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Abstract: Two new guanidinylation reagent$,N’-bis(ortho-chlo- od* To increase the yield, new reagents have been
ro-Cbz)Smethylisothiourea - andN,N"-bis(ortho-bromo-Chz)s- developed in recent yearﬁagzraZOI_lN’N -Distert-bu-
methylisothiourea, were compared with the already knbifi- toxycgrb_onyl)carboxyam|dé and 4-nitro-H-pyrazole-
bis(Boc)-Smethylisothiourea andi,N’-bis(Cbz)S-methylisothio- 1-N,N-bIS(tert-butoxy_carbonyl)ca_rboxyamlo?é.The lat-
urea. The new reagents proved to be superior to the known reaget@s. was more effective due to its more electronegative
The reactions with all the new reagents were accelerated by additieaving group. A similar approach to obtaihN’-bis-
of DMAP. N,N"-Bis(ortho-chloro-Cbz)- andN,N’-bis(ortho-bromo- tert(butoxycarbonyl)N-methylguanidines usel,N’-bis-
Cbz)guanidines are stable when treated with trifluoroacetic acid aﬂ%rt—butoxycarbonyI)N-methyI—SZ 4-dinitrophenyliso-
can be Convertec_l t_o guan'd'r_]e_s by hydrogemlys_'s' o thiourea in which the leaving group is the electronegative
Key words: guanidine, guanidinylation, guanylation, 'SOth'Oureathio—Z,4-dinitropheny?.6 The introduction of a new class
protecting groups of guanidinylation reagents has also been repoitg:
bis(tert-butoxycarbonyl)N"-triflylguanidine and N,N’-

o ) bis(benzyloxycarbonyIN”-triflylguanidine have been
The guanidino group has attracted considerable attentigiyyed to guanidinylate primary and secondary amines in-
recently, since it is found in a wide array of natural a”@\uding aminoglucosidé8’28in high yield. However, it
synthetic biologically active compounéi&xploration of \yas reported recently that benzyloxycarbonyl protected
new areas of biochemistry reveals the crucial role of tfﬂﬁf|y|guanidyne reagent was not effective, while with
guanidino function in many different physiological Pro-N,N'-bis tert-butoxycarbonyl)S-methylthioisourea in

cesses. Its positive chargesulting from protonation in compination with HgGl the desired product was ob-
wide range of pH values creates a base for specific intggineq4

molecular interactions comprising key-steps of many bio- licati ¢ ¢ taining tw th ¢
logical reactions including enzyme-mediated processeg€ application of reagents containing two urethane-type

and interaction of hormones with their recept®hus, the Protecting groups is beneficial for several reasons. They

growing importance of developing simple and efficien@€ More reactive than those without these protective
oups or those containing only one of them. Two elec-

methods of obtaining various guanidine derivatives aris&s

directly from a broad range of their present and future aﬁgpn—\{vithdrawing groups iﬂ p;sitimg .conjfu%ated with the
plication in the field of medicinal chemisty. eaction center increase the élephilicity of the reagent.

) ] ) ) The product is usually soluble in organic solvents and the
Since it has been demonstrated that the introduction of th§reacted amine can be removed by washing with an acid-
guanidine group instead of an existing amino group sig- aqueous solution. The protecting groups can be easily
nificantly increases the potency and/or selectivity of biGamoved just after guanidinylation or at the end of a mul-
logically activg compounds? a cpntinuous _interest hastistep synthesistert-Butoxycarbonyl group can be re-
been shown in the transformation of amines to corrgygved by treatment with 50% trifluoroacetic acid in
sponding guanidines. A number of reagents can be usighioromethane. The benzyloxycarbonyl group is more
for this reaction. The most frequently used &®'-  gyijtable for synthesis of acid sensitive products since it

bis(tert-butoxycarbonyl)thioure&,! N,N"-bis(tert-butox-  can be cleaved under neutral conditions by hydrogenoly-
ycarbonyl)Smethylisothioure&d > and N,N"-bis(benzy- gjg17

loxycarbonyl)S-methylisothioured®>2° In most cases, F . . imed lid-oh hesis of
the reactions were promoted by HgQlhe application of or an ongoing project aimed at solid-phase synthesis o
analogues of natural peptides containing the guanidino in-

HgCl, increases the yield but the formation of the insolf

ble mercuric sulfide precipitate makes this procedure no aql of an amino gro&p/,\_/e nee_ded to sele_ct a gua’.‘i.di'
applicable to solid phase guanidinylatidio avoid this nylation reagent and to find suitable reaction conditions
shortcoming, the Mukayama reagent (2.—chINFmeth— for this conversion. We decided to compare the already

ylpyridinium iodide) was suggested as a replacement fSFOWn reagentsN,N-bis(Boc)Smethylisothiourea )

mercuric chloride? A subsequent report by the same a@nd N.N-bis(Cbz)Smethylisothiourea 2) with new
especially prepared for this purpose:

thors revealed, however, some limitations of this metﬁ?agems' . .
N,N’-bis(ortho-chloro-Cbz)Smethylisothiourea3) and

N,N’-bis(ortho-bromo-Cbz)S-methylisothiourea 4)
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1:R = Boc Tablel Conversion of Amines to Guanidirfes
SCH 2:R=Cbz Re-  Amine Time Product Yield
RHN™NR 3: R = 0-Cl-Cbz agent (min)P° (%)°
4: R= 0-Br-Cbz 1 NH, 10 /\/NH\(NBOC 83
Figurel Known 1,2 and news,4 guanidinylation reagents NHBoG
5
We expected thairtho-Br-Cbz andortho-CI-Cbz groups 1 20 94
could increase the reactivity of these reagents due to the )\/NHZ )\’NH Boc
electron-attracting effect of bromine and chlorine atoms. NHBoc
-, . . . 6
The guanidinylation reagents (Figure 1) were obtained Qy
X . ; . NH 30 89
acylation ofSmethylisothiourea as shown in Scheme 1. G/ 2 O’ NH\(NBOC
A new procedure for the preparatioriofas described by NHBoc
us recently,and here we present a further improvement of 7
that method. To prepawe used dibenzyl dicarbonate! \(NH2 80 \rNH\fNBOC 85
Cbz,0, Method 1) and benzyloxycarbonylsuccinimide NHBoc
(Cbz yloxy y
(Cbz-OSu, Method 2). In both cases the yield was good 8
and the product was identical with that obtained by acyla- NH, 48h ~NH \fNCbZ 21d
tion using benzyloxycarbonyl chlorid®é?® Reagents3 %/ NHChz

and4 were obtained usingrtho-chloro-benzyloxycarbo-

nylsuccinimide [¢-CI-Cbz)-OSu] andrtho-bromo-benz- ’

.. . NH 20 NH Cb 85
yloxycarbonylsuccinimide §-Br-Cbz)-OSul], respectively. AN o \(N z
The newly prepared reagents are stable crystalline com- NHCbz
pounds that can be stored for a long time without any signs 10
iti 2 30 74
of decomposition. )\/NHZ )\/NH\\&NCM
a NHCbz
— =1 11
2 4
| b , NH, 5 NH\ bz 99
SCH dioxane/H,O < ; < ;
N *lHso ——— 27 | NHCbz
HNTSNH[ 2774 NaOH L € 19
d 2 NH 20 h NH c 75
L~ = g \( V3 ﬁ/ \(N bz
Schemel Preparation of protected isothiourea derivatilre$ NHCbz
Reagents and conditions: a) BogO, 24 h, 82%; b) ChD, 18 h, 85% 13
(Method 1) or Cbz-OSu, 24 h, 83% (Method 2);®){-Cbz)-OSu, 2 NH, 48 h NH Cbz 54¢
24 h, 74%, d)¢-Br-Cbz)-OSu, 24 h, 70% ﬁ/ >r

NHCbz
14

Since only a few examples of the applicatiori 8f'®and
2'¢ without the presence of HgGkere reported in the lit- | Reactions were conducted usingn DMF) and2 (in CH,Cl,).
erature, we decided, at the early stage of our studies, to L@B'ess otherwise indicated. . .

. . I€lds of isolated products; see experimental for details.
these reagents for the transformation of some aminesa{9,changed reagent remained in solution.
guanidines. Reactions of a series of structurally diverse

amines with these reagents were carried out and the re-

sults are summarized in Table 1. o dsand4. T I
. . new more promising reagenisand 4. To compare a
The course of the reaction was monitored by TLC. Onfaqe reagents a reaction was carried out with the same

molar excess of amine was used and the time of total cqJ)- ine, isobutylamine (Scheme 2). The results are summa-

citric acid. It can be seen that primary amines react @ly,e reactivity of the reagents. The reaction time of
room temperature to form protected guanidines with aresyy o 15 for the reaction carried out in dichloromethane
sonable yield. However, the rate of reaction ranged sufz < reduced to 15 minutes whemwas replaced b or 4
stantially. The reaction dért-butylamine was very slow L;

; entry iii, see also entries i, v and vi). We also observed an
and unchanged reagents were present still after 48 hou(s, o556 reaction rate when a catalytic amount bEM-(
These results indicate that in some cases rate of the r

tion is not sufficient to obtain a product within a reaso%ﬁri:gei%hylam|no)pyr|d|ne (DMAP) was added (entries ii

able time, when for some reason it is not advisable to use
more drastic conditions. This prompted us to synthesize
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PAPER Conversion of Amines to Protected Guanidines 39

All chemicals were purchased from commercial sources and used
14 + )\/NH2 —_ - )\/NH _NR without further treatment unless otherwise indicaeI|-Cbz-
Y OSu and-Br-Cbz-OSu were obtained from Senn Chemicals. Melt-

NHR ing points were uncorrected. NMR spectra were obtainetHfatt
6:R=Boc 200 MHz or 500 MHz and fol®C at 50 MHz or 125 MHz. Chemi-
11: R=Cbz cal shifts are reported in ppm values relative to TMS as internal
15: R = 0-CI-Cbz standard. TLC was performed with precoated silica plates (Kiesel-
16 R = 0-BrChz gel 60 Bs, Merck) using the eluent specified. The structures of

known compounds were confirmed by comparison of NMR data
and mp values with those published. Elemental analyses for new

Scheme 2 Guanidinylation of isobutylamine. Conditions and reac'compounds were performed with an elemental analyzer, Perkin-
tion times are given in Table 2. Elmer 2400 CHNS/O. '

To show differences in reactivity, experiments in whicl\.N"-Bis(tert-butoxycarbonyl)-S-methylisothiourea (1) _
the concentration of the reactants was 10 times lower acfy'ethy"?ﬁgo(‘gga i;"fat;é_z'm 9 (:138 mgof')l;"’as g'ts)sc"ggd. na

: : . : . ture o mL) an l0Xane m olliowe y addition
also given (entries v and vi). A substantial decrease in the "/ aq NaOH solution (20 mL, 20 mmol) andtdit-buty] dicar-
reaction rate was observed_ in d|chloromethane but_|t WBShate (11.62 g, 50 mmol, 1.3 equiv). The reaction mixture was
also noticeable in DMF. This confirms the observation, vigorously stirred overnight at r.t. The precipitate formed was fil-
that the rate of reaction @fwas not measurable at 10 mMtered and washed with a small amount ¢®HThe filtrate was con-
concentration. centrated under reduced pressure to approximately half the volume

To d h ibili f obtaini f and the solid was separated by filtration. The solids were combined
0 demonstrate the possibility of obtaining '®&nd suspended in,B (200 mL) at approximately 50 °C, shaken

guanidines, N,N"-bis(o-bromo-benzyloxycarbonylN’-  and filtered. It was then dried under reduced pressure at r.t. over
isobutylguanidine I5) was hydrogenated in the presence,o; to givel (5.57 g, 96%) as a white solid; mp 127 °C {Limp

of palladium catalyst. The reaction was rapid and comz22-123 °C).

plete. The prolonged treatment 1§ with trifluoroacetic 14 NMR (200 MHz, CDCJ): § = 1.51 (s, 9 H), 1.52 (s, 9 H), 2.40
acid revealed the stability of this compound under thegg 3 H), 11.62 (br s, 1 H).

conditions. 13C NMR (50 MHz, CDC): § = 14.40, 28.04, 80.97, 83.23, 150.76,
In conclusion, we have presented here a facile method #&0-78, 171.44.
the preparation ai-Cl- ando-Br-benzyloxycarbonyl-pro-

. . . N,N’-Bis(benzyloxycar bonyl)-S-methylisothiour ea (2)
tected Smethylisothioureas. The obtained reagents ar\ﬁethod 1: SMethylisothiourea sulfate (0.67 g, 2.5 mmol) was dis-

stable and react more rapidly theand2 to form protect-  g5ved in 5 M aq NaOH solution (10 mL, 5 mmol) and dibenzy! di-
ed guanidines. The products are stable when treated fajagonate (2.86 g, 10 mmol) was added, followed by dioxane
prolonged time with trifluoroacetic acid. The protecting15 mL). The reaction mixture was stirred overnight, concentrated

groups can be removed by hydrogenolysis. This allowgapproximately half the volume and ¢H, was added (100 mL).
the use of these reagents in a multistep synthesis, whigl¢ organic layer was separated, washed wif 8 x 20 mL),

includes treatment with acid after introducing the guanidf.ied (MgSQ) and evaporated under reduced pressure to give a vis-

cqus oil, which crystallized on standing. The crude product was re-

no function. These reagents also dispense with the tre@ stallized fromi-PrOH. Produc® (1.38 g, 85%) was obtained as

ment of acid sensitive products with trifluoroacetic acidypite crystals; mp 62-64 °C (Lit.mp 56.6-57.5 °C).

which is needed whehis used for guanidinylation, since IH NMR (200 MHz, CDCJ): & = 2.41 (s, 3 H), 5.18 (br s, 4 H), 7.36
deprotection is achieved by catalytic hydrogenolysis. (m, 10 H), 11.85 (k;rs 1,4). ' ' T ' T

Table2 Guanidinylation of Isobutylamine in DMF and gBl, Using Reagent$—4

Entry Solvent Catalyst Concentratioh Time (mirf) for Total Consumption of the Reagent
1 2 3 4
i DMF absent 0.25M 20 30 8 8
ii DMF present 0.25M 10 15 7 7
iii CH,Cl, absent 0.25M 20 h 20 15 15
iv CH,CI, present 0.25M 7h 10 10 4
Y DMF absent 0.025 M 6.5h 45 35 25
Vi CH.CI, absent 0.025 M 72 h 16 h 7h 6.5h

20.1 Equiv of DMAP.
b Calculated for guanidinylating reagent.
¢ Unless otherwise indicated.
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13C NMR (50 MHz, CDCJ): 6=14.56, 67.98, 68.35, 128.27, under reduced pressure to dryness to give the pure product. Reac-
128.49, 128.61, 128.72, 134.54, 135.72, 151.48, 161.01, 172.84tion times and yields of isolated products (excEptnd16) are

Method 2: S-Methylisothiourea sulfate (0.67 g, 2.5 mmol) was dis-Summarized in Table 1.

solved in 5 M ag NaOH solution (10 mL, 5 mmol) and benzyloxy- = _. ., .
carbonylsuccinimide (2.49 g, 10 mmol), followed by dioxan%;;/"\‘_ 'B'S(E’O.C)'N -propy(l)guamdme(S)
(15 mL) were added. The reaction mixture was stirred for 2 d, co Vhite solid; mp 87-89 °C.

centrated to approximately half the volume and,@kwas added *H NMR (200 MHz, CDC)): § = 0.93-1.00 (t, 3 HJ=7.5 Hz),
(100 mL). The organic layer was separated, washed with(Bx  1.50 (s, 9 H), 1.51 (s, 9 H), 1.54-1.65 (m, 1 H), 3.34-3.44 (dt, 2 H,
20 mL), dried (MgSQ) and evaporated under reduced pressure tb= 7.1, 5.4 Hz), 8.33 (s, 1 H), 11.52 (s, 1 H).

afford a viscous oil which crystallized on standing. The crude pro oS =

uct was recrystallized frorPrOH. Produc® (1.35 g, 83%) was %gl’\éMSRz(gsg ??;SSD%%EG ié33§72225 28.07, 28.31, 42.58,

obtained as white crystals. Analytical data are identical with those

56.01; H, 8.76; N, 13.80.
N,N’-Bis(ortho-chlor obenzyloxycar bonyl)-S-methylisothiourea ) ) o
©) N,N’-Bis(Boc)-N"-isobutylguanidine (6)
S-Methylisothiourea sulfate (3.02 g, 10.86 mmol) was dissolved iWhite solid; mp 100-101 °C.
H,O (32 mL) and dioxane (28 mL) and 1 M aq solution of NaOHH NMR (200 MHz, CDCY)): 5 = 0.95-0.98 (d, 6 H) = 6.8 Hz),
(22 mL, 22 mmol) was added, followed bgrtho-chlorobenzy- 149 (s, 9 H), 1.51 (s, 9 H), 1.75-1.96 (m, 1 H), 3.22-3.28 (dd, 2 H,
loxy)carbonyloxysuccinimide (12.33 g, 43.47 mmol, 2 equiv). Thg=7.0, 5.2 Hz), 8.41 (br s, 1 H), 11.52 (s, 1 H).

reaction mixture was stirred at r.t. for 24 h, then concentrated und

. . NMR (50 MHz, CDC)): 5 = 20.21, 27.87, 28.09, 28.33, 48.29,
0,

reduced pressure to approximately 30% volume. The residue \4%21, 82.99, 153.39, 156.30, 163.70.

washed with EtOAc (3% 50 mL), the organic layer was washed
with H,O (30 mL), dried (MgS@ and evaporated under reducedAnal. Calcd for GsH,oN;0,: C, 57.10; H, 9.27; N, 13.33. Found: C,
pressure. The oily residue, which solidified on standing, was recrys?.17; H, 9.21; N, 13.34.

tallized from EtOH vyieldind (6.3 g, 74%); mp 71-72 °C.

1H NMR (500 MHz, CDCJ): § = 2.43 (s, 3 H), 5.31 (s, 2 H), 5.32 C‘dk’:‘.’t‘Bi“P;C)‘N'Izc';’flg”}ggua”‘di”e(7)
(s, 2 H), 7.25-7.28 (m, 8 H), 11,88 (br s, 1 H). Ite solid, mp L34- :

1 . -
“C NMR (125MHz, CDC): &=14.68, 65.19, 65.63, 126.89, ) (HI™ (82?% hiH3zé—i|35C§)( M 8(53’5_';)571'5}1 SH97H2)'H12')28_
126.99, 129.41, 129.42, 129.48, 129.66, 130.09, 130.34, 132.%‘?52 Pl 99693 (. & 60, 8.34°6.57 (6, S8.7.2 Hz)
133.27, 133.52, 133.95, 151.35, 160.86, 173.17. 52 (brs, 1 H).

1 . —
Anal. Calcd for GyHyCILN,O,S: C, 50.60; H, 3.77; N, 6.56; Cl, . NMR (50 MHz, CDCJ): § = 22.08, 23.63, 28.12, 28.29, 33.16,

16.59; S, 7.50. Found: C 50.55; H, 3.70; N, 6.48; Cl, 16.62; S, 7.35-99 79:08, 82.89, 153.55, 163.83.

Anal. Calcd for GgH,9N30,: C, 58.69; H, 8.93; N, 12.83. Found: C,
N,N’-Bis(ortho-br omobenzyloxycar bonyl)-S-methylisothio- 58.71; H, 8.86; N, 12.89.
urea (4)
S-Methylisothiourea sulfate (1.51 g, 5.43 mmol) was dissolved iN,N’-Bis(Boc)-N"-isopropylguanidine (8)
H,O (16 ml) and dioxane (14 mL) and 1 M aq solution of NaOHVhite solid; mp 120-121 °C.
(112 mL, 11 mmol) were added, followed bgrtho-bromobenzyl- 1H NMR (200 MHz, CDCJ): § =1.18-1.21 (d, 6 HJ = 6.4 Hz),
oxy)carbonyloxysuccinimide (14.27 g, 43.5mmol, 2 equiv). Thq 49 (s, 9 H), 1.50 (s, 9 H), 4.27-4.41 (m, 1 H), 8.22 (br s, 1 H),
reaction mixture was stirred at r.t. for 24 h, then concentrated uncﬁr_Sl (brs, 1 H).
reduced pressure, the residue diasolved in EtOAc (150 mL) and |
washed with 10% aq citric acid 330 ml), aq sat. NHCsolution  --C NMR (50 MHz, CDC)): § = 22.79, 28.13, 28.39, 42.38, 79.07,
(3% 30 mL), and HO (3% 30 mL), dried (MgSQ) and evaporat- 82.91, 153.35, 155.30, 163.88.

ed. The solid residue was recrystallized from EtOH yielding progknal. Calcd for G,H,,N;O,: C, 55.79; H, 9.03; N, 13.94. Found: C,

uct4 (7.42 g, 70%); mp 101-103 °C. 55.74; H, 9.04; N, 13.73.
'H NMR (200 MHz, CDCJ): §=2.45 (s, 3H), 529 (s,2H),531 . .
(s, 2 H), 7.15-7.61 (m, 8 H), 11.89 (s, 1 H). N,N’-Bis(Boc)-N"-tert-butylguanidine (9)

White solid; mp 140-141 °C (L# mp 140-141.5 °C).
13C NMR (50 MHz, CDC)): §=14.71, 67.43, 67.84, 122.93,
123.70, 127.54, 127.64, 129.34, 129.61, 130.28, 130.35, 132.77 NMR (200 MHz, CDCJ): 3 = 1.44 (s, 9 H), 1.49 (s, 18 H), 8.24

132.98, 134.01, 135.10, 151.35, 160.85, 173.25. (brs,1H),11.41 (brs, 1 H).

Anal. Calcd for GH,¢Br,N,0,S: C, 41.88; H, 3.12; N, 5.43; Br, -°C NMR (50 MHz, CDCJ): = 21.77, 28.13, 28.39, 41.01, 79.06,
30.96. Found: C, 42.01; H, 3.01; N, 5.41; Br, 30.99. 82.90, 153.35, 155.28, 163.89.

Protected Guanidines 5-16; General Procedure N,N’-Bis(Cbz)-N"-propylguanidine (10)

To a solution of one of the isothiourea derivati¢ed (0.5 mmol)  White solid; mp 63-65 °C.

in DMF or CHCI, (2 mL) was added an amine (1 mmol) (and optH NMR (200 MHz, CDCJ): § = 0.92-0.99 (t, 3 HJ=7.4 Hz),
tionally 0.05 mmol of DMAP), and the reaction mixture was stirred .51-1.69 (m, 2 H), 3.35-3.44 (dt, 2H; 7.4, 5.4 Hz), 5.13 (s, 2
atr.t. until TLC (silica gel plates, hexane-EtOAc, 9:1, detection by), 5.17 (s, 2 H), 7.27-7.41 (m, 10 H), 8.31 (s, 1 H), 11.75 (s, 1 H).

UV light » = 254 nm) showed complete consumption of the 'SOIh'%NMR (50 MHz, CDCJ): 5 = 11.32, 22.21, 42.86, 67.14, 68.13,

urea derivative. The solvent was then evaporated under redu
pressure, and the residue was dissdin EtOAc (50 mL). The so- -90, 128.16, 128.40, 128.44, 128.71, 128.79, 134.66, 136.85,

lution was washed successively with 10% aq citric acidx (3 153.93, 155.99, 163.56.
10 mL), aq sat. NaHCQsolution (3x 10 mL) and HO (3 x  Anal. Calcd for GH»3N;0,: C, 65.03; H, 6.28; N, 11.37. Found: C,
10 mL). The organic phase was then dried (Mg3@d evaporated 65.13; H, 6.16; N, 11.45.
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N,N’-Bis(Cbz)-N"-isobutylguanidine (11) H), 5.29 (s, 2 H), 7.12-7.60 (m, 8 H), 8.44 (br s, 1 H), 11.83 (brs, 1
White solid; mp 95-97 °C. H).

'H NMR (200 MHz, CDC})): § =0.94-0.97 (d, 6 H)=6.6 Hz), *C NMR (125 MHz, CDCJ): § = 20.11, 27.90, 48.51, 66.56, 67.51,
1.77-1.97 (m, 1 H), 3.24-3.30 (dd, 2H5 6.9, 5.3 Hz), 5.13 (s, 2 122.53, 123.37, 127.40, 127.65, 128.93, 129.12, 129.92, 130.21,
H), 5.18 (s, 2 H), 7.29-7.39 (m, 10 H), 8.38-8.39 (br s, 1 H), 11.762.55, 132.95, 133.98, 136.21, 153.76, 156.17, 163.55.

(brs, 1 H). Anal. Calcd for GH,sBr,N:O,: C, 46.60; H, 4.28; N, 7.76; Br,
13C NMR (50 MHz, CDCJ): & = 20.10, 27.88, 48.49, 67.15, 68.13,29.53. Found: C, 46.32: H, 4.12; N, 7.61; Cl, 29.45.
127.89, 128.14, 128.39, 128.45, 128.70, 128.79, 134.62, 136.84,

153.98, 156.09, 163.50. Treatment of 15 with TFA
. . . . ~ CompoundL5 (3.5 mg, 0.006 mmol) was treated with TFA—CH,
Anal. Calcd f H,:N;O,: C, 65.78; H, 6.57; N, 10.96. F d:C
62%5' SCG 4(:. %0 105 T T OUNES Solution (50%, 0.1 mL) for 24 h at r.t. TLC revealed only the start-
T T ing compound in the solution. No reaction with Sakaguchi re#gent
N,N’-Bis(Cbz)-N"-cyclopentylguanidine (12) was observed.

White solid; mp 95-96 °C. . .

Catalytic Hydrogenolysis of 15
'H NMR (200 MHz, CDC)): § = 1.38-2.02 (m, 8 H), 4.37-4.47 (M, Compound 15 (20 mg, 0.037 mmol) was dissolved in MeOH
1H),5.13(s, 2 H), 5.16 (s, 2 H), 7.27-7.42 (m, 10 H), 8.31-8.34 (& mL) and 10% Pd/C (100 mg) was added. The solution was stirred
1H,J=6.8Hz), 11.76 (s, 1 H). for 2 h under H atmosphere. The catalyst was filtered off and the
13C NMR (50 MHz, CDC)): & = 23.56, 32.99, 52.50, 67.12, 68.05,solvent removed under reduced pressure. TLC analysis of the prod-
127.87, 128.12, 128.39, 128.42, 128.53, 128.70, 128.77, 134.89t revealed absence of the starting material. In order to verify the
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