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Abstract

The term ‘crystal engineering’ was provided by G. R. Desiraju as “the understanding of intermolecular interactions
in the context of crystal packing and in the utilization of such understanding in the design of new solids with desired
physical and chemical properties”. I have focused my research interest on crystal engineering of racemate and
quasi-racemate heterocycles.

In searching for the crystallization condition of racemic 1,3-oxazolidin-2-ones and their sulfur analogs, I have found
that racemic 4-phenyl-1,3-thiazolidin-2-one (4-PTO) crystallizes as conglomerates. In this work, I have analyzed the
X-ray crystal structure of 4-PTO and discussed the structural factors leading to the conglomerate formation. In 4-PTO
crystals, a homochiral infinite zigzag chain structural unit around a 2-fold screw axis is formed through the N-H...O
intermolecular hydrogen bonds of the cis amide moieties. In addition, the intermolecular S...O close contacts are
observed between the thioether and the carbonyl groups in the same chain unit. Moreover, the phenyl groups of
homochiral 4-PTO molecules of different chain units take the T-shaped stacking orientation each other due to the
aromatic CH/n interaction. '

In addition, I have found that racemic compound crystals of 4-phenyl-1,3-oxazolidin-2-one (4-POO), 4-phenyl-
1,3-oxazolidine-2-thione (4-POT) and 4-phenyl-1,3-thiazolidine-2-thione (4-PTT) have melting points, solubilities and
IR spectra significantly different from those of chiral crystals. In this work, I have analyzed X-ray structures of chiral
and racemic crystals and demonstrated that differences in such physical properties are due to differences in the crystal
packing of chiral and racemic crystals. These molecules are linked with neighboring molecules via the N-H...O (or
S) intermolecular hydrogen bonds of the cis amide (or thioamide) moieties. However, the hydrogen bonding pattern is
quite different between the racemic and chiral crystals for these compounds.

Moreover, I have found that equimolar mixture of (R)-4-POT and (S)-4-PTT crystallizes in the quasi-racemic
compound form. In the crystals, (R)-4-POT and (S)-4-PTT molecules are connected to form an approximately
centrosymmetric cyclic dimer via the N-H...S intermolecular hydrogen bonds of the thicamide moieties. The
structural features of the quasi-racemate are comparable to those of the true racemates of 4-POT and 4-PTT. The

melting point, solubility and IR spectra are also measured, in order to characterize the crystal structure
thermodynamically and spectroscopically.
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[E1E F&i)
S I ERRKRENORERILTHEE, FRPTOTVFL Ph

—EFIDMERIC LD . T URBAW. T AN, T IEE /5—7&‘ Compounds XY
PWD‘J“?*%’L?%@FEEFFJE?))ﬁ.ﬂZ}O O3 bEEFVFA—M X1 3NH :‘;8(% 8 2
TofBITL VIR (ARNE) T55F JBEMIT, KFEHE 2 AP0 S O
WENFIl: L CHEREIN TE SHHENNH A K TLEMITEANT v 4PTT S S
»HB, LML, TEIBRBROSIZERBE S U FA—RLHA Fig. 1 4-Phenyl-1,3-oxazolidin-2-one
EERFIT35{keme LTRHEHL, FEIREHLERDIBEE RUOEDOAL F U BEHE

BEBHTHRTHAZ BN TND,
A BIT. REEEARLEEY (R-X) b, ZhEFEHOSFEETHORDOEMEREL boLEw (5)-X)

LAERSHRENIORERIELERILE, RX EE)XENLRI‘IHEEERTIBEVNENIIHD, Z

TR & 3K (quasi-racemate) ¥ & T TWE, ZO & O RERBHEOWEIL, XXX DHENLRD
KEERERERD D VEIEO T E IFRHETRBLNRV ORI L TELTIRT, FRL2IENHO
WEFB L LTHRERE N, LhL, —BICER B LAMIEET SBR,» bREALIE3HE, AL
EPRIERET - THEAELL. 2& L Lﬂi%n%;h@f"a%w{EA% IZRBEENITEAETH B,

rROLSCEETTOFUFA—ESEZ TR LEETZZ Lk, FRIEIBRCELUT EI&D
BERH VRN D=T YY) 275 L THBECEELRRETHS, T2bb, RFTOTT
VFAT—DERFIEFRETIER., ROZO=F U F 4w —EF L HEE - ik L OBREAEH TS Z L 3T
g, ZORREREC. FRIEIGRMELUS EIRDI VRINZ U DV=T VU I~ RESE
BZLBHEREERD, ZOREDIZIR, = F U F A —EFOHEE - P HIET Ao FRIMEERIZEL,
+aRBREMRAERD T EBEREIND,

ERR T 4P AFEZEF T D NO-RU NS-EHFERI{LEH TH % 4-Phenyl-1,3-oxazolidin-2-one (4-POO)
EUZ0A 4 ERE (4-POT, 4-PTO, 4-PTT) (Fig. 1) Zx&{tEME Lz, —RIERZRALEWIX
EX, BELEOEFEEEMNE L LTAVLNS LD, BOLEMERERINS, EEFEIEMEL L
TERHE - HERRDBND, ThoERRRADOTEIBRVELFEIE&0s Y RFZALT Y
=T VT EAEETAED, BEPTO T U FA~—DBEFIZRETIRFREUODOES| YR - {LF
FEE L OBREEATIZLEHEEHE LT, TROEREZE:.

[B2E FEIkOERBEOHSE]

AETIE, 4PO0 RUFEDA ZVBBEDT = I w_owf TO™RTE (FEIREY. IS
B, T IBEBEE) BHRILE, Z0EDIZ, TEIGEEEREEEHEESET. 2 FRIBEERERB
THBA, BEE, R A7 b ELREHB LT,

. 4-POO A F UV BBED F ¥ I FiEd L EEBEARERIIONVT, A, BREE. R XX b/vmﬁmf“%
% Table 1 IZRT, ZDHR. 4PTO DT IBREROBEDHL T IBEMOTREENTREINE, T4b

« 4PTO DFEDH, T IEERED - .
Zﬁ?ﬂmm‘#zﬁimﬁgwt;@:ﬁi:ﬁ Tablo] MR, WMRRRURANY b
VEZTRL, (72, SEIEERDI 2 Compounds mp. [TC] ?g;‘ig‘l‘%l[;“c"li)’ I O ————
o RV AR DERREII N REN AR

IR spectra [cm'l]

B OBAITH_TEVMERRLE, &5 ((R)ﬁggo 131.0-132.0 0.527 3251 1742, 1706
— rac)-4- 137.0-138.0 0412

i, 4PTO DH/EDH, Tk I fifidh & (R)4-POT  125.0-126.0 1.05 zfz‘; e 1171
Ale 2 o B o . hal * *
HFEEEERRD IR A7 PP~ (45.4P0T 171.0-172.0 0.105 3191 1178
L7, (R)-4-PTO  175.0-176.0 0.452 3189 1673

4-PTO D Z & JBEWHERDOTEFIRE  (ac-4-PTO 1350-136.0 0.884 3189 1673
BAIDSELRMTAED, 4PTO o  (O4PTT  1250-1270 0.875 3126 1078
. e b PTT 192.0-194. .
5 IR E— BT ODNEES | K (rac)-4 192.0-194.0 0.055 3145 1081
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FEED T LERVEIE L, ZORR, 10~90%DTF L F4~—BRIE (ce%) %R Lize DI &3,
4PTO BERGB LI EERLTEY, 4PTO DT IGRERIZISEIREHE LTHHELED & PFER

iz,

E72, 4PTO BISAD 4-P00 A 4 Y BRIED 57 ik, 2 RARBUSE . YAEE. IR A7 ML L.

ZEIMLEMTHDIZ EBHLMNE 25T,

[B3FE 4-POO 1 F U BBEOIERHEE]

AETIL, 4-POO R UEDA v BED S

EIFKERRUCAEERERERICOVT, X
R EITV., BRENICEL S FRIBEER
IZOWTHRA L,

ZDRER, 4-POO0 £ AT BHEORERNTO
SFEEEEROR L RERBEIZ. 7IFb
LIEFA7 I FEALIC & A 724 FREA
FREEDERNT — i oTe, = DKERES
NRE—3, KRBEREITE Y HFIEREST
% chain B L 2 BE %A 3 dimer U X
N, (Fig. 2) TNOLDKFBHERIZLE-T, 2,
LEAEERLET B DT v —H#% (chain ==
v ) £ 8 BRY M ~—H#E (dimer ==
v M) EERTHZEERALMC L, (Fig.3)
Table 2 IZ, BERUKRHE VAR M) —%R
kR

%72, 4-PTO LISt D 4-POO 1 F 7 B#IE D%

(R)-4-POO ‘ (R)-4-POT
(chain) (chain)

%.

(rac)-4-POO
(chain)

Ph P Ph

'Y

(a) chain form ‘ (b) dimer form

Fig.2 KEHH/F—1

Table2 EERUKFHEETAA MY —
density H-bond geometry [A,° ]

Compounds

[g/em’] “D-H.A D.A /ZD-H.A pattem

(R)-4-POO 1.355 N-H.. 2.8534) 177(4) chain
(rac)-4-POO 1329 N-H.. 2.859(4)  166(4) chain
(R)-4-POT 1307 N-H... 3347(3) 161(3) chain
(rac}4-POT 1359  N-H. 3.4382) 176(2) dimer
(R4PTO 1419 N-H. 2.853(3)  175(3) chain
N(A)-H..SB) 3.383(4) 1774 .
®-4PTTH 1370 NEB;—H...S((.E; 3.41 18 1668 dimer
(rac)-4-PTT 1418 N-H...S 3.425(2) 176(2) dimer

* RERPU ORI RS (molecule ARTB) BTEET 3,

3 N
e

(R)-4-PTO (§)-4-PTT
(chain) (dimer)

cwwoo

(rac)-4-POT (rac)-4-PTT
(dimer) (dimer)

(KW RBRITARES 2. ORI ZOMOMEERETT)
Fig.3 4-POOA ZF UV EBBEFEHOAFEEEG=2=v }
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BNTHE. 73 Fb LIEF AT I REMIIC X DM 24 FRARBELMIEL - T FREEEERIX
BRI SN2 o, TRICHLT, 7% JBAWEFR LT 4-PTO OR)-FHERETIE, AREFITL>TH
méntdmmJ:yPWK\%il—?W—ﬁwﬁ:WWﬁﬁﬁﬁEWéntoéwa%mmzzy%ﬁ
T, 7= AVRIZEB THFRRY v XU JHEERABBRI S,

(B4 S5tIEBRICBITILFHAEERORE]

AETIE. T IBLWEFRT D 4PTO &, F& ILEWE R BMD 4-PO0 A 4V BEREDERNT
ONFEMEEROEEZRINTAZ LI, BRTICBIT AT vy FA~—0BRFIZRET D (ICT
£ IBESYEEL) BFIEOWTHREE L

T OER 4POO A AVEBEHREDOF T 4PTO DT IAFEEOAHZNTEIREHE LTITHAETH
DiF. UTOREEENEBICEETAZ L EHALMNI L, (Fig.4)

D HFHEOETEARIF LV FAv—RERESTEDOICHFR chan BOARRERICLD2=y MEE
(chain == ) BRI, ' :

® chain 2=y MNIZFFA=—F)V - IAR=NVEEERBE L ZERREY 2=y FNORET T
FA<—RLH L Y REICECOV,

® R-2=vy NALET7 2= AEMTOTERRY v XV JTHEEAMIK ZLIZEV . ®)-=2=y b
©)-2=y MRRERAAyF L ITHILickby bob—afR S & LR,

DI EE TEIREYBRERIN
37-0iciE,. ORE-FrF4<—RtL
RIVEREh? 2=y (Rr2=v
FHLLIAES)-2=v b)) B, ZOxFE
RZOWNHTOREERICEL>T, BE

OchainBd DKFHEE

BE2ERAETHIZEIIMA, @ @F A= —F -
®-2=v FALEH L IZE-2=y b A=
A

FALMToFREEEAMB Z ek
D, R-2=v b &(S)-2=y FREEIZ
RyFrr/TaILiEBz bo—

BARRRIS R LB LAREL SRD o
ZEERLTVA, chain == v b chain == k

Fig. 4 (R)-4-PTOfE S DRGSR

BTFHERF yxJ
BEEH

(5% HE - LEOEE LS TFRBEER] ,

AETII, 4PO0 A A VEBRED T & I LB L EFEGERIZOWVWT, S FRMEEER LBA.
BIEE., IR AT MVEOYHE - (LEHHEE L OBRERET L7

1. BREOEARE

S I{LEHEF LT 4-PO0 4 U BHREITNTh S, REFEHEERI VLT IGEROFN, @
BlZX0EL. BBEIZIVEWVELRZRLE, (Table 1) L L. WHFOYWHEIEDEIIL 4-POO 1 F U EH
EIzL > TREL BR 5TV, 4-POT BT 4-PTIT D5 2 {5k & EEREHRB TOMMEEOEIT.,
BARICBI LTI, 4-POT TiX 46C, 4-PTT TiX 67CELK DEB R BN, Fio. 7 B aFV AT D54
EIZB L TIX 4-POT TiX 10 %, 4-PTT TIX 16 fEDERAZ BTz, ZHIZH L, 4-POO OB AR OARZEEIX.
NEERBERE T IGBRMTOHOEVRERERZIAON 2T,

IhoOHE - LEHMEEOREREEREDO LS R FHRMEEERICBEL THWEINE2FARS D,
4-PO0 1 UV BEEED Z & I{LEWHEHR L AFEREFERICOVWTHTFHBEEERZ LB L,

¥, 4-POO A ZUVEBREIZHOVWT, 7 I{LEYHESR L EFEEEERBOKEESERL R L L
ZAH WL AREEREEROKRBESEROF NI VEVESR R LT, (Table2) LA L. ZOXEES
BEEEOMETIX, BARVBREORE 2MBITHATE RN,
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4-POT RN 4-PTT D T & I hfEdR & HFERBRER & TIX. ABEE2=y MO F — LR ORFREID
REBZBENRR LN, (Fig 3) T4bb, 4POT OF ¥ IR TIT dimer 2= v FEERLTWBDIZ
L. 4-POT D(R)-HHEHETIE chain ==y FEFRER LTV, F72, 4-PTT OS5+ I AR TiE. dimer =
=y FRICRHFRLER L TWADIZR L, 4-PTT O(S)-AfEfE Tit. dimer 2= v FICHHEZR ST LTH
b9, FEEITHEEREA TV, ZHIZH L, 4-PO0 D5 & I fEMRE L EEHEESIT. VWb 2, b
AEEFLET S chainz =y bR L TEY , ZOMEIIEWVICHEEIDEE LTV = L AR -,

Ele, BEELXY, 4-POT RU4-PTT Ti, T& IBRREDOFRREESEERRICESR, LB Sy F
YZLTWeDIZH L, 4-POO Tik, BICKEERGREROFR LV BIZ v F 7 LTWWe, (Table2)

IhiT, AR, BREL. TV E—HOFETMAT, = b —HOBELZIT 5, 4-POO
WKEWT, REEEGEROFRI VBN v F LTVl hb b, S IABRROBENRLY
B, BRENRLVEVMERZ R LD, =v e —WaEH AR, SFRBEERICLEZT ZArr—
MRERZET LR LEZLND,

INHDZ LT, FFEABREEDORIDOLZLLT, AFEBESITIVEREN 2oy DT —0 27
ORFME, EHICRTUFAE—EHORR LTI ha—RWARERN, 7% I EERR U EEE S
DOYE - (LFHIHRICERBE2EX D L2 RLTNS,

2. IR A7 bV

—RIZKBREEHENE v N-H), v (C=0) (b L<IiTv(C=8)) Tk viIEEKAICBAISND, 4-POO A F
VEBEHBED v (N-H) BT v(C=0) (b LI v(C=S)) iT. I FEEERLROINT L ISBRIZERLVIE
BEHERCBRENZEABRALNIZ, (Table1) —F, T ILEWRER L FESEEEEBOARESELE
ZHBLIZEZA, WINbRFEEGEROKBEAEROF S L Y EVMEER L, (Table2) Z0Z &
iE, FED vy N-H)EW v (C=0) (b L iZv(C=8)) DHEIL. BRNOABREESIAA N —icEFET 2
LERLTNES,

[BeFE HTUTEIKOHELHEE]
AETI, 4-PO0 RUEDA X VBREOHRLISHOED 5 b, LS £ IAEROBRLTRL2ES L
Kll, Ebiz, #EUTEIABROTRER. RUERHEE LHE - LFOHE L OBRERILE,
1, #05 & I hois R

(R-4-POO iZxf L T(S)-#& D 4-POT. :
4-PTO. 4-PTT %, E£7/(R)-4-POT 12 L T P

(S)-&D 4-PTO, 4-PTT %, & HIZ(R)-4-PTO  Chemical formula  CygHgN,0S3 “'(ji‘r/":y e
. . <om .  Formulaweight 37453 i 1 N
CHLTEAPTT EENEN T/ L TRE oo’ i XJ'
L. Zouno 71‘/1/-5«%‘{&;: ] %B‘%'{t é'@:TCo Space group P2y 4 P“T(T« // f/ ;
:@&%@%ﬁ%%mwﬁﬁé\ﬂﬁ\m.Umemmm (St 7
AT MVRURSEEHEBEIC LV RH o) 602850 |
LR, LRROBAEDED S B, e(A) 12.668(2)

_ 4. o a () 90
(R)-4-POT/(S)-4-PTT (1/1) OEH @A#F 2 e) 51.22939)
BOFERI TR E N, y C) 90

I DHERITOVTXBHEEMT 21T > Voume(A) 8990

- z 2
BIET ¥ & (quasi-racemate) R TH D IC:oodness of fit (l).ggo —TNy "’: j
ZEBRELNEROT, Fig5) DOLE, L 0.038 it

(R)-4-POT & (S)-4-PTT OF AT I FERE | Fig. 5 (R)-4-POT/ (S)-4-PTT 315 & 3 s S
PIEMBRICARREEETHZ LT, #EA ERT— ¥ RUOERES
ICHRFRLEFF O BRI A ~—%FRLT :

WA RICEEOBERR LN,
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2. BT I pEEOBRER

4-POO A A T B#EIZOWVWT, RFEEREARTCEDO T £ ﬁmﬁ%ﬁﬁ%ﬁ% Lize A BHUFEIGK
HEOHBILEW TH B 4-POT R 4-PTT DEOD F & I BOMEHEEN. UTORTHEFICHELL T,

(Fig. 3) T+72bb, OEVKETFERRCEMBESEFTICENL TV, EbiZ, @7 EIELENTH D,
OARRAI L VHFLEESSBRFA A v— 2R LTS, @F FHNR=NBKEEEGT 7875 —
LLTWA A TEBERS N, BEDZ Ehd, #USEIGREEETRTZ DI, TOBBILE
BOEDS & IEO/BBEEN, BTER. ZMBEE, A, m%%%%%it%@)ﬁ?ﬁw:ﬁf& LTCWBi4
EXbBHLEZLND,

X5z, Fig.3 RUS L0, #ET & I EOFEBEER, (rac)-4-POT B ON(rac)-4-PTT DfERHEE L L3O
~@DATED TEB LT, k. BE5 ¥ IFBRORTER, BERUVSTRARESERI,
(rac)-4-POT FE& & (rac)-4-PTT RO HEE £ 5 Z L B3H DAL 2o 7z, (Table3)

3. B S ¥ IR OYR - {LERHMEE ' ,

(R)-4-POT/S)}-4-PTT #EL 7 & I B H KRV Table3 HBERVWKFRREEVAA M) —

(rac)-4-POT #& . (rac)-4-PTT FERICHOWT B, Compounds density3 H-bond geometry [A,° |

ERESONE CHIER TR A pAB0 o S
. My 225 E e racj-4- - =H... o

S HFER ’@E LB L7, (Table 4) ﬁ R RAPOT | gg  NewdH.SEm) 34120)  1780)

(rac)-4-PTT #%5 & . (R)-4-POT/(S)-4-PTT #&d&. (5)-4-PTT . N(errr)-H...S(ro) 3.446(2)  175(3)

(rac)-4-POT EEDIBIIEF Lz, $rnudil (rac)-4-PTT  1.418 N-H..S 3.425Q2)  176(2)

Azt 5 B K X (rac)4-PTIT # & .
(R)-4-POT/(S)-4-PTT f&dh. (rac)-4-POT A& DIRIC solubiliy [mol /1] IR speora [om’]
FRLE, ShbOfERIE. Table3 TRHh B3  Compounds  mp.[C] (25°C, CHCl) vN-H) +(C=S)
BEOBERVS FHARKEAEMOBREAREL (rac)-4-POT  171.0-172.0 0.105 3191 1178
T2, Sy 17501760 0072 3112 1175
IR 27 bV TO v (N-H) (racy-4-PTT 5. (rac4-PTT  192.0-1940 0.055 3145 1081
(R)-4-POT/(S)-4-PTT #&d&. (rac)-4-POT &R DINEIC
BEEACBRIS N, —BIZABBEASNARVE v N-HDIZX 0 EEERAICBRI SN DS, ZhbDERIE
Table 3 TRHOND 3 FEDO45SFRIAREAEROBSRLBEAL WS,

Table4 B, BHERCIRARZ bV

PUEERECELNFREL, BRERLAMDOT £ IBRUELS EIEOs Y RFZAT L P=T v
TDIODEARARIZRE b0 LHFEEIN S,
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FARNEERROES

RHPMRMICE L TREEZRIC > THEMCEEZT > L bic, FR1THE 1 A 28 BICIOERR
REMXBEERERZREL, ZMHRETICERZRE Lic, ZORBR, UTOEBDHEL T,

RN TR, FEREZETS—HON, 0- RUN, S-EERZRALEWCOWT, F& LT XREER
WCEDH/ROENIEEATOSFHBEERICET2MELNS I L IREMOERERZHS ML TV
%, ZEIREMOEEZ., SRERMPBZLE L LaWHESEIEAREL T 50, TENICBNHS
HENHFETH D, LU, THIREMERET HIIED TR TS, ZOBRERIC DV THREH
DEZMNZ, KX DB ONIHRIR, Fick I IEROBRRE (JURZNVTI=T YD)
KBS 2 BEANGTH AR ZREL T3,

EHERTELIKDBERIEHDEREZRESE., BE—{LEMAI 54 5HR LERR I BRECMIEDOREZ
BfEL., AFEZET3LEHM (R-X ) &, ThEFEUDDFEETHrOEDENEEZ L DLE (S
X) oL HER RUSEIFER) ZREFTLTVS, BRRX TR, N. 0- RUN, S-#E#RZBRALE
Wit ame 75 2 FRERUS L IHERBROBRICHINL. BREVHROER., SIUBSHELY
BtZMME & OBGREHLNMCL TV S,

ARLTHONERIG. BRBRLAMO S £ IAREERTHT 2BAN LA ERERELTHD,
FEENAS EOMBRRETOBRL b TEMNICERTHNRZE5X %, MUE. AR THICELORAMBRYT
IKETBEEX, BEE-HTEMEHELL,

i
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