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New Synthetic Route of Guanidine from Trichloroacetamide
for Tetrodotoxin and Its Related Compounds.
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Abstract: Trichloroacetamide was transformed into dibenzylguanidinium salt in three steps.
Attempted debenzylation was very difficult in the guanidinium form even under high pressure
hydrogen and high temperaturc conditions. On the other hand, the benzyl groups on acetylated
guanidine were easily deprotected by hydrogenolysis under 1 atm of hydrogen. These methods were
applied to the syntheses of tetrodotoxin-related compounds. © 1999 Elsevier Science Ltd. All rights reserved.
Keywords: guanidine; protecting group; hydrogenolysis; toxins
Introduction

Guanidine groups have been found in many important natural products and are known to play

significant roles in their biological activities.! Accordingly, many methods for synthesizing guanidine
group have been reported.z The widely used methods for introduction of such functionality include the
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-carboxamidine® derivatives. In our synthetic studies on
tetrodotoxin (1),19 a well-known toxic principle of puffer fish poisoning,!i-12.13 we needed a new synthetic
route of guanidine from trichloroacetamide because deprotection of the trichloroacetamide group in our
intermediate was difficult due to the presence of a variety of functional groups.'* To overcome this
problem, we subsequently developed a synthesis of dibenzylguanidinium compound from
trichloroacetamide that did not proceed through unprotected amine, as shown in Scheme 1.!5 The

trichloroacetamide was easily prepared by the so-called Overman rearrangement of allylic alcohol,!¢ and the
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he dibenzyliguanidinium compounds
toward organic solvents, such as CH,Cl, EtOAc, etc.
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deprotection procedures of these benzyl groups on guanidine, and (iii) the synthesis of cyclic guanidine-
containing compounds related to tetrodotoxin, such as compound 3, based on our guanidine synthesis.

0040-4020/99/% - see front matter © 1999 Elsevier Science Ltd. All rights reserved.
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Synthesis of dibenzyiguanidine from trichioroacetamide

In order to determine the conditions for the debenzylation of guanidine, we chose dibenzylguanidine
hydrochloride 8 as a simple model substrate whose synthesis is exemplified by our guanidine synthesis from
3,7-dimethyl-3-trichloroacetamido-1,6-octadiene (4),18 as shown in Scheme 2. The trichloroacetamide 4,
was heated with benzylamine in the presence of Na,COj to give benzylurea 5 in good yield. The urea was
dehydrated with Ph3P and CBry to afford carbodiimide 6. In our previous report,!3 the carbodiimide reacted

with benzylamine in the presence of Yb(OTf); at ambient temperature to give dibenzylguanidine

hydrochloride 7. Under high temperature (100 °C), [3,3] sigmatropic rearrangement of the allylic
carbodiimide hydrochloride 6 took place even in the presence of benzylamine to give a cyanamide 9 as a
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dibenzyiguanidine hydrochloride 7 in good overall yield, but not 9. Two olefins in 7 were hydrogenated
with 20% Pd-C in MeOH to afford 8 prior to the examination of hydrogenolytic conditions. Under such
hydrogenation conditions, no benzyl groups were affected at all.

Lt =] i)

N_ _ccl N__N N=C=N"2"
TT? BnNH, “Bn PhyP, CBry T
. X © S ELN/CH.Cl, v X
S~ K:CO3/DMF Y~ 3 L
I 4 (74%) I 5 i 6
BnNH,/DMF
(100°°C)
, H H H BnNH,, Yb(OTf),
A~LNCN NorNogn (GRG0 | A~ oy
[ [ T 'H2(1 atm)/PdCL [ T B (e2%irom 6 | L1
~ NHBn N NHBn - 2 "«/N‘
\[\ ® o MeOH 7\ @ c® or BnNH, \l\ Bn
Cl (91%) / 2-propanol ()
8 7 (75% from B) 9 (61% from 5)

Debenzylation of dibenzylguanidine

We have examined conditions for hydrogenolysis toward the diben yig
according to the deprotection methods of benzylamines reported in the literature. In this examination,
the crude mixture was acetylated with acetic anhydride, pyridine and triethylamine for easy analysis of the
products. Hydrogenolysis conditions, including use of Pearlman's catalyst (Pd(OH),-C), presence of acid,
catalytic hydrogen transfer using formic acid as a hydrogen source,?2 etc., did not affect any benzyl groups

of 8. Forcing conditions under high pressure (100 atm) of hydrogen and high temperature (150 °C) did not



T. Nishikawa et al. / Tetrahedron 55 (1999) 43254340 4327

deprotect benzyl groups of 8, but hydrogenation of the benzyl groups took place to afford a
dicyclohexylmethyl guanidine derivative 11 after acetylation, as shown in Scheme 3.

N

Ac
B H O Hy100atm) IR [ ]
Y Oy Bn _/PdC N ST
L\ SHB"G 2) Ac,0, EfgN, Py. |\ N\_O
8 C'"  (82%in 2 steps) 11
iACQO, Py
+Et3N (89%)
Ac Ac
IR H, (1 atm) IR

In contrast to the dibenzylguanidinium salt 8, we found that benzyl groups on the acetylatcd
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guanidine (guanidinium salt) toward the hydrogenolysm conditions, although the reason for this increased
lability remains uncertain. Since an acetyl group was used as a protective group of guanidine in the total
synthesis of racemic tetrodotoxin,!2:23 this debenzylation should be an important procedure in our

tetrodotoxin synthesis.24

Synihesis of cyciic guanidines reiaied to teirodotoxin

The success of the above debenzylation method prompted us to the synthesis of cyclic guanidinium
compound 3 as a model study for the total synthesis of tetrodotoxin. The synthesis commenced with a key
intermediate 13, which was prepared from levoglucosenone?’ in our tetrodotoxin synthesis!0.26 (Scheme
4). Stereo- and regioselective dihydroxylation of 13 with OsO4(cat.) and NMO gave the diol 14,27 which
was protected as a benzoate 15. Stereochemistry of the newly generated asymmetric center was established
from the coupling constant (J = 12 Hz) observed between Ha and Hb in 15. The trichloroacetamide of 15
into the urea 16 with hcmylamme and Na2(“()
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carbodiimide 18 due to the lack of auyiic moiety. In this specific case, we found that benzylamine
hydrochloride could be added to the carbodiimide 18 in DMF at 100 °C to easily give a dibenzylguanidine
hydrochloride 19 in good yield.28 Acetonide of 19 was hydrolyzed and the resulting diol was cleaved with
sodium periodate to afford cyclic guanidinium hydrochloride 20. The configuration of the aminal moiety
was determined from the large coupling constant (J = 9.5 Hz) between Ha and Hb, which was the same as
that (J = 9.5 Hz)!1.29 for tetrodotoxin (1). However, we could not deprotect the benzyl groups of 20,



4328 T. Nishikawa et al. / Tetrahedron 55 (1999) 4

ry Ty

because the attempted acetylation of 20 failed. This guanidinium compound Z# was soluble in CH;Cl;,
1Cl; and EtOAc.
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Next, we planned to synthesize a monobenzylguanidinium compound 21 instead of the dibenzyl
compound 19, with the expectation that a cyclic guanidinium 22 obtainable from 21 might be acetylated
(Scheme 5). Ammonium chloride was found to react with the carbodiimide 18 in DMF at 100 °C to give

our desired monobenzylguanidine hydrochloride 21 in 60% yield from 17. Hydrolysis of the acetonide and
subsequent oxidative cleavage of the corresponding diol gave a mixture of cyclic guanidine hydrochlorides
22a and 22b. The hydroxy group of the aminal position was ‘-ha‘nged to a methoxy group during stirring in

MeOH with TFA and trimethyl orthoformate. The guanidine moiety was acetylated to afford a mixture of
acetyl guanidine 23 and 24 in 41% and 30% yields, respectively. Acetylation of 22 without changing the
hydroxy group to a methoxy group gave a dehydro product.30 The structure of the product 24 was
established from the following NMR experiments. The stereochemistry of the methoxy group in 24 was
determined to be equatorial from a coupling constant (J = 9 Hz). Location of the acetyl groups was
confirmed by HMBC spectrum. On the other hand, the 'H-NMR spectrum of another product 23 was t00

broad to confirm its structure at this stage, although the structure of 23 could be deduced from the
corresponding debenzylation product 3a (vide infra). Interestingly, methoxy group of the product 23
having a benzyl group at the N-3 position (tetrodotoxin numbering) was situated at the C-4 position in axial
orientation, while methoxy group of the product 24 having an acetyl group at the N-3 position was situated
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in equatorial orientation.3! This was due to the steric interactions between substituents on N-3 and the
methoxy group on C-4
- ©-
O’J\/ Q'\k HO :1 3:1?':
[ o (o . N
hd H N VPhP.CBr T H o H H,0-MeOH /l\;,““
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Scheme 5

Finally, we achieved the debenzylation of these two compounds 23 and 24 under the conditions
established above to give the acetyl guanidine hydrochlorides 3a and 3b in high yields, respectively

(Scheme 6). Analyses of 'H-NMR of the final products revealed the configuration of methoxy groups
\r C i it (J = 4.0 Hz) between Ha and Hb,

shown in Scheme 6. The product 3a exhibited a smaller coupling con Hz) be
indicating that the methoxy group occupied an axial position. This couplmg constant is comparable to the
value (4.9 Hz) of naturall 'y occurring 11-deoxy-4-epi-tetrodotoxin.2? The compound 3b showed the
coupling constant in 9.5 Hz and thus took a configuration similar to that of tetrodotoxin.
FTin
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[ W 2 i i 2t
N H,(1 atm)/ Pd(OH),-C ) _ ~i{—NH o
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Scheme 6
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In summary, we have developed a new guanidine synthesis from trichlor
deprotection procedure. During this study, we found that the benzy! group on guanidinium salt was inert to
hydrogenolysis, but the benzyl group on acetylated guanidine was readily removed under the same
conditions. Based on these results, we synthesized tetrodotoxin-related compounds containing cyclic
guanidine. In previous structural studies of tetrodotoxin, it was reported that methoxy-tetrodotoxin (2) could
be transformed into tetrodotoxin (1) under aq. HCL.1!> Consequently, these studies should provide an
important synthetic route for critical cyclic guanidine in our tetrodotoxin synthesis. Further investigations
toward the total synthesis of tetrodotoxin and its analogs are currently underway in our laboratory.

Experimental Section3?
3-(N'’-Benzyiureido)-3,7-dimethylocta-1,6-diene (5). To a solution of the trichioroacetamide 4 (6.36 g,
21.3 mmol) dissolved in DMF (100 mL) were added NayCO3 (11.28 g, 106 mmol) and benzylamine (2.79
mL, 25.6 mmol). The solution was heated at 100 °C for 17 h with vigorous stirring. After cooling to rt, the
mixture was diluted with ether, and the resulting solution was poured into ice-cold aqueous NH4Cl solution.

The mixture was extracted with Et,O, and the combined extract was washed with brine, dried over
anhydrous Na;SOy, and evaporated under reduced pressure. The residue was purified by column

chromatography (silica gel 200 g, Et;O0/hexane = 1:1) to give benzylurea 5 (4.47 g, 74% ) as a solid. Mp
65-67 °C. 1R (KBr) vmax 3348, 2970, 2918, 1637, 1561, 1455, 1375, 1265 cm!. 1H NMR (300 MHz,

IY L. . AT r\ Enﬂs

{iH, br s, NH), 5.02-
Me,C=CH-), 5.10 (1H, d, J = 10.0 Hz, —CH=CHAHB) 1 (1H, d, J=17.0 Hz, -CH=CHaHp), 5.22 (1H, br
s, NH), 591 (1H, dd, J = 17.0, 10.0 Hz, -CH:CHz), 7.19-7.33 (5H, m, aromatic). 3C NMR (75 MHz,
CDClLy) 8 17.5, 22.3, 24.6, 25.5, 404, 44.1, 56.1, 113.3, 123.8, 127.1, 127.3, 128.5, 131.9, 139.5, 144 4,
157.7. Anal. Calcd for C1gH74N,201: C, 75.48; H, 9.15; N, 9.78. Found: C, 75.49; H, 9.24; N, 9.75.

1 €720 4 P | IS TR BV sz lanel Bt 0. /LN 'T‘l. __________ me 1\ TL1 1Y DL D
1= vulyl-l,a-uunetnyl-a-llexenylueluy ICAIrDOUHHIIUC (V). 1} 1€ [)Cll/lelCd 3 \le g U./01 Mnoi), rnyr

(399 g, 1.52 mmol) and Et3N (0.21mL, 1.51 mmol) were dissolved in dry CH,Cl, (5.0 mL) and the solution
was cooled to 0 °C. To this solution was added dry CH,Cl; (0.5 mL) solution of CBr4 (505 mg, 1.52 mmol),
and the mixture was allowed to warm to rt. After stirring at rt for 1 h, the mixture was concentrated. The
residue (43.8 g) was purified by column chromatography (silica gel 35 g, hexane —» ether/hexane = 1:20) to
give carbodiimide 6 (63 mg, 31%) as an oil. IR (KBr) vy 2969, 2926, 2857, 2125 (N=C=N), 1454, 923
cm'. TH NMR (270 MHz, CDCl3) § 1.20 (3H, s, CH3), 1.42 (2H, m, CH>), 1.57 (3H, s, CH3), 1.66 (3H, s,
CHj), 1.88-1.99 (2H, m, CH3), 4.35 (2H, s, NCH,Ph), 4.98-5.08 (1H, m, Me,C=CH-), 4.99 (1H, dd, J = 10,

1 Hz, -CH=CH Hg), 5.10 (1H,dd, J = 17, 1 Hz, -CH=CH:Hp), 5.69 (1H, dd, J = 17, 10 Hz, -CH=CH,),
7.18-7.33 (5H, m, aromatic). 3C NMR (67.9 MHz, CDCl3) § 17.6, 23.0, 25.6, 27.3, 42.5, 50.6, 61.5, 112.6,
123.9, 127.5, 127.8, 128.5, 131.6, 138.6, 140.0, 143.0. HRMS (EI) Caicd for CigH4N; (M*) 268.1939.
Found 268.1930

by using Yb(OTf); . To a solution of the carbodiimide 6 (27 mg, 0.10 mmol) and benzylamine (22 uL, 0.20
mmol) in dry CH,Cl (1.0 mL) was added Yb(OTf)3 (63 mg, 0.10 mmol). After stirring at rt for 42 h, the
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(x3) and brine (x3), dried over anhydrous Na;SOy, and concentrated under reduced pressure. The residue
was purified by preparative TLC (silica gel, CH,Cly/acetone/MeOH = 8:1:1) to give 7 (38 mg, 92%) as a

syrup.

4
2

47.8 mmol) were dissolved in CH,Cl; (130 mL), and the solution was cooled to 0 °C. To this solution

adda g . S

was added d ary bnzblz \I } soluiion of \.,Dl'4 \ 15.5 g, 47.8 mmr ) and the mixiure was ailowed to warm

to rt. After snrrmg at rt for 1.5 h, the mixture was concentrated. lrlphenylphosphme oxide in the residue

J
o0

(43.8 g) was removed by column chromatography (silica gel 200 g, ether/hexane = 1:1 —» 1:2) to give
carbodiimide 6 (12.8 g). The carbodiimide 6 (12.8 g) was dissolved in 2-propano! (200 mL), and
benzylamine (13.1 mL, 120 mmol) was added . After stirring at 1t for 3.7 days, the mixture was diluted with
water, and partitioned. The aqueous layer was extracted with CH2Cls (x2). The combined organic layer was
washed with water, sat. NH4Cl solution and brine (x3), dried over anhydrous Na;SOy, and evaporated under

reduced pressure. The residue was purified by column chromatography (silica gel 400 g, CH,Cly/acetone =
Y1 s CHACL lacatnna MAa) = 11NN tn aiva T (7T AAV a TR0 in D cteanc) ac o curiim TR (R 7851

E-TY S 4 \/llz\/lz FRAVOWLVLIL JAVIUVA /AL = U, 1 J.} AV élv\d I \l et 5, I+ /U i) b DIVPD, “ao a D)’Lu J ALAN \1\u1] Vmax Shea? 1 g
21QQ INAK N1QTA 161Q ~Am-l T NMD MOAN ML, CTYTARS 1O (W o TN 1 AA T TINAFALT wma OIT L9
L1000, JUVUJ, L7717, 1ULO VI 11 INAVIIN \ DUV QY11 L4, \/u\.lj[ QO 1.44 \Jll, 3y \/ll3j, I e el SNAS Ay S v o) k./llz A 4],
1.49 (3H, br s, CH3), 1.65 (3H, br s, CHj3), 4.67-4.81 (4H, br, Ph-CH, x 2), 4.88-4.96 (1H, m, olefinic

proton), 5.09 (1H, d, J = 18.0 Hz, -CH=CHAHg), 5.20 (1H, d, J = 11.0 Hz, CH=CHaHg), 5.77 (1H, dd, J =
18.0, 11.0 Hz, CH=CHaHg), 6.51 (1H, br s, NH), 7.29-7.39 (10H, m, aromatic). *C NMR (75 MHz,
CDCly) 5 17.4, 21.4, 23.4, 25.4, 39.6, 45.0, 58.2, 116.5, 122.7, 127.9, 128.0, 128.7, 132.2, 136.0, 142.4,
154.1. HR-MS (FAB) Calcd for C,sH,,N; (M+H) 376.2753. Found: 376.2764.
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mmol) in dry CH,Cl5 (2.5 mL) was added Ph3P (233 mg, 0.89 mmol), and the mixture was allowed to warm
to rt. To this mixture was added a solution of the benzylurea 5 (51 mg, 0.178 mmol) and Et;N (0.25 mL,
1.78 mmol) in CH,Cly (0.5 mL) through a cannula. After stirring at rt for 30 min, the mixture was

) 1 P e |
DENZy1 J,
n

concentrated to a small volume, which was subjected to a short silica gel column chromatography to give
partially purified carbodiimide (100 mg). A mixture of the carbodiimide, benzylamine (29 mL., 0.27 mmol)
and Na;CO3 (37 mg) in DMF (3 mL) was heated at 100 °C for 20 h with vigorous stirring. After cooling to
rt, the mixture was diluted with AcOEt. The resulting solution was washed with water, agueous NH,Cl

LALLM L Ul Ll AL asheda with water e B A INERAR L

solution and brine, and concentrated under reduced pressure. The residue was purified by silica gel column

~hea o e na anl & & athaw/havana — 1.10 s Tu&) #m vivra mwras ozt g L1007 2 ™Y cébmemc) nc
LI VIHAalVEL Pll_y \dilva EC] J E, CLICH/LICAQLIC — 1.1V =2 1.0} U BIVC Lydllduuuc 7 \.4 lg, V170 11 & S Pb} ds
e ~21 112 304 74 » PR ANNTY ANTN NT M_ANIN 1770 1A 13732 1 II‘I' AT AT 7 AN \ll’l._ AN N o 1 &8 ATYT
an Oil. IN {(RDT) Vi <¥43, 2210 {(IN—U=N), 1000, 1455, 153/0 cm. ‘i1 NMIR (4U0 MHz, COCl3) 6 1.55 (3

x 1/3, s, CH3), 1.57 (3H x 2/3, s, CH3), 1.61 (3H x 2/3, s, CH3), 1.65 (3H x 1/3, s, CH3), 1.69 (3H x 1/3, s,
CH3), 1.78 (3H x 1/3, s, CH3), 1.95-2.17 (4H, m, CHyCH)>), 3.52 (1H x1/3, br d, J = 7 Hz, C=CH-CH,-N),
3.54 (1H x 2/3,d, J =7 Hz, C=CH-CH>-N), 4.15 (2H, s, Ph-CH,), 4.98-5.04 (1H, m. olefinic), 5.05-5.11 (1H
x 2/3, m, olefinic), 5.24-5.34 (1H, m, olefinic), 7.31-7.40 (5H, m, aromatic). 13C NMR (75 MHz, CDCl;) 3
16.3, 17.5, 17.6, 23.3, 25.5, 25.6, 26.1, 26.3, 32.0, 39.5, 47.5, 47.7, 54.4, 54.7, 116.9, 117.7, 123.4, 123.6,
128.5, 128.8, 132.0, 132.3, 134.9, 143 4, 143.5. EIMS m/z 268 (M*). HR-MS (EI) for C;gH24N> (M+),
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TAA ATV Nihanruvlanantdina) 27 dimothylantana hvdrashlamida ()Y A cnlintinn Af 7 /4220 o 1I0NKT
JEUY 9 LY CASIUCIIL Y IR RARIIUARIU J=J, / TULIIRC LI Y IUL valic u‘yu VLIV IUT (Uje /) DUIUUULL UL 7 \(7.00 g, 1V.U7/
T 1 Y 3 -~ hY 1_ 1 A _\TY 7ON T\ ook I . 3 o1y 3 ot

mmoi) and 20 .38 g) dissolved in MeOH (80 mL) was degassed and filled with H, gas. Afier
stirring at rt for 2 days under H, atmosphere, the mixture was filtered through the pad of Super-Cel, the pad
was washed with MeOH. The combined filtrate was concentrated under reduced pressure. The residue was
purified by column chromatography (silica gel 100 g, AcOEt/MeOH = 9:1 - 8:2) to give 8 (4.02 g, 91%) as
crystals. Analytical sample was prepared by crystallization from AcOEt. Mp. 147-148 °C. IR (KBr) vpyax
3255, 3091, 3064, 2952, 1617 cm-!. 'H NMR (300 MHz, CDCl3) § 0.55 (3H, t, J = 7.0 Hz, CH,-CHj;), 0.76
(6H, d, J = 6.5 Hz, CH-CH; x2), 0.77-0.89 (2H, m), 0.97 (2H, q, J = 7.0 Hz, CH3-CH,), 1.21 (3H, s, CH}3),
1.24-1.70 (5H, m), 4.76 (4H, br s, Ph-CH, x 2), 5.03 (1H, br s, NH), 7.22-7.33 (6H, m, aromatic), 7.37-7.46

(4H, m, aromatlc) 8.07 (2H, br s, NH x 2). 13C NMR (75 MHz, CDCl3) 8 7.4, 20.7,22.3, 22.4, 24.8, 27.6,

£ AT _ . ~
for CysHagN3Cl: C, 7

3-(N', N''-Dibenzyl-N'-acetylguanidino)-3.7-dimethyloctane (10). A mixture of 8 (1.24 g, 2.98 mmol) in

pyridine (40 mL), Ac;0 (20 mL) and EtzN (4.0 mL) was stirred at rt for 4 h. The mixture was diluted with
toluene and evaporated in vacuo. The residue was purified by column chromatography (silica gel 100 g

| iadhaadig ¥ 7 o { daP BN o> t =24
atharfhavana — 1:2 _1 1) tn giva acratyl nidina 10 /1 11 o RAZ) agc an ~n1]l TR /R L, 2240 Q8K
VIR IfvAQIIC =~ L. T 1. .l-} wJ EIV\/ u\,\.l._yl Euﬂlllulllh AW (1.1 5, O/ /U )] A all Vil AEN \l.wl} Vmax SIHIy b Ty
2869, 1675, 1645, 1523, 1495, 1455, 1384, 1350, 1251, 1227 cm-!. TH NMR (300 MHz, CDCl3) 8 0.68 (3H
x 1/2,t,J = 1.5 Hz, CH,-CH} (BH x 1/2,t,J=7.5 Hz, CH { 3H x i/ iz, CH

:‘

! =)
~J
[\

2
CH;), 0.84 (3H x 1/2, d, J = 6.5 Hz, CH-CH ), 0.85 (3H x 1/2, d, J = 6.5 Hz, CH-CH}), 0.85 (3H
6.5 Hz, CH-CH};), 0.98-1.15 (4H, m), 1.13 (3H x 1/2, s, C-CH;), 1.15 (3H x 1/2, s, C-CH}), 1.40-1.72 (5H, -
m), 2.08 (3H, s, CO-CH}), 3.38 (1H, br s, NH), 3.96 (1H x 1/2, d, J = 14.0 Hz, Ph-CHHp), 3.97 (1H x 1/2,
d, J = 14.0 Hz, Ph-CH,Hp), 4.24 (1H, d, J = 15.5 Hz, Ph-CH,Hg), 430 (1H, d, J = 15.5 Hz, Ph-CH, Hp),
522 (1H x 1/2,d, J = 14.0 Hz, Ph-CH,Hp), 5.23 (1H x 1/2, d, J = 14.0 Hz, Ph-CH, Hg), 7.17-7.34 (10H, m,
ic). 13C NMR (75 MHz, CDCl3) § 7.8,7.9, 21.1, 21.2, 21.3, 22,4, 22.5, 22.6, 23.0, 27.8, 30.1, 37.3,

=

om

\D&

mati 8 Z
93,488, 52.1 127.9, 128.1 ,145.0, 16

3 2 S61 1267 1260 128 172 0 1373 1414 Anal (Maled far
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Corhi3gN10: C, 76.92; H, 9.32; N, 5.97. Founa: C, 77.01; H, 9.36; N, 10.02.

3-(N', N"'-Dicyclohexylmethyl-N'-acetylguanidino)-3.7-dimethyloctane (11). To a solution of 8 (20 mg,
0.048 mmol) dissolved in MeOH (3.0 mL) was added 25% Pd-C (21 mg). The reaction vessel was placed in
stainless steel autoclave. The mixture was stirred at 150 °C for 16 h under ca. 100 atm of H; gas. After
cooling to rt, the mixture was filtered. The filtrate was evaporated under reduced pressure to give crude
ud 1T0mMINYand Ft- N N 1 mI

ina ( an
HIC (1.U uu.;; Qilu U3iN (V.1 i, ail
1 Py

LAh rg
1
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uted with toluene, and evaporated in vacuo. Tt
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residue was purified by preparative TLC (silica gel, ether/hexane = 2:1) to give acetylguanidine 11 (12 mg,
82% in 2 steps) as an oil. 'H NMR (300 MHz, CDCl3) § 0.83 (3H, t, J = 7.5 Hz, CH,-CH;), 0.87 (6H, d, J =
6.5 Hz, CH-CHj; x 2), 0.89-1.89 (31H, m), 1.21 (3H x1/2, s, CH}3), 1.24 (3H x1/2, s, CH3), 2.05 (3H, s, CO-
CH3), 2.75-2.84 (1H, overlapped, NH-CH,Hp), 2.78 (1H, dd, J = 12.5, 6.5 Hz, NH-CH,Hp), 2.87 (1H, dd, J
= 12.5, 6.5 Hz, NH-CH,Hp), 3.54 (1H, br s, NH), 3.63 (1H, dd, J = 13.5, 7.0 Hz, NH-CH, Hjp). 13C NMR
(75MHz, CDCl3) 7.9, 21.4, 22.5, 22.6, 23.3, 23.5, 25.8, 26.2, 26.6, 28.0, 30.6, 31.2, 31.4, 31.5, 31.6, 36.9,
37.1,37.5, 394, 39.9, 52.2, 55.3, 55.9, 144.4, 170.0. FAB-MS m/z 434 (M+H).
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QAT AT T anatuvloannantdiaa)l 27 dimathovlantana (1) A cricmanmcinm Af tha aratvlananidina 10 71A8 mao
J=UY 4 1Y ~arialTLYIE| 1IN0 )=-5, / ~GIMcuy10iane (i4). A auaycumuu 01 Ul€ aCltly1guaniGiilc 1v (199 Mg,
n 10 - F 2 LR s P Pt & AY ™ T 1 L} — g 1”7 T e WY s\ 4 F T\ __
U.418 mmoj) and ra{uin)-L (rearimans catalyst, 1/ mg) in A(,ZU (9 0 mi.) and 3N (V.40 ML} was

degassed and filled with Hy gas. The mixture was stirred for 2.7 days with vigorous stirring under H,
atmosphere. The mixture was filtered through the pad of Super-Cel, the pad was washed with AcOEt. The
combined filtrate was evaporated with toluene in vacuo. The residue was purified by column
chromatography (silica gel 10 g, ether/hexane = 1:3) to give diacetylguanidine 12 (109 mg, 94%) as an oil.
IR (KBr) vmax 3282, 3249, 3117, 2958, 1699, 1618, 1459, 1377, 1330, 1209 cm-!. 1TH NMR (300 MHz,
CDCl3) 8 0.84 (3H,t, J = 7.5 Hz, CH,-CH;), 0.87 (6H, d, J = 6.5 Hz, (CH3),-CH), 1.11-1.32 (4H, m), 1.35
3H, s, CHj;), 1.48-1.96 (5H, m), 2.10 (3H, s, CO-CHj;), 2.15 (3H, s, CO-CHj3), 9.95 (1H, br s, NH), 13.16

<11 A= —LL3)s

(
{1H hr
ALE

e NIN I3CONMR /7TE M7 CTYIAASTR 2711 29774 998 2927 2980 77K 26 1IN0 22 1 Q9

1y UL Oy L‘lx} A\ LW1VEAIN LIJ AVAL AL, \JU\/.I,_j} UV /7.0y &1 1, el s Ty hwhisnt g hwod s ]y ki Ty kel Ty LTIy TVT, JOLLy L

58.0, 153.8, 172.7, 185.3. Anal. Caled for C;5sH29N30; : C, 63.57; H, 10,31; N, 14.83. Found: C, 63.57; H,
i0.61; N, 14.70.

Synthesis of diol 14. The trichloroacetamide 13 (1.13 g, 2.96 mmol) was dissolved in acetone (20 mL) and
water (5 mL). To this solution were added aqueous OsQO4 solution (0.15 M, 1.5 mL, 0.23 mmol) and a

solution of NMOQO (485 mg, 4.14 mmol) in acetone (20 mL) and H,O (5 mL). After stirring at rt for 4 h,
annamic NalICN. cAalittinn rwac ar 11ad Tha ragnilting mivhiire wae antdifiad with 1N HM and avieantad urith
aguouud l‘all\JUj DUIULIVAL YW aAd aullu 111w u.au1|.1115 HIALUILC WaAd aUlUlIIVAL WILLL 11N 11 allud CAllavivu wilil
A ~MN\T e 773\ Y 1 1 1 A NT L3y PR T . | 1. 3
ACULL (X)) L,OIHDHIEO urgdnlc xaycr was UHLU ove yUTU S INA2DUy, dlid CV¢ p()l'd( ca nucr reguced

pressure. The residue was purified by column chromdtography (silica gel 40 g, ether/hexane = 10:1 — ether
only) to give diol 14 (895 mg, 73%) as a solid. Mp. 61-63 °C. [ao]p20 +22.0 (¢ 1.15, CHCI3). IR (KBr) viax
3448, 3321, 2986, 2935, 1724, 1526, 1381, 1373, 1261, 1216, 1160, 1057 cm!. 'H NMR (300 MHz,
CDCl3) 8 1.22 (1 H, dd, J = 14.0, 12.5 Hz, CH3-C-CH ;,Heq) 1.28 (3 H, s, CHj3), 1.35 (1 H, dd, J = 14.0, 3.5
Hz, CH3-C-CHaxHeq), 1.37 (3 H, s, CH3), 1.42 (3H, s, CH;), 1.85 (1H, dd, J = 12.5, 12.0 Hz, CH(OH)-
CHaxHeq), 2.27 (1 H, ddd, J = 12.5, 9.5, 3.5 Hz, NH-C-CH), 3.23 (1 H, dd, J = 12.5, 5.0 Hz, CH(OH)-
CHgaxHeq), 3.64 (1 H, dd, J = 9.0, 8.0 Hz, -O-CHHp), 3.67 (1 H, dd, J = 12.0, 5.0 Hz, HO-CH), 3.96 (1 H,

ddd, J = 9.5, 9.0, 5.5 Hz, -O-CH), 4.09 (1 H, dd, J = 8.0, 5.5 Hz, -O-CH,Hp), 5.41 (1H, d, J = 16.5 Hz,

MI_r11 o (Qﬂ(lu Ad T - 14 & —(IN Q QX%
i1, GG, v = 19.5, =

SLXATAIAXLR ), = nz, \Al-—\,xlAllB J.07 1 nz, 1) i1 jy, O.7J
(1H, brs, NH). 13C NMR (75 MHz, CDCl3) 6 26.1, 26.6, 26.8, 35.4, 37.3, 43.0, 61.7, 69.3, 69.8, 70.8, 76.3,
93.7, 110.0, 117.8, 132.1, 160.3. Anal. Calcd for C1gH24N05Cl5: C, 46.12; H, 5.80; N, 3.36. Found: C,

(aN
-

t. NH4Cl solution and then extracted with CHZLIQ (x3). The
combined organic layer was dried over anhydrous Na;SOy, evaporated under reduced pressure. The residue
was purified by column chromatography (silica gel 30 g, ether/hexane = 1:1 — 3:1) to give benzoate 15 (610
mg, 91%) as crystals. Mp. 196-197 °C (from ether-hexane). [o]p?? +12.4 (¢ 1.31, CHCl3). IR (KBr) vpyax
3504, 3315, 2987, 2938, 1719, 1522, 1273, 1159, 1109, 1069, 1028 cm!. 'H NMR (300 MHz, CDCl3) &
1.25 (3H, s, CHj), 1.35-1.46 (2H, overlapped, CH;-C-CH,), 1.38 (3H, s, CHj3), 1.45 (3H, s, CHj), 2.14 (1H,
dd, J = 12.5, 12.0 Hz, BzO-CH-CHyHeq), 2.39 (1H, br td, J = 10.5, 5.5 Hz, NH-C-CH), 3.38 (1H, dd, J =
12.5, 4.5 Hz, BzO-CH-CHaxH,y), 3.67 (1H, dd, J = 8.5, 7.5 Hz, -O-CHHg), 4.05 (1H, ddd, / =9.5, 8.5, 5.5
Hz, -O-CH), 413 (1H,dd, J=7.5, 5.5 Hz, -O-CH  H), 520 (1H, dd, /= 12.0, 4.5 Hz, BzO-CH) 5.53 (!
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CH,=CH), 7.
brs, NH). 13C NMR (75 MHz, CDCl3) 5 26.1, 2

110.2, 118.8, 128.5, 129.7, 131.4, 133.4, 160.1, 165.
N, 2.69. Found: C, 52.98; H, 5.43; N, 2.69.

Synthesis of benzylurea 16. A mixture of the trichloroacetamide 15 (734 1.41 mmol), NayCO3 (750
mma TN menaAly RalhILI. /N2 vl 7 10 mmaly and NMAME MK ] Y wae hantad nnndas rafln ith vionrnnio
llls, F. U0 111X l}, ulll‘lll \\l d BLELL, L1\ llllllUl} Aliul p7ivil \LJ lll.l.d) wad licatcu Julivusg lbll“A Wn.u Vlé\lluu‘
RS, S A, A Fa B 3~ T __hTTY N NAL T n A1 cam eam = N 1

stirring. Afier 35 min., BoNH> (0.045 mL, G.41 mmol) was added and the mixture was siirred for

additional 20 min. The mixture was cooled to rt and diluted with aqueous NH4Cl. The mixture was
extracted with AcOEt (x3). The combined organic layer was washed with sat. NH4Cl solution (x3), brine
(x1), dried over anhydrous NapSO4, and evaporated under reduced pressure. The residue was purified by
column chromatography (silica gel 30 g, ether) to give benzylurea 16 (651 mg, 91%) as an oil. [o]p?? +5.28
(c 1.29, CHCI;). IR (KBr) vmax 3381, 2984, 2936, 1717, 1654, 1542, 1453, 1372, 1316, 1274, 1115, 1070,
1027 cm!. TH NMR (300 MHz, CDCl3) § 1.20-1.42 (2H, overlapped, CH5-C-CH3), 1.21 (3H, s, CH3), 1.31
(3H, s, CH3), 1.35 (3H, s, CH3), 2.27 (1H, brt, J = 12.5 Hz, BzZO-CH-CHxHeq), 2.32-2.42 (1H, m, NH-C-
CH), 3.25 (1H, dd, J = 12.5, 4.0 Hz, BzO-CH-CH,;;H,,), 3.56-3.66 (1H, m, -O-CH,Hg), 3.97-4.07 (2H,

LT & 35 Y ./-A-v’ .»..‘L L“RS PR LV R 8 ¥ 4 “dl\“ q JJJJJJJJ

overlapped, -O-CH, -O-CHHp), 4.28 (1H, dd, J = 14.5, 5.5 Hz, Ph-CH ,Hg), 4.34 (1H, dd, J = 14.5, 5.5 Hz,

Ae'r\/

h p LYY ) & Y 1YY Y T
Ph-CHpHp), 4.52 (1H, brt, J = 5.5 Hz, Bn-NH), 5.17 (1H, dd, J = 12.0, 4.5 Hz, BzO-CH), 5.46 (iH, dd, J =

f-\u

10.5, 1.0 Hz, -CH=CH/Hp), 5.56 (1H, dd, J = 16.5, 1.0 Hz, -CH=CH,Hp), 6.03 (1H, dd, J = 16.5, 10.5 Hz,
CH,=CH), 6.40 (1H, br s, C-NH), 7.20-7.35 (5H, m, aromatic), 7.40-7.47 (2H, m, aromatic), 7.53-7.60 (1H,
m, aromatic), 8.00-8.05 (2H, m, aromatic). 13C NMR (75 MHz, CDCl3) 3 25.8, 26.5, 26.9, 35.4, 36.0, 42.9,
44.5,59.8, 69.2, 69.8, 744, 76.4, 109.5, 117.6, 127.2, 127.3, 128.4, 128.5, 128.6, 129.7, 129.9, 133.1, 134.9,
139.2, 157.1, 165.6. Anal. Calcd for Co9H36N,Og: C, 68.48; H, 7.14; N, 5.51. Found: C, 68.50; H, 7.00; N,
5.31

Synthesis of benzylurea 17. To a solution of the benzylurea 16 (504 mg, 0.991 mmol) in AcOEt (15 mL)
was added PtO; (11 mg, 0.048 mmol). The suspension was degassed and filled with H, gas. After vigorous
stirring at rt for 3 h, the mixture was filtered through the pad of Super-Cel. The filtrate was evaporated
under reduced pressure. The residue was purified by column chromatography (silica gel 10 g, ether -
ether/EtOAc = 1:1) to give 17 (504 mg, quant.) as crystals. Mp. 109-110 °C (from ether-hexane). [a]p2®
-8.76 (¢ 1.12, CHCl;). IR (KBr) vimax 3390, 2982, 2935, 1717, 1654, 1551, 1453, 1372, 1316, 1273, 1116,

.....

1056, 1027 cm-!. 'HNMR (300 MHz, CDCl3) 8 1.09 (3H, t, J 0 Hz, CH,-CHj3), 1.22 (3H, s, CH3), 1.33
(A < v\ 120.17°7 (1H averlanned CH_ _OCOCH .Y 144 (1TH A4 T — 140 A& WUy O .
\Ull Sy 1131\&}, L.JoVUTR.J \LLI., UVVIAHPFUU, A3 | l3 ALY llcl.l}, 1.7 \lll, UL, J = 1%.V, *T.J .llL, \/113 A )
ML rr AY 1 &7 71171 P Ty __ 1 N "N LY. MIY LT ET N 1 072 711¥ P [ ) 8 1A N '-rn I¥_ IY MIY ITr N Y £
\A’laxﬂeq), 1 {10, aq, v = 14.U, /.U nz, Uns-Crngj, 1.95 (10, 4q, J = 14.0, 7.0 iz, Ch;-Crizfp), 2.62

. 4
(1H, dd, J = 12.5, 4.0 Hz, BzO-CH- CHaxHeq), 2.60-2.69 (1H, m, NH-C-CH), 2.77 (1H, br t, J/ = 12.5 Hz,
BzO-CH-CHgxHegq), 3.59 (1H, br t, J = 8.0 Hz, -O-CH,Hg), 4.01 (1H, ddd, J = 9.5, 8.5, 5.5 Hz, -O-CH),
4.09 (1H, dd, J = 7.5, 5.5 Hz, -O-CH,Hp), 4.27 (1H, dd, J = 14.5, 5.5 Hz, Ph-CH Hp), 4.34 (1H, dd, J =
14.5, 5.5 Hz, Ph-CH s Hp), 4.43 (1H, br t, J = 5.5 Hz, Bn-NH), 491 (1H, dd, J = 12.0, 4.0 Hz, BzO-CH),
5.31 (IH, br s, -C-NH), 7.21-7.35 (5H, m, aromatic), 7.40-7.48 (2H, m, aromatic), 7.53-7.60 (1H, m,
aromatic), 8.01-8.06 (2H, m, aromatic). 13C NMR (75 MHz, CDCl») 5 8.1, 25.0, 25.9, 26.4, 26.7, 32.9, 37.0,
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42.1,44.4,58.7, 69.7, 69.8, 74.6, 76.6, 109.2, 127.2, 127.4, 128.4, 128.6, 129.7, 130.0, 133.1, 139.3, 158.0,
165.9. Anal. Calcd for Co9H1gN,Og: C, 68.21; H,7.50; N, 5.49. Found: C, 68.22; H, 7.63; N, 5.48.

Syntheses of benzylcarbodiimide 18 and dibenzylguanidine hydrochleride 19: To a ice-cold solution of
CBr4 (399 mg, 1.02 mmol) in dry CH,Cl; (3.0 mL) was added Ph3P (268 mg, 1.02 mmol). After dissolving
the Ph3P, the mixture was immediately added to a solution of the urea 17 (116 mg, 0.227 mmol, dried by
azeotropic removal of water with benzene) in dry CH;Cl; (3.0 mL) and Et3N (0.32 mL, 2.3 mmol) via
cannula tubing. The mixture was stirred at rt for 20 min and concentrated. The residue was purified by
column chromatography (silica gel 8g, ether/hexane = 1:2 — 3:1) to give carbodiimide 18 (96 mg) as an oil.
TR (KBr) vinax 3503, 2980, 2938, 2124 (N=C=N), 1717, 1456, 1273, 1114, 1056 cm- 1, IH NMR (300 MHz,

W, £720,

CDCl3) 8 0.96 (3H,t, J = 7.0 Hz, CH,-CH3), 1.15 (1H, dq, J = 14.0, 7.0 Hz, CH;-CH4Hpg), 1.25 (3H, s,
CHNY 1A ¢ CHY 1138510 Ad 7140 120H, OH__C.CH W Y 142(2H ¢ O 18271 da
LAL3), 1.0FIKL, O, A1), 1.09 (101, UU, 0 = 17U, 10.U L, L= Uiigylieqg), 12593 \JIL, 5, LL13), 1.J0 (113, Uy,
' 14 N TN TY_ MYTY Fant & § ) & Y 1. 01 711Y 11 T 1A N AN Tr_ el 8} r Iy 1t OA 717¥F L . . } 4 1M N
J =14.0, 7.0 bz, Cri3-CHatip), 1.81 (1IH, aq, J = 14.0, 4.0 0z, CHy-C-CHaxd1eg), 1.84 (10, 011,/ = 12.0

Hz, BzO-CH -CHaxHeq) 1.97 (1H, dd, J = 12.0, 4.0 Hz, BzO-CH- CHaxHeq), 2.39 (1H, dt, / = 13.0, 4.0 Hz,
N-C-CH), 3.58 (1H, t, J = 8.0 Hz, -O-CHHp), 3.86 (1H, dd, J = 8.0, 6.0 Hz, -O-CHpHp), 4.30-4.41 (1H, m,
-O-CH), 4.35 (2H, s, Ph-CH>), 4.70 (1H, dd, J = 11.5, 4.0 Hz, BzO-CH), 7.15-7.21 (1H, m, aromatic), 7.24-
7.33 (4H, m, aromatic), 7.46-7.53 (2H, m, aromatic), 7.59-7.65 (1H, m, aromatic), 8.03-8.07 (2H, m,
aromatic). 13C NMR (75 MHz, CDCls) § 7.3, 24.6, 24.8, 26.2, 26.8, 33.9, 35.2, 44.4, 50.3, 61.5, 65.6, 69.8,
74.1,74.4, 107.3, 127.3, 127.5, 128.3, 128.4, 129.4, 129.6, 133.1, 138.4, 139.2, 165.5. To a solution of the

ca diimide 18 (96 mg) in DMF (5.0 mL) was added BnNH,-HCl (163 mg, 1.13 mmol), The mixture was

arpocunmuge 18 (Y0 mg) < nCl ng, mol). wag
lhantad at 1) °F far D h urith vigarang gtirring  Aftar nanling tn vt tha maivhiira ag Aananchad wath o ater and
Aeated al 1vu U I0T < 11 Wiin VIEoIous SlifTing. Ailer COOung 10 1, ine miXiure was gquencnea with water and

the resulting solution was extracted with CH;Cl, (x3). The combined organic layer was washed with water,
brine, dried over anhydrous Na»S0y4, and evaporated under reduced pressure. The residue was purified by
column chromatography (silica gel 5 g, AcOEt/MeOH = 9:1 — 7:3) to give 19 (197 mg, 71% in 2 steps) as a
syrup. [a]p26 -8.1 (¢ 0.44, CHCI3). IR (KBr) vy 3313, 3258, 2981, 2935, 1717, 1621, 1454, 1381, 1373,
1352, 1316, 1274, 1215, 1179, 1159, 1115, 1070, 1027 cm-!. TH NMR (300 MHz, CDCl3) § 0.78 3H, t,J =
7.0 Hz, CH,-CHj3), 0.87 (3H, s, CHj3), 1.09 (3H, s, CHj3), 1.19 (1H, br t, J = 13.0 Hz, CH3-C-CH g Heg), 1.27
(3H, s, CHj), 1.51-1.61 (2H, m, CH3-C-CHaxHeq & CH3-CH Hp), 1.74-1.89 (2H, m, BzO-CH-CHaxHegy &

CH;-CH, Hp), 2.42 (1H, br t, J = 12.0 Hz, BzO-CH-CH_,} {q) 2.65-2.76 (1H, m, NH-C-CH), 3.57 (1H, br t,
J=80H: -O-CH,H.) 376-386 (1H m. -O-CH) 3197 (1H. dd. J=75.55 Hz -O-CH. H.\ 4 60-4 84
J = 8.0 Hz, -O-CH,Hp), 3.76-3.86 (1H, m, -O-CH), 3.97 (1H, dd, J S5, 5.5 Hz, -O-CH, Hp), 4.60-4.8

AL he DL ML . N AKLS (1T AAd F —-— 110 A& 1T RN NI £ 10 71 L NI "7 1277 DA 7£ET en
(11, Of, rii-V2ip X &), 4.05 (111, GG, v = 11V, 4.0 11Z, pZu-ui1), J.10 (10, UL 8, INf1), /.13-7.£% {00, ili,
aromatic), 7.43-7.53 (6H, m, aromatic), 7.57-7.64 (1H, m, aromatic, 8.15-8.20 (2H, m, aromatic), 8.47 (1H,

br s, NH). 13C NMR (75 MHz, CDCl3) 6 7.4, 25.6, 25.7, 25.8, 25.9, 31.7, 37.3, 41.7, 458, 60.0, 69.4, 69.6,
74.0,76.0, 109.4, 128.1, 128.3, 128.5, 128.9, 129.8, 130.0, 133.3, 136.4, 153.6, 166.1. HRMS (FAB) Calcd
for C34H.603N5 (M+H) 600.3437. Found: 600.3432.

Cuvnthocic nf svolic ouanidinag hvdranhlarida MY Tah o ecnalittion of 10 (A1 ma D NEA mmal) in MaNII 71 9
Y IRLIEUIAD UR DJ‘vll‘. SUGKIIVIIIN 1R Y UL ULVILIUL IUG L. Ty asuvliullvil Ul 27 (f1l 11,15 V.UV § ullul} 1 IVIUAZIR 1.4
T A S B LT MY A TN 13 _1'TTITA 7% £ __ T A Lo al PURN Y4 YT A R Y-S5 WS N 1

HIL,) 4lld M2V (V.4 111 ] Wds dUUcd 1A (1.0 L), ACT SUITINE 4L 0U L 10T 1.0 4, ine IIllX{urE was COOIE:(] to

rt, diluted with benzene, and evaporated under reduced pressure. The residue (diol) was dissolved in MeOH
(1.6 mL) and H,O (1.6 mL), and NalO4 (20 mg, 0.094 mmol) was added. After stirring at rt for 3 h, the
mixture was diluted with water. The resulting solution was extracted with AcOEt (x3). The combined
organic layer was washed with sat. NH4Cl solution (x2) and brine (x2), dried over anhydrous Na;SQy, and
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arrarmaeat = padiisa nraggiira A a wag nurifia 7 tArAE & o
Eyapoiian I I€Gule pressurc. 10¢ ¥t uc was puriiic Yy picpar “ U IviC 1
QI 4~ civze MY AA e L£QOL e ) ctamo) oo an ~il ~Y 26 SO /-N1E£ MOy TD (D . 1704 2IAKL
0:4) 1O BIVC LU (&4 ITIE, OO0 111 £ SICPS) as dil Ol Up~~ -97 (C V.10, L), iR (NDT) Vpax 3304, 3440,

-

3065, 3034, 2973, 2942, 1717, 1612, 1584, 1455, 1316, 1273, 1179, 1111, 1073, 1027 cmr'!. 'H NMR (300
MHz, CDCl3) 8 049 (3H, brt, J = 7.5 Hz, CH,-CHj;), 0.89-1.13 (1H, m, CH;-CH Hp), 1.29 (3H, s, C-
CHj;), 1.34 (1H, br t, J = 13.5 Hz, CH3-C-CHgHeq), 1.39-1.52 (1H, m, CH3-CHzHp), 2.19-2.37 (3H,
overlapped, CH;-C-CHaxHeq, & BzO-CH-CH3), 2.68-2.80 (1H, m, NH-C-CH), 4.38 (1H, d, J = 9.5 Hz,
HO-CH-N), 448 (1H, br d, J = 15.0 Hz, Ph-CHHg), 4.74 (1H, d, J = 15.0 Hz, Ph-CH Hpg), 4.74-4.83 (1H,
overlapped, BzO-CH), 4.99 (1H, br d, J = 15.0 Hz, Ph-CHAHB), 5.14 (1H, d, J = 15.0 Hz, Ph-CH, Hp),

7.12-7.33 (10H, m, aromatic), 7.35-7.42 (2H, m, aromatic), 7.50-7.58 (1H, m, aroma

SNy

exchangeable with D,0), 8.06-8.12 (2H, m, aromatic). 13C NMR (75 MH
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Syntheses of benzyl carbodiimide 18
(8.

mmol) was dissolved in dry CH;Clj is solution was added PhsP (712 mg,
2.71 mmol). The resulting solution was ..d.le_l to a solution of the urea 17 (308 mg, 0.603 mmol) and Et3N
(0.84 ml., 6.0 mmol) in dry CH,Cl; (8.0 mL) via cannula tubing. After stirring at rt for 20 min, the mixture
was concentrated. The residue was purified by column chromatography (silica gel 25 g, ether/hexane = 1:2

— 3:1) to give carbodiimide 18 (249 mg) as an oil. This product was enough pure for the next reaction. A
suspension of the carbodiimide 18 (249 mg) and NH4Cl (323 mg, 6.04 mmol) in DMF (12 mL) was heated
at 100 °C for 18 h with vigorous stirring. After cooling to rt, the mixture was quenched with water, and the
resulting solution was extracted with CH>Cly (x3). The combined organic layer was washed with sat.
NH4Cl solution (x3) and brine (x2) dried over anhydrous NaySO4, and evaporated under reduced pressure.
The residue was purified by column chromatography (silica gel 16 g, AcOEt - AcOEt/MeOH = 9:1) to give
21 (197 mg, 60% in 2 steps) as a syrup. [at]p27 -21.3 (¢ 1.65, CHCl3). IR (KBr) vpax 3310, 3188, 2982,

2036 1717 16584 16729 148727 1373 1316 1274 1921 1159 1118 1070 ecm-1 1TH NMR (300 H7

2936, /17, 1604, 1649, 1453, 13/3, 1310, 12/4, 1217, 1109, 1115, 10/0 Cm H NMK (300 MHz,
CNCILAYSN01MAH hrt T=70H7 CH..CH.A 1201 20 (1H averlanned CCH..C.CH H_\ 127 (3H ¢
\.'LlLalj} U V. /L \(JL1k,y, UL Ly J = [V 114, \'1].2 \4‘[3}, Li&a\JT 1.V 121, UV\/llulJl.IU\.l, \.—\.'113 N \/‘la_xlleq}, A odm { \Jll, Sy
Iy 1T AN MY L MIT N 1T AN LT L IT N 1 &£ 711F 1.1 T _1AN A & ¥T.. MY el e | Ir N1 £A 1T TA 1LY
CH;), 1.29 0GR, 8, Ciy), 1.50 (5N, 8, C3), 1,06 (10, dd, /= 14.0, 4.5 Hz, CH3-C-Chgxileg), 1.064-1.74 (11,
m, CH;-CH4Hp), 1.83 (1H, dq, J = 14.0, 7.0 Hz, CH;-CHHjp), 2.14 (1H, dd, J = 13.0, 4.5 Hz, BzO-CH-

CHaxHeg), 2.37 (1H, br t, J = 12.5 Hz, B2O-CH-CH g,Heq), 2.59-2.70 (1H, m, NH-C-CH), 3.66 (1H, brt, J =
7.5 Hz, -O-CH4Hp), 3.93-4.03 (1H, m, -O-CH), 4.06 (1H, dd, J = 7.5, 5.5 Hz, -O-CH Hp), 4.36 (1H, br dd,
J=15.0, 5.5 Hz, Ph-CH,Hg), 4.44 (1H, br dd, J = 15.0, 5.5 Hz, Ph-CH ,Hp), 4.73 (1H, dd, J = 11.5, 4.5 Hz,
BzO-CH), 7.27-7.39 (SH, m, aromatic), 7.41-7.48 (2H, m, aromatic), 7.54-7.61 (1H, m, aromatic), 8.07-8.12
(2H, m, aromatic), 8.72 (1H, br s, NH). 13C NMR (75 MHz, CDCl3) 5 7.5, 25.5, 25.6, 25.7, 26.2, 31.7, 36.7,
41.1,454,59.9, 69.0, 69.6, 73.9, 75.5, 109.3, 127.2, 128.2, 128 .3, 128 4, 129.1, 12, 6, 129.9, 133.2, 1356,
155.8, 166.1. HRMS (FAB) Calcd for CyoHynO3N5 (M+H) 510.2968. Found: 510.2

Syntheses of acetylguanidine 23 and 24. To a solution of 21 (197 mg, 0.36 mmol) in MeOH (6.0 mL) and
H,0 (2.0 mL) was added TFA (8.0 mL). After stirring at 60 "C for 2 h, the mixture was diluted with
benzene, and evaporated under reduced pressure. The crude diol was dissolved in MeOH (8.0 mL) and H,0
(8.0 mL). To the mixture was added NalO4 (116 mg, 0.542 mmol). After stirring at rt for 3 h, the mixture
was quenched with HyO and extracted with AcOEt (x3). The i

vii A NS
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1 enlhitian (v)) dried aver anhvdranc a,SO) . o avannrated nn r rednced nrecenra The racidne
INAZ4% 1 SUIBLUVIL (RL ), UILU UVl Gy Uivus 1VaZeid, Al UV apUiaivid Miauud iVUuLeSU pluvosuis AR LUIIGWL
fernlin mvrnemediaa) cer Ao e d o kg B o L8 D T Y RAMNIT 7 D T\ nand VLI /MREN /& ama T o S armvs am o
(CYLLIC guailIULg ) Was UIDDUIVUU lll 1.['11 (V.0 ML), IVICUIT (2.0 1L}, &l UEI(VAVEC )3 (0.

at rt for 3 days, the mixture was concentrated. A solution of the crude product in pyridine (5.0 mL), Ac;0
(2.5 mL) and Et3N (0.1 mL) was stirred at rt for 3 days. The mixture was evaporated in vacuo. The residue
was dissolved in AcOEt. The solution was washed with water (x2), dried over anhydrous Na;SQOy, and
evaporated under reduced pressure. The residue was purified by column chromatography (silica gel 10g,
ether/hexane = 3:1 — 5:1 — ether only) to give 23 (79 mg, 41 % as an oil in 4 steps) and 24 (58 mg, 30 % as
an oil in 4 steps). 23: IR (KBr) v 3470, 3065, 3032, 2969, 2934, 2882, 2856, 1717, 1674, 1637, 1603,

1453, 1368, 1315, 1271, 1211, 1182, 1158, 1111 cm'!. 'H NMR (300 MHz, CDCl3) 5 1.02 (3H, br s, CH};),
1.28 (3H, s, CH;), 2.25 (6H, s, CO-CH; x 2), 2.41 (1H, dd, J = 12.0, 4.0 Hz), 3.46 (3H, s, -O-CHj), 4.70-

_., 11 hJ V4121145 vf 214 P43

5.54 (3H, br), 7.20-7.34 (5H, br, aromatic), 7.43-7,51 (2H, m, aromatic), 7.57-7.63 (1H, m, aromatic), 8.00-

Q NE MEF e mcmamn bl 137 AIAATDY 77& NATT .. < 0 Ty 18 1T MM & i) HEQ AT 2& 12 AN D (LN
o.Ua \Ll'l, lll dlUuld.llL) “’\, INIVEERN \ /0 IVID1L, LULI}} O 0./ (DI}, 1J.1, £2.2 (UL}, &J3.0, &1.4, J3IJ.0, YU.L (V1 )},

48.9 (br), 58.6, 65.8, 69.4, 70.5 (br), 74.7 (br), 87.9 (br), 127.4, 127.9, 128.2, 128.5, 129.3, 129.5, 129.7,
129.9, 133.3, 165.7, 170.7, 172.3. HRMS (FAB) Calcd for C3gH35N;0¢ (M+H) 536.2760. Found: 536.2764.
24: IR (KBr) vpa 3436, 3066, 3033, 2965, 2928, 2855, 1718, 1682, 1637, 1603, 1577, 1453, 1374, 1316,
1273, 1215, 1109 cm-!, H NMR (300 MHz, CDCl3) 3 1.04 (3H, t, J = 7.0 Hz, CH,-CH};), 1.30 3H, s, C-
CHj), 1.22-1.33 (1H, overlapped, CH3-CHaHp)1.55 (1H, brt, J = 13.0 Hz, CH;-C-CHg,Heg), 1.71 (1H, dq,

14.0, 7.0 Hz, CH3-CH,Hp), 1.89 (1H, br t, J = 12.0 Hz, BzO-CH-CH yHeg), 2.06 (1H, dd, J = 13.5, 3.5
.10 (3H, s, -CO-CH}), 2.14-2.24 (1H, m, NH-C-CH), 2.32 (3H, s, -CO-CH), 2.47

= 9.0 Hz, MeO—CH N), 7.20-7.33 (3H, m, aromatic), 7.40-7.50 (4H, m, aromatic), 7.56-7.63 ( H, m,

aromatic), 8.02-8.08 (2ZH, m, aromatic). 13C NMR (75 MHz, CDCl,) 8 8.4,20.1, 23.9, 24.1,27.0, 3

44.1,49.5, 58.0, 58.8,70.1, 74.8, 87.4, 127.5, 128.3, 128.5, 128.8, 129.6, 129.8, 133.3, 136.6, 146.
170.5, 171.3. HRMS (FAB) Calcd for C3yH35N30¢ (M+H) 536.2760. Found: 536.2758.
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degassed and filled with H; gas. After being stirred at rt for 4 days under Hy atmosphere, the mixture was
filtered through the pad of Super-Cel. The filtrate was diluted with toluene and concentrated under reduced
pressure. The residue was re-dissolved in AcOEt. The solution was washed with brine, dried over
anhydrous Na3SOy4, and evaporated under reduced pressure. The residue was purified by column
chromatography (silica gel 6g, AcOEt —» AcOEt/Me¢OH = 20:1 — 9:1) to give 3a (50 mg, quant.) as a syrup.
[alp?? -97 (¢ 0.24, CH;0H). IR (KBr) vimax 3369, 3249, 3067, 2972, 2932, 1718, 1668, 1603, 1453, 1375,

ot
[ S I
[
Rel
W

1318, 1273, 1187, 1112, 1093, 1074, 1062, 1026 cm™!. 'H NMR (300 MHz, CDCl3) 5 1.05 3H, t, J = 7.0
Hz, CH,-CH;), 1.32 (3H, s, C-CH3), (.71 (1H, dq, J = 14.0, 7.0 Hz, CH;-CH,Hg), 1.78-1.93 (3H,
overlapped, BzO-CH-CHgHeq & CH3-C-CHaHog), 2.02 (1H, dq, J = 14.0, 7.0 Hz, CH;-CH\Hyp), 2.08
(3H, s, CO-CH,), 2.20 (1H 2, B2O-CH-CHyxHeg), 2.49 (1H, br di, J = 11.0, 4.0 Hz, NH-

aTa WA ) % | 7T .11 &£ A(\'l I
.Zuiin, aq, J = 11.5, 4.U nZ, bZu-
. Hz, M -

,-0-CHj;), 444 (iH,d, J=4.0 MeQO-CH-N), 491 (1H, dd, J=11.5,4.0 H
, aromatic), 7.57-7.64 (1H, m, aromatic), 8.01-8.07 (2H, m, aromatic). 13C NM
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MHz, CD;0D) 6 8.7, 25.4, 25.9, 27.3, 35.0, 37.2, 41.0, 57.3, 57.8, 71.9, 76.2, 85.0, 130.5, 131.7, 132.1,
135.4, 153.2, 168.4, 177.3. HR-MS (FAB) Calcd for Cy;H;oN;05 (M+H) 404.2185. Found: 404.2184.

Synthesis of cyclic guanidine hydrochloride 3b. To a solution of 24 (73 mg, 0.14 mmol) in Ac;0 (3.0
mL) and Et3N (0.1 mL) was added Pd(OH);-C (Pearlman's catalyst, 75 mg). The reaction vessel was
degassed and filled with H; gas. After stirring at rt for 2 weeks under 1 atm of Hy atmosphere, the mixture
was filtered through the pad of Super-Cel. The filtrate was diluted with toluene and concentrated under
reduced pressure. The residue was re-dissolved in AcOEt. The solution was washed with brine, dried over
anhydrous NapSOy4, and evaporated under reduced pressure. The residue was purified by column
chromatography (silica gel 5g, AcOEt - AcOEt/MeOH = 20:1 — 9:1) to give 3b (54 mg, 90%) as a syrup.
[a]p26 -8.3 (¢ 0.29, CH;0H). IR (KBr) vyax 3352, 3220, 3069, 2972, 2940, 1717, 1664, 1600, 1452, 1375,

1217 17271 1180 1119 10RO 1088 1076 crm-! 1T NMBR 200 MU NV S 10S 2T ¢ FT—70 W,
191414 1&alJ2y, 110V, 1114, IVO7, 1VIJ, 1ULU LI LL LNLIVLIN \JUV LViiid, \IU\.—IJ} Q 1. VJ \I11, Ly, J =~ .\ 1R,
NIT MIF v 1721 I’)[I o 9 MNIT Y 1 A2 F1LY Lo+ = 12 & 1T, MY M MI17 Y 1 AD F1IT A~ ¥ _ 1tAN T O
CUHp-Ur13), 1.01 (311, 8, U-Uiaz), 1.45 (10, O i, v = 15.0 NZ, Lny-U-UligyHeg), 1.4 (111, 44, v = 14.U, /.U
T ~IF OET ~ T z7 y ~ ~ 1T

J

Hz, CH;-CH Hp), 1.73 (1H, dq, J = 14.0, 7.0 Hz, CH;3-CHHp), 1.95 (1H, br t, J = 12.0 Hz, BzO-C
CHaxHeq), 2.07 (3H, s, CO-CH};), 2.09 (1H, dd, J = 13.5, 3.5 Hz, CH3-C-CHaxHeq), 2.17 (1H, dd, J = 12.0,
4.0 Hz, BzO-CH-CHaxH,y), 2.41 (1H, ddd, J = 12.5, 9.5, 3.5 Hz, NH-C-CH), 3.42 (3H, s, -O-CHj;), 4.47
(1H, d, J = 9.5 Hz, MeO-CH-N), 492 (1H, dd, J = 11.5, 4.0 Hz, BzO-CH), 7.43-7.51 (2H, m, aromatic),
7.57-7.64 (1H, m, aromatic), 8.02-8.08 (2H, m, aromatic). 13C NMR (75 MHz, CD;0D) § 8.1, 24.5, 25.5,
27.2,33.7,37.4,42.0,57.1, 57.7,71.6, 76.3, 86.0, 130.5, 131.7, 132.0, 135.4, 153.7, 168.5, 177.6. HR-MS
(FAB) Calcd for C,,H,,N,O< (M+H) 404.2185. Found: 404.2178.
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conditions would not be compatible with a variety of functional groups of tetrod
Johnstone, R. A. W,; Wilby, A. H. Chem. Rev. 1985, 85, 129-170.

For other example: Hong, C. Y.; Kishi, Y. J. Am. Chem. Soc. 1991, 113, 9693-9694.

Alternatively, the benzylguanidine hydrochloride 8 was oxidized with RuQ4242 to give a mixture of
di-benzoylguanidine i and monobenzoylguanidine ii. Deprotection of one benzoyl group of i
proceeded to give ii, while further debenzoylation of ii did not readily give the corresponding
guanidinium compound under acidic or alkaline conditions. For the oxidation with RuQy, see: (a)
Carisen, P. H; Katsuki, T.; Martin, V. S,; Sharpless, K. B. J. Org. Chem. 1981, 46, 3936-3938.

Lo2 8 2,0 alpl

H H
H H '
AN N RuO,, NalO, /\LNYN /\lz \(NHz

k k NHBn CCI4,CHSCN, H,0 k‘\k II\;BZU * L I\ NBz

8 1(43%) n (40%)

Isobe, M.; Yamamoto, N.; Nishikawa, T. In Levoglucosenone and Levoglucosans, Chemistry and
Applications. Witczak, Z. J. Ed.; ATL PRESS, pp. 99-118, 1994,

Nishikawa, T.; Asai, M.; Ohyabu, N.; Isobe, M. J. Org. Chem. 1998, 63, 188-192.

The by-product was tetraol iii as a single stereoisomer (18%) whose stereochemistry (*) was not
determined.

L]
Other conditions (in 2-propanol or Yb(OTf); in CH,Cl») also yielded the product, but the reactions
were very siow.,
Yasumoto, T.; Yotsu, M.; Murata, M.; Naoki, H. J. Am. Chem. Soc. 1988, 110, 2344-2345.
The structure was iv, which was hydrogenated to give guanidinium compound v having no aminal

moiety found in tetrodotoxin.
6.60 ppm (br s)
\

R H
N H N._NR, N___NHAc
fl ]
Ac,0, EtN, Py. | NH  Ha/Pd(OH),-C ONH of
22 —_— o, — » “00r,
I Ac,0-EtgN |
Me 1 ] Me Me % Y Me
OH,B; OFba;
v

iv Ry=Bn Ry=Ac
Ry =Ac, Ry =Bn

The ratios of a to B methoxy-group configuration in 23 and 24 were determined by the integration
values of the methoxy peaks (chemical shift of MeO in 23: major 3.55 ppm, minor 3.46 ppm.
chemical shift of MeO in 24: major 3.67 ppm, minor 3.52 ppm) in the 'H NMR spectrum. These
ratios were comparable to those of the debenzylated products 3a and 3b.



