solid. This was dimolvcd in &anol-water 
(1:l) by m and tlmll naeaked with pyridiee. on 
3 the product 6 czystaltkd. Yield 80%. m.p. 218-2W. 

(KBr) 3515. 3460 (O-H), 166Oan-‘; NMR 
(&Dk): 6 1.9 (s), 7.3 (m), 7.8 (m), 8.2 (s), peak ratio 
1:2:2:1. (Found: C, 60.1; H. 4.0; N, 6.9. Cak for 
C,&i,NO,.fH,O: C, 60.6; H, 4.1; N, 7.1x.) 

bfe&nf 6. &mpouod 5 (2.0 mmol) was dissolved in 
c&enol (10 ml) and gLydnxyquino& (2.0 mmd) was 
added. The homogmcour reaction mixture was gently 
heated for 1 h, the resulting precipitate of 6 ~89 6ltercd off 
and wasbed with ethanol and ether. Yield 3OOmg (&‘I,?,?), 
m.p. 218-220”. IR v, (KBr) 3515, 166Ou11-~; NMR: see 
above. (Found: C. 62.9 H, 3.6; N. 7.3. Calc for C,,Ji,NO, 
(I4 189.162): C, 63.5; H, 3.7; N, 7.496.) Note that this 
product does not contain water of crystallization. 

N-(Carboxymethyl)is- (Ha). l+om la. To a 
solutkmofl8(10mmol)inacetoaitrik(#)ml)anequi- 
molar amount of o-phthaMdehyde was added. The mixh~~ 
was rdluxcd for 3h. The produd precipitated and was 
colkctcd, afta cool& by tiltration. Yield Wo/,. m.p. 
2le220’ (lit.’ 213-2159. IR u, (KBr) 2900 (Ix), 1745. 
1720, 164Oan-‘; NMR (GDMSO): d 4.26 (s. 2H, 

Et 
I2 

scheme 5. 
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C&W’Q 4.5 (8, W, CHrCGo. 7.47.7 (m, 4H, C&I,), 
12.95 (br.s, IH. COGS). (Found: C, 62.8; H, 4.7; N. 7.3. 
Cdc for C,&NOB (M 191.175): C, 62.8; H. 4.7; N, 7.3x.) 

From3.A~~ot3(10mmd)inDMF(1~0mljwith 
W/C (2OOmg) was hydrogenated at atmospheric prcssura. 
When the hydrogen uptake had ccascd (approx. 1 h) the 
rcactionmixturowasfUeradandconcsntratod6ttxzcuoThs 
residue crysWi& upon addition of d&propyl ether 
(5oml).ThcproduL!twasrsaystallindtwicofromacctic 
acid. Yii 40%* m.p. 215-217”; this product was identical 
inallmspoctswiththat0btaincdfrom1a. 

N - 1 - (1 - Cizrboay - 2 - p~y~r~yQ&ofmWmme (Mb). 
Thisproductwaspmparedfromlbfollowingthcpmculure 
dcscribod for Mr. Yidd W/W m.p. 190”. IR v, (KBr) 1720, 
1645 cm-‘; NMR (d&MSO): d 3.32 (two q, W, PhC&), 
4.43 (a, W, C&I&N), 5.2 (two d, lH, CIjCOGH), 7.1-7.8 
(m, 9H. C&I, and C&j. (Found C, 72.5; H, 5.4; N, 5.0. 
C,,H,,NO, requires (M 281.295): C, 72.6; H, 5.4; N, 5.00/,.) 

N4o-ifydroxybe-nzyii&me)gly& 13 (dco salt). Finely 
powdered glycine (0.1 mol) was suspcmkd in McOH 
(200, ml). SaBuylaIdahyda (0.1 mol) and dicycbhcxylaminc 
(0.1moI)wena&&d.Aftarheatingun&rmtIuxfor1hthc 
glycine had dissohWl. on runovnl of the solvent the yellow 
dca salt of 13 was obtainal in almost quantitative yield. 
NMR &-DMSO): d 1.0-2.1 (m, 22H), 2.9 (m, 2H), 4.31 (s, 
W. _C&CG)). 6.7-7.6 (m, 4H, CJJJ, 8.27 (HI. C&N). 

I7leboronchclore14.IltcdcasdtofWwashcatcdartd 
stirmd with slight.& mom than 1 equiv. of EtrB in THF until 
all solid material had dissolved (overnight). The solvent was 
rcmovul in wcuo Raving a yellow aystah& product which 
was maysUi& from-d&ethyl f&mamid~. Ytld WA, 
m.o. 175.5177“. IR I,. CKBr) 1640. 1655cm-i: NMR 
CC&): 8 0.4-2.3 @r.m,3&, 3.0 (br.;, W, N(CHh), 4.17 
(a, W, CIj,COGII), 6.7-7.4 (m, 4H, C&I.,). 8.%(s, 1H. 
CIj=N). 

C~nwdon of 14 info fhr pnitrobenzyl ester 15. The salt 
14 (35 tm1101) was diasdvad in DMF (450 I&) with gentle 
heating at W. At this mmpaamm p-nitrobanzyl bromide 
(35 mmol) was added. ‘lhe mixturu was kept at 80” for 
0.5 h; dicycbhcaylammonium bromide crysU&d out. Af- 
ter~lingtbissaltwasfilteredoffpndthe~~was 
concentrated k cfuxo. The lmnaming oil was dissolved in 
AcOEt (2OOml) and then washed with water (4x) to 
mmove the last traces of dicyclohexyhunmonimn bromide. 
After drying (MgSGA ramoval of the solvent gave an oil 
whichcry~&standing.Theprodudwasre- 
uWaBimd from acctonitrik. Yidd 74%. m.~. t%lOO”. IR 
vi (KBr) 1750, 1640. 1520, 134Ocm’~Nh;IR (CDCl,): 5 
0.2-1.0 (m, lOH, B-C&,), 4.2 (s, W, C&CO), 5.32 (s. 2H. 
C&O), 6.6-7.4 (m. 4H. C&,0). 7.5+8.23 (ABq, 4H, 
J = 7.5 Hz, C&Nod. (Found: C. 63.9 H. 6.1; N, 7.4. 
C#,N,BO, requires (M 382.20): C, 62.9; H. 6.1; N, 7.3x.) 

N - (0 - Hyahybenryl)glycine (16) and its conversion into 
17. TO 811.8qutau solutim of glyciae (0.1 md) 1 quiv. 
each of NaOH and salicy1aldchyde were added. A yellow 
precipitate was formed which dissolved on standing and 
addition of some water. The homogcnoous mixture 
hydrogenated (Pd/C 10%) at 4-5 atm. Afta the uptakT:f 
1 cquiv. of hydrogen the mixture was8hared and acid&d 
witha&icacid.OncoolingtoOOthaproductaysmU&d. 
AftcrwashingwithwatcritwasmaysU&dfromacetic 
acid-water (1: I). Yidd 70”/, m.p. 215217”. IR v, (KBr) 
3060,1640cm-‘.Thcsubstancowastooit&ubkinDMBG 
and DrO at room temperatura for an NMR spachum 
(Found: C. 59.4 H, 6.1; N. 7.4. C&No, ruq&m (M 
181.19): C, 59.7; H. 6.1; N. 7.7%) 

Product 16 (IO mmd) was added to a sli&exccss of 
EtrB in THF (12 ml 1 M solution). The mixture was heated 
muicrgcntkr&xandstirringuntilahsolidhaddissolved 
(ovcmight). After removal of the solvent white cry8tab m 
obtained which were mcrystalhzcd from aatic acid Yii 
60%. m.p. 210-211”. IR v_ (KBr) 3260 (NH), 172Oan-i; 
NMR (&DMSG): d O.&l.05 (m, 5H. -3, 3.14.2 
(nz 4H. C&CO and CJS&H,N), 8.0 Wm. IH, NH). 
(Found: C, 60.3; H, 6.3; N. 6.4. C,,H,,BNG, raquims (M 
219.033): C, 60.3; H, 6.4; N, 6.4x.) 
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