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C433e)9/3- S97u)9u7a1 a3d T7a385479 P745e79/e8 4, I43/) L/6u/d8 w/9. Ca9/43/) 
O1/-4e9.e7 C.a/38 

 
.h8IFE I. '8CC--8DE8I@E<,Q,8 (8E 5h8F,9 Ch8E<C< -F;I@>L<Q,8 -8hFE<C F<IE8E;<Q,8 

)@:FC< 5D@:h,8,:  ;;@< D. F<IE8E;<Q,8 .LI8A;<MGI8B8Jh B. Dh@D8E,: 
 ;N8I; 2. C8JKE<I %I.,Q,9 8E; %8D<J F. 2@Jh8IKQ,:  

 
8 D<G8IKD<EK F= Ch<D@JKIP, ,L<<EJ9FIFL>h CFDDLE@KP CFCC<>< F= Kh< C@KP 0E@M<IJ@KP 

F= )<N 4FIB, B8PJ@;<, )4 11364, 0.A 
9 D<G8IKD<EK F= Ch<D@JKIP 8E; Ch<D@:8C B@FCF>P, -LK><IJ, /h< .K8K< 0E@M<IJ@KP F= )<N 

%<IJ<P, +@J:8K8N8P, )% 08854, 0.A 
: Ch<D@JKIP D@M@J@FE, BIFFBh8M<E )8K@FE8C '89FI8KFIP, 0GKFE, )4 11973, 0.A 
Q CFII<JGFE;@E> ALKhFIJ: JC8CCI8DE8I@E<@H::.:LEP.<;L; <;.:8JKE<I@ILK><IJ.<;L; 

N@Jh8IK@9EC.>FM 
 

3-I8P ;@==I8:K@FE 8E; DFC<:LC8I ;PE8D@:J J@DLC8K@FEJ N<I< LJ<; KF 
GIF9< Kh< JKIL:KLI<J F= KNF =8D@C@<J F= @FE@: C@HL@;J :FEK8@E@E> 
FC@>F<Kh<I K8@CJ FE Kh< :8K@FEJ. ID@;8QFC@LD 8E; GPIIFC@;@E@LD 
9@J(KI@=CLFIFD<KhPCJLC=FEPC)8D@;< I'J N@Kh J@;< :h8@EJ I8E>@E> 
=IFD 4 KF 10 8KFDJ @E C<E>Kh, @E:CL;@E> 9FKh C@E<8I 8CBPC 8E; FC@>F-
<KhPC<E< FO@;< K8@CJ, N<I< GI<G8I<;. /h<@I GhPJ@:8C GIFG<IK@<J, JL:h 
8J M@J:FJ@KP, :FE;L:K@M@KP 8E; Kh<ID8C GIF=@C<, N<I< D<8JLI<; 8E; 
:FDG8I<; =FI JPJK<D8K@: KI<E;J. CFEJ@JK<EK N@Kh <8IC@<I C@K<I8KLI<, 8 
J@E>C< <Kh<I JL9JK@KL<EK JL9JK8EK@8CCP ;<:I<8J<J Kh< M@J:FJ@KP F= 
GPIIFC@;@E@LD 8E; @D@;8QFC@LD I'J :FDG8I<; KF Kh<@I 8CBPC 
:FE><E<IJ. -<D8IB89CP, 8J Kh< ELD9<I F= <Kh<I LE@KJ @E Kh< 
GPIIFC@;@E@LD I'J @E:I<8J<J Kh<I< @J h8I;CP 8EP @E:I<8J< @E Kh< 
M@J:FJ@KP, @E :FEKI8JK KF 8CBPCGPIIFC@;@E@LD I'J Nh<I< Kh< M@J:FJ@KP 
@E:I<8J<J JK<8;@CP N@Kh :h8@E C<E>Kh. 1@J:FJ@K@<J F= @D@;8QFC@LD 
<Kh<I I'J @E:I<8J< N@Kh :h8@E C<E>Kh 9LK 8CN8PJ I<D8@E N<CC 9<CFN 
Kh<@I 8CBPC :FE><E<IJ. /F :FDGC<D<EK Kh< <OG<I@D<EK8CCP 
;<K<ID@E<; GIFG<IK@<J, DFC<:LC8I ;PE8D@:J J@DLC8K@FEJ N<I< ILE 
FE Kh< KNF I'J N@Kh Kh< CFE><JK <Kh<I :h8@EJ. /h< I<JLCKJ GF@EK KF 
JG<:@=@: 8JG<:KJ Kh8K :FLC; 9< LJ<=LC =FI I<J<8I:h<IJ ;<J@>E@E> I'J 
=FI JG<:@=@: 8GGC@:8K@FEJ. 
 
 

I3974du)9/43 
 

/h< =F:LJ F= Kh< @FE@: C@HL@; (I') :FDDLE@KP @J Jh@=K@E> 9<PFE; Kh< D<I< 
D<8JLI<D<EK F= GhPJ@:8C GIFG<IK@<J 8E; @;<EK@=@:8K@FE F= KI<E;J 8I@J@E> =IFD G8IK@:LC8I 
JKIL:KLI8C DF@<K@<J. -<J<8I:h<IJ 8I< ;<CM@E> ;<<G<I @EKF Kh< E8EFJKIL:KLI8C @EK<I8:K@FEJ 
9<KN<<E Kh< @FEJ KF ;<K<ID@E< Kh< KFGF>I8Gh@:8C C8E;J:8G< F= Kh< @FEJ N@Kh@E Kh< C@HL@;J 
Kh8K @E=CL<E:< I' GIFG<IK@<J.1-3 .L:h @E=FID8K@FE @J M8CL89C< Nh<E KLE@E> Kh< GIFG<IK@<J F= 
I'J =FI G8IK@:LC8I 8GGC@:8K@FEJ. /h< 89@C@KP KF KLE< Kh< GIFG<IK@<J F= @FE@: C@HL@;J =FI 
JG<:@=@: 8GGC@:8K@FEJ @J 8 D8AFI =8:KFI @E Kh<@I 8CCLI< 8J I<D8IB89C< JFCM<EKJ Kh8K D8B< @K 
GFJJ@9C< KF ;F <OKI<D< :h<D@JKIP N@KhFLK <OKI<D< :FE;@K@FEJ. IK h8J 9<<E 8:BEFNC<;><; 
Kh8K 8CKhFL>h @FE@: C@HL@;J h8M< 8 :FD9@E8K@FE F= GhPJ@:8C GIFG<IK@<J Kh8K D8B< Kh<D 
8KKI8:K@M< 8CK<IE8K@M<J KF KI8;@K@FE8C JFCM<EKJ, Kh<P h8M< I<C8K@M<CP h@>h M@J:FJ@K@<J Kh8K 
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9@J(KI@=CLFIFD<KhPCJLC=FEPC)8D@;< ((CH3OCH2CH2))(CH3)2CH2CH3 )/=2) h8J 8 
M@J:FJ@KP F= 60 :+ (25 ]C), 8 :FE;L:K@M@KP F= 3.1 D. :D-1 (25 ]C), 8E <C<:KIF:h<D@:8C 
N@E;FN F= 5.48 1 8E; 8 >C8JJ KI8EJ@K@FE K<DG<I8KLI< F= -96 ]C.9 /h<I< 8I< ELD<IFLJ 
I<GFIKJ F= <Kh<I =LE:K@FE8C@Q<; I'J 8J <C<:KIFCPK<J =FI C@Kh@LD @FE 98KK<I@<J,10-13 @E 
<C<:KIF:h<D@:8C ;FL9C< C8P<I :8G8:@KFIJ 8E; @E ;P< J<EJ@K@Q<; JFC8I :<CCJ.14,15 IE D8EP 
:8J<J <Kh<I FI GFCP<Kh<I =LE:K@FE8C@K@<J h8M< 9<<E @E:FIGFI8K<; @EKF I' :8K@FEJ KF @E:I<8J< 
Kh<@I 8==@E@KP =FI CO2 89JFIGK@FE,16,17 .O2 89JFIGK@FE,18,19 <OKI8:K@FE F= D<K8C @FEJ JL:h 8J 
H>2+, '83+,20,21 ;@JJFCLK@FE F= :8I9FhP;I8K<J, >CP:FC@G@;J 8E; >CP:FGIFK<@EJ22-24 8E; =FI 
<EQPD< JK89@C@Q8K@FE 8E; 8:K@M8K@FE.12 /h< +<IE8B >IFLG h8J I<GFIK<; 8EK@D@:IF9@8C 8E; 
8EK@<C<:KIFJK8K@: <==<:KJ @E 8CBFOPD<KhPC JL9JK@KLK<; GPI@;@E@LD 8E; @D@;8QFC@LD :8K@FEJ 
N@Kh 10-14 :8I9FE 8KFDJ @E Kh< 8CBFOP >IFLG.25,26 -<:<EKCP, (8KJLDFKF <K 8C. I<GFIK<; FE 
Kh< LJ< F= YFC@>FD<I@:Z (GFCP<Kh<I) I'J =FI Kh< GI<G8I8K@FE F= >I8Gh<E< =IFD >I8Gh@K< 
LE;<I D@:IFN8M< :FE;@K@FEJ. /h< >I8Gh<E< Jh<<KJ JhFN<; E<>C@>@9C< ;<K<I@FI8K@FE 8E; 
N<I< I<;@JG<IJ@9C< (LG KF 100 D>/D') @E Kh< I'J.27 /h< =8MFI89C< GIFG<IK@<J <Oh@9@K<; 9P 
<Kh<I =LE:K@FE8C@Q<; I'J FM<I Kh<@I 8CBPC :FLEK<IG8IKJ, C<8;@E> KF JL:h 8 N@;< I8E>< F= 
8GGC@:8K@FEJ, h8J GIFDGK<; Kh< <OGCFI8K@FE F= Kh<@I E8EFJ:8C< JKIL:KLI< @E FI;<I KF 
LE;<IJK8E; Kh< FI@>@EJ F= Kh<@I ;<J@I89C< GIFG<IK@<J 8E; hFN Kh<P :8E 9< =LIKh<I <Eh8E:<;. 

 
(FC<:LC8I ;PE8D@:J ((D) J@DLC8K@FEJ JL>><JK Kh8K Kh<I< @J I<;L:<; <C<:KIFJK8K@: 

@EK<I8:K@FE 9<KN<<E :8K@FEJ 8E; 8E@FEJ @E <Kh<I =LE:K@FE8C@Q<; I'J, ;L< KF Kh< GFC8I <Kh<I 
>IFLG, Nh<E :FDG8I<; KF 8CBPC.28 (FI< I<:<EKCP, (D J@DLC8K@FEJ 8E; 3-I8P ;@==I8:K@FE 
JKL;@<J h8M< JhFNE Kh8K @E :8K@FEJ N@Kh <Kh<I K8@CJ FI J@;< :h8@EJ, Kh< K8@CJ 8I< :LIC<; 
KFN8I;J Kh< GFJ@K@M< h<8; F= Kh< :8K@FE FI NI8G Kh< :8K@FE @= CFE> <EFL>h (F@>LI< 
2),1,2,12,28 <==<:K@M<CP I<;L:@E> Kh< :FLCFD9@: @EK<I8:K@FEJ 9<KN<<E Kh< :8K@FEJ 8E; 8E@FEJ. 
/h< 8E@FEJ 8;AF@E 9FKh Kh< GFC8I <Kh<I J@K<J 8J N<CC 8J Kh< GFJ@K@M< J@K< F= Kh< :8K@FE. /h@J 
9<h8M@FI JLGGI<JJ<J Kh< E8EFJ<>I<>8K@FE F= GFC8I 8E; EFE-GFC8I ;FD8@EJ GI<J<EK @E 8CBPC 
JL9JK@KLK<; I'J (Nh<I< EFE-GFC8I :h8@EJ <OK<E; FLKN8I;J =IFD Kh< :8K@FEJ) 8E; I<JLCKJ @E 
J@>E@=@:8EK ;@==<I<E:<J @E Kh< GhPJ@:8C GIFG<IK@<J F= Kh< I'J. 

 

 
F/-u7e 2.  O8DGC< F= <Kh<I K8@C :LIC@E> @E  O O O(D@D )/=2 @E 8 I<GI<J<EK8K@M< 
JKIL:KLI< ><E<I8K<; 9P Kh< /-A1I. GIF>I8D29 =IFD Kh< (D J@DLC8K@FEJ ;<J:I@9<; @E Kh@J 
G8G<I. )FK< Kh8K @K @J Kh< :FEJ<EJLJ F= JKIL:KLI<J N@Kh M<IP ;@==<I<EK <Kh<I :h8@E 
FI@<EK8K@FEJ 8IFLE; Kh< @D@;8QFC@LD I@E>, 8J N@CC 9< ;<J:I@9<; @E Kh< ;@J:LJJ@FE. 

 
ACKhFL>h ELD<IFLJ 8GGC@:8K@FEJ 8E; GhPJ@:8C GIFG<IK@<J F= <Kh<I-=LE:K@FE8C@Q<; I'J 

8I< I<GFIK<;, Kh<I< 8I< JK@CC >8GJ @E Kh< JKIL:KLI< 8E; GhPJ@:8C GIFG<IKP ;8K8 J<KJ =FI J<M<I8C 
I'J @E Kh@J :8K<>FIP. IE C@>hK F= Kh@J C8:B F= @E=FID8K@FE, Kh< ELD<IFLJ 8;M8EK8><J F= <Kh<I 
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:FEK8@E@E> I'J 8E; FLI @EK<I<JK @E GIF;L:@E> CFN<I M@J:FJ@KP 8E; h@>h<I :FE;L:K@E> I'J, 
N< LE;<IKFFB Kh@J JKL;P KF JPJK<D8K@:8CCP <O8D@E< Kh< <==<:K F= C<E>Kh<E@E> FC@>F<Kh<I 
J@;< :h8@EJ FE I' GhPJ@:8C GIFG<IK@<J. 2< 8I< LCK@D8K<CP @EK<I<JK<; @E <O8D@E@E> Kh< 
E8EFJ:8C< @EK<I8:K@FEJ 9<KN<<E Kh< @FEJ Kh8K >@M< I@J< KF Kh< GhPJ@:8C GIFG<IK@<J, 8E; =FI 
Kh8K I<8JFE N< LE;<IKFFB DFC<:LC8I ;PE8D@:J J@DLC8K@FEJ FE Kh< I'J N@Kh Kh< CFE><JK 
:h8@E (Kh< KI@<Kh<I  O O O() KF :FDGC<D<EK GI<M@FLJ J@DLC8K@FEJ FE @D@;8QFC@LD I'J 
:FEK8@E@E> Kh< ;@<Kh<I  O O( :h8@E.28  
 

 e8u198 / D/8)u88/43 
 
T(er,al Pr./ert)es a-d De-s)t)es. 

/h< >C8JJ KI8EJ@K@FE K<DG<I8KLI<J (T>), D<CK@E> GF@EKJ (TD) 8E; ;<EJ@K@<J F= Kh< JKL;@<; 
I'J 8I< I<GFIK<; @E /89C< 1. /h< T> M8CL<J =FI Kh< GPIIFC@;@E@LD <Kh<I I'J 8I< Kh< J8D< FI 
CFN<I Kh8E KhFJ< =FI Kh< 8CBPCGPIIFC@;@E@LD I'J N@Kh Kh< J8D< ELD9<I F= 8KFDJ. FFI Kh< 
@D@;8QFC@LD J<I@<J Kh< <Kh<I 8E; 8CBPC T> M8CL<J 8I< :FDG8I89C< =FI Kh< JhFIK :h8@EJ 9LK 
Kh< <Kh<IJ 8I< h@>h<I =FI Kh< 8- 8E; 10-8KFD :h8@EJ. /h< T> F=  O O O(D@D )/=2 @J 
8 ]C h@>h<I Kh8E 8CC Kh< FKh<I I'J JKL;@<;, JL>><JK@E> 8 h@>h<I ;<>I<< F= ;PE8D@: 
<EK8E>C<D<EK N@Kh Kh< KI@-<Kh<I :h8@E 8E; Kh< H-9FE;@E> @D@;8QFC@LD :8K@FE. 
 
TABLE I. T.e72a1 5745e79/e8 a3d de38/9/e8 4, NT,2 /43/) 1/6u/d8. 

Ca9/43(8) 
G1a88 

T7a38/9/43  
P4/39, T-[a] ˚C 

Me19/3- 
P4/39, T2 [a] 

˚C 

De38/9y 
a9 22 ˚C 
-/2L 

 O(D+PII -89 697 1.46@ 20VC 
C4D+PII -89 -7.6 6 1.39@ 23VC 
 O D+PII -91 697 1.41 
C5D+PII -86 7.6  1.36 
 O O(D+PII -90 697 1.39 
C7D+PII -85 18.4 1.30 
 O O D+PII -88 697 1.35 
C8D+PII -83 -16 1.28 
 O O O(D+PII -85 697 1.37 
C10D+PII -85 6:7,30 9.5 30 1.25 30 
 O(D@D -85 697 1.45 
C4D@D -87 -3 1.44 
 O D@D -86 -13 1.39 
C5D@D -85 31 -9 31 1.40 31 
 O O(D@D -84 697 1.44 
C7D@D -85 7 1.34 
 O O D@D -83 14 1.41 
C8D@D -86 -23 32 1.28 
 O O O(D@D -76 697 1.43 
C10D@D -83 31 -29 31 1.27 31 

687 ACC M8CL<J 8I< FEJ<K K<DG<I8KLI<J. 697 )FK F9J<IM<;. 6:7 -<8E8CPJ@J F= FI@>@E8C ;8K8 =IFD I<=. 30, 
Nh<I< Kh< D@;GF@EK M8CL< F= -82 ]C N8J I<GFIK<;. 
 

IE <@>hK F= Kh< K<E <Kh<I I'J JKL;@<;, Kh< GI<J<E:< F= Kh< <Kh<I >IFLGJ 8GG<8IJ KF 
@Eh@9@K :IPJK8CC@Q8K@FE KF Kh< <OK<EK Kh8K D<CK@E> GF@EKJ :FLC; EFK 9< F9J<IM<;, @E:CL;@E> 
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8CC F= Kh< GPIIFC@;@E@LD J8CKJ. IE :FEKI8JK, 8CC K<E I'J N@Kh 8CBPC J@;< :h8@EJ N<I< F9J<IM<; 
KF :IPJK8CC@Q<. /h@J 9<h8M@FI @J C@B<CP 8 I<JLCK F= Kh< GI<M@FLJCP ;@J:LJJ<; 8KKI8:K@FE F= Kh< 
GFC8I <Kh<I :h8@E KF Kh< :8K@FE :8LJ@E> @K KF :LIC KFN8I;J FI NI8G Kh< :8K@FE, 8KK<EL8K@E> 
:FLCFD9@: @EK<I8:K@FEJ 9<KN<<E Kh< @FEJ 8E; @Eh@9@K@E> :IPJK8CC@Q8K@FE (;L< KF 8 h@>h<I 
;<>I<< F= ;@JFI;<I) FI I<;L:@E> C8KK@:< <E<I>@<J. 2< @EM<JK@>8K< Kh< JKIL:KLI8C 
:FEJ<HL<E:<J F= <Kh<I :h8@E :LIC@E> 9<CFN. 

 
/h< ;<EJ@K@<J F= Kh< <Kh<I-JL9JK@KLK<; I'J 8I< 8CDFJK 8CN8PJ h@>h<I Kh8E KhFJ< F= Kh< 

:FII<JGFE;@E> 8CBPC JL9JK@KLK<; I'J. /h< @E:I<8J< @E D8JJ =IFD I<GC8:@E> 8 D<KhPC<E< 
>IFLG N@Kh 8E FOP><E 8KFD @J KI@M@8C; Kh< ;@==<I<E:<J @E ;<EJ@KP DLJK 8I@J< =IFD 
;@==<I<E:<J @E Kh< N8P Kh< @FEJ G8:B ;L< KF Kh< N8P Kh< <Kh<I K8@CJ :h8E>< Kh<@I 
@EK<I8:K@FEJ 8E; Kh< E8EFJ:8C< JKIL:KLI< F= Kh< I'. OM<I8CC, Kh< ;<EJ@K@<J F= Kh< I'J 
;<:I<8J< 8J Kh< C<E>Kh F= Kh< 8CBPC FI <Kh<I :h8@E @E:I<8J<J, GI@D8I@CP ;L< KF Kh< ;@CLK@FE 
F= Kh< ;<EJ<I )/=2 8E@FE 8J Kh< MFCLD< =I8:K@FE F= Kh< :8K@FE @E:I<8J<J. 
 
V)sc.s)ty a-d C.-d4ct)v)ty. 

1@J:FJ@K@<J 8E; :FE;L:K@M@K@<J =FI Kh< KN<EKP @FE@: C@HL@;J 8I< GI<J<EK<; @E /89C< II, 
8E; Kh< M@J:FJ@K@<J 8K 25]C 8I< ;<G@:K<; @E F@>LI< 3 8J =LE:K@FEJ F= KFK8C :h8@E C<E>Kh.  
 
TABLE II. C43du)9/v/9/e8, v/8)48/9/e8 a3d Wa1de3 574du)98 4, NT,2 /43/) 1/6u/d8 a9 25 ˚C a3d VTF 
,/9 5a7a2e9e78 ,47 9.e v/8)48/9/e8. 

Ca9/43 
C43du)9/v/9y 
2S/)2 
25 ˚C 

V/8)48/9y 
)P [a] 
25 ˚C 

Wa1de3 
P74du)9 
PS)22/241 

13(η0/)P) [(] D T0, K 

 O(D+PII 3.9 6:7 54 0.62 -2.06 6;7,33 5.59 155.1 
C4D+PII 2.7 6:7 75 0.61 -2.28 34 6.11 154.8 
 O D+PII 3.4 6:7 53 0.56 -2.09 34 5.59 155.1 
C5D+PII 2.1 6:7 90 0.61 -2.34 6;7,33 6.15 157.0 
 O O(D+PII 2.4 35 55 0.45 -2.08 5.54 156.2 
C7D+PII 0.8 127 0.36 -2.43 6.61 156.2 
 O O D+PII 2.0 56 0.40 -1.97 5.25 159.0 
C8D+PII 1.1 140 0.58 -2.43 6.55 157.9 
 O O O(D+PII 1.5 64 0.36 -2.12 5.32 161.4 
C10D+PII 0.69 30 150 0.42 -2.26 30 6.34 159.3 
 O(D@D 4.6 45 0.60 -1.95 4.74 163.7 
C4D@D 3.3 50 0.48 -1.93 6;7,36 4.99 160.8 
 O D@D 3.3 6<7,37 46 0.596<7 -2.05 4.92 162.2 
C5D@D 2.2 31 58 0.39 -2.13 6;7,36 5.39 159.2 
 O O(D@D 2.1 55 0.37 -2.14 5.06 163.6 
C7D@D 1.27 80 0.35 -2.21 6;7,36 5.72 159.6 
 O O D@D 1.78 61 0.37 -2.35 5.36 163.0 
C8D@D 1.41 93 0.47 -2.44 6;7,36 6.30 156.5 
 O O O(D@D 1.28 80 0.37 -2.22 4.87 171.6 
C10D@D 0.55 119 0.26 -2.42 6;7,36 6.29 159.1 

687 C8C:LC8K<; =IFD Kh< 1/F G8I8D<K<IJ. 697 C@K8K@FEJ @E Kh@J :FCLDE 8GGCP KF 8CC Kh< 1/F 
G8I8D<K<IJ. 6:7 (<8JLI<; N@Kh Kh< H+ @DG<;8E:< 8E8CPQ<I. ACC FKh<IJ N<I< D<8JLI<; N@Kh Kh< 4.I 
:FE;L:K@M@KP D<K<I. 6;7 F@KK<; =IFD ;8K8 =IFD Kh< I<=<I<E:< :@K<;. 6<7 (<8JLI<; FI :8C:LC8K<; 8K 20 
]C. 
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F/-u7e 3. 1@J:FJ@K@<J F= Kh< @D@;8QFC@LD 8E; GPIIFC@;@E@LD <Kh<I 8E; 8CBPC )/=2 @FE@: 
C@HL@;J 8J :8C:LC8K<; =IFD 1/F G8I8D<K<IJ 8K 25 ]C, GCFKK<; 8>8@EJK Kh< KFK8C ELD9<I F= C 
8E; O 8KFDJ @E Kh< :h8@E. ACBPC@D@;8QFC@LD )/=2 M@J:FJ@K@<J 8I< =IFD I<=<I<E:< 36 8E; 
8CBPCGPIIFC@;@E@LD )/=2 M@J:FJ@K@<J =FI E = 3, 6 8E; 10 8I< =IFD I<=<I<E:< 30. 
 

/h< <==<:K F= @E:I<8J@E> 8CBPC :h8@E C<E>Kh FE M@J:FJ@K@<J N@Kh@E I' =8D@C@<J h8J 9<<E 
N<CC ;F:LD<EK<; @E Kh< C@K<I8KLI<.31 1@J:FJ@K@<J @E:I<8J< N@Kh @E:I<8J@E> 8CBPC :h8@E 
C<E>Kh; 8K 25 ]C Kh<P I8E>< =IFD 75 :+ =FI C4D+PII KF 150 :+ =FI C10D+PII 8E; 51 :+ =FI 
C4D@D )/=2 KF 120 :+ =FI C10D@D )/=2. 0EC@B< Kh< 8CBPC I'J, Kh< GPIIFC@;@E@LD I'J 
:FEK8@E@E> <Kh<I J@;< :h8@EJ JhFN M<IP C@KKC< :h8E>< @E M@J:FJ@KP N@Kh @E:I<8J@E> :h8@E 
C<E>Kh (53-56 :+) LEK@C 8 DF;<JK @E:I<8J< KF 64 :+ =FI Kh< 10-8KFD KI@<Kh<I J@;< :h8@E. IE 
Kh< @D@;8QFC@LD J<I@<J Kh<I< @J 8 DFI< GIFEFLE:<; @E:I<8J< @E M@J:FJ@KP N@Kh <Kh<I :h8@E 
C<E>Kh, I8E>@E> =IFD 45 :+ =FI  O(D@D )/=2 KF 80 :+ =FI  O O O(D@D )/=2. /h@J 
M@J:FJ@KP @E:I<8J< N@Kh <Kh<I :h8@E C<E>Kh @J IFL>hCP GIFGFIK@FE8C KF Kh< 8CBPC :8J< 9LK Kh< 
M@J:FJ@K@<J F= Kh< <Kh<I-JL9JK@KLK<; @D@;8QFC@LD J8CKJ 8I< JK@CC DL:h CFN<I :FDG8I<; KF 
Kh<@I 8CBPC 8E8CF>L<J. 

 
/h<J< :FDD<EKJ I<HL@I< JFD< ;<>I<< F= :8LK@FE J@E:< Kh<P 8I< 98J<; FE M@J:FJ@K@<J 

D<8JLI<; 8K 8 J@E>C< K<DG<I8KLI<. 2< Kh<I<=FI< :FCC<:K<; K<DG<I8KLI<-;<G<E;<EK 
M@J:FJ@KP ;8K8 =FI Kh< I'J N< GI<G8I<; 8E; 8E8CPQ<; @K LJ@E> Kh< 1F><C-/8DD8EE-FLC:h<I 
I<C8K@FE, 8CFE> N@Kh ;F@E> FLI FNE 1/F 8E8CPJ@J F= C@K<I8KLI< M@J:FJ@KP ;8K8 =FI Kh< J8B< 
F= :FEJ@JK<E:P. 2@Kh D@EFI <O:<GK@FEJ, 9FKh =8D@C@<J F= <Kh<I I'J h8M< ()g(er C@D@K@E> 
M@J:FJ@K@<J (η0) 8E; :I@K@:8C K<DG<I8KLI<J (T0) Kh8E Kh<@I 8CBPC :FE><E<IJ, 8CKhFL>h Kh< 
;@==<I<E:<J 8I< JD8CC. (FI< J@>E@=@:8EKCP, Kh< D G8I8D<K<IJ F= 8CC F= Kh< <Kh<I I'J 8I< 
JD8CC<I @E D8>E@KL;< Kh8E <8:h F= Kh< :FII<JGFE;@E> 8CBPC I'J, DFJK 9P JL9JK8EK@8C 
8DFLEKJ. AE><CC h8J I<C8K<; Kh< D G8I8D<K<I KF Kh< Y=I8>@C@KPZ F= 8 N@;< M8I@<KP F= C@HL@;J 
8E; >C8JJ<J.38 '@HL@;J h8M@E> D G8I8D<K<IJ F= JD8CC<I D8>E@KL;< 8I< DFI< =I8>@C<, 8E; 
Kh<@I M@J:FJ@K@<J ;<:I<8J< DFI< I8G@;CP @E 8 JLG<I-AIIh<E@LJ 9<h8M@FI 8J Kh< K<DG<I8KLI< 
I@J<J 89FM< T>. /hLJ, 8CC F= Kh< <Kh<I I'J 8I< DFI< =I8>@C< Kh8E Kh<@I 8CBPC :FE><E<IJ, 8E; 
Kh< CFN<I IFFD-K<DG<I8KLI< M@J:FJ@K@<J F9J<IM<; =FI Kh< <Kh<IJ 8I< :FEJ<HL<E:<J F= Kh<@I 
CFN<I =I8>@C@K@<J. /h< GhPJ@:8C =8:KFIJ Kh8K ;<K<ID@E< =I8>@C@KP 8I< Kh< D8KK<I F= J@>E@=@:8EK 
@EM<JK@>8K@FE; Kh<J< ;@==<I<E:<J 9<KN<<E <Kh<I 8E; 8CBPC J@;< :h8@EJ 8I< 8 G8IK F= Kh8K 
GLQQC<. 
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/h< :FE;L:K@M@K@<J F= I'J C@JK<; @E /89C< II ><E<I8CCP ;<:I<8J< 8J Kh< C<E>Kh F= Kh< 
8CBPC :h8@E @E:I<8J<J. /h< 28C;<E ILC<38 JK8K<J Kh8K Kh< GIF;L:K F= Kh< DFC8I :FE;L:K@M@KP 
8E; Kh< M@J:FJ@KP JhFLC; 9< :FEJK8EK =FI 8 G8IK@:LC8I =CL@;. /89C< II C@JKJ Kh< 28C;<E 
GIF;L:KJ =FI Kh< 20 @FE@: C@HL@;J. /h<I< @J EF :FEJ@JK<EK KI<E; @E :FDG8I@E> Kh< 28C;<E 
GIF;L:KJ =FI :FII<JGFE;@E> <Kh<I 8E; 8CBPC :FE><E<IJ 8DFE> <@Kh<I I' :8K@FE =8D@CP. 
HFN<M<I @K @J EFK<; Kh8K Kh< 28C;<E GIF;L:KJ, Nh@:h :8E 9< @EK<IGI<K<; 8J 8 D<8JLI< F= 
:FE;L:K@M@KP :FII<:K<; =FI DFC8I@KP 8E; M@J:FJ@KP, ;IFG F== N@Kh @E:I<8J@E> :h8@E C<E>Kh 
(N@Kh Kh< <O:<GK@FE F= Kh< F:KPC :h8@E @E 9FKh :8J<J). 28C;<E GIF;L:KJ 8I< F=K<E LJ<; KF 
HL8EK@=P Y@FE@:@KPZ,38 FI Kh< ;<>I<< KF Nh@:h Kh< :FEJK@KL<EK 8E@FEJ 8E; :8K@FEJ :8E 
;@==LJ< @E;<G<E;<EKCP KF :8IIP :LII<EK. IK @J :C<8I Kh8K Kh< DFK@FE F= FGGFJ@K<CP :h8I><; 
@FEJ 9<:FD<J DFI< :FII<C8K<; 8J Kh< J@;< :h8@EJ C<E>Kh<E, I<JLCK@E> @E CFN<I <==<:K@M< 
:FE;L:K@M@KP. 
 
 -ray scatter)-g res4lts 

/I8EJGFIK GIFG<IK@<J F= @FE@: C@HL@;J 8I< @EK@D8K<CP C@EB<; KF Kh<@I E8EFJ:8C< JKIL:KLI<, 
8E; GI<M@FLJ JKIL:KLI8C 8E; DFC<:LC8I ;PE8D@:J JKL;@<J F= @D@;8QFC@LD, 8DDFE@LD 8E; 
GhFJGhFE@LD I'J N@Kh G<E;8EK <Kh<I >IFLGJ1,2,28,39-41 h8M< JhFNE Kh8K Kh<@I FI>8E@Q8K@FE 
FE Kh< DFC<:LC8I J:8C< @J ;@==<I<EK Kh8E Kh<@I EFID8C 8CBPC :h8@E :FE><E<IJ. 2h@C< 8CBPC 
:h8@EJ K<E; KF <O@JK @E <OK<E;<; :FE=FID8K@FEJ N@Kh DFJKCP tra-s ;@h<;I8C 8E>C<J, <Kh<I 
:h8@EJ h8M< 8 C8I>< =I8:K@FE F= ga4c(e :FE=FID8K@FEJ, G8IK@:LC8ICP 8:IFJJ C-C 9FE;J 
:FEE<:K<; KF <Kh<I FOP><EJ.1,2,28,39 /h< ga4c(e :FE=FID8K@FEJ :8LJ< Kh< <Kh<I K8@CJ KF :LIC 
8IFLE; Kh< :8K@FEJ 8E; I<D8@E 8;A8:<EK KF Kh< GFC8I, @FE@: ;FD8@E F= Kh< I' I8Kh<I Kh8E 
<OK<E; KF =FID 8 J<G8I8K< EFEGFC8I ;FD8@E, 8J 8CBPC :h8@EJ ;F Nh<E Kh<P ><K CFE> 
<EFL>h.2,42-44 
 

)8EFJ<>I<>8K@FE F= Kh< EFEGFC8I ;FD8@EJ @E 8CBPC :h8@E I'J h8J 9<<E ;F:LD<EK<; @E 
ELD<IFLJ 3-I8P J:8KK<I@E> <OG<I@D<EKJ45-49 Kh8K h8M< 9<<E <OK<EJ@M<CP ;@JJ<:K<; 9P 
Kh<FI<K@:8C KI<8KD<EKJ.44,50-53 IE I'J :FEK8@E@E> I<C8K@M<CP ;<EJ< 8E@FEJ Kh8K GIFM@;< 
:FEKI8JK =FI 3-I8P J:8KK<I@E>,54 E8EFJ:8C< J<>I<>8K@FE F= EFEGFC8I ;FD8@EJ @J D8E@=<JK<; 
9P Kh< 8GG<8I8E:< F= 8 G<8B (F=K<E :8CC<; 8 =@IJK Jh8IG ;@==I8:K@FE G<8B FI YGI<-G<8BZ @E 
Kh< C@K<I8KLI<) @E Kh< 3-I8P J:8KK<I@E> JKIL:KLI< =LE:K@FE S(q) 8K 8 CFN q M8CL< @E Kh< I8E>< 
=IFD 0.25-0.5 S-1), Nh@:h @E:I<8J<J @E @EK<EJ@KP 8E; Jh@=KJ KF CFN<I q 8J Kh< 8CBPC :h8@E 
C<E>Kh<EJ.  O@JK@E> 3-I8P J:8KK<I@E> I<JLCKJ =FI <Kh<I I'J1,2,40,41 JhFN EF <M@;<E:< F= 8 
GI<-G<8B, :FEJ@JK<EK N@Kh Kh<@I K<E;<E:P KF :LIC I8Kh<I Kh8E <OK<E; @EKF J<G8I8K< ;FD8@EJ. 
 

2< LE;<IKFFB 3-I8P J:8KK<I@E> D<8JLI<D<EKJ 8E; (D J@DLC8K@FEJ FE Kh< I'J 
I<GFIK<; h<I< 9<:8LJ< FLI J<K F= @D@;8QFC@LD <Kh<I I'J <OK<E;J KF CFE><I :h8@E C<E>KhJ 
Kh8E h8; 9<<E GI<M@FLJCP JKL;@<; (KF ;8K< FECP (O(D@D )/=2 8E; (O O(D@D 
)/=2)1,40,41 8E; Kh<I< h8; 9<<E EF <OG<I@D<EK8C FI Kh<FI<K@:8C JKL;@<J FE Kh< GPIIFC@;@E@LD 
<Kh<I )/=2 :FE><E<IJ. F@>LI<J 4 8E; 5 ;<G@:K 3-I8P J:8KK<I@E> JKIL:KLI< =LE:K@FEJ =FI Kh< 
J<KJ F= <Kh<I 8E; 8CBPC-=LE:K@FE8C@Q<; @D@;8QFC@LD 8E; GPIIFC@;@E@LD I'J, I<JG<:K@M<CP. 
D<8C@E> N@Kh Kh< @D@;8QFC@LD J<K =@IJK, FLI ;8K8 @J :FEJ@JK<EK N@Kh <8IC@<I 3-I8P 8E; (D 
I<JLCKJ.44-46 FFI Kh< 8CBPC@D@;8QFC@LD I'J, Kh< GI<-G<8B JK8IKJ 8J 8 JhFLC;<I =FI C5D@D 
)/=2 8E; ;<M<CFGJ @EKF 8 I<JFCM<; G<8B Kh8K Jh@=KJ KF CFN<I q 8J Kh< 8CBPC :h8@E <OK<E;J 
=IFD F:KPC KF ;<:PC. ADFE> Kh< <Kh<I @D@;8QFC@LD I'J, Kh<I< @J EF <M@;<E:< =FI 8 GI<-
G<8B <O:<GK =FI 8 N<8B, 9IF8; JhFLC;<I @E Kh< :8J< F=  O O D@D )/=2, 8E; EF GI<-G<8B 
@J <M@;<EK <M<E =FI Kh< CFE><I-:h8@E  O O O(D@D )/=2. /h@J @J 8CJF :FEJ@JK<EK N@Kh 
GI<M@FLJ 3-I8P I<JLCKJ FE <Kh<I I'J. 2,40,41 
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F@>LI< 12 GI<J<EKJ Kh< -DFJ 9<KN<<E Kh< @D@;8QFC@LD I@E> hP;IF><E 8KFDJ 8E; Kh< 

<Kh<I 8E; 8E@FE FOP><E 8KFDJ Kh8K N<I< :8C:LC8K<; =IFD FLI (D J@DLC8K@FE F= 
 O O O(D@D )/=2. /h< -DFJ 8I< 8CJF G8IK@K@FE<; @EKF @EKI8DFC<:LC8I 8E; 
@EK<IDFC<:LC8I :FDGFE<EKJ, ;<G<E;@E> FE Nh<Kh<I Kh< <Kh<I FOP><E 8KFD @EK<I8:K@E> 
N@Kh 8 G8IK@:LC8I GIFKFE @J G8IK F= Kh< J8D< :8K@FE FI EFK. ACC Kh< >I8GhJ 8I< GI<J<EK<; FE 
Kh< J8D< M<IK@:8C J:8C< JF Kh8K Kh< I<C8K@M< D8>E@KL;<J F= Kh< ;@JKI@9LK@FEJ :8E 9< 
8GGI<:@8K<;. /h<P JhFN Kh8K Kh< =@IJK <Kh<I FOP><E O1 h8J 8 M<IP h@>h GIF989@C@KP F= 
9<@E> @E Kh< M@:@E@KP F= Kh< H5 GIFKFE 8E; 8 h@>h GIF989@C@KP F= 9<@E> E<8I H2. O1 h8J 8 
M<IP CFN GIF989@C@KP F= 9<@E> CF:8K<; E<8I Kh< H4 GIFKFE FE Kh< =8I J@;< F= Kh< I@E> =IFD 
Kh< <Kh<I >IFLG[J GF@EK F= 8KK8:hD<EK. F@>LI< 12 JhFNJ Kh8K Kh@J @EK<I8:K@FE @J 
@EK<IDFC<:LC8I (=FI F9M@FLJ JK<I@: I<8JFEJ), 8E; NFLC; I<HL@I< Kh< LEC@B<CP M<IP :CFJ< 
8GGIF8:h F= KNF :8K@FEJ. /h< D@;;C< FOP><E @E Kh< <Kh<I :h8@E, O2, h8J CFN<I 
GIF989@C@K@<J F= @EK<I8:K@FE N@Kh Kh< I@E> hP;IF><EJ 9LK Kh<P JK@CC I8EB @E Kh< J8D< FI;<I, 
H5 > H2 > H4. /h< K<ID@E8C FOP><E O3 h8J Kh< h@>h<JK GIF989@C@KP F= @EK<I8:K@E> N@Kh 
H4 8DFE> 8CC Kh< <Kh<I FOP><EJ. OLI G8IK@K@FE<; I8;@8C ;@JKI@9LK@FE =LE:K@FEJ 8I< @E 
8::FI; N@Kh Kh< G8IK@K@FE<; 8E8CPJ@J F= .D@Kh <K 8C.28 =FI Kh< JhFIK<I <KhPC<E<-C@EB<; <Kh<I 
:h8@EJ, 8CKhFL>h Kh<P ;@; EFK ;@JK@E>L@Jh 9<KN<<E H4 8E; H5. /h< G8IK@K@FE<; -DFJ 
@E;@:8K< Kh8K Kh< @EK<I8:K@FEJ F= O1 N@Kh H2 8E; H5 8I< 8CDFJK <O:CLJ@M<CP @EKI8DFC<:LC8I 
(<M<E DFI< JF Kh8E =FI H2 @E  O O(D@D )/=2 28) 8E; KhFJ< =FI O2 8I< GI<;FD@E8EKCP 
@EKI8DFC<:LC8I. /h< @EK<I8:K@FEJ F= O3 8I< DFJKCP @EK<IDFC<:LC8I, 8CKhFL>h N<8B<I 
(CFE><I) @EKI8DFC<:LC8I @EK<I8:K@FEJ <O@JK N@Kh H4 8E; H5. 

 

 
F/-u7e 12. -8;@8C ;@JKI@9LK@FE =LE:K@FEJ 8DFE> Kh< hP;IF><E 8KFDJ FE Kh< :8K@FE I@E> @E 
 O O O(D@D )/=2 8E; Kh< FOP><E 8KFDJ @E Kh< FC@>F<Kh<I 8E; 8E@FE DF@<K@<J. /h< 
C89<CJ 8I< <OGC8@E<; @E F@>LI< 9. /h< KFK8C -DFJ =FI <8:h @EK<I8:K@FE 8I< G8IK@K@FE<; @EKF 
@EKI8DFC<:LC8I 8E; @EK<IDFC<:LC8I :FII<C8K@FEJ. )FK< Kh8K Kh< =FLI FOP><E 8KFDJ F= Kh< 
8E@FE 8I< C89<C<; KF><Kh<I 8J OA. FFI :C8I@KP, Kh< -DFJ =FI O2 8E; O3 8I< F==J<K 9P -2 
8E; -4 LE@KJ, I<JG<:K@M<CP. 
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8

6

4

2

0

-2

-4

g(
r)

0.80.60.40.2
r/nm

 H2-O1 Total
 H2-O1 Intra
 H2-O1 Inter
 H2-O2 Total
 H2-O2 Intra
 H2-O2 Inter
 H2-O3 Total
 H2-O3 Intra
 H2-O3 Inter
 H2-OA Anion

0.80.60.40.2
r/nm

 H5-O1 Total
 H5-O1 Intra
 H5-O1 Inter
 H5-O2 Total
 H5-O2 Intra
 H5-O2 Inter
 H5-O3 Total
 H5-O3 Intra
 H5-O3 Inter
 H5-OA Anion

0.80.60.40.2
r/nm

 H4-O1 Total
 H4-O1 Intra
 H4-O1 Inter
 H4-O2 Total
 H4-O2 Intra
 H4-O2 Inter
 H4-O3 Total
 H4-O3 Intra
 H4-O3 Inter
 H4-OA Anion
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=FI O3 @J ;<G@:K<; @E GLIGC< 8K 8 ;<EJ@KP F= 1.5. /h< O3 .DF N8J FD@KK<; =IFD Kh< 
F9C@HL< M@<N FE Kh< I@>hK =FI :C8I@KP. /h<  O O O(D@D+ :8K@FE ;<G@:K<; @J Kh< 
I<GI<J<EK8K@M< JKIL:KLI< JhFNE @E F@>LI< 2. 

 
IK JhFLC; 9< EFK<; Kh8K Kh< YI<GI<J<EK8K@M<Z JKIL:KLI< JhFNE h<I< 8E; @E F@>LI< 2 N@Kh 

Kh< <Kh<I :h8@E hFM<I@E> FM<I Kh< I@E> @J Kh< :FEJ<EJLJ F= 8CC Kh< JKIL:KLI<J @E Kh< 
J@DLC8K@FE, Nh@:h h8M< 8 N@;< I8E>< F= ;@==<I<EK <Kh<I :h8@E FI@<EK8K@FEJ. /h@J h8J 8 
K<E;<E:P KF 8M<I8>< FLK Kh< <OKI<D<J F= h8M@E> Kh< <Kh<I :h8@EJ :CFJ< KF Kh< GC8E< F= Kh< 
I@E> (JL:h 8J F@>LI< 11), ;<JG@K< Kh< h@>h<I GIF989@C@KP F= KhFJ< :FE=@>LI8K@FEJ. 

 
/h< .DF =FI O1 JhFNJ Kh8K Kh< h@>h<JK GIF989@C@KP ;<EJ@KP F::LIJ @E I<>@FEJ :CFJ< KF 

Kh< H2 8E; H5 hP;IF><EJ 8E; @E Kh< @D@;8QFC@LD I@E> GC8E<, 8CKhFL>h Kh< O1 8KFD @J =I<< 
KF IFK8K< @E 8 KFILJ :<EK<I<; FE Kh< 8CGh8 :8I9FE 8J JhFNE 9P Kh< :P8E N@I<=I8D< 
@JFJLI=8:< 8K 5 ED-3. 2h<E CF:8K<; @E Kh< I@E> GC8E<, O1 8GGIF8:h<J H2 8E; H5 8K 
;@JK8E:<J F= 0.24 KF 0.25 ED @E Kh< 6-D<D9<I :FE=@>LI8K@FE D<EK@FE<; 89FM< 9LK @K 
:8EEFK =FID Nh8K @J :FEJ@;<I<; KF 9< 8 :C8JJ@:8C hP;IF><E 9FE; N@Kh <@Kh<I F= Kh<D. OE< 
FG<I8K@M< ;<=@E@K@FE F= hP;IF><E 9FE;@E> @J 8E @EK<I-h<8MP 8KFD (@E Kh@J :8J< C2 FI C5 KF 
O1) ;@JK8E:< C<JJ Kh8E 0.35 ED 8E; 8 ;<M@8K@FE =IFD C@E<8I@KP F= Kh< C-H-O1 8E>C< F= 30] 
FI C<JJ (@.<. 9FE; 8E>C< ≥ 150]).60 2h@C< Kh< ;@JK8E:< :I@K<I@FE @J D<K @E Kh< :8J<J F= C2-
O1 8E; C5-O1 @E FLI J@DLC8K@FEJ, Kh< 8E>C< ;@JKI@9LK@FEJ =FI 9FKh J@K<J 8I< Jh8IGCP G<8B<; 
8IFLE; 110]. /h< GI<M8C<E:< F= Kh<J< @E-GC8E< :FE=@>LI8K@FEJ :FLC; 9< 8KKI@9LK<; KF 8 
=8MFI89C< ;@GFC< @EK<I8:K@FE 9LK Kh<P :FLC; 8CJF 9< I<@E=FI:<; 9P Kh< K<E;<E:P F= O2 KF 
=FID :C8JJ@:8C, C@E<8I hP;IF><E 9FE;J N@Kh H2 8E; H5 8J JhFNE 9P Kh< JFC@; >I<<E 
@JFJLI=8:<J @E F@>LI< 13.  

 
 A C@E><I@E> HL<JK@FE @J Nh<Kh<I Kh<J< JKIFE> @EKI8DFC<:LC8I JG8K@8C :FII<C8K@FEJ =FI 

O1 8E; O2 8I< 8 GIF;L:K F= Kh< G8IK@:LC8IJ F= Kh< J@DLC8K@FE FI @= Kh<P :8E 9< =FLE; 8E; 
HL8EK@=@<; 9P JFD< <OG<I@D<EK8C K<:hE@HL<. 2< EFK< Kh8K @E JLGGFIK F= Kh<@I (D 
J@DLC8K@FEJ Kh8K 8I< :FEJ@JK<EK N@Kh FLI :8C:LC8K<; -DFJ, .D@Kh, <K 8C.28 G<I=FID<; 
HL8EKLD :h<D@JKIP :8C:LC8K@FEJ FE Kh<  O(D@D+ :8K@FE 8E; =FLE; Kh8K Kh< CFN<JK 
<E<I>P :FE=@>LI8K@FEJ GC8:< O1 E<8I H2 8E; H5 N@Kh ;@JK8E:<J F= 0.242 8E; 0.244 ED, 
I<JG<:K@M<CP. 2< 8CJF EFK< Kh8K Kh< @EKI8DFC<:LC8I O1-H2 8E; O1-H5 :FII<C8K@FEJ :8E 9< 
FM<I:FD< 9P @EK<IDFC<:LC8I =FI:<J @E JFD< J@KL8K@FEJ. /h< :IPJK8C JKIL:KLI<J F=  O(D@D 
@F;@;<,  O O(D@D @F;@;<, 8E;  O O(D@D 9IFD@;< GL9C@Jh<; 9P F<@, <K 8C.39 h8M< 
O1-H2,H5 ;@JK8E:<J 9<KN<<E 0.30 8E; 0.41 ED. (FI< I@>FIFLJ @EM<JK@>8K@FE @J N8II8EK<;, 
G<Ih8GJ @E Kh< =FID F= ab )-)t). (D J@DLC8K@FEJ. '89<C<; D8>E<K@: I<JFE8E:< K<:hE@HL<J 
D8P G<ID@K <OG<I@D<EK8C M<I@=@:8K@FE F= Kh@J :FII<C8K@FE, EF D8KK<I Nh8K Kh< :8LJ<. 
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F/-u7e 14. /NF M@<NJ F= Kh< 8>>I<>8K< .DF F= Kh< =FLI FOP><E 8KFDJ F= Kh< )/=2- 8E@FE 
(JFC@; I<; @JFJLI=8:< 8K 8 ;<EJ@KP F= 4 ED-3), J<G8I8K<; 9P 180] IFK8K@FE 8IFLE; Kh< M<IK@:8C 
8O@J. /h< @EKI8DFC<:LC8I O1, O2 8E; O3 .DFJ 8E; Kh< :8K@FE 8I< ;<G@:K<; 8J @E F@>LI< 13. 

 
/h< 8>>I<>8K< JG8K@8C ;@JKI@9LK@FE F= Kh< =FLI FOP><E 8KFDJ F= Kh< )/=2- 8E@FE 8I< 

JhFNE @E F@>LI< 14. /h< @EKI8DFC<:LC8I O1, O2 8E; O3 .DFJ 8I< 8CJF JhFNE KF @E;@:8K< 
Kh< JG8K@8C M8I@8K@FE F= Kh< DFJK :FDDFE @EK<I8:K@FEJ. /h< F9J<IM<; .DF F= Kh< 8E@FE 
FOP><EJ 8E; @KJ I<C8K@FE KF Kh< :8K@FE K8@C FOP><E -DFJ 9<8I FLK Kh< @E=<I<E:<J ;I8NE 
=IFD Kh< -DFJ 89FLK Kh< I<C8K@M< :FDG<K@E> @EK<I8:K@FEJ 8E; 8CJF JL>><JK Kh8K H-9FE;@E> 
9<KN<<E H2 8E; )/=2- D8P F=K<E 9< 9@;<EK8K< (J<< Kh< I@>hK J@;< F= F@>LI< 14). 

 
.KIL:KLI< F=  O O O(D+PII )/=2: -8;@8C 8E; JG8K@8C ;@JKI@9LK@FE =LE:K@FEJ 
2< :8C:LC8K<; Kh< :FII<JGFE;@E> H-O I8;@8C ;@JKI@9LK@FE =LE:K@FEJ (F@>LI< 15) 8E; 

JG8K@8C ;@JKI@9LK@FE =LE:K@FEJ (F@>LI< 16) =FI  O O O(D+PII )/=2 KF :FDG8I< N@Kh Kh< 
@D@;8QFC@LD JPJK<D, J@E:< Kh< GIFKFEJ FE 8CGh8 :8I9FEJ 9FE;<; KF Kh< E@KIF><E :<EK<I 8I< 
FECP M<IP N<8BCP 8:@;@:. 2< N<I< 8 9@K JLIGI@J<; KF =@E; Kh8K Kh< O1 <Kh<I FOP><EJ h8M< 8 
M<IP h@>h GIF989@C@KP F= 8JJF:@8K@FE N@Kh Kh< D<KhPC GIFKFEJ (H() 9LK EF h@>h<I 
GIF989@C@KP F= 8JJF:@8K@E> N@Kh Kh< GIFO@D8C I@E> D<KhPC<E< GIFKFEJ H2 8E; H5 Kh8E ;F<J 
Kh< K<ID@E8C <Kh<I FOP><E O3, ;<JG@K< Kh< J8D< ;<>I<< F= 8;A8:<E:P. HFN<M<I, Kh< D<KhPC 
GIFKFEJ 8I< =I<< KF IFK8K< 8IFLE; Kh< D<KhPC :8I9FE KF FGK@D@Q< Kh<@I @EK<I8:K@FE N@Kh O1 
Nh@C< Kh< D<KhPC<E< GIFKFEJ :8EEFK, <OGC8@E@E> Kh< GI<;FD@E8E:< F= Kh@J @EK<I8:K@FE. 
IEK<I8:K@FEJ F= O2 N@Kh H( (8K JC@>hKCP CFE><I ;@JK8E:<J) 8I< <HL8C G8IKJ @EKI8DFC<:LC8I 
8E; @EK<IDFC<:LC8I, Nh@C< KhFJ< N@Kh Kh< I@E> GIFKFEJ H2 8E; H5 8I< DFJKCP 
@EK<IDFC<:LC8I. IEK<I8:K@FEJ F= O3 N@Kh Kh< D<KhPC 8E; GIFO@D8C D<KhPC<E< GIFKFEJ 8I< 
<HL8CCP GIF989C<, 8E; DFI< GIF989C< Kh8E KhFJ< =FI O2. FFI 8CC Kh< I@E> GIFKFEJ (H2, H3, 
H4 8E; H5) Kh< E<8I<JK E<@>h9FIJ N<I< DFJK C@B<CP KF 9< )/=2- 8E@FEJ.  
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F/-u7e 15. -8;@8C ;@JKI@9LK@FE =LE:K@FEJ 8DFE> hP;IF><E 8KFDJ FE Kh< :8K@FE@: h<8; 
>IFLG @E  O O O(D+PII )/=2 8E; Kh< FOP><E 8KFDJ @E Kh< FC@>F<Kh<I 8E; 8E@FE 
DF@<K@<J. /h< C89<CJ 8I< <OGC8@E<; @E F@>LI< 9. /h< KFK8C -DFJ =FI <8:h @EK<I8:K@FE 8I< 
G8IK@K@FE<; @EKF @EKI8DFC<:LC8I 8E; @EK<IDFC<:LC8I :FII<C8K@FEJ. )FK< Kh8K Kh< =FLI FOP><E 
8KFDJ F= Kh< 8E@FE 8I< C89<C<; KF><Kh<I 8J OA. FFI :C8I@KP, Kh< -DFJ =FI O2 8E; O3 8I< 
F==J<K 9P -2 8E; -4 LE@KJ, I<JG<:K@M<CP. 
 

2< F9J<IM< @E F@>LI< 16 Kh8K Kh< @EKI8DFC<:LC8I H(-O1 @EK<I8:K@FE :8LJ<J Kh< 
FC@>F<Kh<I :h8@E KF G<IJ@JK @E Kh< HL8;I8EK F= JG8:< :CFJ< KF Kh< D<KhPC >IFLG, G8IK@8CCP 
Jh@<C;@E> @K =IFD Kh< 8E@FE FOP><EJ. /h@J K<E;<E:P D8P @E=CL<E:< Kh< @EK<IDFC<:LC8I 
=FI:<J I<JGFEJ@9C< =FI D<;@8K@E> ;@==LJ@FE 8E; M@J:FJ@KP @E N8PJ Kh8K :FLC; 9< I<C8K<; KF 
Kh< M<IP N<8B @E:I<8J<J @E M@J:FJ@KP N@Kh @E:I<8J@E> :h8@E C<E>Kh F9J<IM<; @E Kh@J JPJK<D. 
AJ @E Kh< @D@;8QFC@LD :8J<, @K NFLC; 9< @EK<I<JK@E> KF <O8D@E< Kh< JKIL:KLI8C 
:FEJ<HL<E:<J F= LJ@E> D<KhPC<E<-9I@;><; <Kh<I >IFLGJ, @E G8IK@:LC8I @E K<IDJ F= Kh< 
GFJJ@9@C@KP F= @EK<I8:K@FE N@Kh Kh< D<KhPC >IFLG 8E; Kh< :FEJ<HL<E:<J =FI ;@==LJ@M@KP 8E; 
M@J:FJ@KP. 

 

6

4

2

0

-2

-4

g(
r)

0.80.60.40.2
r/nm

 HM-O1 Total
 HM-O1 Intra
 HM-O1 Inter
 HM-O2 Total
 HM-O2 Intra
 HM-O2 Inter
 HM-O3 Total
 HM-O3 Intra
 HM-O3 Inter
 HM-OA Anion

0.80.60.40.2
r/nm

 H2,5-O1 Total
 H2,5-O1 Intra
 H2,5-O1 Inter
 H2,5-O2 Total
 H2,5-O2 Intra
 H2,5-O2 Inter
 H2,5-O3 Total
 H2,5-O3 Intra
 H2,5-O3 Inter
 H2,5-OA Anion

0.80.60.40.2
r/nm

 H3,4-O1 Total
 H3,4-O1 Intra
 H3,4-O1 Inter
 H3,4-O2 Total
 H3,4-O2 Intra
 H3,4-O2 Inter
 H3,4-O3 Total
 H3,4-O3 Intra
 H3,4-O3 Inter
 H3,4-OA Anion
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F/-u7e 16. IEKI8DFC<:LC8I JG8K@8C ;@JKI@9LK@FE =LE:K@FEJ =FI Kh< <Kh<I :h8@E 8E; 8E@FE 
FOP><E 8KFDJ @E  O O O(D+PII )/=2. /h< @JFJLI=8:< ;<EJ@K@<J 8E; :FCFIJ 8I< Kh< 
J8D< 8J @E F@>LI<J 12 8E; 13. /NF ;<G@:K@FEJ =IFD @;<EK@:8C FI@<EK8K@FEJ 8I< GI<J<EK<; 
=FI :C8I@KP, N@Kh Kh< (I<;) 8E@FE ;@JKI@9LK@FE FD@KK<; =IFD Kh< C<=K G@:KLI< 8E; Kh< CFN<I-
;<EJ@KP <Kh<I FOP><E @JFJLI=8:<J FD@KK<; =IFD Kh< I@>hK G@:KLI<. /h<  O O O(D+PII+ 
:8K@FE ;<G@:K<; @J Kh< I<GI<J<EK8K@M< JKIL:KLI< ><E<I8K<; 9P Kh< /-A1I. GIF>I8D.29 

 
C43)1u8/43 

 
ACKhFL>h Kh< :FEJ<HL<E:<J F= <Kh<I-=LE:K@FE8C@KP JL9JK@KLK@FEJ FE Kh< GhPJ@:8C 8E; 

JKIL:KLI8C GIFG<IK@<J F= @FE@: C@HL@;J h8M< 9<<E Kh< F9A<:KJ F= JKL;P =FI D8EP P<8IJ, Kh@J 
@EM<JK@>8K@FE h8J 9IFB<E E<N >IFLE; @E K<IDJ F= =LCCP :h8I8:K<I@Q@E> Kh< GhPJ@:8C 
GIFG<IK@<J F= CFE><I FC@>F<Kh<I I'J @E 9FKh Kh< @D@;8QFC@LD 8E; GPIIFC@;@E@LD =8D@C@<J, 
8E; @E 3-I8P J:8KK<I@E> 8E; DFC<:LC8I ;PE8D@:J JKL;@<J F= FC@>F<Kh<I GPIIFC@;@E@LD I'J. 
2< 8CJF 9IF8;<E<; Kh< J<K F= FC@>F<Kh<I @D@;8QFC@LD I'J Kh8K h8M< 9<<E JKL;@<; 9P 3-I8P 
J:8KK<I@E> 8E; <OK<E;<; Kh< 8E8CPJ@J F= Kh< (D J@DLC8K@FEJ N@Kh @EK<I<JK@E> =@E;@E>J. 

 
OLI =@IJK J@>E@=@:8EK F9J<IM8K@FE N8J Kh< <OKI<D<CP N<8B ;<G<E;<E:< F= M@J:FJ@KP 

N@Kh @E:I<8J@E> :h8@E C<E>Kh @E Kh< FC@>F<Kh<I GPIIFC@;@E@LD )/=2 J<I@<J, <M<E Nh<E 
:FDG8I<; KF Kh< :FII<JGFE;@E> @D@;8QFC@LD I'J. OE< F= FLI DFK@M8K@FEJ =FI Kh< 
JKIL:KLI8C 8E; (D JKL;@<J N8J KF =@E; 8E LE;<ICP@E> JKIL:KLI8C :8LJ< =FI Kh@J ;@==<I<E:< 
9<KN<<E Kh< KNF :8K@FE KPG<J. OLI JKIL:KLI8C JKL;@<J h8M< =FLE; Kh8K Kh<P h8M< DL:h @E 
:FDDFE FE Kh< C8I>< J:8C<. 3-I8P J:8KK<I@E> ;8K8 JhFNJ Kh8K Kh< GFC8I E<KNFIBJ F= 9FKh 
I' =8D@C@<J 9<:FD< @E:I<8J@E>CP ;@JILGK<; 8J Kh< FC@>F<Kh<I :h8@EJ ><K CFE><I. 2< 
F9K8@E<; DLCK@GC< C@E<J F= <M@;<E:< GF@EK@E> KF <Kh<I :h8@E :LIC@E> 8E; ;@JILGK@M< 
@EK<I8:K@FE N@Kh Kh< GFC8I G8IKJ F= Kh< I', G8IK@:LC8ICP Kh< :8K@FEJ. 58@KJ8L <K 8C.61 h8M< 
=FLE; Kh8K Kh@J ;@JILGK@FE N<8B<EJ Kh< GFC8I E<KNFIB @EK<I8:K@FEJ @E  O(D@D )/=2, 
 O O(D@D )/=2 8E;  O O O(D@D )/=2 <EFL>h KF I<;L:< Kh<@I <EKh8CG@<J F= 
M8GFI@Q8K@FE 9P 89FLK 10 B%/DFC :FDG8I<; KF Kh<@I 8CBPC :FE><E<IJ. /h< N<8B<E<; GFC8I 
E<KNFIB @EK<I8:K@FEJ, :FD9@E<; N@Kh C<JJ J<>I<>8K@FE F= Kh< :8K@FE J@;< :h8@EJ, @DGIFM< 
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Kh< DF9@C@KP F= Kh< @FEJ @E Kh< <Kh<I I'J 8E; I<;L:<J Kh<@I M@J:FJ@K@<J :FDG8I<; KF Kh< 
8CBPC :8J<J. 

 
2< JLJG<:K<; Kh8K N< D@>hK J<< JG<:@=@: @EK<I8:K@FEJ 9<KN<<E Kh< @D@;8QFC@LD :8K@FE 

h<8;J 8E; Kh<@I FC@>F<Kh<I K8@CJ Kh8K NFLC; GIFM@;< 8 D<:h8E@JD =FI JL:h ;@JILGK@FE F= Kh< 
GFC8I E<KNFIB. )FK89CP, 8E @DGFIK8EK =I8:K@FE F= Kh<J< JG<:@=@: @EK<I8:K@FEJ 8I< 
@EKI8DFC<:LC8I 8E; FG<I8K< M@8 Kh< =@IJK 8E; J<:FE; FOP><EJ @E Kh< <Kh<I :h8@E, KhIFL>h 
=8MFI89C< @EK<I8:K@FEJ @E Kh< :8J< F= O1 8E; hP;IF><E 9FE;J @E Kh< :8J< F= O2. /h@J 
h8GG<E<; KF 9< Kh< :8J< 9<:8LJ< FLI <Kh<I :h8@EJ 8I< C@EB<; 9P <KhPC<E< >IFLGJ Kh8K 
GIFM@;< Kh< :FE=FID8K@FE8C =C<O@9@C@KP =FI Kh< =@IJK FOP><E KF :CFJ<CP 8GGIF8:h Kh< H2 8E; 
H5 GIFKFEJ F= Kh< @D@;8QFC@LD I@E>, 8E; 8CJF C@B<CP GIFM@;< 8E FGK@D8C :FE=@>LI8K@FE =FI 
H-9FE;@E> F= O2 N@Kh Kh< J8D< GIFKFEJ. OKh<I >IFLGJ1,40,41 h8M< ;FE< 3-I8P J:8KK<I@E> 
8E; (D J@DLC8K@FEJ FE @D@;8QFC@LD I'J N@Kh D<KhPC<E<-C@EB<; FC@>F<Kh<I K8@CJ Kh8K 8I< 
JK<I@:8CCP I<JKI@:K<; =IFD h8M@E> JL:h @EKI8DFC<:LC8I @EK<I8:K@FEJ @EMFCM@E> Kh< =@IJK 
FOP><E, 8E; J@DLC8K@FEJ JhFN<; Kh8K Kh<@I JKIL:KLI<J 8I< ;@==<I<EK FE Kh< DFC<:LC8I J:8C<. 
.h@D@QL <K 8C.1 :FDG8I<; Kh< D<KhPC<E<-C@EB<; @D@;8QFC@LD <Kh<I :8K@FEJ KF J:FIG@FEJ 
9<:8LJ< Kh<P :LIC Kh<@I K8@CJ 89FM< Kh<@I 9F;@<J. 2< Kh@EB 8E 8GK :FDG8I@JFE =FI Kh< 
<KhPC<E<-C@EB<; @D@;8QFC@LD <Kh<I :8K@FEJ NFLC; 9< N@Kh C@Q8I;J, J@E:< JFD< JG<:@<J :8E 
:LIC Kh<@I K8@CJ =IFD J@;<-KF-J@;<. IK I<D8@EJ KF 9< J<<E Nh<Kh<I JL:h ;@JK@E:K@FEJ C<8; KF 
<OGCF@K89C< ;@==<I<E:<J @E JKIL:KLI8C, GhPJ@:8C FI ;PE8D@:8C GIFG<IK@<J 9<KN<<E 
D<KhPC<E<- 8E; <KhPC<E<-C@EB<; <Kh<I I'J. 
 

Ex5e7/2e39a1 
 

(8K<I@8CJ. ACC :h<D@:8CJ 8E; I<8><EKJ N<I< F9K8@E<; =IFD .@>D8 AC;I@:h 8E; LJ<; 
N@KhFLK =LIKh<I GLI@=@:8K@FE, <O:<GK =FI C@Kh@LD 9@J(KI@=CLFIFD<KhPCJLC=FEPC)8D@;<, Nh@:h 
N8J F9K8@E<; =IFD IF'@/<:, 8E; 2-(D<KhFOP<KhFOP<KhFOP)<KhPC9IFD@;< (BI O O O(), 
Nh@:h N8J GLI:h8J<; =IFD /CI AD<I@:8. 1H 8E; 13C )(- JG<:KI8 N<I< I<:FI;<; FE 8 
BILB<I 400 (HQ )(- JG<:KIFD<K<I. /h< N8K<I :FEK<EK D<8JLI<D<EKJ N<I< G<I=FID<; 
LJ@E> 8 (<KKC<I /FC<;F D'39 &8IC F@J:h<I CFLCFD<K<I. 

 
.PEKh<J@J. 

 
18. .PEKh<J@J F= N-(2-D<KhFOP<KhPC)-N-D<KhPCGPIIFC@;@E@LD 9IFD@;< ( O(D+PII BI) 
N-D<KhPCGPIIFC@;@E< (5.00 >, 0.059 DFC) N8J I<8:K<; N@Kh FE< <HL@M8C<EK F= 
2-9IFDF<KhPCD<KhPC <Kh<I (8.20 >, 0.059 DFC) @E 8 IFLE; 9FKKFD =C8JB N@Kh 40 D' F= 
8:<KFE@KI@C<. /h< I<8:K@FE N8J J<K LG @E 8E @:< 98Kh 8E; 8CCFN<; KF N8ID KF IFFD 
K<DG<I8KLI<. IK N8J C<=K KF JK@I =FI 4 ;8PJ. /h< I<JLCK@E> GIF;L:K, 8E FI8E>< M@J:FLJ C@HL@; 
N8J GLI@=@<; 9P 8 KNF JFCM<EK I<:IPJK8CC@Q8K@FE N@Kh hFK 8:<KFE@KI@C< 8E; :FC; <KhPC 8:<K8K<, 
I<JG<:K@M<CP. /h< I<:IPJK8CC@Q<; GIF;L:K N8J Kh<E M8:LLD =@CK<I<; 8E; N8Jh<; N@Kh 20 
D' F= ;@<KhPC <Kh<I @E 8 DF@JKLI<-=I<< K<EK. /h< GIF;L:K N8J IFK8IP <M8GFI8K<; KF I<DFM< 
I<J@;L8C JFCM<EK. /h< I<JLCK@E> :FDGFLE; N8J 8E FI8E>< JFC@; (12.29 >, 93%, C8H18)OBI, 
(FC8I D8JJ: 224.17 >/DFC). 1H(400 (HQ; D(.O) δ 3.74-3.75(K, 2H), 3.56-3.59 (K, 2H), 
3.48-3.50 (K, 4H), 3.30 (J, 3H), 3.03 (J, 3H), 2.07 (J, 4H); 13C(101 (HQ; D2O) δ 66.50, 
64.58, 62.44, 58.63, 48.50, 21.35. 
 
28. .PEKh<J@J F= N-(2-<KhFOP<KhPC)-N-D<KhPCGPIIFC@;@E@LD 9IFD@;< ( O D+PII BI) 
N-D<KhPCGPIIFC@;@E< (5.00 >, 0.059 DFC) N8J I<8:K<; N@Kh FE< <HL@M8C<EK F= 
2-9IFDF<KhPC<KhPC<Kh<I (8.98 >, 0.0587 DFC) @E 8 IFLE; 9FKKFD =C8JB N@Kh 20 D' F= 
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8:<KFE@KI@C<. /h< I<8:K@FE D@OKLI< N8J C<=K KF JK@I @E 8E @:< 98Kh =FI 12 hFLIJ, Kh<E 8K IFFD 
K<DG<I8KLI< =FI FE< ;8P. /h< I<JLCK@E> GIF;L:K, 8E FI8E>< M@J:FLJ C@HL@; N8J GLI@=@<; 9P 
8 KNF JFCM<EK I<:IPJK8CC@Q8K@FE N@Kh hFK 8:<KFE@KI@C< 8E; :FC; <KhPC 8:<K8K<, I<JG<:K@M<CP. 
/h< I<:IPJK8CC@Q<; GIF;L:K N8J Kh<E M8:LLD =@CK<I<; 8E; N8Jh<; N@Kh 20 D' F= 
;@<KhPC<Kh<I @E 8 DF@JKLI<-=I<< K<EK. /h< GIF;L:K N8J IFK8IP <M8GFI8K<; KF I<DFM< 
I<J@;L8C JFCM<EK. /h< I<JLCK@E> :FDGFLE; N8J 8 G8C< P<CCFN JFC@; (10.62 >, 76%, 
C9H20)OBI, (FC8I D8JJ: 238.20 >/DFC). 1H(400 (HQ; D2O) δ 3.80-3.81 (K, 2H), 3.40-
3.51 (D, 8H), 2.96-2.98 (J, 3H), 1.04-1.09 (K, 3H). 
 
38. .PEKh<J@J F= N-D<KhPC-N-2-(2-D<KhFOP<KhFOP)<KhPCGPIIFC@;@E@LD 9IFD@;< 
( O O(DGPII BI) 
N-D<KhPCGPIIFC@;@E< (4.14 >, 0.049 DFC) N8J I<8:K<; N@Kh 1-9IFDF-2-(2-D<KhFOP<KhFOP) 
<Kh8E< (9.35 >, 0.051 DFC, 3% <O:<JJ) @E 8 IFLE; 9FKKFD =C8JB N@Kh 25 D' F= 8:<KFE@KI@C<. 
/h< I<8:K@FE D@OKLI< N8J J<K LG @E 8E @:< 98Kh, Kh<E C<=K KF JK@I 8K IFFD K<DG<I8KLI< =FI 6 
;8PJ. /h< ;8IB 9IFNE, M@J:FLJ C@HL@; N8J GLI@=@<; 9P N8Jh@E> N@Kh <KhPC 8:<K8K<. /h< 
GIF;L:K N8J IFK8IP <M8GFI8K<; KF I<DFM< I<J@;L8C JFCM<EK. /h< I<JLCK@E> :FDGFLE; N8J 8 
;8IB 9IFNE C@HL@; (13.14 >, 94%, C10H22)O2BI, (FC8I D8JJ: 268.23 >/DFC). 1H(400 
(HQ; D2O) δ 3.99-4.00 (K, 2H), 3.72-3.75 (D, 2H), 3.63-3.69 (D, 2H), 3.59-3.62 (H, 6H), 
3.41 (J, 3H), 3.13 (J, 3H), 2.24-2.26 (;, 4H); 13C(101 (HQ; D2O) δ 70.94, 69.48, 65.22, 
64.70, 62.85, 58.03, 48.46, 21.04. 
 
48. .PEKh<J@J F= N-(2-(2-<KhFOP<KhFOP)<KhPC)-N-D<KhPCGPIIFC@;@E@LD 9IFD@;< 
( O O D+PII BI) 
N-D<KhPCGPIIFC@;@E< (5.00 >, 0.059 DFC) N8J I<8:K<; N@Kh FE< <HL@M8C<EK F= 2-(2-
<KhFOP<KhFOP)<KhPC 9IFD@;< (11.63 >, 0.059 DFC) @E 8 IFLE; 9FKKFD =C8JB N@Kh 40 D' F= 
8:<KFE@KI@C<. /h< I<8:K@FE D@OKLI< N8J C<=K KF JK@I @E 8E @:< 98Kh, Kh<E 8K IFFD K<DG<I8KLI< 
=FI 8 N<<B. /h< G8C< P<CCFN C@HL@; N8J GLI@=@<; 9P N8Jh@E> N@Kh <KhPC 8:<K8K<. /h< 
GIF;L:K N8J IFK8IP <M8GFI8K<; KF I<DFM< I<J@;L8C JFCM<EK. /h< I<JLCK@E> :FDGFLE; N8J 8 
G8C< P<CCFN C@HL@; (14.65 >, 88%, C11H24)O2BI, (FC8I D8JJ: 282.26 >/DFC). 1H(400 
(HQ; D2O) δ 3.99-4.00 (K, 2H), 3.71-3.75 (H, 4H), 3.60-3.62 (D, 8H), 3.14 (J, 3H), 2.25-
2.27 (;, 4H), 1.20-1.24 (K, 3H); 13C(101 (HQ; D2O) δ 70.20, 69.37, 67.14, 65.79, 65.23, 
63.41, 49.05, 21.61, 14.64. 
 
58. .PEKh<J@J F= N-D<KhPC-N-(2-(2-(2-D<KhFOP<KhFOP)<KhFOP)<KhPC)GPIIFC@;@E@LD 
9IFD@;< ( O O O(DGPII BI) 
N-D<KhPCGPIIFC@;@E< (5.13 >, 0.0602 DFC) N8J I<8:K<; N@Kh FE< <HL@M8C<EK F= 1-(2-
9IFDF<KhFOP)-2-(2-D<KhFOP<KhFOP)<Kh8E< (13.67 >, 0.0602 DFC) @E 8 IFLE; 9FKKFD =C8JB 
N@Kh 50 D' F= 8:<KFE@KI@C<. /h< I<8:K@FE D@OKLI< N8J J<K LG @E 8E @:< 98Kh 8E; C<=K KF JK@I 
8K IFFD K<DG<I8KLI< =FI 3 ;8PJ. /h< GIF;L:K N8J GLI@=@<; 9P N8Jh@E> N@Kh <KhPC 8:<K8K<, 
Kh<E IFK8IP <M8GFI8K<; KF I<DFM< I<J@;L8C JFCM<EK. /h< I<JLCK@E> :FDGFLE; N8J 8 G8C< 
P<CCFN C@HL@; (17.81 >, 95%, C12H27)O3BI, (FC8I D8JJ: 312.3 >/DFC). 1H(400 (HQ; 
D2O) δ 3.99-4.00 (K, 2H), 3.70-3.74 (D, 4H), 3.59-3.66 (D, 10H), 3.40 (J, 3H), 3.13 (J, 
3H), 2.24-2.25 (;, 4H); 13C(101 (HQ; D2O) δ 70.99, 69.58, 69.47, 69.39, 65.23, 64.67, 
62.87, 58.01, 48.41, 21.03. 
 
68. .PEKh<J@J F= N-D<KhPC-N-G<EKPCGPIIFC@;@E@LD 9IFD@;< (C5D+PII BI) 
N-D<KhPCGPIIFC@;@E< (5.00 >, 0.059 DFC) N8J I<8:K<; N@Kh FE< <HL@M8C<EK F= 
1-9IFDFG<EK8E< (8.91 >, 0.059 DFC) @E 8 IFLE; 9FKKFD =C8JB N@Kh 40 D' F= 8:<KFE@KI@C<. 
/h< I<8:K@FE D@OKLI< N8J J<K LG @E 8E @:< 98Kh, Kh<E C<=K KF JK@I 8K IFFD K<DG<I8KLI< =FI 5 
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;8PJ. /h< G8C< P<CCFN C@HL@; N8J GLI@=@<; 9P N8Jh@E> N@Kh <KhPC 8:<K8K<. /h< GIF;L:K N8J 
IFK8IP <M8GFI8K<; KF I<DFM< I<J@;L8C JFCM<EK. /h< I<JLCK@E> :FDGFLE; N8J 8 :CLDGP G8C< 
P<CCFN JFC@; (12.84 >, 92%, C10H22)BI, (FC8I D8JJ: 236.23 >/DFC). 1H(400 (HQ; D2O) 
δ 3.51-3.53 (K, 4H), 3.31-3.36 (D, 2H), 3.05 (J, 3H), 2.22 (J, 4H), 1.78-1.86 (D, 2H), 
1.36-1.39 (H, 4H), 0.90-0.94 (K, 3H). 13C(101 (HQ; D2O) δ 64.21, 22.70, 21.46, 21.26, 
12.98. 
 
78. .PEKh<J@J F= N-h<GKPC N-D<KhPCGPIIFC@;@E@LD 9IFD@;< (C7D+PII BI) 
N-D<KhPCGPIIFC@;@E< (5.00 >, 0.059 DFC) N8J I<8:K<; N@Kh FE< <HL@M8C<EK F= 
1-9IFDFh<GK8E< (10.57 >, 0.0587 DFC) @E 8 IFLE; 9FKKFD =C8JB N@Kh 50 D' F= 8:<KFE@KI@C<. 
/h< I<8:K@FE D@OKLI< N8J J<K LG @E 8E @:< 98Kh, Kh<E C<=K KF JK@I 8K IFFD K<DG<I8KLI< =FI 12 
;8PJ. /h< :CFL;P P<CCFN C@HL@; N8J GLI@=@<; 9P N8Jh@E> N@Kh <KhPC 8:<K8K<, 8E; Kh<E 
IFK8IP <M8GFI8K<; KF I<DFM< I<J@;L8C JFCM<EK. /h< I<JLCK@E> :FDGFLE; N8J 8 :CFL;P 
M@J:FLJ P<CCFN C@HL@; (13.04 >, 84%, C12H26)BI, (FC8I D8JJ: 264.29 >/DFC). 1H(400 
(HQ; D(.O) δ 3.42-3.46 (K, 4H), 3.27-3.30 (K, 2H), 2.98 (J, 3H), 2.07 (J, 4H), 1.69 (J, 
2H), 1.28-1.30 (D, 8H), 0.86-0.89 (K, 3H); 13C(101 (HQ; D2O) δ 118.04, 63.36, 31.00, 
28.16, 25.86, 22.91, 21.98, 21.06, 13.89, 1.14.  
  
88. .PEKh<J@J F= N-D<KhPC-N-F:KPCGPIIFC@;@E@LD 9IFD@;< (C8D+PII BI) 
N-D<KhPCGPIIFC@;@E< (5.00 >, 0.0587 DFC) N8J I<8:K<; N@Kh FE< <HL@M8C<EK F= 
1-9IFDFF:K8E< (11.34 >, 0.0587 DFC) @E 8 IFLE; 9FKKFD =C8JB N@Kh 20 D' F= 8:<KFE@KI@C<. 
/h< I<8:K@FE D@OKLI< N8J C<=K KF JK@I 8K IFFD K<DG<I8KLI< =FI 2 ;8PJ. /h< 9IFNE, IF:B-C@B< 
JFC@; GIF;L:K N8J GLI@=@<; 9P N8Jh@E> N@Kh <KhPC 8:<K8K<, 8E; Kh<E IFK8IP <M8GFI8K<; KF 
I<DFM< I<J@;L8C JFCM<EK. /h< I<JLCK@E> :FDGFLE; N8J 8 9IFNE JFC@; (14.74 >, 90%, 
C13H28)BI, (FC8I D8JJ: 278.32 >/DFC). 1H(400 (HQ; D2O) δ 3.49-3.53 (D, 4H), 3.31-
3.35 (D, 2H), 3.05 (J, 3H), 2.22 (J, 4H), 1.80-1.83 (K, 2H), 1.31-1.38 (D, 10H), 0.87-0.89 
(K, 3H); 13C (101 (HQ; D2O) δ 64.15, 30.92, 28.07, 21.93, 21.26, 13.33. 
 
98. .PEKh<J@J F= N-D<KhPC-N-;<:PCGPIIFC@;@E@LD 9IFD@;< (C10D+PII BI) 
N-D<KhPCGPIIFC@;@E< (10 >, 0.117 DFC) ;@JJFCM<; @E 25 D' F= 8:<KFE@KI@C< N8J I<8:K<; 
N@Kh FE< <HL@M8C<EK F= 1-9IFDF;<:8E< (25.98 >, 0.117 DFC) ;@JJFCM<; @E 25 D' F= 
8:<KFE@KI@C< @E 8 IFLE; 9FKKFD =C8JB. /h< I<8:K@FE D@OKLI< N8J J<K LG @E 8E @:< 98Kh Kh<E 
C<=K KF JK@I 8K IFFD K<DG<I8KLI< =FI 7 ;8PJ. /h< P<CCFN JCL;>< N8J GLI@=@<; 9P N8Jh@E> 
N@Kh <KhPC 8:<K8K<, 8E; Kh<E IFK8IP <M8GFI8K<; KF I<DFM< I<J@;L8C JFCM<EK. /h< I<JLCK@E> 
:FDGFLE; N8J 8 P<CCFN JFC@; (29.64 >, 83%, C15H32)BI, (FC8I D8JJ 306.33 >/DFC). 
1H(400 (HQ; D(.O-d6) δ 0.83-0.87 (J, 3H), 1.25 (J, 14H), 1.67-1.68 (D, 2H), 2.07 (J, 
4H), 2.96 (J, 3H), 3.24-3.29 (D, 2H), 3.40-3.44 (D, 4H); 13C (101 (HQ; D(.O-d6) δ 
14.37, 21.52, 22.55, 23.37, 26.37, 28.96, 29.11, 29.26, 29.35, 31.74, 47.92, 63.66, 63.85.  
 
108. .PEKh<J@J F= 1-9LKPC-3-D<KhPC@D@;8QFC@LD 9IFD@;< (C4D@D BI) 
1-D<KhPC@D@;8QFC< (5.05 >, 0.0615 DFC) ;@JJFCM<; @E 15 D' F= 8:<KFE@KI@C< @E 8 IFLE; 
9FKKFD =C8JB =@KK<; N@Kh 8 JK@I 98I 8E; I<=CLO :FE;<EJ<I N8J I<8:K<; N@Kh FE< <HL@M8C<EK F= 
1-9IFDF9LK8E< (8.43 >, 0.0615 DFC) ;@JJFCM<; @E 15 D' F= 8:<KFE@KI@C<. /h< I<8:K@FE 
D@OKLI< N8J C<=K KF JK@I 8K 50 VC =FI 4 ;8PJ. /h< GIF;L:K N8J N8Jh<; N@Kh 200 D' (10 O 
20 D') F= <KhPC 8:<K8K<, IFK8IP <M8GFI8K<; 8E; ;I@<; @E 8 h@>h M8:LLD FM<E. /h< 
I<JLCK@E> GIF;L:K N8J 8 G8C< P<CCFN C@HL@; (11.18 >, 83%, C8H15)2BI, (FC8I D8JJ: 
219.14 >/DFC), 1H (400 (HQ; D2O) δ 0.85-0.89 (K, 3H), 1.22-1.32 (D, 2H), 1.76-1.85 (D, 
2H), 3.85 (J, 3H), 7.39 (;, 1H), 7.44-7.45 (;, 1H); 13C (101 (HQ; D2O) δ 12.7, 18.6, 31.3. 
35.8, 49.3, 122.4, 127.5, 135.6 
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118. .PEKh<J@J F= 1-D<KhPC-3-G<EKPC@D@;8QFC@LD 9IFD@;< (C5D@D BI)  
1-D<KhPC@D@;8QFC< (5.05 >, 0.0615 DFC) ;@JJFCM<; @E 15 D' F= 8:<KFE@KI@C< @E 8 IFLE; 
9FKKFD =C8JB =@KK<; N@Kh 8 JK@I 98I 8E; I<=CLO :FE;<EJ<I N8J I<8:K<; N@Kh FE< <HL@M8C<EK F= 
1-9IFDFG<EK8E< (9.32 >, 0.0617 DFC) ;@JJFCM<; @E 15 D' F= 8:<KFE@KI@C<. /h< I<8:K@FE 
D@OKLI< N8J C<=K KF JK@I =FI 7 ;8PJ 8K 60 VC. /h< I<JLCK@E> GIF;L:K N8J N8Jh<; N@Kh 100 
D' (10 O 10 D') F= <KhPC 8:<K8K<. /h< =@E8C GIF;L:K N8J 8 :C<8I, :FCFIC<JJ C@HL@; (12.66 >, 
89%, C9H20)2BI, (FC8I D8JJ 233.16 >/DFC). 1H (400 (HQ; D2O) δ 0.75-0.79 (K, 3H), 
1.17-1.24 (D, 4H), 1.75-1.81 (D, 2H), 3.80 (J, 3H), 4.08-4.11 (K, 2H), 7.33-7.34 (;, 1H), 
7.38 (;, 1H) 13C (101 (HQ; D2O) δ 12.2, 20.4, 27.9, 34.7, 48.6, 121.2, 122.4, 134.6. 
 
128. .PEKh<J@J F= 1-h<GKPC-3-D<KhPC@D@;8QFC@LD 9IFD@;< (C7D@D BI) 
1-D<KhPC@D@;8QFC< (5.06 >, 0.0616 DFC) ;@JJFCM<; @E 15 D' F= 8:<KFE@KI@C< @E 8 IFLE; 
9FKKFD =C8JB =@KK<; N@Kh 8 JK@I 98I 8E; I<=CLO :FE;<EJ<I N8J I<8:K<; N@Kh FE< <HL@M8C<EK F= 
1-9IFDFh<GK8E< (11.03 >, 0.0616 DFC) ;@JJFCM<; @E 15 D' F= 8:<KFE@KI@C<. /h< I<8:K@FE 
N8J C<=K KF JK@I =FI 4 ;8PJ 8K 55 VC. /h< I<JLCK@E> :FDGFLE; N8J Kh<E N8Jh<; N@Kh 100 
D' (10 O 10 D') F= <KhPC 8:<K8K<. /h< =@E8C GIF;L:K N8J 8 :C<8I, :FCFIC<JJ C@HL@; (14.15 >, 
88%, C11H24)2BI, (FC8I D8JJ 261.22 >/DFC). 1H (400 (HQ; D(.O-d6) δ 0.87 (K, 3H), 
1.01-1.04 (D, 2H), 1.13-1.26 (D, 6H), 1.73-1.81 (D, 2H), 3.88 (J, 3H), 4.17-4.21 (K, 2H), 
7.78 (;, 1H), 7.86 (;, 1H), 9.36 (J, 1H) 13C (101 (HQ; D(.O-d6) δ 14.3, 21.2, 25.9, 28.5, 
29.9, 31.5, 36.2, 49.2, 122.7, 123.9, 137.0. 
 
138. .PEKh<J@J F= 1-D<KhPC-3-F:KPC@D@;8QFC@LD 9IFD@;< (C8D@D BI)  
1-D<KhPC@D@;8QFC< (5.01 >, 0.0610 DFC) ;@JJFCM<; @E 15 D' F= 8:<KFE@KI@C< @E 8 IFLE; 
9FKKFD =C8JB =@KK<; N@Kh 8 JK@I 98I 8E; I<=CLO :FE;<EJ<I N8J I<8:K<; N@Kh FE< <HL@M8C<EK F= 
1-9IFDFF:K8E< (11.78 >, 0.0610 DFC) ;@JJFCM<; @E 15 D' F= 8:<KFE@KI@C<. /h< I<8:K@FE 
D@OKLI< N8J C<=K KF JK@I =FI 6 ;8PJ 8K 65 VC. /h< I<JLCK@E> :FDGFLE; N8J N8Jh<; N@Kh 200 
D' (10 O 20 D') F= <KhPC 8:<K8K<. /h< =@E8C GIF;L:K N8J 8 :C<8I, :FCFIC<JJ C@HL@; (14.05 >, 
84%, C12H26)2BI, (FC8I D8JJ 275.24 >/DFC). 1H (400 (HQ; D(.O-d6) δ 0.87 (K, 3H), 
1.01-1.04 (D, 2H), 1.13-1.26 (D, 6H), 1.73-1.81 (D, 2H), 1.84-1.87 (D, 2H), 3.88 (J, 3H), 
4.17-4.21 (K, 2H), 7.78 (;, 1H), 7.86 (;, 1H), 9.36 (J, 1H) 13C (101 (HQ; D(.O-d6) δ 
14.3, 21.2, 25.9, 28.5, 27.6, 29.9, 31.5, 36.2, 49.2, 122.7, 123.9, 137.0. 
 
148. .PEKh<J@J F= 1-;<:PC-3-D<KhPC@D@;8QFC@LD 9IFD@;< (C10D@D BI)  
1-D<KhPC@D@;8QFC< (5.0 >, 0.0609 DFC) ;@JJFCM<; @E 15 D' F= 8:<KFE@KI@C< @E 8 IFLE; 
9FKKFD =C8JB =@KK<; N@Kh 8 JK@I 98I 8E; I<=CLO :FE;<EJ<I N8J I<8:K<; N@Kh FE< <HL@M8C<EK F= 
1-9IFDF;<:8E< (12.73 D', 0.0615 DFC) ;@JJFCM<; @E 15 D' F= 8:<KFE@KI@C<. /h< I<8:K@FE 
D@OKLI< N8J h<8K<; 8K 65 VC 8E; C<=K KF JK@I =FI 5 ;8PJ. /h< I<8:K@FE D@OKLI< N8J Kh<E 
IFK8IP <M8GFI8K<; 8E; Kh< GIF;L:K N8J ;I@<; LE;<I h@>h M8:LLD 8K IFFD K<DG<I8KLI< KF 
P@<C; 8 :FCFIC<JJ C@HL@; (15.02 >, 81%, C14H30)2BI, (FC8I D8JJ 303.29 >/DFC). 1H (400 
(HQ; D(.O-d6) δ 0.83-0.86 (K, 3H), 1.24 (J, 14H), 3.85 (J, 3H), 4.14-4.17 (K, 2H), 7.71 
(;, 1H), 7.78 (;, 1H), 9.18 (J, 1H) 13C (101 (HQ; D(.O-d6) δ 13.9, 22.0, 25.4, 28.3, 
28.6, 28.7, 28.9, 29.4, 31.2, 35.7, 48.7, 122.2, 123.5, 136.5. 
 
158. .PEKh<J@J F= 1-(2-D<KhFOP<KhPC)-3-D<KhPC@D@;8QFC@LD 9IFD@;< ( O(D@D BI) 
1-D<KhPC@D@;8QFC< (5.12 >, 0.0624 DFC) ;@JJFCM<; @E 15 D' F= 8:<KFE@KI@C< N8J I<8:K<; 
N@Kh FE< <HL@M8C<EK F= 2-9IFDF<KhPCD<KhPC<Kh<I (8.67 >, 0.0624 DFC) ;@JJFCM<; @E 15 D' 
F= 8:<KFE@KI@C< @E 8 IFLE; 9FKKFD =C8JB =@KK<; N@Kh 8 JK@I 98I 8E; I<=CLO :FE;<EJ<I. /h< 
I<8:K@FE N8J C<=K KF JK@I =FI 5 ;8PJ 8K 40 VC. /h< :FDGFLE; N8J N8Jh<; N@Kh 200 D' (10 
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O 20D') F= <KhPC 8:<K8K< 8E; IFK8IP <M8GFI8K<;. /h< I<JLCK@E> GIF;L:K N8J 8 G8C< P<CCFN 
C@HL@; (12.35 >, 90%, C7H16)2OBI, (FC8I D8JJ 221.10 >/DFC). 1H (400 (HQ; D(.O-d6) 
δ 3.08 (J, 3H), 3.67-3.70 (K, 2H), 3.88 (J, 3H), 4.37-4.39 (K, 2H), 7.49 (;, 1H), 8.00 (;, 
1H), 9.24 (J, 1H) 13C (101 (HQ; D(.O-d6) δ 36.2, 49.1, 58.5, 60.2, 70.1, 123.1, 123.9, 
137.3. 
 
168. .PEKh<J@J F= 1-(2-<KhFOP<KhPC)-3-D<KhPC@D@;8QFC@LD 9IFD@;< ( O D@D BI)  
1-D<KhPC@D@;8QFC< (5.00 >, 0.0609 DFC) ;@JJFCM<; @E 15 D' F= 8:<KFE@KI@C< @E 8 IFLE; 
9FKKFD =C8JB =@KK<; N@Kh 8 JK@I 98I 8E; I<=CLO :FE;<EJ<I N8J I<8:K<; N@Kh FE< <HL@M8C<EK F= 
2-9IFDF<KhPC<KhPC<Kh<I (9.32 >, 0.0609 DFC) ;@JJFCM<; @E 15 D' F= 8:<KFE@KI@C<. /h< 
I<8:K@FE D@OKLI< N8J C<=K KF JK@I =FI 4 ;8PJ 8K 50 VC. /h< I<8:K@FE D@OKLI< N8J IFK8IP 
<M8GFI8K<;. /h< GIF;L:K N8J N8Jh<; N@Kh 200 D' (10 O 20 D') F= <KhPC 8:<K8K< 8E; 
IFK8IP <M8GFI8K<;. /h< =@E8C GIF;L:K N8J 8 Gh8J<-J<G8I8K<; D@OKLI< :FEJ@JK@E> F= 8 
P<CCFN C@HL@;, 8E; 8 Nh@K< JFC@; N@Kh @;<EK@:8C )(- JG<:KI8 (12.87 >, 90%, C8H18)2OBI, 
(FC8I D8JJ 235.13 >/DFC). 1H (400 (HQ; D2O) δ 1.06-1.21 (K, 3H), 3.50-3.57 (D, 2H), 
3.86 (J, 3H), 4.06-4.1 (K, 2H), 4.30-4.35 (K, 2H), 7.37 (;, 1H), 7.48 (;,1H), 8.71 (J, 1H) 
13C (101 (HQ; D2O) δ 13.1, 34.8, 35.1, 47.9, 48.1, 65.8, 66.8, 121.2, 121.5, 123.7.  
 
178. .PEKh<J@J F= 1-(2-(2-D<KhFOP<KhFOP)<KhPC)-3-D<KhPC@D@;8QFC@LD 9IFD@;< 
( O O(D@D BI) 
1-D<KhPC@D@;8QFC< (2.24 >, 0.0273 DFC) ;@JJFCM<; @E 10 D' F= 8:<KFE@KI@C< @E 8 IFLE; 
9FKKFD =C8JB =@KK<; N@Kh 8 JK@I 98I 8E; I<=CLO :FE;<EJ<I N8J I<8:K<; N@Kh FE< <HL@M8C<EK F= 
1-9IFDF-2-(2-D<KhFOP<KhFOP)<Kh8E< (5.00 >, 0.0273 DFC) ;@JJFCM<; @E 15 D' F= 
8:<KFE@KI@C<, 8;;<; ;IFG N@J< N@Kh JK@II@E>. /h< I<8:K@FE D@OKLI< N8J C<=K KF JK@I =FI 6 ;8PJ 
8K 45 VC. /h< I<JLCK@E> :FDGFLE; N8J N8Jh<; N@Kh 200 D' (10 O 20 D') F= <KhPC 8:<K8K< 
8E; IFK8IP <M8GFI8K<;. /h< =@E8C GIF;L:K N8J 8 G8C< P<CCFN C@HL@; (6.45 >, 89%, 
C9H20)2O2BI, (FC8I D8JJ 265.15 >/DFC). 1H (400 (HQ; D2O) δ 3.39-3.41 (J, 3H), 3.64-
3.69 (K, 2H), 3.71-3.79 (K, 2H), 3.90 (J, 3H), 3.93-3.98 (K, 2H), 4.42-4.48 (K, 2H), 7.49 (J, 
1H), 7.59 (J, 1H), 8.79 (J, 1H); 13C (101 (HQ; D2O) δ 35.78, 49.06, 58.07, 68.40, 69.49, 
70.91, 122.52, 123.45, 136.19. 
 
188. .PEKh<J@J F= 1-(2-(2-<KhFOP<KhFOP)<KhPC)-3-D<KhPC@D@;8QFC@LD 9IFD@;< 
( O O D@D BI) 
1-D<KhPC@D@;8QFC< (2.50 >, 0.0304 DFC) ;@JJFCM<; @E 10 D' F= 8:<KFE@KI@C< @E 8 IFLE; 
9FKKFD =C8JB =@KK<; N@Kh 8 JK@I 98I 8E; I<=CLO :FE;<EJ<I N8J I<8:K<; N@Kh FE< <HL@M8C<EK F= 
2-(2-<KhFOP<KhFOP)<KhPC 9IFD@;< (5.00 >, 0.0304 DFC) ;@JJFCM<; @E 15 D' F= 8:<KFE@KI@C<. 
/h< I<8:K@FE D@OKLI< N8J C<=K KF JK@I =FI 7 ;8PJ 8K 60 VC. /h< I<JLCK@E> :FDGFLE; N8J 
N8Jh<; N@Kh 200 D' (10 O 20 D') F= <KhPC 8:<K8K<. /h< =@E8C GIF;L:K N8J 8 :C<8I, 
:FCFIC<JJ C@HL@; (7.73 >, 91%, C10H22)2O2 BI, (FC8I D8JJ 279.19 >/DFC). 1H (400 (HQ; 
D(.O-d6) δ 0.88-0.92 (K, 3H), 3.35-3.54 (D, 6H), 3.75-3.77 (K, 2H), 3.86 (J, 3H), 4.35-
4.38 (K, 2H), 7.68 (;, 1H), 7.78 (;, 1H), 9.26 (J, 1H) 13C (101 (HQ; D(.O-d6) δ 15.6, 
36.2, 49.2, 65.9, 68.6, 69.4, 70.0, 123.1, 123.8, 137.3.  
 
198. .PEKh<J@J F= 1-(2-(2-(2-D<KhFOP<KhFOP)<KhFOP)<KhPC)-3-D<KhPC@D@;8QFC@LD 9IFD@;< 
( O O O(D@D BI) 
1-D<KhPC@D@;8QFC< (4.12 >, 0.0502 DFC) ;@JJFCM<; @E 15 D' F= 8:<KFE@KI@C< @E 8 IFLE; 
9FKKFD =C8JB =@KK<; N@Kh 8 JK@I 98I 8E; I<=CLO :FE;<EJ<I N8J I<8:K<; N@Kh FE< <HL@M8C<EK F= 
1-(2-9IFDF<KhFOP)-2-(2-D<KhFOP<KhFOP)<Kh8E< (11.41 >, 0.0502 DFC) ;@JJFCM<; @E 20 
D' F= 8:<KFE@KI@C<. /h< I<8:K@FE D@OKLI< N8J C<=K KF JK@I =FI 7 ;8PJ 8K 60 VC. /h< I<JLCK@E> 
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:FDGFLE; N8J N8Jh<; N@Kh 200 D' (10 O 20 D') F= <KhPC 8:<K8K< 8E; Kh<E N8J IFK8IP 
<M8GFI8K<;. /h< =@E8C GIF;L:K N8J 8 P<CCFN C@HL@; (13.50 >, 87%, C11H24)2O3BI, (FC8I 
D8JJ 309.21 >/DFC). 1H (400 (HQ; D(.O-d6) δ 3.36 (J, 3H), 3.42-3.52 (D, 6H), 3.56-
3.58 (K, 2H), 3.77-3.79 (K, 2H), 3.87 (J, 3H), 4.34-4.36 (K, 2H), 7.69 (J, 1H), 7.73 (J, 1H), 
9.05 (J, 1H); 13C(101 (HQ; D(.O-d6) δ 35.60, 48.69, 57.93, 68.05, 69.45, 69.47, 71.19, 
122.65, 123.27, 136.75.  
 
+I<G8I8K@FE F= B@J(KI@=CLFIFD<KhPCJLC=FEPC)8D@;< ()/=2) IFE@: '@HL@;J 
 
19. .PEKh<J@J F= N-(2-D<KhFOP<KhPC)-N-D<KhPC GPIIFC@;@E@LD 
9@J(KI@=CLFIFD<KhPCJLC=FEPC)8D@;< ( O( D+PII )/=2) 
 O(D+PII 9IFD@;< (14.29 >, 0.064 DFC) N8J I<8:K<; N@Kh FE< <HL@M8C<EK F= C@Kh@LD 
9@J(KI@=CLFIFD<KhPCJLC=FEPC)8D@;< (18.40 >, 0.064 DFC) ;@JJFCM<; @E 50 D' F= ;@JK@CC<; 
N8K<I. /h< I<8:K@FE D@OKLI< N8J C<=K KF JK@I 8K IFFD K<DG<I8KLI< =FI 24 hFLIJ. /h< GIF;L:K 
N8J N8Jh<; N@Kh ;@JK@CC<; N8K<I, LEK@C Kh< N8Jh K<JK<; E<>8K@M< =FI 9IFD@;< N@Kh 50 D( 
8HL<FLJ J@CM<I E@KI8K<. /h< GIF;L:K N8J Kh<E IFK8IP <M8GFI8K<; 8E; GC8:<; @E 8 h@>h 
M8:LLD FM<E 8K 60]C =FI J<M<I8C ;8PJ. /h< =@E8C GIF;L:K N8J 8 :FCFIC<JJ C@HL@; (18.52 >, 
68%, (FC8I D8JJ 424.38 >/DFC, N8K<I :FEK<EK: 72 GGD). 1H(400 (HQ; D(.O-d6) δ 3.74 
(J, 2H), 3.55-3.57 (K, 2H), 3.49-3.51 (K, 4H), 3.31 (J, 3H), 3.02-3.05 (K, 3H), 2.09 (J, 4H); 
13C(101 (HQ; D(.O-d6) δ 124.74, 121.55, 118.35, 115.15, 66.42, 64.64, 62.54, 58.46, 
48.40, 21.37, 21.26. 
 
29. .PEKh<J@J F= N-(2-<KhFOP<KhPC)-N-D<KhPC GPIIFC@;@E@LD 
9@J(KI@=CLFIFD<KhPCJLC=FEPC)8D@;< ( O D+PII )/=2)  
 O D+PII BI (10.62 >, 0.045 DFC) N8J I<8:K<; N@Kh FE< <HL@M8C<EK F= C@Kh@LD 
9@J(KI@=CLFIFD<KhPCJLC=FEPC)8D@;< (12.81 >, 0.045 DFC) ;@JJFCM<; @E 50 D' F= ;@JK@CC<; 
N8K<I. /h< I<8:K@FE D@OKLI< N8J C<=K KF JK@I 8K IFFD K<DG<I8KLI< =FI 8 N<<B. /h< I<JLCK@E> 
G8C< P<CCFN C@HL@; N8J N8Jh<; N@Kh :FC; ;@JK@CC<; N8K<I LEK@C Kh< N8Jh K<JK<; E<>8K@M< =FI 
9IFD@;< N@Kh 50 D( 8HL<FLJ J@CM<I E@KI8K<. /h< GIF;L:K N8J Kh<E IFK8IP <M8GFI8K<; 8E; 
;I@<; @E 8 h@>h M8:LLD FM<E 8K 60 VC =FI J<M<I8C ;8PJ KF P@<C; 8 G8C< P<CCFN C@HL@; (17.13 
>, 87%, (FC8I D8JJ 438.41 >/DFC, N8K<I :FEK<EK: 77 GGD). 1H(400 (HQ; D(.O-d6) δ 
3.77-3.79 (K, 2H), 3.47-3.68 (D, 8H), 3.02 (J, 3H), 2.08 (J, 4H), 1.12-1.16 (K, 3H); 13C(101 
(HQ; D(.O-d6) δ 121.09, 117.89, 65.66, 64.19, 63.91, 62.18, 48.03, 20.90, 14.89. 
 
39. .PEKh<J@J F= )-(2-D<KhFOP<KhFOP<KhPC)-)-D<KhPC GPIIFC@;@E@LD 
9@J(KI@=CLFIFD<KhPCJLC=FEPC)8D@;< ( O O(D+PII )/=2) 
 O O(D+PII BI (13.14 >, 0.049 DFC) N8J I<8:K<; N@Kh FE< <HL@M8C<EK F= C@Kh@LD 
9@J(KI@=CLFIFD<KhPCJLC=FEPC)8D@;< (14.06 >, 0.049 DFC) ;@JJFCM<; @E 50 D' F= ;@JK@CC<; 
N8K<I. /h< I<8:K@FE D@OKLI< N8J C<=K KF JK@I 8K IFFD K<DG<I8KLI< =FI 24 hFLIJ. /h< 
I<JLCK@E> ;8IB 9IFNE M@J:FLJ C@HL@; N8J N8Jh<; N@Kh :FC; ;@JK@CC<; N8K<I LEK@C Kh< N8Jh 
K<JK<; E<>8K@M< =FI 9IFD@;< N@Kh 50 D( 8HL<FLJ J@CM<I E@KI8K<. /h< GIF;L:K N8J Kh<E 
IFK8IP <M8GFI8K<; 8E; ;I@<; @E 8 h@>h M8:LLD FM<E 8K 60 VC =FI J<M<I8C ;8PJ. /h< =@E8C 
GIF;L:K N8J 8 9IFNE M@J:FLJ C@HL@; (7.52 >, 33%, (FC8I D8JJ 468.48 >/DFC, N8K<I 
:FEK<EK: 65 GGD). 1H(400 (HQ; D(.O-d6) δ 3.84 (J, 2H), 3.55-3.60 (D, 4H), 3.46-3.52 
(D, 6H), 3.26 (J, 3H), 3.03 (J, 3H), 2.09 (J, 4H); 13C(101 (HQ; D(.O-d6) δ 124.74, 
121.55,118.35, 115.15, 71.41, 69.81, 64.90, 64.70, 62.66, 58.33, 48.39, 21.21.  
 
49. .PEKh<J@J F= N-(2-<KhFOP<KhFOP<KhPC)-N-D<KhPC GPIIFC@;@E@LD 
9@J(KI@=CLFIFD<KhPCJLC=FEPC)8D@;< ( O O D+PII )/=2) 



26 

 O O D+PII BI (16.66 >, 0.059 DFC) N8J I<8:K<; N@Kh FE< <HL@M8C<EK F= C@Kh@LD 
9@J(KI@=CLFIFD<KhPCJLC=FEPC)8D@;< (16.94 >, 0.059 DFC) ;@JJFCM<; @E 50 D' F= ;@JK@CC<; 
N8K<I. /h< I<8:K@FE D@OKLI< N8J C<=K KF JK@I 8K IFFD K<DG<I8KLI< =FI 24 hFLIJ. /h< 
I<JLCK@E> C@HL@; N8J N8Jh<; N@Kh :FC; ;@JK@CC<; N8K<I LEK@C Kh< N8Jh K<JK<; E<>8K@M< =FI 
9IFD@;< N@Kh 50 D( 8HL<FLJ J@CM<I E@KI8K<. /h< GIF;L:K N8J Kh<E IFK8IP <M8GFI8K<; 8E; 
;I@<; @E 8 h@>h M8:LLD FM<E 8K 60 VC =FI J<M<I8C ;8PJ. /h< =@E8C GIF;L:K N8J 8 G8C< 
P<CCFN C@HL@; (25.58 >, 90%, (FC8I D8JJ 482.46 >/DFC, N8K<I :FEK<EK: 79 GGD). 1H(400 
(HQ; D(.O-d6) δ 3.58-3.59 (K, 2H), 3.56-3.57 (K, 4H), 3.52-3.55 (K, 6H), 3.48-3.51 (H, 
2H), 3.03 (J, 3H), 2.08 (J, 4H), 1.08-1.12 (K, 3H); 13C(101 (HQ; D(.O-d6) δ 124.74, 
121.55,118.35, 115.15, 69.53, 68.87, 65.48, 64.45, 64.16, 62.06, 49.01, 20.86, 15.09.  
 
59. .PEKh<J@J F= N-D<KhPC-N-(2-(2-(2-D<KhFOP<KhFOP)<KhFOP)<KhPC)GPIIFC@;@E@LD 
9@J(KI@=CLFIFD<KhPCJLC=FEPC)8D@;< ( O O O(D+PII )/=2) 
 O O O(D+PII BI (17.81 >, 0.0570 DFC) N8J I<8:K<; N@Kh FE< <HL@M8C<EK F= C@Kh@LD 
9@J(KI@=CLFIFD<KhPCJLC=FEPC)8D@;< (16.37 >, 0.0570 DFC) ;@JJFCM<; @E 50 D' F= ;@JK@CC<; 
N8K<I. /h< I<8:K@FE D@OKLI< N8J C<=K KF JK@I 8K IFFD K<DG<I8KLI< =FI 24 hFLIJ. /h< 
I<JLCK@E> C@HL@; N8J N8Jh<; N@Kh :FC; ;@JK@CC<; N8K<I 8E; D<KhPC<E< :hCFI@;< LEK@C Kh< 
N8Jh K<JK<; E<>8K@M< =FI 9IFD@;< N@Kh 50 D( 8HL<FLJ J@CM<I E@KI8K<. /h< GIF;L:K N8J 
Kh<E IFK8IP <M8GFI8K<; 8E; ;I@<; @E 8 h@>h M8:LLD FM<E 8K 60 VC =FI J<M<I8C ;8PJ. /h< 
=@E8C GIF;L:K N8J 8 G8C< P<CCFN C@HL@; (13.88 >, 48%, (FC8I D8JJ 512.5 >/DFC, N8K<I 
:FEK<EK: 22 GGD). 1H(400 (HQ; D(.O-d6) δ 3.86 (J, 2H), 3.45-3.61 (D, 12H), 3.43-3.44 
(K, 2H), 3.25 (J, 3H), 3.04 (J, 3H), 2.10 (J, 4H); 13C(101 (HQ; D(.O-d6) δ 124.40, 
121.20, 118.00, 114.80, 71.34, 69.56, 69.54, 69.52, 64.54, 64.40, 62.37, 57.98, 47.99, 
20.88.  
 
69. .PEKh<J@J F= N-D<KhPC-N-G<EKPCGPIIFC@;@E@LD 9@J(KI@=CLFIFD<KhPCJLC=FEPC)8D@;<  
(C5D+PII )/=2) 
C5D+PII BI (15.84 >, 0.067 DFC) N8J I<8:K<; N@Kh FE< <HL@M8C<EK F= C@Kh@LD 
9@J(KI@=CLFIFD<KhPCJLC=FEPC)8D@;< (19.29 >, 0.067 DFC) ;@JJFCM<; @E 50 D' F= ;@JK@CC<; 
N8K<I. /h< I<8:K@FE D@OKLI< N8J C<=K KF JK@I 8K IFFD K<DG<I8KLI< =FI 24 hFLIJ. /h< 
I<JLCK@E> G8C< P<CCFN C@HL@; N8J N8Jh<; N@Kh :FC; ;@JK@CC<; N8K<I LEK@C Kh< N8Jh K<JK<; 
E<>8K@M< =FI 9IFD@;< N@Kh 50 D( 8HL<FLJ J@CM<I E@KI8K<. /h< GIF;L:K N8J Kh<E IFK8IP 
<M8GFI8K<; 8E; ;I@<; @E 8 h@>h M8:LLD FM<E 8K 60 VC =FI J<M<I8C ;8PJ KF P@<C; 8 G8C< 
P<CCFN C@HL@; (25.11 >, 86%, (FC8I D8JJ 436.45 >/DFC, N8K<I :FEK<EK 80 GGD). 1H(400 
(HQ; D(.O-d6) δ 3.37-3.46 (D, 4H), 3.25-3.30 (K, 2H), 2.98 (J, 3H), 2.09 (J, 2H), 1.67-
1.74 (D, 2H), 1.30-1.37(D, 2H), 1.23-1.29 (D, 4H), 0.87-0.91 (K, 3H); 13C(101 (HQ; 
D(.O-d6) δ 124.37, 121.17, 117.97, 114.78, 63.45, 47.53, 28.03, 25.57, 21.64, 21.09, 
13.59, 13.55. 
 
79. .PEKh<J@J F= N-h<GKPC-N-D<KhPCGPIIFC@;@E@LD 9@J(KI@=CLFIFD<KhPCJLC=FEPC)8D@;<  
(C7D+PII )/=2) 
C7D+PII BI (18.04 >, 0.068 DFC) N8J I<8:K<; N@Kh FE< <HL@M8C<EK F= C@Kh@LD 
9@J(KI@=CLFIFD<KhPCJLC=FEPC)8D@;< (19.58 >, 0.068 DFC) ;@JJFCM<; @E 50 D' F= ;@JK@CC<; 
N8K<I. /h< I<8:K@FE D@OKLI< N8J C<=K KF JK@I 8K IFFD K<DG<I8KLI< =FI 24 hFLIJ. /h< 
I<JLCK@E> C@HL@; N8J N8Jh<; N@Kh :FC; ;@JK@CC<; N8K<I LEK@C Kh< N8Jh K<JK<; E<>8K@M< =FI 
9IFD@;< N@Kh 50 D( 8HL<FLJ J@CM<I E@KI8K<. /h< GIF;L:K N8J Kh<E IFK8IP <M8GFI8K<; 8E; 
;I@<; @E 8 h@>h M8:LLD FM<E 8K 60 VC =FI J<M<I8C ;8PJ. /h< =@E8C GIF;L:K N8J 8 P<CCFN 
C@HL@; (17.13 >, 87%, (FC8I D8JJ: 438.34 >/DFC, N8K<I :FEK<EK: 112 GGD). 1H(400 (HQ; 
D(.O-d6) δ 3.77-3.79 (K, 2H), 3.47-3.68 (D, 8H), 3.02 (J, 3H), 2.08 (J, 4H), 1.12-1.16 (K, 
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3H); 13C(101 (HQ; D(.O-d6) δ 121.09, 117.89, 65.66, 64.19, 63.91, 62.18, 48.03, 20.90, 
14.89. 
 
89. .PEKh<J@J F= N-D<KhPC-N-F:KPCGPIIFC@;@E@LD 9@J(KI@=CLFIFD<KhPCJLC=FEPC)8D@;<  
(C8D+PII )/=2) 
C8DGPII BI (14.74 >, 0.05297 DFC) N8J I<8:K<; N@Kh FE< <HL@M8C<EK F= C@Kh@LD 
9@J(KI@=CLFIFD<KhPCJLC=FEPC)8D@;< (15.21 >, 0.05297 DFC) ;@JJFCM<; @E 40 D' F= ;@JK@CC<; 
N8K<I. /h< I<8:K@FE D@OKLI< N8J C<=K KF JK@I 8K IFFD K<DG<I8KLI< =FI 24 hFLIJ. /h< 
I<JLCK@E> C@HL@; N8J N8Jh<; N@Kh :FC; ;@JK@CC<; N8K<I LEK@C Kh< N8Jh K<JK<; E<>8K@M< =FI 
9IFD@;< N@Kh 50 D( 8HL<FLJ J@CM<I E@KI8K<. /h< GIF;L:K N8J Kh<E IFK8IP <M8GFI8K<;. /h< 
I<JLCK@E> M@J:FLJ C@HL@; N8J ;I@<; @E 8 h@>h M8:LLD FM<E 8K 60 VC =FI J<M<I8C ;8PJ. /h< 
=@E8C GIF;L:K N8J 8 P<CCFN C@HL@; (14.36 >, 57%, (FC8I D8JJ 478.53 >/DFC, N8K<I 
:FEK<EK: 95 GGD) 1H(400 (HQ; D(.O-d6) δ 3.42-3.45 (K, 5H), 3.26-3.30 (K, 1H), 2.97 (J, 
3H), 2.08 (J, 4H), 1.69 (J, 2H), 1.29 (J, 10H), 0.86-0.88 (K, 3H); 13C(101 (HQ; D(.O-
d6) δ 124.28, 121.07, 117.88, 114.68, 63.38, 63.11, 47.46, 31.13, 28.42, 25.87, 22.88, 
21.99, 13.84. 
 
99. .PEKh<J@J F= N-D<KhPC-N-F:KPCGPIIFC@;@E@LD 9@J(KI@=CLFIFD<KhPCJLC=FEPC)8D@;< 
(C10D+PII )/=2) 
C10DGPII BI (19.64 >, 0.0641 DFC) N8J I<8:K<; N@Kh FE< <HL@M8C<EK F= C@Kh@LD 
9@J(KI@=CLFIFD<KhPCJLC=FEPC)8D@;< (18.37 >, 0.0641 DFC) ;@JJFCM<; @E 70 D' F= ;@JK@CC<; 
N8K<I. /h< I<8:K@FE D@OKLI< N8J C<=K KF JK@I 8K IFFD K<DG<I8KLI< =FI =FLI ;8PJ. /h< 
I<JLCK@E> C@HL@; N8J N8Jh<; N@Kh :FC; ;@JK@CC<; N8K<I LEK@C Kh< N8Jh K<JK<; E<>8K@M< =FI 
9IFD@;< N@Kh 50 D( 8HL<FLJ J@CM<I E@KI8K<. /h< GIF;L:K N8J Kh<E IFK8IP <M8GFI8K<; 8E; 
;I@<; @E 8 h@>h M8:LLD FM<E 8K 60 VC =FI J<M<I8C ;8PJ. /h< =@E8C GIF;L:K N8J 8 P<CCFN 
C@HL@; (15.24 >, 47%, (FC8I D8JJ 506.58 >/DFC, N8K<I :FEK<EK 92 GGD). 1H(400 (HQ; 
D(.O-d6) δ 0.83-0.87 (J, 3H), 1.25 (J, 14H), 1.67-1.68 (D, 2H), 2.07 (J, 4H), 2.96 (J, 
3H), 3.24-3.29 (D, 2H), 3.40-3.44 (D, 4H); 13C (101 (HQ; D(.O-d6) δ 14.37, 21.52, 
22.55, 23.37, 26.37, 28.96, 29.11, 29.26, 29.35, 31.74, 47.92, 63.66, 63.85, 115.15, 
118.35, 121.55, 124.75. 
 
109. .PEKh<J@J F= 1-9LKPC-3-D<KhPC@D@;8QFC@LD 9@J(KI@=CLFIFD<KhPCJLC=FEPC)8D@;< 
(C4D@D )/=2) 
C4D@D BI (10.00>, 0.04569 DFC) N8J I<8:K<; N@Kh FE< <HL@M8C<EK F= C@Kh@LD 
9@J(KI@=CLFIFD<KhPCJLC=FEPC)8D@;< (13.12 >, 0.04569 DFC) ;@JJFCM<; @E 40 D' F= ;@JK@CC<; 
N8K<I. /h< I<8:K@FE D@OKLI< N8J JK@II<; 8K IFFD K<DG<I8KLI< =FI FE< ;8P. /h< I<JLCK@E> 
:FCFIC<JJ C@HL@; N8J N8Jh<; N@Kh :FC; ;@JK@CC<; N8K<I LEK@C Kh< N8Jh K<JK<; E<>8K@M< =FI 
9IFD@;< N@Kh 50 D( 8HL<FLJ J@CM<I E@KI8K<. /h< GIF;L:K N8J Kh<E IFK8IP <M8GFI8K<; 8E; 
;I@<; @E 8 h@>h M8:LLD FM<E 8K 60 VC =FI J<M<I8C ;8PJ. /h< =@E8C GIF;L:K N8J 8 :C<8I, 
:FCFIC<JJ C@HL@; (16.09 >, 84%, 419.46 >/DFC, N8K<I :FEK<EK: 97 GGD). 1H (400 (HQ; 
D(.O-d6) δ 0.85-0.89 (K, 3H), 1.22-1.32 (D, 2H), 1.76-1.85 (D, 2H), 3.85 (J, 3H), 7.39 
(;, 1H), 7.44-7.45 (;, 1H); 13C (101 (HQ; D(.O-d6) δ 12.7, 18.6, 31.3. 35.8, 49.3, 114.6, 
117.8, 121.0, 122.4, 124.2, 127.5, 135.6. 
 
119. .PEKh<J@J F= 1-D<KhPC-3-G<EKPC@D@;8QFC@LD 9@J(KI@=CLFIFD<KhPCJLC=FEPC)8D@;< 
(C5D@D )/=2)  
C5D@D BI (15.02 >, 0.06451 DFC) N8J I<8:K<; N@Kh FE< <HL@M8C<EK F= C@Kh@LD 
9@J(KI@=CLFIFD<KhPCJLC=FEPC)8D@;< (18.54 >, 0.06451 DFC) ;@JJFCM<; @E 40 D' F= ;@JK@CC<; 
N8K<I. /h< I<8:K@FE D@OKLI< N8J JK@II<; 8K IFFD K<DG<I8KLI< =FI 1 ;8P. /h< I<JLCK@E> 
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:FCFIC<JJ C@HL@; N8J N8Jh<; N@Kh :FC; ;@JK@CC<; N8K<I LEK@C Kh< N8Jh K<JK<; E<>8K@M< =FI 
9IFD@;< N@Kh 50 D( 8HL<FLJ J@CM<I E@KI8K<. /h< GIF;L:K N8J Kh<E IFK8IP <M8GFI8K<; 8E; 
;I@<; @E 8 h@>h M8:LLD FM<E 8K 60 VC =FI J<M<I8C ;8PJ. /h< =@E8C GIF;L:K N8J 8 :C<8I, 
:FCFIC<JJ C@HL@; (17.01 >, 61%, 433.51 >/DFC, N8K<I :FEK<EK: 90 GGD). 1H (400 (HQ; 
D(.O-d6) δ 0.75-0.79 (K, 3H), 1.17-1.24 (D, 4H), 1.75-1.81 (D, 2H), 3.80 (J, 3H), 4.08-
4.11 (K, 2H), 7.33-7.34 (;, 1H), 7.38 (;, 1H) 13C (101 (HQ; D(.O-d6) δ 12.2, 20.4, 27.9, 
34.7, 48.6, 114.6, 117.8, 121.0, 121.2, 122.4, 124.2, 134.6. 
 
129. .PEKh<J@J F= 1-h<GKPC-3-D<KhPC@D@;8QFC@LD 9@J(KI@=CLFIFD<KhPCJLC=FEPC)8D@;<  
(C7D@D )/=2) 
C7D@D BI (16.09 >, 0.06162 DFC) N8J I<8:K<; N@Kh FE< <HL@M8C<EK F= C@Kh@LD 
9@J(KI@=CLFIFD<KhPCJLC=FEPC)8D@;< (17.69 >, 0.06162 DFC) ;@JJFCM<; @E 40 D' F= ;@JK@CC<; 
N8K<I. /h< I<8:K@FE D@OKLI< N8J JK@II<; 8K IFFD K<DG<I8KLI< =FI FE< ;8P. /h< I<JLCK@E> 
:FCFIC<JJ C@HL@; N8J N8Jh<; N@Kh :FC; ;@JK@CC<; N8K<I LEK@C Kh< N8Jh K<JK<; E<>8K@M< =FI 
9IFD@;< N@Kh 50 D( 8HL<FLJ J@CM<I E@KI8K<. /h< GIF;L:K N8J Kh<E IFK8IP <M8GFI8K<; 8E; 
;I@<; @E 8 h@>h M8:LLD FM<E 8K 60 VC =FI J<M<I8C ;8PJ. /h< =@E8C GIF;L:K N8J 8 :C<8I, 
:FCFIC<JJ C@HL@; (16.94 >, 62%, 461.44 >/DFC, N8K<I :FEK<EK: 93 GGD). 1H (400 (HQ; 
D(.O-d6) δ 0.87 (K, 3H), 1.01-1.04 (D, 2H), 1.13-1.26 (D, 6H), 1.73-1.81 (D, 2H), 3.88 
(J, 3H), 4.17-4.21 (K, 2H), 7.78 (;, 1H), 7.86 (;, 1H), 9.36 (J, 1H) 13C (101 (HQ; D(.O-
d6) δ 14.3, 21.2, 25.9, 28.5, 29.9, 31.5, 36.2, 49.2, 114.6, 117.8, 121.0, 122.7, 123.9, 
124.2, 137.0. 
 
139. .PEKh<J@J F= 1-D<KhPC-3-F:KPC@D@;8QFC@LD 9@J(KI@=CLFIFD<KhPCJLC=FEPC)8D@;<�
(C8D@D )/=2)  
C8D@D BI (16.79 >, 0.06102 DFC) N8J I<8:K<; N@Kh FE< <HL@M8C<EK F= C@Kh@LD 
9@J(KI@=CLFIFD<KhPCJLC=FEPC)8D@;< (17.52 >, 0.06102 DFC) ;@JJFCM<; @E 40 D' F= ;@JK@CC<; 
N8K<I. /h< I<8:K@FE D@OKLI< N8J JK@II<; 8K IFFD K<DG<I8KLI< =FI FE< ;8P. /h< I<JLCK@E> 
:FCFIC<JJ C@HL@; N8J N8Jh<; N@Kh :FC; ;@JK@CC<; N8K<I LEK@C Kh< N8Jh K<JK<; E<>8K@M< =FI 
9IFD@;< N@Kh 50 D( 8HL<FLJ J@CM<I E@KI8K<. /h< GIF;L:K N8J Kh<E IFK8IP <M8GFI8K<; 8E; 
;I@<; @E 8 h@>h M8:LLD FM<E 8K 60 VC =FI J<M<I8C ;8PJ. /h< =@E8C GIF;L:K N8J 8 :C<8I, 
:FCFIC<JJ C@HL@; (22.62 >, 77%, 475.31 >/DFC, N8K<I :FEK<EK: 93 GGD). 1H (400 (HQ; 
D(.O-d6) δ 0.87 (K, 3H), 1.01-1.04 (D, 2H), 1.13-1.26 (D, 6H), 1.73-1.81 (D, 2H), 1.84-
1.87 (D, 2H), 3.88 (J, 3H), 4.17-4.21 (K, 2H), 7.78 (;, 1H), 7.86 (;, 1H), 9.36 (J, 1H) 13C 
(101 (HQ; D(.O-d6) δ 14.3, 21.2, 25.9, 28.5, 27.6, 29.9, 31.5, 36.2, 49.2, 114.6, 117.8, 
121.0, 122.7, 123.9, 124.2, 137.0. 
 
149. .PEKh<J@J F= 1-;<:PC-3-D<KhPC@D@;8QFC@LD 9@J(KI@=CLFIFD<KhPCJLC=FEPC)8D@;<  
(C10D@D )/=2) 
C10D@D BI (5.83 >, 0.01922 DFC) N8J I<8:K<; N@Kh FE< <HL@M8C<EK F= C@Kh@LD 
9@J(KI@=CLFIFD<KhPCJLC=FEPC)8D@;< (5.52 >, 0.01922 DFC) ;@JJFCM<; @E 40 D' F= ;@JK@CC<; 
N8K<I. /h< I<8:K@FE D@OKLI< N8J JK@II<; 8K IFFD K<DG<I8KLI< =FI FE< ;8P. /h< I<JLCK@E> 
:FCFIC<JJ C@HL@; N8J N8Jh<; N@Kh :FC; ;@JK@CC<; N8K<I LEK@C Kh< N8Jh K<JK<; E<>8K@M< =FI 
9IFD@;< N@Kh 50 D( 8HL<FLJ J@CM<I E@KI8K<. /h< GIF;L:K N8J Kh<E IFK8IP <M8GFI8K<; 8E; 
;I@<; @E 8 h@>h M8:LLD FM<E 8K 60 VC =FI J<M<I8C ;8PJ. /h< =@E8C GIF;L:K N8J 8 :C<8I, 
:FCFIC<JJ C@HL@; (9.50 >, 98%, 503.55 >/DFC, N8K<I :FEK<EK: 249 GGD). 1H(400 (HQ; 
D(.O-d6) δ 0.83-0.86 (K, 3H), 1.24 (J, 14H), 1.76-1.79 (D, 2H), 3.84 (J, 3H), 4.12-4.16 
(K, 2H), 7.67 (J, 1H), 7.74 (J, 1H), 9.08 (J, 1H); 13C (101 (HQ; D(.O-d6) δ 13.83, 22.08, 
25.49, 28.37, 28.67, 28.82, 28.90, 29.39, 31.29, 35.69, 48.81, 114.71, 117.91, 121.11, 
122.24, 123.58, 124.31, 136.49.  
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159. .PEKh<J@J F= 1-(2-<KhFOPD<KhPC)-3-D<KhPC@D@;8QFC@LD 9@J(KI@=CLFIFD<KhPCJLC=FEPC)-
8D@;< ( O(D@D )/=2)  
 O(D@D BI (13.35 >, 0.06042 DFC) N8J I<8:K<; N@Kh FE< <HL@M8C<EK F= C@Kh@LD 
9@J(KI@=CLFIFD<KhPCJLC=FEPC)8D@;< (17.35 >, 0.06042 DFC) ;@JJFCM<; @E 40 D' F= ;@JK@CC<; 
N8K<I. /h< I<8:K@FE D@OKLI< N8J JK@II<; 8K IFFD K<DG<I8KLI< =FI FE< ;8P. /h< I<JLCK@E> 
:FCFIC<JJ C@HL@; N8J N8Jh<; N@Kh :FC; ;@JK@CC<; N8K<I LEK@C Kh< N8Jh K<JK<; E<>8K@M< =FI 
9IFD@;< N@Kh 50 D( 8HL<FLJ J@CM<I E@KI8K<. /h< GIF;L:K N8J Kh<E IFK8IP <M8GFI8K<; 8E; 
;I@<; @E 8 h@>h M8:LLD FM<E 8K 60 VC =FI J<M<I8C ;8PJ. /h< =@E8C GIF;L:K N8J 8 :C<8I, 
:FCFIC<JJ C@HL@; (13.39 >, 53%, 421.33 >/DFC, N8K<I :FEK<EK: 91 GGD). 1H (400 (HQ; 
D(.O-d6) δ 3.08 (J, 3H), 3.67-3.70 (K, 2H), 3.88 (J, 3H), 4.37-4.39 (K, 2H), 7.49 (;, 1H), 
8.00 (;, 1H), 9.24 (J, 1H), 13C (101 (HQ; D(.O-d6) δ 36.2, 49.1, 58.5, 60.2, 70.1, 114.6, 
117.8, 121.0, 123.1, 123.9, 124.2, 137.3. 
 
169. .PEKh<J@J F= 1-(2-<KhFOP<KhPC)-3-D<KhPC@D@;8QFC@LD 9@J(KI@=CLFIFD<KhPCJLC=FEPC)-
8D@;< ( O D@D )/=2)  
 O D@D BI (14.90 >, 0.06324 DFC) N8J I<8:K<; N@Kh FE< <HL@M8C<EK F= C@Kh@LD 
9@J(KI@=CLFIFD<KhPCJLC=FEPC)8D@;< (18.21 >, 0.06324 DFC) ;@JJFCM<; @E 40 D' F= ;@JK@CC<; 
N8K<I. /h< I<8:K@FE D@OKLI< N8J JK@II<; 8K IFFD K<DG<I8KLI< =FI FE< ;8P. /h< I<JLCK@E> 
:FCFIC<JJ C@HL@; N8J N8Jh<; N@Kh :FC; ;@JK@CC<; N8K<I LEK@C Kh< N8Jh K<JK<; E<>8K@M< =FI 
9IFD@;< N@Kh 50 D( 8HL<FLJ J@CM<I E@KI8K<. /h< GIF;L:K N8J Kh<E IFK8IP <M8GFI8K<; 8E; 
;I@<; @E 8 h@>h M8:LLD FM<E 8K 60 VC =FI J<M<I8C ;8PJ. /h< =@E8C GIF;L:K N8J 8 :C<8I, 
:FCFIC<JJ C@HL@; (16.94 >, 62%, 435.38 >/DFC, N8K<I :FEK<EK: 90 GGD). 1H (400 (HQ; 
D(.O-d6) δ 1.06-1.21 (K, 3H), 3.50-3.57 (D, 2H), 3.86 (J, 3H), 4.06-4.1 (K, 2H), 4.30-
4.35 (K, 2H), 7.37 (;, 1H), 7.48 (;,1H), 8.71 (J, 1H) 13C (101 (HQ; D(.O-d6) δ 13.1, 
34.8, 35.1, 47.9, 48.1, 65.8, 66.8, 114.6, 117.8, 121.0, 121.2, 121.5, 123.7, 124.2. 
 
179. .PEKh<J@J F= 1-(2-(2-D<KhFOP<KhFOP)<KhPC)-3-D<KhPC@D@;8QFC@LD 9@J(KI@=CLFIF-
D<KhPCJLC=FEPC)8D@;< ( O O(D@D )/=2) 
 O O(D@D BI (6.45 >, 0.02432 DFC) N8J I<8:K<; N@Kh FE< <HL@M8C<EK F= C@Kh@LD 
9@J(KI@=CLFIFD<KhPCJLC=FEPC)8D@;< (6.98 >, 0.02432 DFC) ;@JJFCM<; @E 40 D' F= ;@JK@CC<; 
N8K<I. /h< I<8:K@FE D@OKLI< N8J JK@II<; 8K IFFD K<DG<I8KLI< =FI FE< ;8P. /h< I<JLCK@E> 
:FCFIC<JJ C@HL@; N8J N8Jh<; N@Kh :FC; ;@JK@CC<; N8K<I LEK@C Kh< N8Jh K<JK<; E<>8K@M< =FI 
9IFD@;< N@Kh 50 D( 8HL<FLJ J@CM<I E@KI8K<. /h< GIF;L:K N8J Kh<E IFK8IP <M8GFI8K<; 8E; 
;I@<; @E 8 h@>h M8:LLD FM<E 8K 60 VC =FI J<M<I8C ;8PJ. /h< =@E8C GIF;L:K N8J 8 :C<8I, 
:FCFIC<JJ C@HL@; (8.23 >, 73%, 465.38 >/DFC, N8K<I :FEK<EK: 88 GGD). 1H (400 (HQ; 
D(.O-d6) δ 3.39-3.41 (J, 3H), 3.64-3.69 (K, 2H), 3.71-3.79 (K, 2H), 3.90 (J, 3H), 3.93-
3.98 (K, 2H), 4.42-4.48 (K, 2H), 7.49 (J, 1H), 7.59 (J, 1H), 8.79 (J, 1H); 13C (101 (HQ; 
D(.O-d6) δ 35.78, 49.06, 58.07, 68.40, 69.49, 70.91, 114.6, 117.8, 121.0, 122.52, 
123.45, 124.2, 136.19. 
 
189. .PEKh<J@J F= 1-(2-(2-<KhFOP<KhFOP)<KhPC)-3-D<KhPC@D@;8QFC@LD 9@J(KI@=CLFIF-
D<KhPCJLC=FEPC)8D@;< ( O O D@D )/=2) 
 O O D@D BI (7.73 >, 0.02773 DFC) N8J I<8:K<; N@Kh FE< <HL@M8C<EK F= C@Kh@LD 
9@J(KI@=CLFIFD<KhPCJLC=FEPC)8D@;< (7.96 >, 0.02773 DFC) ;@JJFCM<; @E 40 D' F= ;@JK@CC<; 
N8K<I. /h< I<8:K@FE D@OKLI< N8J JK@II<; 8K IFFD K<DG<I8KLI< =FI FE< ;8P. /h< I<JLCK@E> 
:FCFIC<JJ C@HL@; N8J N8Jh<; N@Kh :FC; ;@JK@CC<; N8K<I LEK@C Kh< N8Jh K<JK<; E<>8K@M< =FI 
9IFD@;< N@Kh 50 D( 8HL<FLJ J@CM<I E@KI8K<. /h< GIF;L:K N8J Kh<E IFK8IP <M8GFI8K<; 8E; 
;I@<; @E 8 h@>h M8:LLD FM<E 8K 60 VC =FI J<M<I8C ;8PJ. /h< =@E8C GIF;L:K N8J 8 :C<8I, 
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(HQ. /h< J8DGC<J N<I< GC8:<; @EKF 8 hFD<D8;< :<CC :FEJ@JK@E> F= 8 J:@EK@CC8K@FE M@8C 
N@Kh <C<:KIF;<J @EJ<IK<; KhIFL>h Kh< :8G. /h< :<CC :FEJK8EK N8J ;<K<ID@E<; LJ@E> 8E 
8HL<FLJ 0.053% &CC :8C@9I8K@FE JFCLK@FE (4.I 3167, 1000 X 10 µ. :D-1

 8K 25 VC, 4<CCFN 
.GI@E>J IEJKILD<EKJ). ACC FKh<I D<8JLI<D<EKJ N<I< G<I=FID<; N@Kh 8 4.I DF;<C 3200 
CFE;L:K@M@KP IEJKILD<EK =@KK<; N@Kh 8 4.I DF;<C 3253 GIF9<, hFLJ<; @E Kh< DF@JKLI< 
:FEKIFC ;IP 9FO LJ<; =FI Kh< M@J:FJ@KP D<8JLI<D<EKJ. 
 
 -ray scatter)-g st4d)es: /h< 3-I8P J:8KK<I@E> <OG<I@D<EKJ N<I< ;FE< 8K 9<8DC@E< 11-ID-
B F= Kh< A;M8E:<; +hFKFE .FLI:< 8J ;<J:I@9<; @E ;<K8@C I<:<EKCP.2,49,57,58 /h< I' J8DGC<J 
N<I< :FEK8@E<; @E =C8D<-J<8C<; 3 DD >C8JJ )(- KL9<J LE;<I 8I>FE 8KDFJGh<I<. /h< 3-
I8P 9<8D N8M<C<E>Kh N8J 0.21140 S. /h< 2-D 3-I8P J:8KK<I@E> G8KK<IE @J I<:FI;<; LJ@E> 
8 +<IB@E- CD<I 8DFIGhFLJ J@C@:FE 2D 8I<8 ;<K<:KFI. /h< J8DGC< K<DG<I8KLI< N8J 
:FEKIFCC<; 8K 25 ]C.  8:h J8DGC< N8J <OGFJ<; KF Kh< 3-I8P 9<8D =FI 5 D@ELK<J. /h< 
J8DGC<-KF-;<K<:KFI ;@JK8E:< N8J 8GGIFO@D8K<CP 21.0 :D 8E; N8J :8C@9I8K<; LJ@E> 8 
J8DGC< F= GFN;<I<; C<O2. /h< 2D J:8KK<I@E> G8KK<IE N8J @EK<>I8K<; =IFD :<EK<I KF <;>< 
LJ@E> F@K2D JF=KN8I<62

 
KF F9K8@E Kh< J:8KK<I@E> @EK<EJ@KP I(q) MJ. Kh< J:8KK<I@E> M<:KFI q = 

(4π/�)s)-(θ), FM<I 8 I8E>< F= 0.2 < q < 20 1/S. /h< 3-I8P JKIL:KLI< =8:KFI S(q) @J 
:8C:LC8K<; =IFD I(q) LJ@E> +DF><K32 JF=KN8I<.63 
 
M.lec4lar dy-a,)cs (MD) s),4lat).-s: (FC<:LC8I ;PE8D@:J J@DLC8K@FEJ FE 
 O O O(D+PII )/=2 8E;  O O O(D@D )/=2 N<I< ILE LJ@E> Kh< G-O(AC. 
2016.1 G8:B8>< N@Kh C+0 8::<C<I8K@FE.64-66  8:h J@DLC8K@FE 9FO N@Kh G<I@F;@: 9FLE;8IP 
:FE;@K@FEJ :FEK8@E<; 1,000 @FE G8@IJ. /h< 9FO<J 8I< <HL@C@9I8K<; LJ@E> Kh< =FCCFN@E> 
GIFKF:FC LE;<I 1 98I 8E; 298 &: /h< 9FO N8J @E@K@8C@Q<; ;LI@E> 8 50 GJ J@DLC8K@FE Nh<I< 
8CC Kh< 8KFDJ h8M< 8 10% =I8:K@FE :h8I>< F= Kh< ;<=@E<; M8CL<J. B<I<E;J<E GI<JJLI< 8E; 
K<DG<I8KLI< :FLGC@E> N<I< 8GGC@<;.66 )<OK, Kh< K<DG<I8KLI< :FLGC@E> D<KhF; N8J 
:h8E><; KF 1-I<J:8C<67 =FI 8EFKh<I 200 GJ. /h<E Kh< :h8I><J F= 8CC 8KFDJ N<I< J:8C<; KF 
50% F= =LCC :h8I>< 8E; Kh< 9FO N8J <HL@C@9I8K<; =FI 500 GJ. F@E8CCP, =LCC :h8I><J N<I< 
8GGC@<; KF Kh< 8KFDJ 8E; Kh< JPJK<D N8J <HL@C@9I8K<; LJ@E> 1-I<J:8C< K<DG<I8KLI< 
:FLGC@E> 8E; B<I<E;J<E GI<JJLI< :FLGC@E> =FI 2 EJ. )<OK, 8 )FJU-HFFM<I Kh<IDFJK8K68,69 
8E; 8 +8II@E<CCF--8hD8E 98IFJK8K70 N<I< 8GGC@<; KF <HL@C@9I8K< Kh< JPJK<D =FI 8EFKh<I 10 
EJ. /h< =@E8C GIF;L:K@FE ILE N8J ;FE< =FI 2 EJ N@Kh :FFI;@E8K<J J8M<; <M<IP 1 GJ KF 
:8C:LC8K< >(I) 8E; .(H). DLI@E> Kh< <HL@C@9I8K@FE 8E; =@E8C GIF;L:K@FE ILE, Kh< <HL8K@FEJ F= 
DFK@FE N<I< @EK<>I8K<; LJ@E> Kh< C<8G=IF> 8C>FI@KhD N@Kh 8 K@D< JK<G F= 1 =J, Kh< ;<=8LCK 
G8I8D<K<I @E G-O(AC..64,65 2< 8CJF LJ<; Kh< ;<=8LCK 1<IC<K :LKF== J:h<D< @E 
G-O(AC.,64,65 N@Kh E<@>h9FI@E> C@JK I8;@@ 8E; :LKF==J =FI CFLCFD9 8E; '<EE8I;-%FE<J 
@EK<I8:K@FEJ 8CC J<K KF 1.5 ED. 'FE>-I8E>< <C<:KIFJK8K@: GFK<EK@8CJ N<I< :8C:LC8K<; LJ@E> 
Kh< +8IK@:C< (<Jh  N8C; (+( ) JLDD8K@FE D<KhF;71,72 N@Kh 8E @EK<IGFC8K@FE FI;<I F= 6 
8E; 8 FF/ >I@; JG8:@E> F= 0.08 ED @E 8 3D G<I@F;@: ><FD<KIP. 2< LJ<; Kh< C8EFE>@8 
'FG<J 8E; +T;L8 (C'&+) =FI:< =@<C;73-76 KF><Kh<I N@Kh Kh< FGK@D@Q<; GFK<EK@8C =FI C@HL@; 
J@DLC8K@FEJ: 8CC-8KFD (O+'.-AA) =FI:< =@<C;77 =FI Kh< J@DLC8K@FEJ KF F9K8@E Kh< 9<JK 
D8K:h N@Kh JKIL:KLI8C ;8K8. /h< C'&+ KI8EJ=<I89C< =FI:< =@<C; =FI I'J, @E @KJ<C= 8 
><E<I8C@Q8K@FE F= %FI><EJ<E[J O+'.-AA =FI:< =@<C;, h8J GIFM@;<; M<IP >FF; GI<;@:K@M< 
:8G89@C@KP =FI I' JKIL:KLI<J.2,49,53,56-58 /h< I8;@8C G8@I ;@JKI@9LK@FE =LE:K@FEJ g(r) 9<KN<<E 
8CC 8KFD G8@IJ 8I< F9K8@E<; =IFD Kh< KI8A<:KFIP F= Kh< GIF;L:K@FE ILE. /h< JKIL:KLI< 
=LE:K@FEJ 8I< :8C:LC8K<; LJ@E>  HL8K@FE 2: 
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