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lFTABocIlES OF -TE: SWTHESIS OF 2-(4s I-1,tWEDIM 
DI-TE, 2-f’lEWL-2-WDRDXY-1,3-PRWAEDI~ DICARBIMTE, 

AllD P-PMENYL-1,3-PtWA&DIot -TE 

Pelbamata, 2-phenyl-1.3-propanediol dicarbamate, ia a new anticonvulsant agent1 which is 

currently undergoing clinical trials. The biotransformation of felbsmete has been studied in the 

rat in vitro2 and in the rat, dog, and rabbit in viva'. -- The three major Irtabolites identified 

were 2-(4-hydroxyphenyl)-1,3-propanediol dicarbmmate. 2-hydroxy-2-phenyl-1,3-propanediol dicarba- 

mate, end 2-phenyl-1,3-propanediol monocurbamete. To facilitate positive identification, the 

above three mtabolitea were needed to l erve aa authentic reference compomds. The developwnt of 

synthetic procedures for the three metabolitea la described in this paper. The procedures for 

direct reduction of malonic aci& to the correrponding propanediols and for introduction of the 

hydroxy group into the 2-phenylpropane chein may Lm of general utility. 

The firat metabolite, 2-(4-hydroxyphenyl)-1,3-propanediol dicarbaute [4] uaa syntbenized in 

five ateps (Schema I) from 4-methoxypbenylocetic acid [l] via 2-(4-nrthoxyphenyl)malonic acid [2], 

Z-(4-methoxyphenyl)-1,3-propanediol [3], its bischloroformato [6], and 2-(4-hydroxyphenylj-1,3- 

propanediol bischloroforaate 151 following, in part, the procedure developed for lSC-labeling of 

feJbematec. 
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According to Barnes et. al' organic carboxylic acida can be synthesized from a compound 

containing an acidic C-E bond by carboxylation utilizing n-butyl lithium and carbon dioxide. 

mm. the first step was succesefully carried out by carboxylation of 4-methoxyphenylacetic 

acid [l] with the reagents mtioned above. The purification by recrystallization yielded 

sax of pure 2. The borane-tetrahydrofuran complex, known to be an excellent selective reducing 

agent for carboxylic acidsa, reacted with 2 at lov temperaturea. The optimal reduction conditions 

were determined to be a two-step reduction with 200% excess of hydride. The yield of 3 after 

further recrystallization wan 61%. In the third step phoagenation' v.sa completed in 2 h with pure 

tetrahydrofuran as solvent leading to the bischloroformate of 2-(4-methoxyphenyl)-1.5propanediol 

[aI. Subsequently, the demthylation by boron tribromide was carried out in mathylene chloride'. 

followed by addition of anhydrous auaonia"', which lead to the desired 2-(4-hydroxyphenylj-1,3- 

propanediol dicarbamate [4]. After further recrystallization the overall yield of the last three 

steps vas 42%. The structure of tht new compound vaa confirmed by 1A-NH9 spectra, mas* spectro- 

metry, UV, and alamental analysis. 

The preparation of the second matabolite, 2-hydroxy-2-phenyl-1,3-propanediol dicarbamate 1121 

started with the readily available diethyl phenylmalonatel". which was reduced to 2-phenyl-1.3- 

propanediol [71. This synthesis involved a five-step procedure from 7 to the desired product via 

the following fntarmadiate: bischloroformata of 2-phenyl-l,+propanediol [El, 2-bromo-2-phenyl- 

1,3-propanediol bischloroformate [lo]. 2-bromo-2-phenyl-1,3-propanediol dicarbamPte (91, and 

4-phenyl-1.3-dioxolann-2-one-4-yl-methanol carbamats [ill (Schene II). The improved preparation of 

7 was developed by the reduction of diethyl phenylmalonate with lithiue aluminum hydride utiliz- 

ing a new technique" and giving a higher yield (70%). After the formation of the intermediate. 

8. by the phosgenation of 7, free radical brominationlr yielded 2-bromo-2-phenyl-1,3-propanediol 
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bischloroformate (AOI. The brdtion was carried out with W-browsuccinimide (NRS) under 

irradiation with UV li@ in tim preamce of dibensoyl peroxide. Subsequently, carbamstion was 

performed by addition of an excess amount of anhydroua -nia to give ths corresponding 9. Ths 

overall yield for the lsst three steps was 84%. Silver acetate, reported to be a dehalogenating 

agenti', reacted with 9 in the presence of acetic acid but contrary to expsctations, the product 

formed was 4-phenyl-1.3-dioxolane-2-one-4-yl-methanol carhsmate [ill in a yield of 56%. This 

could be duo to formation of a heterocyclic oxonim ion, 13. as indicated in Schema II. 

Amonolysis of the cyclic carbonate, 11, was carried out in the presence of anhydroua liquid 

-nia. The course of the reaction could conceivably provide two products. 2-hydroxy-2-phenyl- 

1,3-propanediol dicarbauate [12], and 1-hydroxy-2-phenyl-2,3-propanediol dicarbamate [Ml. How- 

ever, the only reaction product isolated in a quantitative yield was 12. Its structure was con- 

firmed by 'H-tR4R spectra. IR spectra, UV, elemental analysis, and mpss spectroscopy. 

The synthesis of the third metabolite. 2-phenyl-1,3-propanediol monocarbamate [171 has been 

accomplished starting from the diol 7 via a four-step reaction shown in Scheme III. This proce- 

dure involved the wnoaethylation of 7, phosgenation of 2-phenyl-3-mthoxypropanol [151, carba- 
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mstion of 2-phenyl-3-methoxypropanol chloroformate [la], and finally, demsthylation of 2-phenyl- 

3-methoxy-propanol carbaaste [lS] to 17. The l-substituted alkyl-1.3-propanediol monocarbamatas 

have been syntheaised by -nolysis of the cyclic carbamatess prepared from a wide variety of 

2-substituted alkyl-1.3-propanediols and phosgene. However, the procedure led to some diffi- 

culties to synthesize 17 due to polymsrization of the cyclic intermediate. As shown in Schame 

III, the methylation reaction was carefully controlled with a stoichiometric amount of 7 and 

sodium hydride, followed by addition of excess methyl iodidei'. The crude product, 15. was used 

for the next step without further purification. Subsequently. the procedure used for phosgenation 

and carbamation was identical to that described above. The yield of 10 in the last two steps was 

55%. The recently described combination of trichloromathylsilane and sodiuu iodide, a selective 

demathylation procadure for aliphstic ethers in the presence of other functional Sroups's. was 

utilised in selective demethylation of 18 to 17 at ambient temperature. After further purifica- 

tion the final yield of 17 was 96%. The structure of 17 was confimd by 1H-19iR spectra, IR 

spectra, TLC analysis, and mass spectrcmatry. 
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-. Afta m for l uhih, 93.oL lo1 (lb.6 8) $ US3 d 0.22 rol (0.03 8) of dibmwyl penuidm 

bmmin~iahmpwtiw~I,. 2inwmroflumlforfour~m4s~tuou8 lYupad_W 

li#it(l5OYbulb)forthrvbgn. ma irrolubl~mteial uufiltu9d,tbnclusolutimincubmurbollocidD 

uu~to&30,mdcooldtooec~N,. &lI@mUMurrubuWldintothDwlutim~~tinin# 

for 30dnatO°C. 2bprript~u filtmmd off ad dinolnd in 700 mLof rmflmiqac,tom. Aftu fileation 

mdc-trrtioaoftlmwlution,tJurd~ Oily~lwurdiuolrdinMO~ofr~l~~~Pd 

ceo1.d ato%. 2lm imolubl.mtabl Yy filtmad off. and th clwr ro1utioa - -t.rti. purificuia&by 

calm B al silica gal tith.mixtAnu of nxtoly 4 bum (211) pnwidad 13.81 * (43.34 mol. 84%) of 9 

U a wlorlau -lid with 9 lll-l13°C; 'II Iw (~#O-6,) 6 5.1 (d, 28, (Hz). 4.9 (d, 28. I+), 6.5 (a. 4E, Ua,), end 

8.0 (m, WI, pa). 

&ml. Caled. for C,,li,,U,O,B: C, 41.65; 8, 4.10; 1, 8.631 Br, 25.19. mmdr c, 41.92; 8, 4.291 II, 8.64) B?, 

24.91. 

flnkwitlIasid9ur9mbdII~out1~t CoNnc~tsa. 2o~prdridthrw-~f~k,~in~~,13.Wg 

(42.88 ~1) of 9 md 600 mL of slrkl &c&k acid - ddd Mda I,. A mum~auiom of 14.32 0 (85.76 ml) of 

8flmamtat..in5~ofntuuutlmlint+oducd into~f~~t~~mdt~tirrd~t(22h). To 

pxwant*t.o-~ition of nilvu uetata, th. flamkwu fovud with aluinufoil. nm h_ lixtM 

uafiltmd.-hiutithm?,ud cLomulhti cobu rduud prumum to 8iv9. colotlns oily Mtuial. 

Addition of cold W provided a orryish whit., solid in a yield of 7.18 0 (71%). To it .mixtum of rthylar 

chlorid8, t.mtmhydrofurm (mr), ti Acoton (2:1:1) - aid mu3 tb mixtura Iuatad to reflm mdu rtm for 20 

min. awcoaluadbd,udthosolutialfiltumdmd coNxntam~ to 5 mL of molution. Addition of axe"‘ etbu 

- a colorlur &itm aolid of 3.3 in a yield of 5.59 8 (23.56 -1, 56%) with a q. 132-l33OC; 'Ii Ml (M@O-d,) 6 

4.41 (at 28, CE,), 4.7 (d, Ut, (XI), 4.95 (d, III, (H), 6.85 (s, 28, IPI?), muI 7.6 (I, 5H, RI). 

M. Caled. for C,,iI,,R),: C, 55.70; H, 4.67; II, 5.91. lamd: C, 56.06; H, 4.64; II, 5.97. 

L. Yitlmut rtirrias at RT 6.13 8 (25.64 -1) of 33 yu alowly 

introdwd into.tnttulmccntainiq 7 tiof liquid-iafivirp.@lorirb lmogmmm Mluticm. 2ln tubawaa 

gut in a stain1.u atnl prea- bottlm (2" dir. I 5" L) a& rintlkwd at RI for 24 h wlttmut mtirrirp. ti bottlm 

yu m iadryiu-~rolu~~for*uhil*ud~~lovly~ byrelm&lg tlmpru-. hcass 

-US8 am~omt& off at R2 sira 6.5 g of. highly risurur y~llcuiah oily mntuial. l2m cruda product yu tlnn 

jnuifid by calm chrcuto@uPhy (2.5 x 50 u) on 160 8 of siliu ~1 with a 3x2 wiztur.Of&z.t.oln~~" 

l lutigsolvat. 2lmfrutimmcoa~tlnduMcoqand(~ bym alulysir)- cwbimd and tb 

aolvalt lam - udu lvhawd pram&N (1 torr, R2). 22~ yimld yu 6.15 8 (24.19 ml, 94%) of 32 Y oolorlass 

CryBtAlS with * 9 4s43%; '6 11111 (Ha@-d,) 6 4.8 (s, 4if, Ce,), 6.7 (s, 48, Hi,), 5.4 (I, lE, Oil), and 6.3~0.7 (m, 

5l3, rn); x.2 (nD,so filtual) cm j 33w (a, s), 3200 (I& I), 1620 (HI, m), 1710 (C-O, s), and 1150 (C-O, h); W (3.9 

x lo-' N in bC6l) II 212 and 2551 1(8, m/a (relativm intamity) 91 (100). 119 (5.9), l37 (61). and l.80 (41). 

Anal. Cmlcd. for C1jH,,W,O,r C, 51.97; Ii, 5.55; N, 11.02. Tcuml: C, 51.991 E, 5.34; II, 10.95. 

-1151. To a 5OOmL thrn-mcbd flask 7.6 g(5Om)of 7&100 aof dryDC?O- 

added lsdu I* at m. 2lml 1.2 L (50 -1) of sodiu hydrid. (aftu uuhinl t.Im 4a% oil off with huam) w slculy 

dddinfi~s~~porti~to~f~~stirrirp. Aftuadditio~~lstirr~ for 5hatRr, 3.1*(50 

ml) of rthyliodi&lN slawly ilIe into~f~fm~~~~OeC~a~tirr~~~tstimd 

-ightatR. nmll5O~ofutumMl1Oo~of.tbu-in~ md uttrtmd tviuvithmdditimml 100 

mLof9tbr. 22mcawmda&ruuMdom ~mgnmiumllfat.andcoaunt.r~lrndulrhrd Pm- 

to . colorlws oil ~0~~ to 35. 2ln yield vu 5.51 8 (66%). mi~mt.rialIlmsttmuudforthanrtstmp 

witJloutfurtlmr purification. 'iim (CDCl,) 6 2.60 (a. Ill, a). 3.20 (s. 18, Oca,), 3.62 (m, 4B. 2f311), 3.04 (0, 18, 

al), 4 7.06 (s, 58, RI). 

. IO. prmdriod 250 ti flask 2.77 s (16.7 ml) of 33 an6 H) mL of dry 

2wwrrr mddod at Rr. 2lnn uadar II1 at 0% 3.60 ti (50 ml) liquid plmqan WM ddd to tJm solution in thm flask. 

~~uu~~~RfoIZh,~r)w~lmtmporrtd~ -preu~,MdlOOd.offruh 

tolwrrwu~. 2tm flukw coold too"cunduw~ amlad@rmm -ru klbbld into t.lm mlutionrtadu 

stirrin@ for 30 sin at 0=x. rim whit.a prwipitata mm stirmd for m additioml 30 mill at RT tbn filtamd off to 

co11ct. tlm fi1t.rat.a. 2lmw1mtrummpomtmdrmda: - prumua gi* . slightly pllcuish aolid. 2lm crude 
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Anal. wllcd. for Cla?It,OSt C, 63.93; Ii, 7.74. load: C, bb6.21; E, 7.73. 

. lo tbm prodriad 2M mL Rl! fluk 3.0 g (lb.46 ml) of 3 and 

MBL ofMI~tRxvurAdd9d. lindm I, ~tmm#mm at 0% 2.9 oL (40 ml) of liquid p&apr~ was ddd to tlm 

cmt.atsofthefh8k. zbasixtumuu~ at Rx for 2t h. nlewlnntmsovagv~tultmdrrreducodpruavs 

and to thtr raidslo, in 25 aa of r*lav chloride, 33 d (33 mol) of * 1.0 n solution of Bmcal tribmida in 

SW.hylrU chlorida - 820Ul9 &id& at. O'C under I,. 2lmn tba mixtura vma ~tirrd at 25°C for 2 h. 22~ amtant.a of 

the flaskwer.cooied too*cand a8aydma -ia uw hrbblad into tam solutian for 30 Din at 0%. After the p-f- 

Pi- uu filt.rod, . mixture of 10 ML of distilled wtmr and 30 d of nn UWB ddd and the c0ntant.n wtirmd for 10 
min~tRr,~tualA~. ltn or$anic layuru collactwl ml2,aft.u umtionuith aodiu clllorida, th 

srluwrrulryrr~~~wir)lM~of1IIIC.msrrrbindorpnfCl~yuuudriadow mhpdrapmgmaiu sulfat.9 

Mdtzhumxl,filtuul,~coocat.rat8d. To ttm oil9 residu 50 mL of fresh 'IS yu added for dinsolution, and tba 

volu~mduwdundu~prunmtolseL. 6ft.m addition of mth9lw chlorida, . colorlur solid prmcipi- 

lxm fornd rftu ccali*1 to 0% for 3C dn. Pilt?ation - 1.76 (I (b2%) of b, ap 181-183'C; 'Ii W (Mm.$O-d6) 6 

3.12 (=s LB. a), 4.16 (d, bE, 2=,), 6.48 (s, 4% Rtl2), 6.68-7.32 (q, CH, RI), and 9.32 (s, Ut, CS); W (1.2 I 10mp H 

in W) N 222 mad 273; fb9, s/e (rrlative intensity), 91 (bO), 120 (60). 130 (WC), and 193 (15). 

-1. Calcd. for Cllti,,N,O,: C, 51.97; 8. 5.55$ N, 11.02. Found: C, 51.78; II, 5.77; N, 10.89. 

2. - - _ TO. prdrid 230 ml, thmn-rmckad fluk 7.85 B (Sl.u, -1) of 

?au22OmLofdryIIPwmadd9dmdorN,~tRr. 'I!am 261 y. (287.38 ml) of a 1.1 !4 solution of -goam ia 

tolmnn slw19 fntmduud at 0% vith . l yriL&o f011ard by 21.2 g (113.48 ma) of antipyrim in 2s mL of chlom- 

form. nmmixturmuubrpt~tatm. ‘lb pr~ipit.at.a of Mtipyrbm hydrochloridm un# filtumd off, and tlm 

8olution~ntNiimdbr lmdlbmd pwna. nn oily LtArial c oxm8pml2ngtosl.38wlof(Ila8~~tor 

PN-drid,ZOCOmLthrw-nackod fbsk,and 0.22rol(O.Of 3) of dilmcqlpumxid.vuraddul in 1000~of urban 
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product w purifid by racqatsI1i?ation fin toluau-buam (115) at 0% for 30 pin yimldh@ 1.91 R (55%) of M " 

colorlaa cyrtah, mp a3-WC; %I 1111 (N@O-d,) 6 3.18 (m, lli, Ca), 3.20 (a, 18, Oca,), 3.U (d. 28, OI,), 4.16 (d, 

2R, (Hz), 6.42 (s, 28, I&), pad 7.29 (s, SR, I%). 

&ml. Calcd. for Cl~E1sI1lO,: C, 63.1&; 8, 7.2*; N, 6.69. land: C, 62.99; II, 7.40; N, 6.69. 

. IO * predrid flask 2.0 * (9.55 -1) of la aId 25 ti of dry 

acetonitrile bura addad undar N, at RY, t.lmm 1.35 ml. (11.46 mol) of tricbl~tbylila~ YO alarly intmducd with 

a syrin~a and tlnn 1.72 R (11.46 ml) of sodim iodida in 10 d. of wetmitril~. au pllcuiah solutilm vam Rapt at 

R2 for ?.A h, qtlmdmd vitb 120 ti of a 1:s mixtun of~~~~vir)latirrfng,udu~~vithpo~si~ 

cartmatato~~t.lmtuoh~. YIN dilmd OrRank layers warm firrtwubd vith100 mLof qlmou l diu 

thiomIIfat.0, tlmuith utumtad wadiuch1orid4 sad dried - adlydmu mRmsim sulfat.9. conuatlrtionrmdu 

~~nuaproduud~~ll~oilypmductwhichnrptrifid bycollmchrcutoRrq@on siliu@withs 

mixture of autons am2 hrmw (3:2). lhia @vm 1.80 K (0.22 ~1) of. rligbtly yollwimh molid which by mcrystal- 

li?.mticm fra a 1:2 aixtxra of .tJmx urd toluan yielded 1.78 R (9.2 mol. 96%) of 17 u . colorle8m nolid with. m-p. 

72-74'C. m on ai1iu Ral (SOP-254, 5 x 10 Q) with * 1:1 mixtura of acet.am and lmxmn rbovd only mm spot 

(Rf-0.28); 'Ii R(R ()ls,SG-d,) 6 2.25 (a, 111, Ca), 3.9 (d, 28, at,), 4.5 (d, 2H. I&), 6.05 (a, W, KH,). 3.5 (s, lN, 

GE). ti 7.5 (s, 58. Ph); IR (mat) a-l 3kDO (G-E, s). 3200 (N-E, l ), 1720 (C+,, 8). asul 1150 (C-G, s); ICI, n/a 

(rslatim intensity) 91 (12), 1W (100). L34 (12), urd 165 (5). 
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