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Summay. The products 1 and, 2 (X =*: OTs) have been isolated from the reaction between 
hexamethylphosphortriamide and p-tolucne sulfcmic anhydride and the latter converted into 
~-oxo-bis-[~ris-(dimcthylamino)-phosphonium]-bis-tetrafluoroborate 2 (X = BF,). This is a 
practical reagent for thc formation of the peptidc link. Where racehisation is possible via 
oxazolone formation this can ‘be decreased by the addition of 1-hyrlroxybenzotriazolc or N-hydro- 
xyauccinimide. These additives may also increase tho cfficicncy of condensation at glycine and 
proline residues. 

Some years ago, two of us published data, together with another author r11, 
purporting to substantiate Schewe 7 (1 3 2 + 3 + 4) for peptide synthesis. In sub- 
sequent studies there emerged serious defects in the experimental work on which 

Scheme I 

-F + +  + (MezN),P. (Me,N),P--O-P(NMc,), 
2 x -  

2 

4- 

(Me,N),Y = 0 1 

1 R-COO- 1 R-COO- 

6 3 

’I R‘-NHz 
R’-NH, 

R-COO- 
v + 

RXO-NU-R’- + . R-CO-0-CO-R 
R’-NH--S09+e - R’-NH, 

7 4 6 

these conclusions were based 121. The first disquieting feature was the amount of 
N-$-toluene sulfnnyl derivative 7 of the amine R”H, isolated as a by-product using 
this method. This could readily be explained by incomplete formation of 2 (X = OTs) 
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resulting in reaction of RCOO- with 1 (X -. 0'1s) to give the unsymmetrical an- 
hydride 6 which could afford both the desired aniide 4 and the N-#-toluene sulfonyl 
derivative 7 by nucleophilic attack of K'-NH,. Secondly, the claims concerning low 
racemisation during coupling could not bc substantiated. 

In a complete reinvestigation of the matter 131 we have indeed isolated thc 
postulated intermediates 1 (X = OTs) and 2 (X = OTs), although the reaction coh- 
ditions had to be more vigorous than those reported earlier, Moreover, we wish to 
report the preparation of a new crystalline rcagent I )  p-om-bis-( tris-(dimethyl- 
amino)-phosphoniuml-bis-tetrafluoroborate 2 (X = RF,). 

Addition of $-toluene sulf onic anhydride to hcxamcthy~phosphortriamide 
(HMPT) at 20" afforded a new crystalline precipitate within 5-20 minutes under 
anhydrous conditions. This proved to be salt 1 (X -. OTs), m.p. 76-78', which is 
exceedingly sensitive to moisture. Because of this, 1 (X = OTs) is not normally 
isolated but rather converted irz sit# by further reaction with HMPT at 55' for 3 11 
into the desired intermediate 2 (X = OTs), m y .  115-117". During this latter process 
dissolution of the first precipitate of 1 (X = OTs) was followed by crystallisation of 
2 (X = OTs). In order to circumvent the problems associated with the hygroscopic 
nature of 1 (X = OTs) and 2 (X = OTs), the anion was exchanged for I3147 by reac- 
tion of these salts with NaBF4 in acetonitrile, affording p-toluene sulfonyl-[tris(di- 
methylamino)-phosphoniuml-tetrafluoroborate 1 (X -= BF4), m. y. 115-120" and 
~-oxo-bis-~tris-(dithylamino)-phosphanium~-bis-tetrafluoroborate 2 (X = BF4), 
m. p. 194-204", respectively having satisfactory analytical and NMR. data (Table 1). 
The double decomposition leading to 1 (X = BF,) and 2 (X = BF,) was possible be- 
cause of the insolubility of sodium #-toluenesulfonate relative to &BE', in ace- 
tonitrile. 

I 

Table 1. N M R .  duia of NM PT derivalaves 

,lP-NMR. ("-noise- 'H-NMR. b) 
decouplcd) s) 

(Me,N), P 5= 0 - 24.7 

( M ~ ~ N ) , ~ - s o ~ ~ M ~  - 33.6 

BF,- 

+ +  
(Me,N),P-O-P(NMe,), - 29.6 
2BF4- 

+ 
(Me,N)&O-P(O) ( N M C ~ ) ~ F )  - 27.0 

Ph,B- - 10.2 

2.57 (Me-N, d, J = 9 Hz) 

2.77 (Me-N, 18 H, d, J = 11 HI) 

2.42 (Me-Ar, 3 H. s) 
7.70 (H-Ar, 4 H) 
2.83 (Me-N, J = 11 H L ) ~ )  

2.53 (Me-N, UH, d, J = 10.7 Hz) 
2.37 (Me-N, 18H, d, J = 10.8 Hz) 

*) Spectra measured in CH,CN/CD,CN, signals id pprn relative to 11,PO, external rcferenoc. 
b) CD,CN solution, signals in pprn relative t o  Mc,Si standard. 
C) Data from Macchia et d. [4] using CnCl, solutions. 
*) Due to 

and is thus not a simple doublet. 
coupling thc Me splitting bccornes charactc:riutic of an X,AA'Xk system r131 

1) Marketed by FhRa AG. as Bates' Rcagent (11595). 

44 
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Bates’ reagent 2 (X = BF4) is a white crystalline solid which is insoluble in Et20, 
EtOAc, THF, CH,C4, and CHC1, but soluble in MeCN, DMF and somewhat less 
soluble in HMPT. Although the reagent reacts with water it does not appear to be 
very hygroscopic, and it can be manipulated without the precautions required for 
the corresponding di-9-toluenesulfonate 2 (X = OTs). The reagent 2 (X = BFJ has 
been used in stepwise peptide synthesis in MeCN, DMF or HMPT as solvent at 
room temperature, using 2 (X = BF,), N-methylmorpholine (NMM), 2, BOC- or 
Bpoc-amino acid and amino component in the molar ratios 1.5 : 2 : 1 : 1. The protected 
pentapeptides 8 and 9 were conveniently synthesiscd in this way. 

Bpoc--Scr(l3u~)-Thr(Bu~)-Asp(OEu~)-Tyr(Bu~)-G~y4Ph 
8 

Z-Ala-Leu-Nva-Sor(But)-Gly-OPh 
9 

According to Scheme 1 the activated carboxylic acid derivative involved in amide 
formation could be either the acyloxyphosphonium salt 3 (X = BF,) or the sym- 
metrical anhydride 5. However, in spite of considerable efforts using alP-NMR., no 
evidence could be obtained for the intermediacy of 3 (X = BF,) in the nucleophilic 
attack by R-NH,. A low temperature alP-NMR. study of the reaction of Bates’ 
reagent 2 (X = BF,) with Z-C;ly-OH in the presence of NMM in DMF showed no 
apparent reaction at -No, but at +3” HMYT was liberated over 1.5 h. There was 
no evidence for another phosphorus-containing species such as 3 (X = BFJ, In order 
to probe this more deeply, Cl-W] and [2-18C]-Z-G1y-OH were used to give the added 
dimension of 1aC-slP spin-spin coupling in the scarch for activated carboxyl inter- 
mediates. After 11 minutes signals were observed which could be assigned to the 
symmetrical anhydride lo8). This was checked by comparison with authentic 
material prepared from the appropriately labelled ZCXy-OH and DCCI [5], After 
48 hours the symmetrical anhydride 10 was found to have rearranged partly to 
N, N’-bis(benzy1oxycarbonyl)-glycylglycine 11, which was identified by comparison 
with authentic material produced on refluxing 10 in benzene [6].  

Z-NH-CH~-CO-N(Z)-CH~4OOH 
11 

Thus, although acyloxyphosphonium salts of the type 3 have been postulated as 
active intermediates in amide formation using a variety of phosphorus compounds 
[fl 181, there is no conclusive evidence to support this. I t  must be admitted, however, 
that anhydride formation using Bates’ reagcnt 2 (X = BF,) itz the absence of the 
nucleophile R-NH, does not exclude participation of the fugitive acyloxyphos- 
phonium salt 3 (X = BF,) in the presence of R‘-NH,, which is a better nucleophile 

When Bates’ reagent was employed in the I z ~ m i y a  test C9] (ZGly-Ala-OH += 

Z-Gly-Ala-Leu-OBzI) it was found that the degree of racemisation varied according 
to the strength of the base used [Et,N (43%), NMM (16%), poly Hiiltig base (9%)]. 
This strongly suggested the intermediacy of the oxazolone 12 as being responsible 

9) Cmtro & Domoy (7) have also preparcd anhydrides by analogous use of phosphoniurn salts. 

than R-COO-. 

-- 
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for racemisation. Treatment of Z-Gly-Ala-OH in MeCN with Bates’ reagent followed 
by 0.5 equivalents of Amberlyst A21, a weakly basic macroreticular anion exchange 
resin, gave IR. evidence (1832 cm-1) for 12, In DCCI coupling reactions this sourcc 
of racemisation has been drastically reduced by the addition of N-hydroxysuccinimide 
(HONSu) [lo] or 1-hydroxybenzotriazole (HOBt) [ll], which rapidly form activated 
esters of the carboxyl component not prone to racemisation or side reactions to 
which oxazolones are susceptible. Addition of HORt to the Ixzcmiya test involving 
Bates’ reagent brought about a’marked reduction in racemisation [NMM (3%), paly 
H W i g  base (1731 due to the participation of 13. 

a 
Z-NH-CH,- -CO-NH--CH(Mc)-C=O 

0- A 
I 

12 

In our current programme involving the synthesis of an analogue of lysozyme 
we have tested Bates’ reagent + HONSu for fragmcnt couplings where racemisation 
is not a problem, in order to minimise deleterious side rcactions occasioned by the 
active 4-position of oxazolone intermediates. The method has been usad for cou- 
pling of fragments 14 + 15, 16 + 17, and 18 + 19, indicated3), and the results arc 
very favourable in comparison with established methods, particularly with respect 
to ease of purification of the products. The problem of removal of dicyclohexylurea 
from insoluble protected peptides is obviated by using Hates’ reagent. In the caw 
of the octapeptide Bpoc(l4 + 15)OPh the DCCI . I -  HOBt product required extensive 
purification, whereas Bates’ reagent alone afforded a product which could be isolated 
by crystallisation. 

Epoc--Om(Adoc)-Thr(Bu~)-Pro-Gly-OH H-Ser(Ru~)-Ala-Asn-Gly-OPh 
14 15 

Bpoc-Cys(Acm)-Asn-Ilc-Pro-OH HCys(Acm)-Ala-hla-Leu-Nva-Ser(Bu~)-~Gly--C)~h 
16 17 

Bpoc-Cys(Acm)-Asn-11-Pro-Cys(hcrn)-Ma-Ah--1 xu--Nva-Ser( But)--Gly-OH 
18 

H- Asp( OBue) -11-Thr (Bu*)-Ala-Scr I Bur) -V al-Gly-OPh 
19 

Experimental Part 
M.p. were dcterrnined using a K o j h  Block cxcept for salts 1 and 2, which were examined in 

sealed capillaries. IR. spectra were recorded on a Pye-Unimn SP. 200. NMR. spectra were ob- 
tained using Vurian Associates HA. 100 or XL. 100 instruments. 0ptic.al rotation mcasuremcnts 
were made on a Thorn Bmdix ETL-NPIp143A automatic potarirnctcr. Amino acid analyses wcre 
carried out by a Jcol JLC-SAH automatic analyscr with digital intcgrator unit. 

t *) The fragments used were synthesised by standard methods and have satisfactory analytica 
data. A full description of this work will be publishcd separately. 
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Gel filtration was carricd out using Sephadex ,LHZO swollen in distilled IIMF and monitorcd 
by LKB Uvicord UV (280 nm) and Thorn Besdix Automatic Polarimetcr 143D at 546 nm using 
a 2 mm x 28 rnm flow cell. 

Thin layer chromatograms (TLC.) were run on silica gel (Merch Kieselguhr G F  254) usually 
with the addition of starch (10% by wcight). Visualisation o f  the prt~tluct spots was achievcd by 
one of the followidg methwls: (i) UV. light (254 nm); (ii) ninhydrin 0.5% in butanol spray followed 
by heat: (iii) ffuorescamine 1% in acetonc spray followed by UV. light (360 nm); (iv) I* vapour; 
(v) C1,/CIOs followed by 1% w/v aqueous KI. 
l'hc fullowing solvcnt systems served as eluants : 
A) CHC13/MeOIi 19:l; .H) CHCI,/MeOH Y:1; C) CHCI,/McOH 3 : l ;  D) ClICl,/pr~OH 9:l; H) 
RuOH/HOAc-H,O 4: 1 : 5 upper phase; M) MeCN/H2C) 9 : 1 ; N) MeCOBEt/benzcne 1 : 1 ; R) MeCO,Et/ 
bcnzenc 2 : 1. 

1. p- l'o2uenesu2fonyl-[tris-(dimethylamino-)phusphonizlm]tetra~~oroborate (1. X = BlJ,). p-Tolu- 
ene sulfonic acid anhydride') (7.8 g, 24 mmoJ) was dissolved in l i M P T  (24 ml) and stirred at room 
tempcrature. After about 5 min the rcaction mixture became cloudy and the p-toluene sulfonatc 
1 (X = OTs) precipitated slowly. Aftcr a f u r t h r  15 min the solid was filtered off (dry box, N, 
atmosphcre) and washcd with ether to give p-toluencsulfonyl[tris-(dimethylamino-)phospho- 
niurn]~-toluenesulfonate (1) (X = OTs), m.p. 76-78'. 

CmH,Na06PS, Calc. C 47.51 H 6.38 N 8.31% 
(505.6) Found ,, 47.41 ,, 6.75 ,, 7.95% 

Thc mono-p-tohcne sulfonate (4.43 g, 8.85 mmol) was dissolved in dry acetonitrile (25 ml) 
and NaBF, (0.962 ,q, 8.85 rnrnol) thcn addcd; the suspension was stjned vigorously for 16 h. The 
sodium p-toluene sulfonate was rcrnoved by filtration and dry cther was added to the Iiltrate 
to precipitate the monotetr~fluoroboratc 1 (X BF4) which was filtcrcd off and washcd with 
ethcr (dry box, N, atrnospherc) to give p-toluene sulfonyl- [tria(dimcthylamino)-phosphoniuml- 
tetra€luorol>orate (1) (X = HF4), m.p. 115--120°. 

&H,,BFdN,OSPS C&. C 37.07 11 5.98 B 2.57 F 18.04. 
(421.2) N9.98 011.40 P7.35 S7.61% 

Founds) C 36.70 H 5.83 N 967% 
C 37.06 H 6.03 N 9.35 0 11.22% (0-% by difference) 
B2.61 E 18.01 P7.40 S7.72% 

2. ~-Oxo-Ms-[ t~is-(dime~hy2avni~o-)phuspho~~~~]l is-fetraf lz loroborak (2) (X = BF,). $-Toluene 
sulfonic anhydride (35 g, 0,ll mol) was dissolved in HMPT (150 ml) and stirred at room tem- 
perature. Precipitation of thc mono-p-toluenc sulfonate 1 (X = OTs) commenced after several 
minutes. The rcaction mixture was stirred at room tempcrature for 1.5 h and thcn at 5 5 O  for 3 h 
during which time conversion to the bis-+-tolucne sulfonate was obscrved. After 16 h at room 
tcmperaturc the reaction mixturc was cooled to -30" for 3 h, then iiltcred (dry box, N, 
atmospherc) to give p-oxo-bis-[tris-(dimethylamino-)phosph~nium]-bis-~toluene sulfonatc (2) 
(X -- 01's) as a hygroscopic solid (44.3 g, 60%), m.p. 115-117'. 

C,H,N&,PSSS WC. C 45.60 H 7.36 N 12.27% 
(684.8) Found ,, 44.92 ,. 7.50 ,, 11.89% 

Thc bis-9-tolucne sulfonate 2 (X = OTs) (25.7 g, 36.5 mmol) in acetonitrile (125 ml) was 
trcated with NaBl;, (8.1 g, 73.0 mmol) and the suspcnsion vigorously stirred for 16 h. After 
filtration of the sodium p-toluene sulfc~nate, dry cther was addcd to thc filtrate t o  precipitate the 
product which was filtcrctl olf, washed with dry ethcr and dried to give p-axo-bis-[tris-(dimethyl- 
amino-)phosphonium]b~s-tetrafluoroboratc (2) (X = BF,) (15.2 g, SO%), m.p. 194-204". 
C;,H,B,F,N,OP,. Calc. C 27.93 H 7.03 B 4.19 P 29.45 N 16.29 0 3.10 P 12.01% 

,, 6, ,, 27.89 ,, 7.20 ,, 4.25 ,, 29.49 ,, 16.19 ,, 3.06*) ,, 11.92% 
,, 15.88 - - %  (516.1) Found ,, 27.73 .. 7.00 - - 

a) As diffcrence. 

4) 
5 )  

-.. .- .- 
Yreparcd by the method of Fidd [121 must be of good quality for this work. 
Analysis carricd out by Uornis & KoZbe, Mulbcim (liuhr). 
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3. Spthesis of Bpoc-Sev( Rut)- Thr(Bwt)-Asp(OBut) - Tyv( Uu*)-Gly-OPh (8). - 3.1. Z - Z y (  But)- 
Gly-OPh. Z-Tyr(But)-OH. DCHA salt (6.0 g, 11 mmol) was converted to  the corrcrrponding free 
acid by 20% citric acid. Extraction into ethyl acetate, drying and evaporation in vacuo yicldcil 
an oil (3.7 g, 10 mmol) which was dissolved in DMF (20 ml). Solutions of H&.IIGly-OPh (2.32 g, 
10 mmol) and Bafes' reagent (7.74 g, 15 mmal) cach in DMF (30 ml) werc added followcd by NMM 
(3.03 g, 30 mrnol). Aftcr 16 h the solvent was rcmoved in vaczco at 300. The rcsulting oil was 
partitioned between water and ethyl acetate and thc organic phasc washcd with 5% NaHC0,- 
solution, 10% citric acid solution, watcr arid brine. After drying (MgSO,) and cmprat ion of the 
solvent irr VIGUO, the product was purificd by precipitation frorn cthyl acctate by petroleum ether 
to give Z-Tyr(But)-Gly-OPh (3.48 g, 69%), m.p. 83 86", [& =: +10.2" (G = 1, CIJC1,); TLC. 
0.6 (N), 0.7 (A) 

CYH,,N20, (504.6) Calc. C 69.03 H 6.39 N 5 3 5 %  IQ.mnd C 68.95 H 6.46 N 5.33% 

3.2. Z-Asp(OBut)-Zjv(Bu*)-Gly-OPtr. A solution of 2-Tyr(Bnt)-Gly-OPh (2.83 g, 5.61 mniol) 
and p-toluene sulfonic acid monohydrate (1.07 g, 5.61 nimol) in J)Ml: (40 ml.) was hydrogenatccl 
in the presencc of Pd/C (10%) (280 mg) €or 6 h, then filtered through cclitc. 

Z-hsp(OBut)-OH (1.81 g, 5.61 mmol) and Bates' reagent (4.34 g, 8.4 mmol) in a minimum 
volume of DMF were added to  the above solution followocl by NMM (1.7 g, 168 rnrnol) and the 
reaction mixture stirred for 16 h at room temperaturc:. After the usual work-up the product was 
crystallised from ethyl acetatelhcxane to give Z-Asp(C)But)-Tyr(Hut)-Gly-OP~ (3.01 g, 80%), 
m.p. 125-127"; [CiJg = - 12.6" (c = 2, CHCI,); TLC. 0.8 (U), 0.5 (A),  0.6 (N). 

C,HUN,OB (675.8) Calc. C 65.76 H 6.71 N 6.22% Found C 6.5.75 H 6.76 N 6.30% 
3.3. Z-Thr(Bk)-Asp(0But)-Tyr(But)-G~y-O Ph. Thc fully protected tripeptidc (338 mg, 

0.5 mmol) described above, p-toluene sulfonic acid r~ionol~ytlrate (95 mg, 0.5 mmol) and Pd/C 
(10%) were hydrogenated for 5 h in DMF (5 ml). This reaction had to be monitored by TJX;. as a 
second product was observed if thc hydrogenolysis was prolonged. 

Filtration of the hydrogenation mixturc through cclitc gave a colourlcss solution to which 
was added Z-Thr(But)-OH (338 mg, 0.55 rnmol) and Bates' reagent (4.25 nig, 0.83 mmol) then 
NMM (166 mg, 1.65 mmol). After 16 h stirring at room tcnipcrature followed by the usual work-up, 
the pr.oduct was isdated and purified by crystallisation lrom cthyl acctatc/hexanc to give Z-Thr- 
(But)-Asp(OBut)-Tyr(But)-Gly-OPh (253 mg., 66%). m.p. 10G-107°; [a]g = - 4.7'' (c -2 1.5, 
CHCI,); I'LC. 0.6 (B), 0.5 (A), 0.6 (N). 
C,H,,,N,O1, (850.0) Calc. C 64.89 €1 7.26 N 6.73% Found C 64.77 H 7.27 N 6.66% 

3.4. s~oc-Sev(Rut) -T~v(Bt t ) -A s~(O~ut)-Tyv(uut)-G!-OPh (8). A solution of the above 
tetrapeptide (167 mg, 0.2 mmol) and p-tolucne sulfonic acid monohydrate (38 mg, 0.2 mmol) in 
DMF (1 ml) was hydrogenated for 6 h over Pd/C (10%). Filtration through cclitc gave a colovrlcss 
solution to which was added Bpoc-Ser(Uut)-OH (81 mg, 0.2 mmol) in DMF (0.5 ml), Rates' reagent 
(155 mg, 0.3 mmol) in DMF (1 ml) and NMM (151 mg. 0.3 mmol). After 16 h at room temperature 
the product was isolated in the usual way and purified by precipitation from ethc!r by bexane. 
This matcrial (154 mg) wag further purificd by gcl filtration using LH20 with DMF as ctlucnt: 
to givc 8 (97 mg, 49%), m.p. 108-109°. [ I Z ] ~ ;  = +8.8 (c = 1, DMF), TLC. 0.6 (R), 0.6 (R). 

C&B1N6018 * HZO Cdc. C 65.61 H 7.62 N 6.38% 
(1098.4) Found ,, 65.64 ,, 7.56 ,, 6.68% 

Amino acid analysis. Acid hydrolysis ( 6 ~  HCI, 24 h, 1 loo) : Ser 0.77, Thr 0.89, Asp 0.98, 
Tyr 0.91, Gly 1.00. Ser 1.04, Thr 1.03, Asp 0.98, Tyr 0.97, Lily 1.00 (correctcd for destruction of 
Ser, Thr by extrapolation from hydrolysis at 18, 24 and 4R 11). 

4. Synthesis ofZ-Alu-Leu-Nva-Scr(Bur)-(;Ey-O~h (9). - 4.1.Z-Ser(But)-Gly-Ofh. %-Scr(But)OIi 
(1.69 g, 4.35 mmol), HBr-H-Gly-OPh (1.01 g. 4.35 minol) and Rates' reagent (3.36 g, 6.5 mmol) 
were mixccl with NMM in acetonitrile (1.43 ml, 13.0 rnmol). After 13 h stirring at room tempera- 
ture, the product was isolated in thc usual way to give Z-Ser(But)-Gly-OPh (i.43 g, 77%). After 
crystallisation from ethyl acetate/petroIcum ether, m.p. looo, [a$ = + 0 . 9 O  (c -- 1, 
TLC. 0.8 (M). PMF'; 

C,,H,rJ,O, (428.5) Calc. C 64.47 H 6.59 N 6.54% Found C 64.76 I1 6.54 N 6.6874 
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4.2 Z-Nvo-Ser(But)-G~-OPli. The above protcctcd dipeptide (7.34 g, 17.13 mmol) was hydro- 
genated in IIMF solution using Pd/C (10%) in the prescnce of 1.1 equiv. HC1. Methanol was added 
and, aftcr filtration from the catalyst, the solution evaporated in wacw. 

2-Nvrr-OH (5.03 g, 20 mmol), Bates' reagent (12.9 g, 25 mmol) were dissolvcd in DMP (30 ml) 
then NMM (2.2 ml, 20 mmol) was added to the stirred Rolution at room temperature. After 10 min 
the above hydrogenolysis product in DMF (20 ml) was added followed by NMM (3.74 ml, 34 mmol). 
'rhc reaction was stirrcd 4.5 h at room tcmpcrature. After the usual work-up the product was 
crystaUised from ethyl acetatelpetroleum other to givc Z-Nva-Ser(But)-Gly-OPh (6.99 g, 77%). 
m.p. 121-122', [a$ = - 0.5" (c += 1, UMF) ; TLC. 0.7 (D). 

C,€l,N,O, (527.6) Cdc. C 63.74 H 7.07 N 7.%% Found C 63.95 H 7.14 N 7.97% 
4.3 Z-teu-Nva-Sev(But)-CJy-OPh. Thc above protcctcd tripeptide (0.916 g, 1.74 mmol) was 

hydrogenated as before and reacted with Bates' reagcnt (1.16 g, 2.25 mmol). 2-Leu-OH (0.46 g, 
1;7 mmol) in a mixture of acetonitrilc (40 ml) and I.)MP (10 ml) to which NMM was slowly added 
(0.52 ml, 4.76 mmol). Aftcr the usual work-up thc product was purified by crystallisation from 
ethyl acetate/pctrolcum ethcr to givc Z-Leu-Nva-Ser(But)-C;ly-OPh (775 mg, 80%). m.p. 198-199*, 

(&H,N,O, (640.8) Cdc. C 63.73 H 7.55 N 8.74% Found C 63.60 W 7.50 N 8.70% 
4.4. Z-Ala-Leu-Nvtt-Ser( Bect)-Gly-OPh (9). Thc above protcctcd tetrapeptide (481 mg, 0.75 

mmol) was hydrogenated in the usual way and reacted with Bates' reagent (426 mg, 0.83 mmol). 
Z-Ala-OH and NMM (0.25 ml, 225 rnmol) in DMF (10 ml). Isolation of the product by precipita- 
tion with satd. NaHC0,-solution and filtration gave 9 (420 mg, 80%), m.p. 238-241", [a# = 

C,H,,N,6, (711.9) Cajc. C 62.43 H 7.50 N 9.84% Found C 62.34 N 7.36 N 9.57% 

[a]g -11.7" (C 7 1, DMI?); TLC. 0.4 (B) 0.8 (M), 0.6 (U). 

- 23.3" (C 1, DMF) ; TLC. 0.7 (D) 0.7 (M). 

Amino acid analysis: acid hydrolysis (6N HC1, 24 h. 110'): Ala 0.95, h u  0.99, Nva 1.08, 
Gly 0.98, Ser 0.90. 

5. Ben~Zoxycavbony~~lyrylRIycivte anhydride (10). 2-Gly-OH (209 mg, 1 mmol) flat6s' rcagent 
(774 mg, 1.5 mmol) and NMM (202 mg, 2 mmol) were dissolvcd in dry acetonitrile (10 ml) and thc 
resulting solution stirrcd 16 h a t  room tcmpcrature. After removal of the solvent thc residue was 
partitioned between water and ethyl acetate. Thc organic phasc was washed with 2 w  HCl, satd. 
NaHCO,-scllution, water and brine. The solution was dried (MgSO,) and concentrated to small 
volume whereupon 10 crystallised: (123 mg, 62%), m.p. 11.7-118' (cthyl acetate/petroleum ether) ; 
IJ max. (nujol) 1820, 1750, 1690 cm-1, identical to authentic matcrial prepared from 2-Gly-OH 
using DCCI [S]. 

A solution of DCCI (2.06 g, 10 rnmol) in acetonitrile (20 ml) was added to 2-GIy-OH (2.09 g, 
10 mmol) in acetonitrile (50 ml) at - 5" and thc solution was stirrcd 16 h at room temperature. 
The solution was cooled, than filtered and the filtrate worked up as abovc to give 10 (1.14 g, 53%). 
m.p. 114-117" (literature [5] m.p. 115-116"). 

6. N, N ' - B i s ( b m z y l o ~ c a ~ ~ o n y l ) g Z y ~ ~ g ~ y ~ ~ ~ ~  (11). The anhydride 10 (1.6 g, 4 mmol) and 
2-Gly-OH (0.e g, 3.8 mmol) in benzene (20 ml) were refluxed for 4 h. After removal of the solvent 
ia v ~ u o ,  thc residual oil was dissolved in methanol (10 mi) and water (20 ml) added. After 16 h 
the solid was filtered off and washed with ether. Recrystallisation from ether/methanol/petroleum 
ether 100:5;25 yielded 11 (708 mg, 43%), m.p. 133-136' (literature [6]: m.p. 135-136"). 

7. [7-%l and [ Z - W ]  2-Gly-OH. Thc [W]-glycine (100 mg, 1.33 mmol) was dissolved in water 
(0.6 ml) and dioxan (0.2 ml). Thc solution was coolcd to 5" and 4N NaOH (0.37 ml) was added to 
give pH 10.5. l3enzyloxycarbonyl chloridc (0.22 ml, 2.1 mmol) was addud, and the pli  of the 
solution maintained at 10.5 over 4 h by the addition of 4N NaOH (0.39 ml). The solution was. 
cooled to - 5' and acidificd to pH 2.5 with 6 N HC1 then loft for 12 h at - 10'. Centrifugation and 
washing with water afforded the llaC]-Z-Gly-OH. [l-uC]-Z-Gly-OH (179 mg, 62%). m.p. 114416"; 
[P-l%J-Z-Gly-OH (198 mg, 70%). m.p. 112-116". Both compounds have the same properties as 
authentic Z-Gly-OH. 

8. Bpoc-Omr(Adoc)- Thr(B~t)-Pvo-Gly-Ser(Blet)-Ala-Asn-Gly-OP~. The protccted pcptide 
Z(15)OPh (3.60 g, 5.8 mrnol) was hydrogenated in DMF (1W ml) in the presence of #-toluene 
sulfonic acid inonohydratc (1.11 g, 5.8 mmol) and 1 g Pd/C (5%) .  After 4 h the suspension waS 
filtered and the solution conccntrated in vacuo to ca. 20 ml. 
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Bpoc (14) OH (5.0 g. 5.8 mmol) was added to the stirred solution followed by Bates' rcagcnt 
(4.5 g) and diisopropylamine (2.25 g, 17.5 mmol). After stirring for 16 h the mixturc was dilutccl 
with water. The precipitatcd crude product war, crystallised irom ethyl acetate. to give Hpoc 
(14 + 15)-0Ph-(4.85 g, 6579, m.p. 165-167", [OiJE = -17.1' (c = 1, UMF); TLC. 0.2 (D); 
LH2O/DMF singlc peak ve/vt 0.41. 

C,H,N,O, H,O Calc. C 61.87 H 7.37 N 10.46% 
(1339.6) Found ,, 62.00 ,, 7.60 ., 10.48% 

Amino acid analysis: acid hydrolysis ( 6 ~  HC1, 18 h. 110"); Asp 1.02, Thr 0.94, Ser 0.89, 
Pro 0.98, Gly 2.01. Ala 1.00, Om 0.98. 

9. B$oc-Cys ( A  cm) -A s ~ -  Ile- Pro-Cy s (A cm)- A la- A la-Leu-Nva-Ser (But) -Gly-OPh. Hpc(  17) -0Ph 
(2.12 g, 2 mmol) was diswlvcd in acetic acid/formic acidlwatcr 7 : 1 : 2 (50 ml) containing dimethyl- 
sulfide(DMS) (6 ml., 80 mmol) and stirred for 2 h. Thc solvent was evaporated i~ uacuo and the 
resulting solid trcated with 0 . 0 5 ~  HCl in dioxan (80 ml, 4 inmol) containing DMS (6 rnl, 80 mmol). 
After evaporation of the solvcnt in uacuo, the anion cxchangc was rcpeated and the solid obtained 
washed with ether and dried. It was then dissolved in IIM3.T (15 ml) containing NMM (0.22 ml, 
2 mmol). This required 0.5 h stirring. Bpoc-(1C)OH (2.23 g, 3 mmol), N-hydroxysuccinirnidc 
(HONSu) (0.69 g, 6 mmol), Bates' reagent (2.32 g. 4.5 mmol) and NMM (0.99 ml, 9 mind) were 
added and the reaction stirred for 16 h. The solution was appliccl to a Sephadw LH-20 column and 
eluted with DMF. The fractions containing the product, vc/vt 0.41, wcre combined and conccn- 
trated in vdcuo to give Bpoc(l6 + 17)OPh (1.94 g, 62"/), [a]!! - -28.8" (c = 2, DMT); TJ-C. 
0.6 (C), 0.3 (H), 0.5 (M). 

C,,Hl,N,,OuS, 2H,O Calc. C 56-45 11 7.20 N 12.29% 
(1595.9) Found ,, 56.35 ,, 7.21. ,, 12.34% 

Amino acid analysis: acid hydrolysis ( 6 ~  HCI, 18 h 110") : Asp 0.95, Ser 0.89. Pro 0.97, Gly 1,00, 
Ala 2.123, Nva 0.93, Ile 0.98. 1x11 1.04. 

10. Bpoc-Cys(Acm)-Asn- Ile- Puo-Cys( A cm) -A la-Alu-Leu- Nva-Ser( But) -GZy-A sp (But)-Ile- Thv- 
(dlu*)-Ala-Ser(Blct)- Val-Gly-OPA Bpoc(18 + 19)OPh. Rpoc(l8)OPh (265 mg, 0.17 mmol) was 
dissolved DMF (7 ml) then water (1.2 ml) and 1)MS (0.62 ml, 8.5 mmol) added. The pH was 
adjusted to 10.5 with 0.1~ NaOH using a pH stat. 1 cquivalent of H,O, was added and thc steady 
reaction was complete in 0.5 h with base uptake 1.85 ml. The solution was cooled to - so, acidificd 
with 5% citric acid solution to pH 3.5 and poured into brine (15 ml). After filtration, Bpoc(lf5)OH 
was obtained (233 mg, 93%); TLC. 0.2 (B), 0.1 (H'), 0.1 (M). 

2-(19)-0Ph (208 mg, 0.2 mmol) and p-toluene sulfonic acid monohydrate (38 mg, 0.2 mmol) 
was dissolved in DMF (7 ml) and hydrogenated for 16 h in thc presence of 50 mg Pd/C (10%). 
After filtration and evaporation of the solvent in vacao, thc p-toluene sulfonate of H-(19)0Ph 
w w  obtained (196 mg, 91%); TLC. 0.6 (C), 0.7 (M). 

Bpoc(18)OH (111 mg. 0,075 rnmol), H(19)OPh p-toluene sulfonate (54 mg, 0.050 mmol), 
MONSu (17 mg, 0,15 mmol) and, Bates' reagent (58 mg. 0.112 mmol) were dissolvcd in HMPT 
(2 ml). lu "MM in DMF (0.28 ml, 0,28 mrnol) was thcn added and t h c  reaction stirred 16 11 at 
room temperature. Thc solution was poured into brine (10 ml) and the prccipitate filtered off ,  
washed with water, propan-2-01, ether and dried to givc Bpoc-(l8 + 19)-0Ph (98 mg. 83%). 

Amino acid analysis: acid hydrolysis ( 6 ~  HCI, 18 h, 110"): Asp 2.04, Thr 0.96, Ser 1.84, 
Pro 0.97, Gly 2.03, Ala 3.23, Val 1.13, Nva 0.92. Ilc 1.95, 1m.1 1.00. 

~ l ,H,~zN&~,S2 . 5H,O Calc. C 55.57 H 7.83. N l l .W% 
(2464.0) Found ,, 55.80 ,, 7.82 ,, 11.61% 

We wish to thank I.C.I. Ltd. and S.R.C. for support, also Mrs. K. M .  Gheetham and Mrs. 
B. Robinson for technical assistanw. 
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(24. XlL 74) 

Summary. An ab initio SCB calculation of 42 points of the encrgy hypersurface of thc fluo- 
ronium ion is prcscnted using a contracted 1'(5s/3p), H(2s) gaussian basis sct. In i t s  equilibrium 
structure a bond length of 1.812 a. u. and a HFII bond nnglc 01 127.P arc predicted. T h e  calculated 
vibrational frcquencjcs for lf,FC. tIDF+, and D,Fv arc in good agrcetnent with the experimental 
data. 

1. Introduction. - The vibrational spectra of the fluoroniurn ions H,F+, HDF+, 
and D,F+ have recently becn reported by Couzi at al. [l]. They concluded that the 
molecules are bent in their equilibrium configuration and derived, by assuming HFH 
angles between 105" and 120", sets of harmonic force constants. Po$& et al. 1'21 em- 
ployed minimal STO-3G and extended 4-31G basis sets in a systematic ab i d i o  study 
of the geometries and energies of AH, molecules and cations. Thc fluoronium ion 
H,F+, having the same electron configuration as H,O, was predicted to have a sorne- 
what larger bond angle than water. Leibovici [3] investigated the structure of H2F+ 
and the path of protonation of HF using semicmpirical and ab i&io calculations. 
The activation energy of protonation is thought to result from solvation effects only. 

An understanding of rotational and virbational energy transfer and of chemical 
reactivity can be obtained by calculating energy hypersurfaces and solving the collision 
dynamical problem by trajectory calculations. The description of the hypersurfaccs in 
analytical form over an extended range, howcver, presents serious problems. Sclzaefer 
et al. [4] determined the interaction potential between two rigid HF molecules in 


